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0 . Performance Group (USA), Inc 

. Deficiencies summary 

NQ deficiencies found. 
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C . Performance Group (USA), Inc 

Nozzle Schedule 

Nozzle Malerlals 

mark 
Service Size· 

Nozzle lmpacl Norm Fine Grain Pad ·lmpacl Norm Fine Grain Flange 

!11. Liquid Level 
6" Sch 40 (Sid) DN SA"'I06 8 Smls. No No No. NIA NIA NIA N/A SOA105 
150 Pipe Class 150 

~ VenVOverflow 
4~ Sch 40 (Sid) DN SA-106 8 Smis. 

No No No N/A N/A NIA NIA WN A105 
100 Pipe Class 150 

.. 
SA-106 8 Smls. WNA105 m Spare 2" Sch 40 (Sid) DN 50 Pipe No No No N/A NIA NIA N/A Class 150 

I 

t:li WalerFIII 2' Sch 40 (Sid) DN 50 SA-106 8 Smls. 
No No No NIA N/A NIA N/A WNA105 

Pipe Clas~ 150 

~ NaOHFill 2" Sch 40 '(Sid) DN 50 SA-106 8 Smls. 
No No No NIA N/A NIA NIA WNA105 

Pipe Class 150, 

Ouflet ' 4" Sch 40 (Std) DN SA-1 06 8 Smls. 
No No No N/A N/A NIA NIA WNA105 

~ 100 Pipe Class 150 

NZ Inspection Port 16" Sch 60 DN 400 SA-106 8 Smls. 
No No No N/A N/A NIA. N/A SOA105 

Pipe Class 150 

i 
I 
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G , Performance Group (U$A), Inc 

Nozzle Summary 

Shell 
Reinforcement 

Nozzle OD I Reqt Pad Carr 
mark (mm) (m'ln) (mmf 

A1? A2? 
(mm) 

Nomt Design I Usert Width I 
(mm) (mm) (mm)' (mm) (diMJ 

t:!.! 168.27 7.11 7.11 Yes Yes 9.00' 6.22 .NfA N/A 0.00 

~ 114.30 6.02 6.02 Yes Yes 9.00' 5.49 N/A N/A 0.00 

.!::l2 60.33 3.91 3.91 Yes Yes 9.00' NIA N/A N/A 0.00 

lli 60.33 3.91 3.91 Yes Yes 9.00' NIA NIA NIA o.oo 

.!:lli 60.33 3.91 3.91 Yes Yes 9.00' NIA NIA N/A 0.00 

t:!§. 114.30 6.02 6.02 'Yes Yes 9.00' 6.33 NIA NIA 0.00 

!Q 406.40 16.66 7.02 Yes Yes· 9.00 7.69 NIA NIA 0.00 

tn: Nozzle thickness 

Req t0 : Nozzle thickness required per UG-45/UG-16 

Nomt: Vessel wall thickness 
;' 

Design t: Required vessel wall thickness due to pressure + corrosion allowance per UG-37 
User t: Local itessel wall thickness (near opening) 
A

3
: Area ayailable per UG-37,.governing condition 

* 

Area required per UG-37, governing condition 
Corrosion allowance on nozzle wall 
Head. minimum thic~ness after forming 

A /A 
~lo)' 

100.0-

100.0 

Exempt 

Exempt 

Exempt 

100.0 

100.0 
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0 Performance Group (USA), Inc 

Pressure Summary 

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

p T 
Identifier MAWP. MAP MAEP 

Design Design (kPa) (kPa) (kPa) 
(kPa) (•C) 

E&D Head#j 344.0 200.0 537.26 6~9.45 317.46 

Slraighl Flange O!J F&D !;!ead #1 344.0 200.0 917.12 1106.91 192.62 

C~llnd!lrll1 344.0 200.0 897.53 1106.91 192.62 

Slralght Fla!)ge O!J E&D !:Jead #2 344.0 200.0 897.03 1106.91 192.62 

F&D Head#2 344.0 2oo.o 567.33 713.43 364.30 

. legs#1. 344.0 200.0 344.00 N/A NIA 

liguid level (Nil 344.0 200.0 397.91 463.34 192.62 

!,(enl!Overflow (N2l 344.0 200.0 702.01 815.59 192.62 

Spare (N3l 344.0 200.0 1112.86 1336.99 192.62 

Wai!Jr Fill (N4l 344.0 200.0 1112.36 1338.99 192.62 

NaOH Fiii(N5l 344.0 200.0 1112.36 1338.99 192.62 

Oull~t(N6}' 344.0 200.0 741.79 869.39 192.62 

(nsuection Po!! (N7l 344.0 200.0 658.57 799.36 120.79 

Chamber design MDMT 1s -28.89° C 
Chamber rated MDMT is -4s.oooc@ 344:00 kPa 

Chamber MAWP hot & corroded is 344.00 kPa@ 20o.ooc 

·Chamber MAP cold & new is 463.;34: kPa.@ 21.1 oc 

Chamber MAEP is 120.79 kPa@ 20o.ooc 
Vacuum rings did not govern the external pressure rating. 

Notes for MDMT Rating: 

Note# Exempllon 

1. · Stralghl Flange governs MDMT 

T e 
external 

(•C) 

200.0 

200.0 

200.0 

200.0 

200.0 

N/A 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

2. Material Is impact l~st exempt to -105 •c per UCS-66{b){3) (coincident ratio= 0.32217) 

3. Material is Impact test exemplto -105 ~c per UCS-66(b)(3) (coincident rallo = 0.34027) 

4. Slralght Flange governs MDMT 

5. Material is lmpactlest_exempt to -105 •c per UCS-66(b)(3) (coincident ratio= 0.34073) 
. . 

Flange rating governs: 
6. Flange rated MDMT = -105 •c (UCS·68{c) applies.) 

Bolts rated MDMT per Fig UCS-66 note (e)~ -48 •c 

Flange rating governs: 
7. Flange rated MDMT ~ -105 •c (UCS·6B(c) applies.) 

Bolls rated MDMT per Fig UCS·66 nohi (e),. -48 •c 

Flange rating governs: 
B. Flange rated MDMT,. -105 •c (UCS·6B(c) applies.) 

Bolts r.aled MDMT per Fig UCS·66 note (e)= -48 •c 

Total Corrosion 
MDMT MDMT l_mpact 
(•C) Exemption Allowance Test 

(mm) 

-105.0 Nole 1 1.50 No 

-105.0 Note2 1.50. No 

-105.0 NoteS 1:50 No 

-105.0 Note5 1.50 No 

-105.0 Note4 1.50 No 

NIA N/A NIA NIA 

-48.0 Note6 0.90 No 

-48.0 Note7 o.oo No 

-46.0 Note a 0.00 No 

-48.0 Note6 0.00 No 

-46.0 Note6 0.00 No 

-48.0 Note9 o.oo No 

-48.0 Note 10 0.00 No 

· Details 

! 

UCS·6S(b)(3): Coincident ratio= 0.175361 

UCS-66(b)(3): Coincident ralio = 0.1754077 

UCS-66{b)(3): Coincident ratio= 0.1750631 
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C Performance Group (USA}, Inc 

Flange rallng governs: . . 
. 9. Flarige rated MDMT = -105 • C (UC13-68(c) applies.) UCS-66(b)(3): Colncld~n! rallo = 0.189694 

Bolls rated MDMT per Fig UCS-66 note (e) = -48 •c 

Flange rating govern~: . 
10. Flange rated MDMT = -105 •c (UCS-68(c) appll_es.) UCS·66(b)(3): Coincident ratio = 0.1798077 

Bolls rated MDMT per Fig UCS-66 note (e) :. -41i •c · 

Design notes are available on the Settings Summary page. 
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I 

G Performance G·roup (USA), Inc 

Revision History 

No. Date Operator Notes 

0 12/20/2007 BJ New vessel created ASME Section VIII Division 1 [Build 6256] 
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C Performance Group (USA), Inc 

Settings Summary . 

COMPRESS Build 6256 

Units: Sl 

Datum Line Location: 0.00 mm from bottom seam 

Design 

ASME Section VIII Division 1, 2007 Edition Metric 

Design or Rating: 

Minimum thickness: 

Design for cold shut down only: 

Design for lethal service (full radiography required): 

Design nozzles for: 

Corrosion weight loss: 

UG-23 Stress Increase: 

Skirt/legs stress increase: 

Minimum nozzle projection: 

Juncture calculations for a. > 30 only: 

Preheat P-No 1 Materials > 1.25&#34 and <= 1 .50" thick: 
Butt welds are tapered per Figure UCS-66.3(a). 

·Hydro/Pneumatic Test 

Shop Hydrotest Pressure: 

Test liquid specific gravity: 

Maximum stress during test: 

Required Marking· UG·116 

1.3 times vessel 
MAWP 

1.00 

90% of yield 

UG-116 (e) Radiography: RT3 

UG-116 (f) Postweld heat treatment: HT 

Code Interpretations 

Use Code Case 2547: No · 

Apply interpretation Vlll-1-83-66: Yes 

Apply interpretation Vlll-1-86-175: Yes 

Apply interpretation Vlll-1-83-115: Yes 

Apply interpretation Vlll-1-01-37: Yes 

DisallowUG-20(f) exemptions: . No 

Get Thickness from Pressure 

1.50 mm p·er UG-16(b) 

No 

No 

Design P, find nozzle MAWP and MAP 

1 00% oftheoreticalloss 

1.20 

1.0 

152.40 mm 

Yes 

No 
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C Performance Group (USA), Inc 

UG-22 Loadings 

UG-22.(a) Internal or Exte~nal Deysign 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: · No· 
Note: UG-22 (b),(c} and (f) loads only considered when supports are present. 
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C Performance Group (USA), Inc 

Thickness Summary 

Component Material Diameter length Nomlnalt 
ldenllller (mm) (mm) (mm) 

F&D Head#1 SA-285C 1500.000D 284.93 . 9.00' 

Straight Flange on F&D Head 1!1 SA-285C 1500.00 OD 50.80 9.00 

C~llnder#1 SA-285 C 1600.000D 2000.00 9.00 

Straight Flange on F&D Head #2 SA-285 C 1600.0000 50.80 9.00 

F&D·Head#2 SA-285 C 1500.00 OD 280,61 9.00' 

Nominal t: Vessel wall nominal thickness 

Design t: 

Joint E: 

Required vessel thickness due to governing loading + corrosion 

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 

Design t 
(mm) 

6.33 

7.33 

7.33 

7.33 

6.1!i 

Seismic: Combined longitudinal stress of pre~sure + weight + seismic governs 

Joint Load . e 
0.8500 lri.!ernal 

0.8500 External 

0.8500 External 

0.8500· External 

0.8500 Internal 
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G Performance Group (USA), Inc 

Weight Summary 

Weight ( kg) Contributed by Vessel Elemen-ts 

Component 
Metal Metal Insulation & Piping Operating Test 
New• Corroded* Supports 

Lining 
+Liquid Liquid Llql!ld 

' 
EI!!D Head#1 160.89 133.70 0.00 0.00 0,00 360.47 360.37 

C~linder#1 651.29 542.10 O.QO o.oo 0.00 3,462.08 3,461.92. 

F&D Head#2 164.36 136.59 0.00 0.00 0.00 368.91 368.90 

!&.9ill 89.59 89.59 0.00 0.00 0.00 0.00 0.00 

TOTAL: 1,066.13 901.99 0.00 0.00 0.00 4,191.47 4,191.19 

* Shells w1th attached nozzles have weight reduced by matenal cut out for opening. 

Weight (kg) Contributed by Allachments 

Component ~ 

Nozzles & Body Flanges 
. Flanges 

Packed 
Beds 

New Corroded New Corroded 

F&D Head#1 0.00 0.00 34.16 34.16 

C~llnder#1 0.00 0.00 162.78 162.78 

F&DHead#2 0.00 0.00 8.17 8.17 

Legs #1 0.00 0.00 .0.00 0.00 

TOTAL: 0.00 0.00 205.12 205.12 

Vessel operating weight, Corroded: 

Vessel operating weight, New: 

. Vessel empty w~ight, Corroded: 

Vessel empty weight, New: 

Vessel test weight, New: 

0.00 

o.oo 
0.00 

o.oo 
o.o·o 

5,299 kg 

5,463 kg 

1,107 kg 

1,271 kg 

5,462 kg. 

Ladders & Trays & 
Plallorms Supports 

0.00 0.00 

o;oo 0.00 

0.00 0.00 

0.00 o.oo 
0.00 0.00 

Vessel center of gravity location • from datum • lift condition 

Vessel Lift ,Weight, New: 1,271 kg 

Center of Gravity: 991.95 mm 

Vessel Capacity 

·Vessel Capacity** (New): 4,1741iters 

Vessel Capacity** (Corroded): 4,1741iters 

Rings& Vertical 
Clips Loads 

0.00 0.00 

0.00 0.00 

o.oo 0.00 

0.00 0.00 

0.00 0.00 

**The vessel capacity does not include volume of nozzle, piping or other attachments. 
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C Performance Group (USA), Inc · 

Hydrostatic Test 

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

Shop hydro~tatic test gauge pressure is 447.2 kPa ·at 21.11 o C (the chamber MAWP = 344 ~Pa) 

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

Local.test Test liquid UG-99 UG-99 Stress Allowable 
Identifier pressu~e static head stress pressure during test test stress 

kPa kPa ratio factor MPa MPa 

F&O Head #1 (1) 461.72 14.52 1 1.30 37.194 184.5 

Straight Flange on F&D Head #1 · 461.72 14.52 1 1.30 38.245 184.5 

Cyllnder#1 .- 461.72 14.52 1 1.30 38.246 184.6 

Straight Flange on F&D Head #2 461 .. 72 14.52. 1 1.30 38.245. 184.5 

F&D Head#2 461.72 14.52 1 1.30 34.568 . 184.5 

Inspection Port (N7) 463.3 16.1 1· 1.30 82.275 276.75 

Liquid Level (N1) 460.28 13.08 1 1.30 83.643 276.75 

NaOHFiii(N5) 456.68 9.48 1 1.30 48.87 276.75 

Oullet(N6) 454.96 7.76 1 1.30 50.258 276.75 

Spare(N3) 457.17 9.97 1 1.30 48.525 276.75 

Vef!t!Over11ow (N2) 460.03 12.83 1 1.30. 62.437 276.75 

Water All (N4) 457.49 10.29 1 1.30 48.957 276.75 

Notes: 
(1) F&D Head #1 limits the UG-99 stress ratio. 

Stress 
excessive? 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

(2) PL stresses at nozzle openings have been estimated using the method described in PVP-Vol. 399, pages 77-82. 
(3) Vlll-2, AD-151.1 (b) used as the basis for nozzle allowable test stress. 
(4) The zero degree angular position is assumed to be i.tp, and the test liquid height is assumed to the top-most 
flange. 

The field test condition has not been investigated for the Chamber b9unded by F&D Head #2 and F&D Head #1. 

The test temperature of 21.11 o C is warmer than the minimum recommended temperature of -31 o C so the brittle 
fracture provision of UG-99(h) has been met. · - · ' 
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C Performance Group (l,JSA), Inc 

Vacuum Summary 

Elevation 
Component Line of Support above Datum Length Le 

(mm) 
(mm) 

EI!!D Headl!1 - 2315.73 NIA 

- 1/3 degth of F&D Head l!1 2136.11- N/A 

Straight F.lange on F&D Head #1 Tog - 2050,80 2277.45 

Straight Flange on F&D Head #1 Bottom - 2000.00 2277.45 

g~llnder l!1 Tog - 2000.00 2277.45 

. C~llnder i{1 BoHom - 0.00 2277.46 

Straight Flange on F&D l;!ead 112 Tog - o.oo 2277.45 
. . 

Strgight Flange on F&D Head 1!2 BoHom - -50.80 2277.45 

- 1/3 de.gth ot F&D Head #2 -141.34 - j\J/A 

E&D Head#2 - -331.41 NIA 

· Note 

For main components, the listed value of 'Le' fs the largest unsupported length for the component. 
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i 
' 

C Performance Group (USA), Inc 

Engineering ·Notes 

Note: Unit to be Externally Sand Blasted and painted with an Epoxy primer and (2) high build coats of Catalyzed 
Epoxy Overcoat. 
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C Performanc.e Group (USA), l·nc 

Cylinder#1 

ASME Section VIII Division 1·, 2007 Edition Metric 

Component: Cylinder 
Material specification: . SA-285 C (11-D Metric p. 10, ln. 3) 
Material is impact test exempt to ~ 1 05 o C per UCS-66(b)(3) (coincident ratio = 0.34027) 

Internal design pressure: P = 344 kPa@ 200°C 
Exterral design pressure: P e = 1 03.421 kPa @ 200 o C 

Static liquid head: 

P s =24.0207 kPa (SG=1.0000, H5=2451.47 mm Operating head) 
P 111 = 14.5213. kP¥t (SG=1.0000, H5=1482.00 mm, Horizontal test head) 

Corrosion allowance: Inner C = 0.00 mm Outer C = 1.50 mm 

Design MDMT = -28.89°C 
Rated MDMT = -105.oooc 

No impact test performed 
Maferial is not normalized 
Material is not produced to Fine Grain Practice 
PWHT is performed · 

Radiography: Longitudinal joint- Spot UW-11 (b) Type 1 
Top circumferential joint- Spot UW-11 (b) Type 2 
Bottom circumferential joint- ·spot UW-11 (b) Type 1 

Estimated weight: New= 660.4310 kg corr = 549.7228 kg 
Capacity: New = 3449.9780 liters corr = 3449.9780 liters 
oo = 15oo.oo·mm 
Length Lc = 2000.00. mm 
t= 9.00 mm 

Design thickness, (at 200.00°C) Appendix 1~1 . 

t P*Ri(S*E + 0.40*P) + Corrosion 
368.02*750.00/(1 08000*0.85 + 0.40*368.02) + 1.50 
4.5034mm · 

Maximum allowable working pressure, (at 200.00 o C) Appendix 1·1 

p 
= 
= 

S*E*V(R0 - 0.40*t) - P s 
108000*0.85*7.4989/ (750.00- 0.40*7.4989)- 24.0207 
897.5255 kPa 

Maximum allowable pressure, (at 21.11 °C) Appendix 1·1 

p 

= 
= 

S*E*V(R0 - 0.40*t) . 
108000*0 .. 85*9.0000 I (750.00- 0.40*9.0000)· 
1106.9132 kPa 
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0 Performance Group (USA), Inc 

. External Pressure, (Corroded & at 200.00°C) UG-2B(c) 

UDO = 2277.447011500.0000 = 1.5183 
Dalt = 1500.000015.833334 = 257.1428 

· From table G: A= 0.000210 

From table CS-2 Metric: B = 19.9455 MPa 

P a =· 4_"BI(3"(Dalt)) 

= 4*19.94551(3"(1500.000015.833334))" 

= 103.4212 kPa 

Design thickness for external pressure Pa = 103.4212 kPa 

= t + Corrosion = 5.833334 + 1.50 = 7.33 mm 

Maximum Allowable External Pressure, (Corroded & at 200.00°C) UG-2B(c) 

UDO = 227~.447011500.00 = 1.5183 
Dalt = 1500.00/7.4989 = 200.0304 

From table G: A= 0.000303 

From table CS-2 Metric: B = 28.8971 MPa 

P a = 4"BI(3*(D0 /t)) 

=. 4*28.89711(3*(1500.00/7.4989)) 

= 192.6183 kPa 

%Extreme fiber elongation· UCS·79(d) 

= (50 ~ t/ R1) " (1 - R1 l R0 ) 

;, (50" 9.00 /745.5001) "(1 - 745.5001 / oo) 
= 0.6036% . 

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

Pv =WI (2"7t*Rm) + M I (7t"':Rm2) 

·n 

m 

= 875.80 I (2*7t*744.7495} + 1586.11 I (7t"744.74952) 

= 27.4568 Nlcm 

=Pv/(Pe"Do) 

= 27.456818 I (103.4214*1500.0000) 

= 0.0177 

=5 

· = 1.23 I (UD0) 2 

= 1.231 (2277.447021 /1500.0000}2 

= 0.5336 
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C Performance Group (USA), Inc 

Ratio P e = (n2- 1 + m + m"'a.) I (n2 - 1 + m) 

= (52 - 1 + 0.533570 + 0.533570"'0.017699) I. (52 - 1 + 0.533570) 

= 1.0004 
Ratio P e * P e ~ MAEP design cylinder thickness Is satisfactory. 

External Pressur~ +Weight Check at Bottom Seam (Bergman, ASME paper ~4-A-104) 

a. 

n 

= WI (2*1t"'Rm) + M I (1t"'Rm2) . 

= 875.80 I (2*7t*744.7495) + 0.00 I (1t*744.74952) 

= 18.3543 Nlcm 

= Pvi(Pe*Do) 
= 18.354259 I (103.4214*1500.0000) 

= 0.0118 

=5 

m = 1.23/ (UD0 )
2 

= 1.23 I (2277.44702111500.0000)2 

= 0.5336 

Ratio P e = (n2 - 1 + m + m"'a.) I (n2 -1 + m) 

= (52 - ·1 + 0.533570 + 0.533570*0.011831) I (52 - 1 + 0.533570) 

= 1.0003 
Ratio P e * P e ~ MAEP design cylinder thickness is satisfactory. 

Design·thickness = 7.33 mm 

The governing condition is due to external pressure. 

The cylinder thlqknes~ of 9.00 mm is adequate. 

Thickness Required Due to Pressure + Externlitl Loads 

Allowable 
Slress Before Corrosion c Condlllon 

Pressure P ( 
UG-23 Stress Temperature 

. kPa) 
Increase ( MPa) ("C) (mm) 

St Sc 

Ogerallng, Hot !!s Cocro!!!ld 344.00 108.00 ~ 200.00 1.5000 

Ogerallng, Hot !!s ~ew 344.00 108.00 §§J.Z 200.00 0.0000 

Location 

top 

Bottom 

top 

·Bottom 

Hot Sbut Down, Qor[Od!i!!J 0.00 108.00 ~ 200.00 1.5000 top 

Bottom 

Hot Shut Down, ~!l:.l! 0.00 108.00 §§J.Z 200.00 0.0000 top 

Bottom 

Emg~, Corroded 0.00 106.00 90.27 ·17.78 1.5000 top 

Bottom 

Load Req'd Thk Due to 
Tension (mm) 

Weight 1.1708 

W~lght 1.1624 

Weight 1.1681' 

Weight 1.1597 

Weight 0.0114 

Weight 0.0225 

Weight 0.0142 

Weight 0.0249 

Weight 0.0102 

Weight 0.0203 

. Req'd Thk Due 
to 

Co(llpresslon 
(mm) 

~ 

1~1624 

1.1513 

1,1597 

0.0331 

~ 

0.0356 

0.0249 

0.0304 

~ 
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. C PerformancE;t Group (USA), Inc 

Emotv.New 0.00 108.00 95.01 -17.78 0.0000 
top 

BoHom 

Vacuum -103.42 108.00 81.47 200.00 1.5000 
top 

BoHom 

Hot Shu! Down, Corroded, top 
Weigbl as Eccentric Moments 0.00 108.00 .!l.1& 200.00 1.5000 
~ BoHom 

. Allowable Compressive Stress, Hot alid Corroded· ScHe> (table CS·2. Metric) 

A 0.125I(R0 1t) 

8 

s 

ScHC · 

= o. 125 I (750.0000 I 7.4989) 
0.001250 

81.4695 MPa 

108.0000 I 1.0000 

= 1 08.0000 MPa 

= 81.4695 MPa 

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

A 0.125I(R~/t). 

8 

s 

0.125 I (750.0000 /9.0000) 

0.001500 
85.1720 MPa 

1 08.0000 /1 .0000 
108.0000 MPa 

85.1720 MPa 

Allowable Compressive Stress, Cold and New~ SeeN• (table CS~2 Metric) 
A =· 0.125 I (R

0 
It) . 

8 

s 

0.125 I (750.0000 I 9.0000) 

= 0.001500 
-95.0147 MPa 

108.0000 I 1.0000 

1 08.0000 MPa, 

SeeN = 95.0147 MPa 

Allowable Compressive Stress, Cold and Corroded- Sccc• (table CS-2 Metric) 

A, 0.125/(R0 It) 

8 

s 

= 0.125 I (750.0000 /7.4989) 
0.001250 . 
90.2737 MPa 

1 08.0000 I 1.0000 

·weight 0.0128 . 0.0319 

Weight 0.0223 0.0223 

Weight 0.4816 0.5039 

Weight 0.4927 . 0.4927 

Weight· 0.0114 0.0337 

Weioht 0.0225 0.0225 
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C PerforJt1ance Group (USA), Inc 

= 1 08.0000 MPa 

90.2737 MPa . 

Allowable Compressive Stress, Vacuum and Corroded- S0 vo (table CS-2 Metric) 
A. = 0.125 I (R

0
1t) . 

B = 

.S 

= 

Seve 

0.125 I (750.0000 I 7.4989) 
0.001250 
81.4695 MPa 

108.0000 I 1.0000 
108.0000 MPa 

81.4695 MPs 

Operating. Hot & Corroded. Above Support Point · 

tp = P*R/(2*St'Ks*E0 + 0.40*IPI) (Pressure) 
= 344.00*741.0000/(2*1 08000*1.0000*1.00 + 0.40*1344.00001) 

= 1.18 mm 

t ;, Ml(n*R 2*8 *K *E ) * MetricFactor m m t s c . 

= 1586l(7t*7 44.7 4952*1 08000*1 .0000*1.00) * 1 oa 
= b.01 mm 

fw = Wl(2*n*Rm *St'Ks *_E0 ) * MetricFactor 
= 8761(2*7t*744.7495"108000*1.0000*1.00) * 104 
,; o.o2mm 

11 · =:= tp+ tm- ~ 
= 1.179360+ 0.008428 -. (0.016995) 

= 1.17 mm 

to = ltmc + fwc - tpcl 
= 10.008428 + (0.016995) - (1. 179360)1 

= 1.15 mm 

Maximum allowable working pressure, Longitudinal Stress 

P =: 2*St'Ks*E0*(t-tm+fw) I (R- 0.40*(t-tm+~)) . 

(bending)· 

(Weight) 

(total required, tensile) 

(total, net tensile) 

= 2*1 08000*1.0000*1.00*(7.4989-0:008428+(0.016995)) I (741.0000 - 0.40*(7.4989-0.008428+(0.016~95))) 
= 2197.30 kPa 

Operating. Hot & New. Above Support Point 

tP = P*R/(2*St'K8*E0 + 0.40*IPI) (Pressure) 
= 344.00*741.00001(2*1 08000*1.0000*1.00 + 0.40*1344.00001) 

= 1.18 mm 

tri. = M/(7t*R~ 2*St'Ks *E0) * MetricFactor (bending) 
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0 Performance Group (USA); Inc 

= 15861(7t"'745.5001 2*1 08000*1.0000*1.00) * 1 oa 

= 0.01 mm 

fw . = Wl(2*rc*Rm *St'Ks *Ec) * MetricFactor. 
= 1 0131(2*rc*745.5001 *i 08000*1.0000*1.00) * 104 

= 0.02 mm 

~ '=tp + tm - fw 
= 1.179360 + 0.00841 f- .(0.019633) 

= 1.17mm 

tc. = ltmc + fwc- tpcl 
,; 10.008411 + (0.019633) - (1.179360)1 

= 1.15 mm 

Maximum allowable working pressure, Longitudinal Stress 

P = 2*St'K8*Ec*(t-tm+fw) I (R ~ 0.40*(1-tm+fw)) 

(Weight) 

(total required, tensile) 

(total, net tensile) 

= 2*1 o8ooo*1.oooo*1.oo*(9.oooo-o.oq8411 +(0.019633)) 1 (741.oooo- o.40*(9.oooo-o.oo8411 +(0.019633))) 

= 2639.59 kPa 

Hot Shut Down. Corroded. Above Support Point 

tP = 0.00 mm 
tm = Ml(rc*Rm 2*S/K8 ) * Metric Factor 

= 1586l(rc*7 44.7 4952*81469*1.0000) * 1 oa 

= 0.01 mm 

(Pressure) 

(bending) 

fw = Wl(2*rc*Rm *Sc"K8 ) * MetricFactor (Weight) 
· = 8761(2*rc*744.7495*81469*1.0000) * 104 

= 0.02 mm 

~ = ltp + tm - fwl 
= 10.000000 + 0.~11173 - (0.022529)1 

= 0.01 mm 

tc ·= tmo +two- tpc 
= 0.011173 + (0.022529) - (0.000000) 

= o:o3 mm 

Hot Shut Down. New. Above Support Point 

t~ = 0.00 mm 
tm = Ml(rc*Rm 2*Sc *K8 ) * MetricFactor 

= 1586l(rc*745.5001 2*85172*1.0000) * 1oa 

= 0.01 mm 

(fatal, net compressive) 

(total required, compressive) 

(Pressure) 
(bending) 

fw = Wl(2*rc*Rm*Sc*K8 ) * MetricFactor (Weight) 
= 1 0131(2*rc*745.5001 *85172*1.0000) * 1 ot 
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C Performance Group (USA}, Inc 

Vacuum. Above Support Point 

tp = P*R/(2*80*K8 + 0.40*jPI) (Pressur!3) 

= -1 03.42*741.0000/(2*81469*1.0000 + 0.40*11 03.42141) 

=·-0.47 mm 

tm = M/(1t*Rm 2*8/K5 ) * MetricFactor 

= 1586/(1t*744.74952*81469*1.0000) * 106 

= 0.01 mm 

tw = W/(2*1i:*Rm*S0*K5 ) * MetricFactor 

= 876/(2*'!&*744.7495*81469*1.0000) * 104 

= 0.02 mm · 

t1 = ltp -i- tm - fwl 
= l-0.470212 + 0.0111~3- (0.022529)1 

;, 0.48 mm 

tc =tmc+twc-tpc· 
== 0.011173 + {0.022529)- (-0.470212) 

= 0.50 mm 

(bending) . 

(Weight) 

(total, net compressive) 

(total required, compressive) 

Hot Shut Down. Corroded. Weight & Eccentric Moments Only. Above Support Point 

tp == 0.00 mm 

tm = M/(1t*Rm 2*8/K5 ) * MetricFactor 

== 1586/(1t*744.74952*81469*1.0000) * 1 os 
== 0.01 mm 

(Pressure) 

(bending) 

fw == W/(2*1t*Rm *80 *K5 ) * MetricFactor (Weight) · 

.. == 876/(2*1t*744.7495*81469*1.0000) * 104 

== 0.02 mm · 

11 == ltp + tm -fwl (total, net compressive) 

= 10.000000 + O.D11173 - (0.022529)1 

= 0.01 mm 

tc = tmc + twc - fpc (total required, compressive) 

== 0.011173 + (0.022529) - (0.000000) 

= 0.03 mm 

Operating. Hot & Corroded. Below Support Point 

tP = P*R/(2*8tK5*E0 + 0.40*IPI) (Pressure) 

= 344.00*7 41.0000/(2*1 08000*1.0000*1.00 + 0.40*134.4.00001) 

= 1.18 mm 

tm = M/(n*Rm 2*8tK/E0 ) * MetricFactor 

= 0/(1t11744.74952*1 08000*1.0000*1.00) * 1 os 
= 0.00 mm 

(bending) 
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t -· Wl(2*7t*R *S.*K *E) • MetricFactor 'w- mtsc 
== 8761(2*7t*744.7495*1 08000*1.0000*1.00) * 104 

= 0.02 mm 

~ "'tp+tm·fw 
= 1:179360 + 0.000000 - (O.o16995) 

= 1.16mm 

tc · = ltmc + fwc - tpcl 
= 10.000000 + (0.016995) - (1.179360)1 

= 1.16mm 

Maximum allowable working pressure, Longitudinal Stress 

P = 2*StK/E/(t-tm+fw) I (R - 0.40*(t-tm+fw)) 

(Weight) 

(total required, tensile) 

(total, net tensile) 

= 2*1 08000*1.0000*1.00*(?.4989-0.000000+(0.016995)) I (741.0000 - 0.40*(7.4989-0.000000+(0.016995))) 

= 2199.78 kPa. 

Operating, Hot & New. Below Support Point 

t - P*R/(2*S *K *E + 0 40*1PI) (Pressure) p - t. s c • 

= 344.00*741.00001(2*1 08000*.1.0000*1.00 + 0.40*1344.00001) 

= U8mm 

tm = Ml(1t""Rm 2*StKs *Ec) * MetricFactor 

= Ol(1t*745.5001 2*1 08000*1.0000*1.00) * 1 os 
=· 0.00 mm 

tw = Wl(2*7t''Hm *StKs *Ec) * MetricFactor 

= 1 0131(2*:rt*745.500'1*1 08000*1.0000*1.00) * 104 

= 0.02mm 

tt =tp+tm·fw . 
= 1.179360 + 0.000000- (0.019633) 

=1.16mm 

tc = ltmc +fwc- ~cl . 
= 10.0000.00 + (0.0~ 9633) - (1.179360)1 

= 1.16 mm 

Maximum allowable working pressure, Longitudinal Stress 

P ==·2*StK5*E0*(t-~+fw) I (R- 0.40*(1-tm+fw)) 

(bending) 

(Weight) 

· (total required, tensile) 

(total,· net tensile) 

= 2*1 08000*1.0000*1.00*(9.0000-0.000000+(0.019633)) I (741.0000 - 0.40*(9.0000-0.000000+(0.019633))) 

= 2642.07 kPa 

24/130 
F:\Backup from 4G USB Black 20081017\Backup from BJ 20081018\CHLORINATION\Head"Tank T-552 

Case3:11-cr-00573-JSW   Document458   Filed09/24/13   Page26 of 132



C Performance Group (USA); Inc 

Hot Shut Down. Corrode·d. Below Support Point 

tP = 0.00 mm 
tm = M/(1t*Rm2*S/K8) * MetricFactor 

= 0/(ri*7 44.7 4952*81469*1.0000) * 1 06 

= 0.00 mm 

(Pressure) 
(bending)· 

tw = W/(2*7t*Rm*Sc *K8 ) * MetricFactor (Weight) 
= 876/(2*1t*7 44.7 495*81469*1.0000) * 1 04 

= 0.02 mm 

~ = ltp + tm - fwl 
= 10.000000 + 0.000000 - (0.022529)1 

= 0.02 mm 

tc ;, fmc + twc - tpc 
= 0.000000 + (0.022529) - (0.000000) 

= 0.02 mm 

Hot Shut Down. New. Below Support Point 

tP = 0.00 mm . 
tm = M/(1t*Rm 2*~/K8) * MetricFactor 

= 0/(1t*745.5001 2*85172*1.0000) ~ 106 

= 0.00 mm 

(total, net compressive) 

(total required, compressive) 

(Pressure) 
(bending) 

fw = W/(2*7t*Rm*S0*K8 ) * MetricFactor (Weight) 
= 1 013/(2*1t*745.5001 *85172*1.0000) * 104 

= 0.02 mm 

t1 . = ltp + tm - fwl 
= 10.000000 + 0.000000 - (0.024895)1 

= 0.02 mm 

t9 = tmc + twc - tpc 
= 0.000000 + (0.024~95)- (0.000000) 

= 0.02 mm 

Empty. Corroded. Below Support Point 

tP = 0.00 mm 
tm = M/(7t*Rm 2*S/K9 ) * Metric Factor 

= 0/(1t*7 44.7 4952*9027 4 *1.0000) * 1 06 

= 0.00 mm 

(total, net compressive) 

(total required, compressive) 

(Pressure) 

(bending) 

fw = W/(2*7t*Rm*S0*K8 ) * MetricFactor (Weight) 
= 876/(2*7t*744.7495*90274*1.0000) * 104 

= 0.02 mm 

~ = ltp'+ tm- fwl {total, net compressive) 
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= 10.000000 + 0.000000 - (0.020332)1 

= 0.02 mm 

tc = tmc + twc· - tpc 
= 0.000000 + (0.020332) - (0.000000) 

= 0.02 mm 

Empty. New, Below Support Point 

·tP = 0.00 mm 
tm = M/(1t*Rm 2*S/K5 ) * MetricFactor 

= 0/(1t*745.5001 2*95015*1.0000} * 106 

= 0.00 mm 

(total required, compressive) 

(Pressure) 
(bending) 

tw = W/(2*1t"Rm *S0 *K5) * MetricFactor (Weight) 
= 1 013/(2*1t*745.5001 "95015*1.0000) * 104 

= 0.02 mm 

. 11 = ltp + tm - t~l 
= 10.000000 + 0.000000 - (0.022316)1 

= 0.02 mm 

tc = tmc+twc-tpc· 
= 0.000000 + (0.022316) - (0.000000) 

= 0.02 mm 

Vacuum, Below Support Point 

. (total, net compressive) 

(total required, compressive) 

tp = P*R/(2*S0*K5 + 0.40*1PI) (PressJJre) 
= -1 03.42*7 41.0000/(2*81469*1 .0000 + 0.40*11 03.42141) 

= -0.47 mm 

tm = M/(1t"Rm 2*S0*K8) * MetricFactor 
= 0/(1t*744.74952*81469*1.0000) * 106 

= 0.00 mm 

1w = W/(2*1t"Rm *80 *K8) * MetricFactor 
=. 876/(2*1t*7 44] 495*81469"1.0000) * 1 04 

= 0.02 mm. 

t1 = ltp + tm -lwl . 
= l-0.470212 + 0.000000 - (0.022529)1 
= 0.49 mm 

tc = tine + two - tpo 
= 0.000000 + (0.022529)- (-0.470212) 

= 0.49 mm . 

(bending) 

(Weight) 

(total, net compressive) 

(total required, compressive) 
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Hot Shut Down. Corroded. Weight & Eccentric Moments Only. Below Support Point 

tP = 0.00 mm 

tm = M/(n''Hm 2*S0*K5 ) * MetricFactor 

= 0/(n*? 44.7 4952*81469*1 .0000) * 1 oa 

= 0.00 mm 

(Pressure) 

(bending) 

1W = W/(2*n*Rm *S/K5 ) *MetricFactor (Weight) . 

= 876/(2*n*744.7495*B1469*1.0000) * 104 

= 0.02 mm 

tt = ltp + tm - Jwl 
= 10.000000 + 0.000000- (0.022529)1 

= 0.02 mm 

. to =tmc+twc-tpc 
= o:oooooo + (0.022529) - (0.000000) 

= 0.02 mm. 

. (total, net compressive) 

(total required, compressive) 
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F&D Head#1 

ASME Section VIII, Division 1, 2007 Edition Metric 

Component: 
Material Specification: 

F&D Head 
SA-285 C (11-D Metric p.1 0, lri. 3) 

Straight Flange governs MDMT 

Internal design pressure: P = 344 kPa@ 200 oc 
External design pressure: P e :: 103.4214 kPa@ 200 o 9 

Static liquid head: 

P s""' 3.926 kPa (SG=1, H6=400.67 mm Operating head) 
P1h= 14.5213 k_Pa (SG=1, H8=1482 mm Horizontal test head) 

Corrosion allowance: Inner C = 0 mm Outer C = 1 .5 mm 

Design MDMT., -28.89°C 
Rated MDMT = -105°C 

No impact test performed 
Material is not normalized . 

· Material is not produced to fine grain practice 
PWHT is performed 
Do not Optimi~e MDMT I Find MAWP 

Radiography: Category A joints -
Head to shell sear:n -

Seamless No AT 
Spot UW-11 (b) Type 2 

Estimated weight*: new = 160.9 kg 
Capacity*: . new = 355.8 liters 

carr.= 133.7 kg 
corr = 355.8 liters 

* includes straight flange 

Outer diameter 
Crown radius L 
Knuckle radius r 
Minimum head thickness 
Straight flange length L81 
Nominal straight flange thickness t51 
Results Summary 

1500 mm 
1450 mm 
90mm 
9mm 

- 50.8 mm 
9·mm 

The governing condition is Internal pressure. 
Minimum thickness per UG-16. 
Design thicknesf? due to internal pressure (t) 
Design thickness due to external pressure (te) 
Maximum allowable working pressure.(MAWP) 
Maximum allowable pressure_(MAP) 

M (Corroded) 

M::1 /4*[3 + (Ur) 112]=1 /4*[3 + (1 ,450/90) 1'2]=1.753466 

1.5 mm + 1.5 mm ,;, 3 mm 
6.33 mm 
5.79 mm-
537.26 kPa 
649.45 kPa 

. . . . 28/130 
F:\Backup from 4G USB Black 20081017\B;ackup from BJ 20081018\CHLORINATION\Head Tank T-552 

Case3:11-cr-00573-JSW   Document458   Filed09/24/13   Page30 of 132



C Performance Group (USA), Inc 

M (New) 

M=114*[3 + (Ur)112]=114*[3 + (1,450190) 112]=1.753466 

Design thickness for internal pressure, (Corroded at 200 °C) Appendix 1-4(d) 

. t = P*L0 *M I (2*S*E + P*(M- 0.2)) +Corrosion 
= 347.93*1,457.5*1.7535 I (2*108,000*0.85 + 347.93*(1.7535- 0.2)) + 1.5 
= 6.33 mm 

The head Internal pressure design thickness is 6.33 mm. 

Maximum allowable working pressure, (Corroded at 200 °C) Appendix 1-4(d) 

P 2*S*E*t I (M*L0 - t*(M - 0.2)) - P s 
2*1 08,000*0.85*7.5 I (1.7535*1,457.5- 7.5*(1.7535- 0.2))- 3.93 
537.26 kPa · 

The maximum allowable working pressure (MAWP) is 537,26 kPa. 

Maximum allowable press1.1re, (New at 21.11 o C) Appendix 1-4(d) 

P 2*S*E*t I (M*L0 - t*(M - 0.2)) - P s 

2*1 08,000*0.85*9 I (1.7535*1 ,459- 9*(1.7535- 0.2))- o. 
649.45 kPa · 

The maximum allowabie pressure (MAP) is 649.45 kPa. 

Design thickness for external pressure, (Corroded at 200 °C) UG-33(e) 

Equivalent outside spherical radius (R0) 

Outside crown radius · 
1,457.5 mm 

A 0.125 I (Rit) 
0.125 I (1,457.514.29) 
0.000368 

From Table CS-2 Metric: 8=35 .. 1462 MPa 

=· BI(Rit) 
. 35,146.151(1 ,457.514.29) 
103.4213 kPa 

t 4.29 mm+ Corrosion= 4.29·mm + 1.5 mm = 5.79 mm 
Check the external pressure per UG-33(a)(1) Appendix 1-4(d) 

t 1.67*P 9*L0 *M I (2*S*E + 1.67*P e *(M - 0.2) j + Corrosion 
1.67*1 03.42*1,457;5'"1.7535 I (2*1 08,000*1 + 1.67*1 03.42*(1.7535- 0.2)) + 1.5 
3.54mm · 

The head external pressure design thickness (t9 ) is 5.79 mm. 
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Maximum Allowable External Pressure, (Corroded at 200 a c) UG-33(e) 

Equivalent outside spherical radius (R0 ) 

· Outside crown radius 
1,457.5 nim 

A = 0.1.251 (Rjt) 
0.1251 (1 ,457.517.5) 
0.000643 

From Table CS-2 Metric: 8==61.7028 MPa 

= 
BI(Rcft) . 
61,702.781(1,457.517.5) 
317.462 kPa 

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

p 2*S*E*t I ((M*L0 - t*(M - 0.2))*1.67) - P 
62 

2*108,000*1*7.51 ((1.7535*1,457.5 -. 7.5*(1.7535- 0.2))*1.67)- 0 
381.25 kPa 

The maximum allowable external pressure (MAEP) is 317.46 kPa. 

%Extreme fiber elongation- UCS-79(d) 

= (75*t I R1)*(1 - R1 I R0 ) 

= (75*9194.5)*(1 - 94.51 oo) 
7.1429% 
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C Performance Group (l)SA), Inc 
! 

Straight Flange on F&D Head #1 

ASME.Section VIII Division 1, 2007 Edition Metric 

Compo'nent: Straight Flange 
Material specification: SA-285 C (11-D Metric p. 10, ln. 3) 
Material is impact test exempt to -105 oc per UCS-66(b)(3) (coincident ratio= 0.32217) 

Internal design pr~ssure: P = 344 kPa@ 200°C 
External design pressure: P e = 1 03.421 kPa @ 200 o C 

Static liquid head: 

P
5 

=4.4238 kPa (SG=1.0000, H5=451.47 mm Operating head) 
P1h = 14.5213 kPa (SG=1.0000, H5=1482.00 mm, Horizontal test_ head) 

Corrosion allowance: Inner C = 0.00 mm Outer C = 1.50 mm 

Design MDMT = -28.89°C 
Rated MDMT = -105.00°C 

-
Radiography: Longitudinal joint -

Circumferential joint -

No Impact test performed 
Material is not normalized 
Material is not produced to Fine Grain Practice 
PWHT is performed · 

Seamless No AT 
·Spot UW-11 (b) Type 2 

·Estimated weight:· New= 16.7749 kg ·corr = 13.9630 kg 
Capacity: New= 87.6294liters corr = 87.62941iters 

· OD = 1500.00 mm 
Length Lc = 50.80 mm 
t= 9.00 mm 

Design thickness, (at 200.00°C) Appendix 1-1 

t. P*Rcf(S*E + 0.40*P) + C.orrosion 
= 348.42*750.001(1 08000*0.85 + 0.40*348.42) + 1.50 

4.3459 mm 

Maximum allowa.ble working pressure, (at 200.00°·C) Appendix 1-1 

p S*E*ti(R6 - 0.40*t) - P s 

= 1 08000*0.85*7.4989 I (750.00- 0.40*7.4989) - 4.4238 
= 917.1224 kPa · 

Maximum allowable pressure, (at 21.11°C)-Appendix 1-1 

P S*E*ti(R0 - 0.40*t) 
1 08000*0.85*9.0000 I (750.00 - 0.40*9.0000) 
11 06.9132.kPa · 
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C Performance Gr,oup (~SA); Inc 

External Pressure, (Corroded & at 200.00°C) UG•28(c) 

UD
0 
= 2277.447011500.0000 = 1.5183 

Dit = 1500.0000/5.833334 = 257.1428 

From table G: A= 0.000210 

From table CS-2 Metric: B = 19.9455 MPa 

P a == 4*BI(3*(Djt)) 

== 4*19.94551(3*(15QO.OOOOI5.833334}) 

= 103.4212 kPa 

Design thickness for ~xternal pressure P a = 1 03.4212 kPa 

= t +Corrosion= 5.833334 + 1.50 == 7.33 mm 

Maximum Allowable External Pressure, (Corroded & at 200.00°C} UG-28(c) 

UDO == 2277.447011500.00 = 1.5183 
Dit == 1500.0017.4989 = 200.0304 

From table G: A= 0.000303 

From table CS-2 Metric·: B = 28.8971 MPa 

P a = 4*81(3*(Djt)) . 

== 4*28.89711(3*(1500.00/7.4989)) 

== 192.6183kPa 

%Extreme fiber elongation· UCS-79(d) 

= (50 * t/ R1) * (1 - Rr I R0 ) 

==(50* 9.00 1745.5001) * (1 · 745.5001 I oo) 
= 0.6036% . 

Design thickness =. 7.33 mm 

The governing condition is due to external pressure. 

The cylinder thickness of 9.00 mm is adequate. 

Thickness Required Due to Pressure+ External Loads 

Allowable 
Stress Before 

Con dillon 
Pressure P ( 

UG-23 Stress Temperature. 
kPa) 

Increase ( MPa) 
(•C) 

St Sc 

Ogerallng Hot & Corroded 344.00 108.00 81.47 200.00 

Ogerallng, Hot & Ne;:,: 344.00 '108.00 ~ 200.00 

Corrosion C 
(mm) 

1.5000 

0.0000 

Req'd.Thk Due 

Load Req'd Thk Due to to 
Tension (mm) . Compression 

(mm) 

Weight 1,4708 1.4689 

Weight. 1.4701 1.4682 
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C Performance Group (USA), Inc 

Hot Shut Down, Corroded 0.00 108.00 81.47 200.00 . 1.5000 Weight 

HotShutDown,New 0.00 108.110 85.17 200.00 o.oooo Weight 

EmQ~, Corroded 0.00 108.00 90.27 -17.78 1.5000 Weight 

Emg~,New 0.00 108.00 95.01 -17.78 0.0000 Weight 

Vacuum -103.42 108.00 81.47 200.00 1.5000 Weight 

Hot Shut Down, Corroded, Weight 0.00 108.00 §.!£. 200.00 1.5000 Weight 
& Eccentric Moments OQI~ 

Allow.able Compressive Stress; Hot and Corroded· ScHc• (table CS-2 Metric) 

A = 0.125I(R0 It) 

· 0.1251 (750.0000 I 7 .4989) 

= 0.001250 

8 81.4695 MPa 

s 108.0000 11.0000 

108.0000 MPa 

ScHC = 81.4695 MPg, 

Allowable Compressive Stress, Hot and New· ScHN• (table CS·2 Metric) 

A = 0.125 I (R0 It) 

8 

s 

ScHN 

0.12$1 (750.0000 I 9.0.000) 

0.001500 

85.1'720 MPa 

108.0000/ 1.0000 

1 08.0000 MPa 

85.1720 MPa 

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

A 0.1251 (R0 It) 

8 

s 

0.125/ (750.0000 I 9.0000) 

0.001500 

= 95.0147 MPa 

1 08.0000 11.0000 

1 08.0000 MPa 

SeeN = 95.0147 MPa 

Allowable Compressive Stress, Cold and Corroded· Scco (table CS-2 Metric) 

A = 0.125I(R
0
/t) · 

8 

s 

0.1251 (750.0000 17.4989) 

= 0.001250 

90.2737 MPa 

= 1 08.0000 11.0000 

~ 0.0054 

0.0039 0.0058 

0.0030 0.0049 

0.0035 0.0052 

0.4736 0.4756 

0,0034 0.0054 
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C Performance Group (USA), Inc 

1 08.0000 MPa 

Sccc = · 90.2737 MPa 

Allowable Compressive Stress, Vacuum and. Corroded· Seve• (table CS-2 Metric) 

A = 0:1251.(R0 !t) . 

B 

s 

Seve 

- 0.125 I (750 .. 0000 I 7.4989) 

0.001250 

81.4695 MPa 

1 08.0000 I 1.0000 
:=: 1 08.0000 MPa 

= 81.4695 MPs 

Operating, Hot & Corroded. Bottom Seam 

tP = P*RI{2*StK/Ec + 0.40*1PI) {Pressure) 
:=: 344.00*7 41.00001{2*1 08000*1.0000*0.80 + 0.40*1344.00001) 

= 1.47mm 

tm = Ml{i*Rm 2"St'"Ks *Eel * Metric Factor .. 
:=: 146l{1t*7 44.7 4952*1 08000*1.0000*0.80} * 1 os 
= 0.00 mm 

\v = Wl(2*7t*Rm *StK/Ee) * MetricFactor 
= 1701(2*1t*744. 7495*1 08000*1.000o*0.80) * 104 

= O.OOmm 

(bending) 

(Weight) 

tt = tp + tm- \v (total required, tensile) 
= 1.473965 + 0.000970- {0.004130) 

= 1.47 mm 

te = ltme + \vc ~ tpcl 
:=: 10.000970 .j.. {0.004130)- (1.473965)1 

= 1.47 mm 

Maximum allowable working pressure, Longitudinal. Stress 

P = 2*StK/E0*(t-tm+l:w) I (R- 0.40*(t-tm+l:w)) . 

(total, ·net tensile) 

= 2*1 08000*1.0000~0.80*(7.4989-0.000970+(0.004130)) I {741.0000 - 0.40*(7.4989-0.000970+(0.004130))) 
= '1756.57 kPa 

Operating. Hot & New. Bottom Seam 

tp = P*R/(2*StK8*Ec + 0.40.*IPI) · {Pressure) 
:=: 344.00*7 41.00001{2*1 08000*1.0000*0.80 + 0.40*1344.00001) 
=1.47mm· 

(bending) 
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C Performance Group (USA), Inc 

= 1461(1t~745.5001 2*108000*1.000a*a.8a) " 1 as 

= o.aa mrn 

~ ., Wl(2*1t"Rm $t"Ks *E0 ) * MetrlcFactor 
, 1981(2*1t*745.5aa1 *1 a8aaa*1.paaa•a.8a) * 1 a4 

== a.oa mrr:t 

4 ==tp+tm-~ 
== 1.473965 + a.aaa969- (o.aa4797) 

== 1.47 mm . 

tc == ltma + ~c - tpcl 
. == la.aaa969 + (a.004797)- (1.473965)1 

== 1.47mm 

Maximum allowable working pressure, longitudinal Stress 

p·== 2*St"K5*E0 *(t-tm+~) I (R- a.40*(t-tm+tw)) 

(Weight) 

(total required, tensile) 

(total, net tensile) · 

== 2*1 a8aa0*1.0aaa*0.8a*(9.aaaa-o.aaa969+(a.aa4797)) I (741.aaaa- a.4a*(9.aaaa-a.aa0969+(a.a04797))) 
== 21 a9.93 kPa 

Hot Shut Down. Corroded. Bottom Seam 

tP = o.ao mm · 

tm = Ml(n"Rm 2*Sc"K8 ) * MetricFactor 
"'146l(n*744.74952*81469*1.aaao) * 10s 

= a.ao mm 

(Pressure) 

(bending) 

~ == Wl(2*n"Rm *S0 *K5 ) * MetricFactor (Weight) · 
== 1701(2*n*744.7495.81469*1 .aaao) * 1 a4 

=- a.aa mm 

tt = ltp + tm - ~~ 
"' IO.aaaaoa + 0.001 029 - (a.aa4380)1 
= 0.00 mm 

tc = tmc+twc-tpa· 
= a.aa1 a29 + (Q.Oa438a) - (O.aaaaaa) . 

=am mm 

Hot Shut Down. New. Bottom Seam 

tP "'a.oa mm 
tm = M/(rc"'Rm 2*S0*K5 ) * MetricFactor 

== 146l(ic*745.5a012*85172'*1.aaao) * 1 as 

"'a.aa mm 

(total, net compressive) 

(total required, compressive) 

(Pressure) 
(bending) 

fw = Wl(2*n"'Rm "'Sc *K5 ) * Metrici=actor . (Weight) 
"' 1981(2*n*745.5a01 *85172*1.aaaa) * 104 

j' 
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= 0.00 mm 

t, =. ltp + tm -\vi 
,.; 10.000000 + 0.000982- (0.004866)1 

= 0.00 mm 

tc = tmc + twc - tpc 
.,; 0.000982 + (0.004866) - (0.000000) 

= 0.01 mm 

Empty. Corroded. Bottom Seam 

tP = 0.00 mm 
tm = M/(1t*Rm 2*8/Ks) * MetricFactor 

. = 146/(1t*7 44.7 4952*9027 4 *1.0000) * 1 os 
= 0.00 mm 

(total, net compressive) 

(total required, compressive) 

(Pressure) 

(bending) 

fw· = W/(2*1t*Rm *80 *K8 ) * MetricFactor (Weight) 
= 170/(2*1t*7 44.7 495~9027 4*1.0000) * 1 ci4 
, 0.00 mm 

t1 = ltp + tm -\vi . 
= 10.000000 + 0.000929- (0.003953)1 

= o.oomm 
tc .= tmc+twcctpc 

= 0.000929 + (0.003953) - (0.000000) 

= 0.00 mm 

Empty. New. Bot~om Seam 

tP = 0.00 mm . 
tm = M/(1t*Rm 2*8/Ks) * MetricFactor 

= 146/{1t*745.5001 2*95015*.1.0000) * 1 os 
= 0.00 mm 

(total, net compressive) 

· (total required, compressive) 

(Pressure) 

(bending) 

fw = W/(2*1t*Rm *S/Ks) * MetricFactor . (Weight) 
= 198/(2*1t*745.5001*95015*1.0000) * 104 

= 0.00 mm 

t. = ltp + tm -\vi ·. · . 
= 10.000000 + 0.000881 - (0.004362)1 

= o.oo·mm 
to = tmc + twc - tpc 

= 0.000881 + (0.004362) - (0.000000) 

= 0.01 mm 

(total, net compressive) 

(total required, compressive) 

/ 
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Vacuum. Bottom Seam 

tP =- P*R/(2*S0*K5 + 0.40*IPI) (Pressure) 

"' -1 03.42*741.0000/(2*81469*1.0000 + 0.40*11 03.42141) 

"'-0.47 mm 

tm = M/(n:*Rm 2*S~*K5) * MetricFactor 

"'146/(n:*744.74952*81469*1.0000) * 106 

= 0.00 mm 

. 1w "' W/(2*n:*Rm *80 *K5 ) * MetricFactor 

"'170/(2*n:*744.7495*81469*1.0000) * 104. 

= 0.00 mm · 

tt = ltp + tm -fwl 
= l-0.470212 + 0.001029 - (0.004380)1 

"'0.4imm 

tc = tmc + twc - tpc 
"' 0.001029 + (0.004380) - (-0.470212) 

"'0.48 mm 

(bending) 

(Weight) 

(total, net compressive) 

(total required, c~mpresslve) 

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

tP = 0.00 mm 

tm = M/{n:*Rm 2 *80 *K5 ) * Metric Factor 

= 146/(n:*744.74952*81469*1.0000) * 106 

· = 0.00 inm 

(Pressure) 

(bending) 

1w = W/(2*n:*Rm *80 *K5) * MetricFactor (Weight) 

"'170/(2*n:.,'744.7495*81469*1.0000) * 104_ 

"'0.00 mm 

~ = ltp + tni -1wl 
= 10.000000 + 0.001029- (0.004380)1 

=·0.00 mm 

tc = tmc + twc - tpc 
"' 0.001 029 + (0.004380) - (0.000000) 

"'0.01 mm 

(total, net compressive) . 

(total required, compressive) 
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I. 
I 

G Performance Group (USA), Inc 

Straight Flange on F&D Head #2 

ASME Section VIII Division 1, 2007 Edition Metric 

Component: Straight Flange 
Material specification: · SA-285 C (11-D Metric p. 10, ln. 3) 
Material Is impact test exempt to -105 oc per UCS-66(b){3) (coincident ratio =0.34073) 

Internal design pressure: P = 344 kPa@ 200°C 
External design pressure: P a .,; 103.421 kPa @ 200 o C 

Static liquid head: 

P s =24.5184 kPa (SG=1.0000, H8=2502.27 mm Operating head) 
P1h = 14.5213 kPa (SG=1.0000, H8=1482~00 mm, Horizontal test head) 

Corrosion allowance: Inner C = 0.00 mm Outer C = 1.50 mm 

Design MDMT = -2.8.89°C 
Rated MDMT = -105.oooc 

Radiography: Longitudinal joint
Circumferential joint -

No Impact test performed 
Material is not normalize!;! 
Material is not produced to Fine Grain: Practice 
PWHT is performed 

Seamless No RT 
Spot UW-11 (b) Type 1 

Estimatedweight: .New= 16.7749 kg corr = 13.9630 kg 
Capacity: New= 87.62941iters corr = 87.62941iters 
OD = 1500.00 mm · 
Length L

0 
=.50.80 mm 

t= 9.00 mm 

Design thickness, (at 200.00°C) Appendix 1-1 

= 

·= 

P*Rj(S*E + 0.40*P) + Corrosion 
368.52*750.00/(1 08000*0.85 + 0.40*368.52) + 1.50 
4.5085mm 

Maximum allowable .working pressure, (at 200.00°C) Appendix 1·1 

P S*E*t/(R0 - 0.40*t) - P s , 

108000*0.85*7.4989/ (750.00- 0.40*7.4989)- 24.5184 
897.0277 kPa 

Maximum allowable pressure, (at 21.11 °C) Appendix 1-1 

P S*E*t/(R0 - 0.40*1) 
1 08000*0.85*9.0000 I (750.00 - 0.40*9.0000) 
11 06.9132 kPa 
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External Pressure, (Corroded & at 200.00°C} UG-2B(c) 

UDO == 2277.447011500.0000 = 1.5183 
Dit = 1500.000015.833334 = 257.1428 

From table G: A= 0.000210 

From table CS-2 Metric: .B = 19.9455 MPa 

P a = 4*BI(3*(Da1t)) 

= 4*19.94551(3*(1500.000015.833334)) 

= 103.4212 kPa 

Design thickness for external pressure P~ = 103.4212 kPa 

= t + Corrosion = 5.833334 + 1.50 = 7.33 mm 

Maximum Allowable External Pressure, {Corroded & at 200.00°C} UG-28(c) 

. UDO = 2277.447011500.00 = 1.5183 
Dit = 1500.0017.4989 = 200.0304 

From table G: A= 0.000303 

From table CS-2 Metric: B = 28.8971 MPa 

. P a = 4*BI{3*(Djt)) 

= 4*28.89711(3*(1500.0017.4989)) 

. = 192.6183 kPa 

%Extreme fiber elongation- UCS-79{d) 

= (50 * tl R1) * {1 - R, I R0 ) 

=(50* 9.00 I 745.5001) * (1 -745.5001 I oo) 
= 0.6036% 

Design thickness = 7.33 mm . 

The governing condition is due to external pressure. 

· The cylinder thickness of 9.00 mm is adequate; 

Thickness Required Due to Pressure+ External Loads 

Allowable j 

Pressure P( Stress Before Temperature Condition UG-23 Stress kPa) - Increase ( MPa) ("C) 

St So 

Ogeraliog Hot & CQ[Cl!Q~g 344.00 108.00 81.47 200.00 

Ogeraling, Hot 111 New 344.00 108.00 85.17 200.00 

Req'd Thk Due 
Corrosion C Req'd Thk Due to to 

load 
(mm) Tension (mm) Compression 

(mm) 

1.5000 Weight 1.483i! 1.4839 

0.0000 Weight 1.4844 1.4844 
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!:lot Shut Down, Cgrroded 0.00 108.00 . ill.dZ. 200.00 1.5000 Weight 

HotShutDown,~ew 0.00 108.00 85.17 200.00 0.0000 Weight 

Em!!~. Corroded 0.00 108.00 90.27 -17.78 - 1.5000 Weight 

Em!!~.~ew 0.00 108.00 95.01 -17.78 0.0000 Weight 

Vacuum -103.42 108.00 81.47 200.00 1.6000 Weight 

t:Jot Shut Down, Corroded, Weight 
& Eccentric Moments Oni~ • 

0.00 108.00. 81.47 200.00 1.5000 Weight 

Allowable Compressive Stress, Hot and Corroded- ScHc• (table CS-2 Metric) 
A 0.125I(R

0
It) . 

0.125 I (750.0000 /7.4989) 
0.001250 

8 81.4695 MPa 

s 1 08.0000 I 1.0000 
1 08.0000 MPa 

ScHC 81.4695 MPg, 

Allowable Compresslv.e Stress, Hot and New- ScHN• (table CS-2 Metri~) 
A 0.125 I (R0 It) 

8 

s 

0.125 I (750-0000 I 9.0000) 
0.001500 

== 85.1720 MPa 

1 08.0000 I 1.0000 

1 08.0000 MPa 

85.1720 MPa 

Allowable Compressive Stress, Cold and New-· SeeN• (table CS-2 Metric) 

A 0.125I(R0 It) 
== 0.125 i (750.0000 I 9.0000) 

== 0.001500 
B 95.0147 MPa. 

s 1 08.0000 I 1.0000 
1 08.0000 MPa 

SeeN = 95.0147 MPa 

Allowa~Ie Compressive Stress, Cold and Corroded-·Sccc• (table CS-2 Metric) 

A 0.1251(R0 1t) 

8 

s 

0.125 I (750.0000 /7.4989} 
0.001250. 

90.2737 MPa 

= 1 08.0000 I 1.0000 

0.0966 0,0966 

0.0971 0.0971 

~ 0.0033 

0.0040 0.0040 

0,3614 Q,[ill 

2.:lli!§§. 0.0966_ 
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== 1 08.0000 MPa 

8000 = 90.2737 MPa 

Allowable Compressive Stress, Vacuum and Corroded· Seve> (table CS·2 Metric) 
A == 0.125I(R

0
It) . 

B 

s 

0.1251 (750.'0000 17.4989} 
0.001250 

= - 81 .4695 MPa 

1 08.0000 11.0000 
108.0000 MPa 

81.4695 MPa 

Operating, Hot & Corroded. Top Seam 

tp = P*R/(2*St"K5"E0 + 0.40"1PI) (Pressure) 
= 344.00*7 41.00001(2*1 08000*1.0000*0.85 + 0.40*1344.00001} 
== 1.39 mm ,. 

tm = Ml('n:*Rm 2*St"Ks *E0 ) * MetricFactor (bending) 
= Ol(n:744. 7 4952*1 08000*1.0000*0.85} * 106 

= 0.00 mm 

\v = Wl(2*n*Rm*StK/E0 ) * MetricFactor 
= -42301(2*n*7 44.7 495*1 08000*1 .0000*0.85} * 1 04 

= -0.10 mm 

.· tl ;,. tp + tin - \v 
= 1.387326 + 0.000000- (-0.096563} 

= 1.48 mm 

tc · = ltmc + lwc - tpcl 
= 10.000000+ (-0.096563}- (1.387326}1 

= 1.48 tnm 

Maximum allowable working pressure, Longitudinal Stress 

. P = 2*St"Ks *E0*(t-t'!l+\v) I (R- 0.40*(t-tm+lw)) 

(Weight) 

(total required, tensil~) 

(total, net tensile) . 

= 2*1 08000*1 .0000*0.85*(7.4989-0.000000t(-0.096563}} I (74 1 .0000 - 0.40*(7.4989-0.000000+( -0.096563}}} 
= 1841 .45 kPa · 

Operating. Hot &·New. Top Seam 

tp = P*R/(2*St"K5*E0 + 0.40*1PI) (Pressure) 
= 344.00*741.00001(2*1 08000*1.0000*0.85 + 0.40*1344.00001} 

= 1.39 mm 

(bending) 
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== Ol(n*745.5001 2*1 08000*1.0000*0.85) * 1 oe 
== 0.00 mm 

. tw == Wl(2*n*Rm *St"Ks *E0 ) * MetricFacto.r 

== -42581(2*n*745.5001 *1 08000*1.0000*0.85) * 104 

== -0.10 mm 

~ =lp+tm-t 
= 1.387326 + 0.000000- (-0.0971 01) 

== 1.48 mm 

tc = ltmc. + twc -tpal 
= 10.000000 + (-0.0971 0~) - (1.387326)1 

= 1.48 mm 

Maximum allowable working pressure, Lon~itudinal Stress 

P = 2*StK/E/(t-tm+tw) I (R - 0.40*(t-tm+t)) . · 

(Weight) 

(total required, tensile) 

(total, net tensile) 

= 2*1-08000*1.0000*0.85*(9.0000-0.000000+(-0.0971 01)) I (741.9000 - 0.40*(9.0000-0.000000+(-0.0971 01))) 

= 2216.55 kPa 

Hot Shut Down. Corroded. Top Seam 

0.00 mm 
M/(n*Rm 2*St"Ks *EJ * MetricFactor 

O/(n*744. 74952*1 08000*1.0000*0.85) * 106 

0.00 mm 

. (Pressure) 

(bending) 

t Wl(2*n*Rm *St"Ks *E0 ) * MetricFactor (Weight) 

-4230/(2*n*744.7495*1 08000*1.0000*0.85) * 104 

-0.10 mm 

tp+tm-t 

0.000000 + 0.000000- (-0.096563) 

0.10 mm 

tc ltmc + twc - ~cl 

= 10.000000 + (-0.096563} - (0.000000)1 

0.10 mm 

Hot Shut Down. New, Top Seam 

tP = 0.00 mm 
tm M/(n•Rm 2*St"Ks *E0 ) * MetricFactor 

0/(n*745.5001 2*1 08000*1.0000*0.85) .. 106 

0.00 mm 

(total required, 
tensile} 

(total, net 
tensile) 

(Pressure) . 

(bending) 

(Weight) 
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-4258/(2*7t*745.5001 *1 OS000*1.0000*0.85) * 104 

-0.10 mm 

tt tp+tm-\v 
(total required, 
tensile) 

0.000000 + 0.000000- (-0.097101). 

0.10 mm 

to ltmc + twc - tpcl 
(total, net 
tensile) 

= 10.000000 + ( -0.097101) - (0.000000)1. 

"' 0.10 mm 

Empty. Corroded. Top Seam 

tp . b.OO mm (Pressure) 

tm M/(7t*Rm 2*StKs *E0 ) * Metric Factor (bending) 
0/(7t*744.74952*1 08000*1 .0000*0.85) * 106 

o.oo rnm 

fw W/(2*7t*Rm *StKs *E0 ) * MetricFactor (Weight) 

-145/(2*7t*7 44.7 495*1 08000*1.0000*0.85) * 1 04 

= -0.00 mm 

tl . tp + tm- fw (total required, 
tensile) 

0:000000 + 0,000000- (-0.003318) 
0.00 mm 

til = ltmc + fwc - ~cl 
(total, net 
tensile) 

10.000000 + (~0.003318) - (0.000000)1 

= 0.00 mm 

Empty. New. Top Seam 

tp = 0.00 mm (Pressure) 

·tm M/(1t*R 2*8 *K *E ) * MetricFactor (bending) m t s c 
0/(7t*745.5001 2*1 08000*i .0000*0.85) * 1 os 

I o.oomm 1. 

fw W/(2*7t*Rm*StK5*E0) * MetricFactor (Weight) 

= -173/(2*7t*745.5001 *1 08000*1 .0900*0.85) * 1 04 

-0.00 nim 

4 = tp + tm -fw 
(total required, 
tensile) 

o.oooooo + o.oqoooo- (-0.003951) . 
0.00 mm 

tc ·- ltmc + fwc - ~cl 
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= 10.000000 + (-0.003951)- (0.000000)1 

0.00 mm 

Vacuum. Top Seani 

(total, n'et 
tensile) 

. tp = P*R/(2*_Sc *Ks + 0.40*IPI) . (Pressure) · 
= -1 03.42*741.0000/(2*81469*1.0000 + 0.40*11 03.42141) 

= -0.47 mm 

tm = M/(1t*Rm 2*S0*K8) * MetricFactor 
= 0/(1t*744.74952*81469*1.0000) * 106 

= 0.00 mm 

tw = W/(2*1t*Rm *S/K8 ) * MetricFact?r 
= -4230/(2*1&*7 44.7 495*81469*1.0000) * 1 04 

= -0.11 mm 

t1 ,;, ltp + tm - fwl 
= l-0.470212 + 0.000000- (-0.1088~7)1 

= 0.36 mm 

tc = tmc + twc - tpc 
= 0.000000 + (-0.1 08807)- (~0.470212) 

= 0.36 mm 

(bending) 

(Weight) 

(total, net compressive) 

'(total required, compressive) 

Hot Shut Down. Corroded. Weight & Eccentric·Moinents Only. Top Seam 

tp -· 

tm 

fw 

tt 

-
= 
= 

= 
= 

0.00 mm 

~/(1t*Rm 2*St""Ks *E0 ) * MetricFactor 
0/(1t*7 44.7 4952*1 08000*1.0000*0.85) * 1 06 

0.00 mm 

W/(2*1t*R *S *K *E ) * MetricFactor m t s c 

-4230/(2*1&*7 44.7 495*1 08000*1.0000*0.85) * 1 04 

-0.10 mm 

tp + tm- fw. _ 

0.000000 + 0.000000- (-0.096563) 

0.10mm 

ltmc t fwc- tpcl 

10.000000 + (-0.096563)- (0.000000)1 

0.10mm 

(Pressure) 

(bending) 

(Weight) 

(total required, 
tensile)-

(total, net 
tensile) 
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. F&D Head#2 

' 
ASME Section VIII, Division 1, 2007 Edition Metric 

Component: F&D Head 
Material Specification: SA-285 C (11-D Metric p.10, ln. 3) 
Straight Flange governs MDMT 

· Internal design pressure: P = 344 kP~@ 200 ac 
External design pressure:· P 9 = 1 03.4214 kPa@ 200 o C 

Static liquid head: 

P 5= 27.1798 kPa (SG= 1, H~=2773.88 mm Operating head) 
P1h= 14.521 ~ kPa(SG=1, H5=1482 mm Horizontal test head) 

Corrosion allowance: Inner C = 0 nim Outer C = 1.5 mm 

. Design MOMT = -28.89°C 
. Rated MDMT = -105°C 

No impact test performed 
Material is not normalized 
Material is not produced to fine grain practice 
PWHT is performed 
Do not Optimize MDMT I Find MAWP 

Radiography: Category A joints -
Head to shell seam -

Seamless No RT 
Spot _UW-H(b) Type 1 

Estimated weight*: new= 164.4 kg 
Capacity*: . new= 368.6 liters 
* includes straight flange 

Outer diameter 
Crown radius L 
Knuckle radius r 
Minimum head thickness 
Straight flange length L51 
Nominal straight flange thickness t51 
Results Summary 

carr = 136.6 kg · 
corr = 368.6 liters 

1500 mm 
1347.6 mm 
90mm 
9mln 
50.8 mm 
9mm 

The governing condition is internal pressure. 
Minimum thickness per UG-16 1.5 mm + 1.5 mm = 3 mm 

.Q..1a·mm Design thickness due to internal pressure (t) 
. Design thickness due to external pressure (t

9
) 

Maximum allowable working pressure (MAWP) 
Maximum allowable pressure (MAP) 

M (Corroded) 

5.49 mm 
= 567.33 kPa 

713.43 kPa 

M=1/4*[3 + (Ur)1'2)=1/4*[3 + (1,347.6/90)1'2]=1.717385 
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M (New) 

M=114*[3 + (Ur)1'2]=114*[3 + (1,347.6190)1'2]=1.717385 

Design thickness far internal pressure, (Corroded at 200 °C) Appendix 1·4(d) 

P*L0*M I (2*S*E + P*(M- 0.2)) +Corrosion 
371.18*1 ,355.1 *1.7174/(2*1 08,000*0.85 + 371.18*(1. 7174- 0.2)) + 1.5 
6.19 mrn · · · 

The head internal pressure design thickness is 6.19 mm. 

Maximum all9wable working pressure, (Corroded at 200 °C) Appendix 1·4(d) 

P 2*S*E*t I (M*L0 - t*(M - 0.2)) - P s 

= 2*1 08,000*0.85*7.5 I (1.7174*1 ,355.1 - 7.5*(1.7174- 0.2)) - 27.18 
567.33 kPa 

The maximum allowable working pressure (MAWP) is 567.33 kPa. 

Maximum allowable pressure, (New a.t ;;!1.111 o C) Appendix 1·4( d) 

P 2*S*E*t I (M*L0 - t*(M - 0.2)) - P s 
2*108,000*0.85*9 I (1.7174*1,356.6- 9*(1.7174- 0.2))- 0 
713.43 kPa 

The maximum allowable pressure (MAP) is 713.43 kPa. 

Design thickness for external pressure; (Corroded at 200 °C) UG·33(e) 

Equivalent outside spherical radius (R0 ) 

Outside crown radius 
= 1",355.1 mm 

A = 0.125 I (RJt) 
0.125 I (1 ,355.113.99) 

= 0.000368 

From Table CS-2 Metric: 8=35.1462 MPa 

P a = BI(RJt) , 
== 35, 146.16/(1 ,355.1/3.99) 

103.4214 kPa 

l 3.99 mm + Corrosion= 3.99 mm + 1.5 mm = 5.49 mm 
Check the external pressure per UG-33(a)(1) Appendix 1 A( d) 

1.67*P e *L0 *M I (2*S*E + 1.67*P e *(M - 0.2)) + Corrosion 
1.67*1 03.42*1 ,355.1 *1.7174 I (2*1 08,000*1 + 1.67*1 03.42*(1.7174- 0.2)) + 1.5 
3.36 mm 

· The head external pressure design thickness (te) is 5.49 mm. 

,' 
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Maximum Allowable External Pressure, (Corroded at 200 °C) UG·33(e) 

Equivalent outside spherical radius (R0 ) 

Outside crown radius 
1,355.1 mm 

A = 
= 
= 

0.1 ~5/ (RJt) 
0.1251 (1,355.117.5) 
0.000692 

From Table CS-2 Metric: 8=65.8325 MPa 

8I(RJt) 
65,832.52/(1,355.117.5) 
364.3047 kPa 

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

p 2*S*E*tl ((M*L0 - t*(M - 0.2)}*1.67} - P s2 
'2"*1 08,000*1 *7.51 ((1.717.4*1,355.1 - 7.5*(1.7174- 0.2}}*1.67) - 0 
418.82 kPa 

The maximum allowable external pressure (MAEP) is 364.3 kPa. 

%Extreme fiber elongation·. UCS·79(d) 

(75*t I R1)*(1 - R, I R0 ). 

(75*9/ 94.5}*(1 - 94.51 oo) 

7.1429% 
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G Performance Group (USA), Inc 

Inspection Port (N7) 

AS ME. ~ection VIII Division ·r, 2007 Edition Metric 

----9.00, 
~~ ~~ 

Note: round Inside edges per UG·76(c) 

Located on: 

Liquid static head included: 

Nozzle material specification: 

Nozzle longitudinal joint efficiency: 

Nozzle description: 

Flange description: 

Bolt Material: 

Flange rated MDMT: 

(UCS-66(b)(3): Coincident ratio= 0."1798077} 

(Flange rated MDMT = -105 oc (UCS-68(c} applies.) 
Bolts rated MDMT per Fig UCS-66 note (e)= -48 oc) 
Liquid static head on flange: 

ASME B16.5 flange rating MAWP: 

ASME Bi 6.5 flange rating MAP: 

ASME B16.5 flange hydro test: 

Nozzle orientation: 

Local vessel minililum thicl<ness: 

Nozzle center line offset to datum line: 

End of nozzle to shell center: 

Nozzle inside diameter, new: 

iw(lower) = 9 mm 
· Leg41 = 9 mm 

Cylinder #1 

11.1509 kPa 

SA-106 B Smls. Pipe 
(11-D Metric p. 14, ln. 5) 

1 
16" Sch 60 DN 400 

16 inch Class 150 SO 
Ai05 

SA-193 B7 Bolt <= 64 
(11-D Metric p. 348, ln. 
33) 

-48°C 

9.3231 kPa 

1395.5 kPa@ 200 o C 

i 965.01 kPa@ 
21.11.°C 

3102.64 kPa@ 
21.11 oc 
180° 

9mm 

"1500 mm 

902.4 mm 

373.08 mm 
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,Nozzle nominal wall thickness: 

Nozzle corrosion allowance: 
Projection available outside vessel, Lpr: 

Projection available outside vessel to flange face, Lf: 

16.66 mm 

Omm 
135.74 mm. 

152.4 mm 
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Reinforcement Calculations for Internal Pressure 

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

UG-37 Area Calculation ·Summa_ry (cm2) 
ForP = 669.72 kPa@ :i.oo ~c 

The opening ·1~ adequately reinforced 

A A A 
required available 

A1· A2 'Aa As welds 

17.308j 17.3284 10.6684 5.8497 -- --

Weld Failure Path Analysis Summary 

The nozzle is exempt from weld strength 
calculati~ns per UW-15(b)(1) 

0.8103 

·uw-16 Weld Sizing Summary 

Weld description 
Required weld Actual weld 

lhroat size (mm) throat size (mm) 

UG-45 
Nozzle Wall 
Thickness 
Sum, mary 

(mm) 
The nozzle 

passes UG-45 

lreq lrnln 

6.14 14.58 

Stalus 

Nozzle lo shelllillel (Le941) · 5.25 6.3 weld size Is adequate 

Calculations for internal pressure 669.72 kPa @ 200 o C 

Fig UCS-66.2 general note (1) applies. 

Nozzle is impact test exempt to -105 oc per UCS-66(b)(3) (coincident ratio = 0.32845)·. 

Nozzle UCS-66 governing thk: 9 rhm 

Nozzle ratedMDMT: -105 oc 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: · d = 373.08 mm 

Normal to the vessel wall outside: 2.5*(t- C)= 18.75 mm 

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

= 

P*Rn/(S0 *E - 0.6*P) 

669. 7165*186.54/(118,000*1 - 0.6*669. 7165) 

1.06 mm 
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Required thickness tr from UG-37(a) 

= 

. P*Ri(S*E + 0.4*P) 

669.7165*750/(1 08,000*1 + 0.4*669.7165) 

4.64 inm 

Area required per UG-37(c) 

Allowable stresses: Sn = 118, Sv = 108 MPa 

fr1 = lesser of 1 or SrfSv = 1 
fr2 = lesser of 1 or SrfSv = 1 

A 

= 

d*tr~F + 2*t~ *tr*F*(1 - fr1) 

373.08*4.64*1 + 2*16.66*4.64*1*(1 -1) 

17.3081 cm2 

Area available from FIG. UG-37.1 

A1 = larger of the following= 1 0.6684 cm2 

d*(E1 *t- F*tr)- 2*t0*(E1 *t- F*trt(1 - fr1l 

= 373.08*(1*7.5- 1'*4.64) ~ 2*16.66*(1*7.5 -1*4.64)*(1 -1) 

10.6684 cm2 

2*(t + t0)*(E1 *t- F*tr) - 2*t0 *(E1 *t- F*tr)*(1 - fr1) 

2*(7 .5 + 16.66)*(1 *7.5 - 1 *4.64) - 2*16.66*(1 *7.5 - 1 *4.64)*(1 - 1) 

1.3819 cm2 

A2 = smaller of the following= 5.8497 cm2 

= 

= 

Area= 

5*(t0 - trn)"'fr2 *t 
5*(16.66 - 1.06)*1 '7.5 

5.8497 cm2 

5*(tn - trn)*fr2 *t0 

5*(16.66 - 1.06)*1 *16.66 

12.9974cm2 

Leg2*fr2 

92*1 

0.8103 cm2 
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= 
10.6684 + 5.8497 + 0.81 03 
17.3284 cm2 

As Area >=A the reinforcement is adequate. 

UW·16(c) Weld Check 

· Fillet weld: tmln = les~er of 19 mm or tn or t = 7.5 mm 
tc(mln) =lesser of 6 mm or 0.7~tmin = 5.25 mm 
tc(aclual) = O.?*Leg = 0.7*9 = 6.3 mm 

. The fillet weld size Is satisfactory. 

Weld strength calculations are not required for this detail which co~forms to Fig. UW-16.1, sketch (c-e). 

l!G-45 Nozzle Neck. Thickness Check 

Wall thickness per UG-45(a): 

Wall thickness per UG-45(b)(1): 
Wall thickness per UG-16(b): 

Standard wall pipe per UG~45(b)(4): 

The greater of t12 or t13: 

The lesser of t14 or 115: 

t11 = 1.06 mm (E =1) 
t12 = 6.14 mni 

t13 = 1.5 mm 
t14 = 8.33 mm 

t15 = 6.14 mm 
t16 = 6.14 mm 
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Required per UG-45 is the larger of tr1 or trs = 6.14 mm · 

Available nozzle wall thickness new, t0 = 0.875~16.66 = 14 .. 58 mm 

The nozzle neck thickness is adequate. 

Reinforcement Calculations for MAP 

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

UG-37 Area Calculation Summary (cm2) 

For P = 799.36 kPa@ 21.11 •c 
The opening Is adequately reinforced 

·A A A 
required available A1 A2 A3 As welds 

20.6484 20.6651 12.!;l28tl; 6.9264 -- --

Weld Failure Path Analysis Summary 

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

0.8103 

·_ UW-16 Weld Sizing Summary 

Weld description Required weld Actual weld 
throat size (mm) throat size (mm) 

UG-45 
Nozzle Wall 
Thickness 
Summary 

(mm) 
The nozzle 

passes UG-45 

. l~eq tmln 

5.53 14.58 

Status 

Nozzle tci shell fillet (Leg41) 2 6.3 . weld size Is adequate 

Calculations for internal pressure 799.36 kPa@ 21.11 ac 

Limits of reinforcement per UG-40 

· Parallel to the vessel wall: d = 373.08 mm 

Normal to the vessel wall outside: 2.5*(t ~ C) = 22.5 mm 

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

tm P*Rr/(Sn *E - 0.6*P) 

799.36{2*1.86.541(11 ~,000*1 - 0.6*799.3612) 

1.27mm 

Required thickness tr from UG-37(a) 

. ' 
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t, P*RJ.(S*E + 0.4*P) 
799.3612*750/(1 08,000*1 + 0.4*799.3612) 

5.53 mm 

Area required per UG-37(c) · 

Allowable stresses: Sn == 118, Sv =: 1 08.MPa 

f,1 == lesser of 1 or 80/Sv = ·1 
f12 = lesser of 1 or Sn/Sv = 1 .. 

A d*t,*F + 2*t0 *t,*F*(1 - f,1) 

=: 373.08*5.53*1 + 2*16.66*5.53*1 *(1 - 1) 
20.6484 cm2 

Area available from FIG. UG-37.1 

· A1 = larger of the following= 12.9284 cm2 

d*(E/t- F*t,)- 2*t0*(Ett- F*t,)*(1 - f,1) 
373.08*(1 *9 - 1*5.53) - 2*16.66*(1 *9 - 1 *5.53)*(1 - 1) 
12.9284 cm2 

2*(t + t0 )*(E1*t- F*t,)- 2*t/(E1*t- F*t,)*(1 - f,1) 

2*(9 .+ 16.66)*(1*9 - 1*5.53) - 2*16.66*(1.*9 - 1 *5.53)*(1 - 1) 
1.7787 cm2 

A2 =: smaller of the following= 6.9264 cm2 

= 

5*(t0 - trn)*f,/t 
5*(16.66 - 1.27)*1 *9 

6.9264 cm2 .. 

5*(t0 - trn)*f,2 *t0 

5*(16.66 - 1.27)*1 *16.66 
12:8238 cm2 

A41 Leg2*f12 

= 92*1 

0.8103 cm2 . 

Area = A1 + A2 + A41 
12.9284 + 6.9264 + 0.81 03 
20.6651 cm2 
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As Area >=A the reinforcement Is adequate. 

UW-16{c) ·weld Check 

Fillet weld: tmin = lesser of 19 mm or t0 or t = 9 mm 
tc(min) =Jesse; of 6 mm ~r 0.7*tmin = § mm 
tc(ac!uall = 0.7 Leg= 0.7 9 = 6.3 mm 

The fillet weld size is satisfactory. 

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e). 

UG-45 Nozzle Neck. Thickness Check 

Wall thickness per UG-45(a): 

Wall thickness per UG-45(b)(1): 

Wall thickness per UG-16(b): 

Standard wall pipe per UG-45(b)(4): 

The greater of t12 or t13 : 

The lesser of t,4 or t,5: 

t,1 = 1.27 mm (E =1) 

t12 =5.53 mm 

t13 = 1.5 mm 

t14 = 8.33 mm 

t,5 = 5.53 mm 

t,6 =5.53 mm 
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Required per UG-45 is the larger of t,1 or t,6 = 5.53 mm 

Available nozzle wall thickness new, tn = 0.875*16.66 = 14.58 r.nm 

The nozzle neck thi_~kness Is adequate. 

Reinforcement Calculations for Extern~! Pressure 

UG-37 Area Calculation Summary (cm2) 

For Pe = 120,79 kPa@ 200 •c 
The opening ls.adequately reinforced 

A A A 
required available A1 A2 A3 As welds 

11.5519 11.5522 4.8729 5.869 -- -- 0.8103 

Weld Failure Path Analysis Summary 

Weld strength calculations are not required for 
external pressure 

UW-16 Weld Sizing Summary 

Weld description 
Required weld Actual weld 

throat size (mm) throat size (mm) 

UG-45 
Nozzle Wall 
Thickness 
Summary 

(mm) 
The nozzle 

passes UG-45 

treq . tmln 

2.34 14.58 

Status· 

Nozzle lo shellllllel (Leg41) 5.25 6.3 weld size Is adequate. 

Calculations for external pressure 120.79 kPa@ 200 oc 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: d = 373.08 mm 

Normal to the vessel wall outside: 2.5*(t- C)= 18~75 mm 

Nozzle required thickness per UG-28 tm = 1.01 mm 

From UG-37(d)(1) required thickness t, = 6.19 mm 

An~a required per UG-37(d)(1) 

Allowable stresses: Sn = 118, Sv = 108 MPa 
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fr1 = lesser of 1 or S/Sv = 1 · 
fr2 = lesser of 1 or S/Sv = 1 

A = 

= 

= 

b 5~(d*t *F + 2*t .*t *F*(1 - f )) · r n r r1 
0.5*(373.08*6.19*1 + 2*16.66*6.19*1 *(1 - 1)) 
11.55.19 cm2 

Area available from FIG. UG~37.1. 

A1 = larger of the fQIIowlng= 4.8~29 cm2 

= 

= 

= 

d*(Ett- F*tr) - 2*t/(E1 *t- F*tr)*(1 - fr1) 
373.08*(1 *7.5- 1 *6.19) - 2*16.66*(1 *7.5- 1 *6.19)*(1 - 1) 
4.8729 cm2 

2*(t + t0)*(E1 *t- F*tr) • 2*t0*(E1.*t- F*tr)*(1 - fr1) 
2*(7.5 + 16.66)*(1*7.5 -1*6.19)- 2*.16.66*(1*7.5 -1*6.19)*(1 -1) 

0.631 cm2 

A2 =smaller of the following= 5.869 cm2 

= 

= 

= 

5*(t0 - trn)*fr2 *t 
5*(16.66 - 1.01 )*1 *7.5 
5.869 cm2 · 

5*(tn - trn)*fr2 *tn 
5*(16.66 - 1.01 )*1 *16.66 
13.0406 cm2 

Leg2*fr2 
92*1 

0.8103 cm2 

Area =. · A1 + .A2 + A.~1 
4.8729 + 5~869 + 0.81 03 
11.5522 em~ 

As Area >= A the reinforcem~nt is adequate. 

UW-16(c} Weld Check 

Fillet weld: tmin =lesser of 19 mm or t0 or t = 7.5 mm 
tc(mln) =lesser of 6 mm or 0.7*tmrn = 5.25 mm 
tc(actual) = 0.7*Leg = 0.7*9"' 6.3 mm 
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The fillet weld size is satisfactory. 

Weld strength calculations are not required for, this detail which conforms to Fig. UW-16.1, sketch (<;:-e). 

UG-45 Nozzle Neck Thickness Check 

Wall thickness per UG-45(a): , t11 = 1.01 mm 

Wall thickness per UG-45(b)(2): t12,= 2.34 mm 

Wall thickness per UG-16(b)': t13 = 1.5 m~ 
Standard wall pipe per UG-45(b)(4): , t14 = 8.33 mm 

The greater of 112 or t13 : t15 = 2.34 mm 

The Jesser oft14 or 115: 116 = 2.34 mm 

Required per UG-45 is the larger of t,1 or 116 =, 2.34 mm, 

Available nozzle wall thickness new, tn ~0.875*16.66 = 14.58 mm 

The nozzle neck thickness is adequate. 

External Pressure, (Corroded & at 200.00°C) UG·28(c) 

UD~ = 180.4513/406.4000 = 0.4440 
DJt = 406.4000/1.009583 = 402.5424 

From table G: A= 0.000382 

From'table CS-2 Metric: B = 36.4659 MPa, 

P a = 4*B/(3*(0Jt)) , 

= 4*36.4659/(3*(406.4000/1.009583)) 

= 120.7854 kPa 

Design thickness for external pressure Pa = 120.7854,kPa · 

= t +Corrosion = 1.009583 + 0.00 = 1.01 mm 
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Liquid Level (N1} 

ASME Section VIII Division 1, 2007 Edition Metric 

Nole: round Inside edges per UG-76(c) 

Located on: 

Liquid static head included: 

Nozzle material specification: 

Nozzle longitudinal joint efficiency: 

Nozzle description: 

Flange description: 

Bolt Material: 

Flange rated MDMT: 
(UGS-66(b}(3): Coincident ratio== 0.175361) 

(Flange rated MDMT == -105 oc (UGS-68(c) applies.) 
Bolts rated MDMT per Fig UGS-66 note (e)=: -48 °G) 

Liquid static head on flange: , 

ASME 816.5 flange rating MAWP: 

ASME 816.5 flange rating MAP: 

ASME 816.5 flange hydro test: 

Nozzle orientation: 

Calculated as hillside: 

Local vessel minimum thickness: 

End of nozzle to datum lirie: 

\v(iower) == 9 mm 
Leg 41 == 9 mm 

F&D Head#1 

2.473'1 I<Pa 

SA-1 06 8 Smls. Pipe 
(11-D Metric p. 14, ln. 5) 

1 
6" Sch 40 (Std) ON 
150 
6 inch Glass 150 SO 
A105 

SA-1 93 87 Bolt<= 64 
(11-D Metric p. 348, ln. 
33) . 

-48°G 

0.58541~Pa 

1395.5I<Pa@ 200°G 

1965.01 kPa@ 
21.11oG 

3102.64 kPa@ 
21.11°G 

160° 
yes 

9mm 

2391.76 mm 
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Nozzle inside diameter, new: 

Nozzle nominal wall thickness: 

Nozzle corrosion all_owance: 

Opening chord length: 

Projection available outside vessel, Lpr: 

Projection available outside vessel to flange face, Lf: 
Distance to head center, R: 

154.0.5 mm 

7.11 mm 

Omm 
166.5 mm 
145.29 mm 

152.4 mm 
550mm 
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Reinforcement Calculations for Internal Pressure 

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

UG-37 Area Calculation Summary (cm2) 
For P = 400,38 kPa@ 200 •c 

The opening Is adequately reinforced 

A A 
A1 A2 A3 As 

A 
required available welds 

7.8648 7.8671 4.6206 2.4361 -- -.- 0.8103 

Weld Failure Path Analysis Summary 

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

UW-16 Weld Sizing Summary 

Weld descrlpllon 
Required weld Actual weld 

throat size (mm) , throat size (mm) 

Nozzle to shell fillet (Leg41) . 4.98 6.3 

UG-45 
Nozzle Wall 
Thickness 
·summary 

(mm) 
The nozzle 

passes UG-45 

lreq I min 

6.22 6.22 

Status 

weld size Is adequate 

Ci:tlculations for internal pressure 400.38 kPa@ 200 oc 

Fig UCS-66.2 general note (1) applies. 

. . . 
Nozzle is· impact test exempt to -105 oc per UCS-66(b)(3) (coincident ratio= 0.03641 ). 

Nozzle UCS-66 governing thk: 6.'22 mm 

Nozzle rated MDMT: -105 oc 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: d = 166.5 mm 

Normal to the vessel wall outside: 2.5*(10 - C0 ) + te = 17.78 mm 

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

P*R0/(S0*E- 0.6*P) 

400.3837"77.03/(118,000*1 - O.G*400.3837) 

0.26 mm 
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Required thickness tr from UG-;H(a) 

· P*L0 *M l {2*S*E + P*(M - 0.2)) 
400.38*1,457.5*1.7535 I {2*1 08,000*1 + 400.38*{1.7535- 0.2)) 

= 4.72 mm 

Area required per UG-37(c) 

Allowable stresses: 8 0 = 118, Sv = ·1 08 MPa 

f 11 = lesser of 1 or S/Sv = 1 
f
12 

= lesser of 1 or 8 0/Sv = 1 

A d*t/F + 2*t0 *t/F*(1 - f11) 
= 166.5*4.72*1 + 2*7.11*4.72*1*(1 -1) 

7.8648 cm2 · 

Area available from FIG. UG-37.1 

A1 = larger of the following= 4.6206 cm2 

= . d*(E1 *t- F*t1} - 2*t0 *(E1 *t- F*t1)*(1 - f11 } 

166.5*(1*7.5 .-1*4.72)- 2*7.11*(1*7.5 -1*4.72)*(1 -.1) 

4.6206 cm2 

2*{t + t }*(E *t - F*t ) - 2*t *(E *t - F*t )*(1 - f ) · n 1 r n1 r r1 

2*(7.5 + 7.11)*(1*7.5 -1*4.72)- 2*7.11*(1*!.5 -1*4.72}*(1 -1) 

0.811 cm2 

A2 = smaller of the following= 2.4361 cm2 

Area= 

· 5*(t0 - t1~}*f12 *t 

5*(7.11 - 0.26)*1*7.5 

2.5684 cm2 

5*(t0 - trn}*f12*tri 
5*(7.11 - 0.26}""1*7~ 11 
2.4361 cm2. 

Leg2*f12 

92*1 

0.8103 cm2 

At+ Az +A4t. 
4.6206 + 2.4361 + 0.8103 

.· .: .. 
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= 7.8671 cm2 

As Area >= A the reinforcement is adequate. 

UW-16{c) Weld Check ' 

Fillet weld: tmrn = lesser of 19 mm or tn or t = 7 .11' mm 
tc(mln) = lesser of 6 .mm or 0. 7*tmrn = 4.98 mm 
tc(actUal) = 0.7*Leg = 0.7*9 = 6.3 mm · 

The fillet weld size is satisfactory. 

Weld strength calculations are not required for this detail which conforms to Fig .. UW-16.1, sketch (c-e). 

UG-45 Nozzle Neck Thickness·Check 

lnferpretation Vlll-1-83-66 has been applied. 

Wall thickness per UG-45(a): 
· Wall thickness per UG-45(b)(1): 

Wall thickness per UG-16(b): · 

Standard wall pipe per UG-45(b)(4): 

The greater of 112 or 113: 

The lesser of 114 or t15: 

t11 = 0.26 mm (E =1) 
112 = 6.23 mm 

t13 = 1.5 mm 

114 = 6.22 mm 
t15 =6.23 mm 
t16 = 6.22 mm · 
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Required per UG-45 is the larger of t11 or t16 = 6.22 mm 

Available nozzle wall thickness new, t0 = 0.875*7.11 = 6.22 mm 

The nozzle neck thickness is adequate. 

Reinforcement Calculations for MAP 

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

· UG-45 
Nozzle Wall" 

UG-37 Area Calculation Summary (cm2) Thickness 
For P = 463.34 kPa@ 21.11 •c Summary 

The opening Is adequately reinforced (mm) 
The nozzle 

passes UG-45 

A A 
A1 A2 A3 As A Iraq lmrn required available welds 

9.1069 9.1097 5.8781 2.4213 -- -- 0.8103 QAZ 6.22 

Weld Failure Path Analysis Summary 

The noz.zle is exempt from weld strength 
calculations per UW-15(b)(1) 

UW-16 Weld Sizin_g Summary 

· Weld description . Required weld Actual weld 
!hro;':l size (mm) lhroat size (mm) Stalus 

Nozzle to shell fillet (Leg41) 4.98 6.3 weld size Is adequate 

Calculations for internal pressure 463.34 kPa@ 21.11 oc 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: d = 166.5 mm 
Normal to the vessel wall outside:. 2.5*(~0 - C

0
) + t

8 
= 17.78-mm 

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

trn P*Rrf(Sn *E - 0.6*P) . 
463.336*77.03/(118,000*1 - 0.6*463.336) 
0.3mm 

Required thickness tr from UG·37(a) 
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· P*L0 *M I (2*S*E + P*(M - 0.2)) 
463.34*i,.459*1.7535/ (2*1 08,000*1 + 463.34*{1.7535- 0.2)) 
5.47 mm 

Area required. per UG-37(c) 

Allowable stresses: Sn = 118, Sv = 1 08 MPa 

_fr1 =lesser of 1 or SrfSv = 1 
f12 = lesser of 1 or SrfSv = 1 

A = d*tr*F + 2*tn *ttF*(1 - fr1) 

= 166.5*5.47*1 +2*7.11*5.47*1*(1 -1) 

9.1069 cni2 

Area available from FIG. UG-37.1 

A1 = larger' of the following= 5.8781 cm2 

d*(E1 *t- F*tr} - 2*t/{E1 *t- F*tr)*{1 - fr1} 

166.5*{1*9 -1*5.47): 2*7.11*{1*9 -1*5.47)*{1 -1) 

5.8781 cm2 

2*(t + tn)*(E1 *t- F*tr) - 2*t/{E1 *t- F*tr)*{1 - fr1) 

2*(9.+7.11)*{1*9 -1*5.47)- 2*7.11*(1*9- 1*5.47)*{1 -1) 

-1.1374 cm2 

A2 = smaller of the following= 2.4213 cm2 

= 5*{t0 - trn)*f r2 *t 
5*(7.11 - 0.3t1 *9 

3.0645 cm2 

5* {tn - trn) *fr/tn 

= 5*(7.11- 0.3)*1*7.11_ 

2.4213 cm2 

= 

Leg2*f12 · 

92*1 

0.8103 cm2 

Area = A1 + A2 +- A41 

5.8781 + 2.4213 + 0.8103 

= 9.1097 cm2 
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As Area >=A the reinforcement is adequate. 

UW-16(c) Weld Check 

Flllet·weld: tmln = lesser of 19 mm or t0 or t = 7.11 mm 
tc(~in) =lesser of 6 mm ~r 0.7*tmln = 4.98 mm 
tc(actuall = 0.7*Leg = 0.7 9 = 6.3 mm 

The fillet weld size is satisfactory. 

Weld strength calculations are not required for this detali which conforms to Fig. UW-16.1, sketch (c-e). 

UG-45 Nozzle Neck Thickness Check . 

Interpretation VI I 1-1-83-66 has been applied. 

Wall thickness per UG-45(a): 

Wall thickness_per UG-45(b)(1): 

Wall thickness per UG-16(b): 

Standard wall pipe per UG-45(b)(4): 

The greater of t,2 or t,3 : 

The lesser of t,4 or t,5: 

. t,1 = 0.3 mm (E =1) 

t,2 = 5.47 mm 

tr3 = 1.5 mm 

t,4 = 6;22 min 
t,5 = 5.47 mm 

t,6 = 5.47 mm 
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Required per UG-45 is the larger of tr1 or tr6 = 5.47 mm 

Available nozzle wall thickness new, tn = 0.875*7.11 = 6.22 mm 

The nozzle neck thickness Is adequate. 

Reinforcement Calculations for External Pressure 

U~·37 Area Calculation.Summary (cm2) 

For Pe = 192.62 kPa@ 200 •c 
The opening Is adequ~;~tely reinforced 

A A A1 A2 A3 As A 
required available welds 

4.8716 5.8013 ~ 2..24az -- -- 0.8103 

Weld Failure Path Analysis Summary 

Weld strength calculations are not required for 
external pressure 

UW-16 Weld Sizing Summary 

Weld description ·Required weld Actual weld 
throat size (mm) throat size (mm) 

Nozzle Ia shell fillet (Leg41) 4.98 6.3 

UG-45 
Nozzle Wall 
·Thickness 
Summary 

(mm) 
The nozzle 

passes UG·45 

treq '"''" 
3;78 6.22 

Status 

weld size Is adequate 

Calculations for external pressure 192.62 kPa @ 200 o C 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: d= 166A8 mm 
Normal to the vessel wall outside: . 2.5*(tn- Cn) + te = 17.78 mm 

Nozzle required thickness per UG-28 trn = 0.79 mm 

From UG-37(d)(1) required thickness tr= 5.851T!m 

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

. Allowable.stresses: S~ =: 118, Sv = 108 MPa 
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frt == lesser of 1 or SiSv == 1 
fr2 ==lesser of 1 or SoiSv =.1 

A 
' 

== 0 5*(d"t "F + 2"t *t *F"(1 - f )) • . r n r rt 
= . 0.5*(166.48*5.85"1 +2"7.11*5.85*1*(1 -1)) 

4.8716.cm2 = 

Area available from FIG. UG-37.1 

At== larger of the following== 2.7413 cm2 

== 

== 

d*(Et *t- F*tr)- 2*t0*(Et *t- F"tr)*(1 - fr1) 

166.4B*W7.5- 1*5.85) - 2*7.11 *(1 *7.5- 1 *5.85)*(1 - 1) 

2.7413 cm2 

2*(1 + t0)*(E1 *t- F*tr) - 2*t0 *(E1 *t- F*tr)*(1 - fr1) 

·2*(7.5 + 7.11)*(1*7.5 -1*5.85)- 2*7.11*(1*7.5 -1*5.B5t(1 -1) 

0.4813 cm2 

A2 =smaller of the following= 2.2497 cm2 

== 

= 
== 

== 

= 

5*(t0 - trn)*fr2 "'t 
5*(7.11- 0.79)*1*7.5 
2.3723 cm2 

5*(10 -trn)*fr2*t0 

5*(7.11- 0.79)*1*7.11 

2.2497 cm2 

A4t == Leg2*fr2 
g2*1 

= . 0.8103 cm2 

Area = . At + A2 + A41 

= 2.7413 + 2.2497 + 0.8103 
= 5.8013 cm2 

As Area>= A the reinforcement is adequate. 

UW-16(c) Weld Check . 

Fillet weld: tmin = lesser of 19 mm or tn or t = 7.11 mm 
tc(mln) =lesser of 6 mm or 0.7*tmln == 4.98 mm 
fccactual) == 0.7*Leg == 0.7*9 == 6.3 mm · 

1\··; 
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G P.erformance Group (USA), Inc 

The fillet ~eld 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 

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

Wall thickness per UG-45(a): 

· Wall thickness per UG-45(b)(2): 

Wall thickness per UG-16(b): 

Standard wall pipe per UG-45(b)(4): 

.The greater of tr2 or t;a: 

The lesser of tr4 or tr5: 

tr1 = 0.79 mm 

tr2 =3.78 mm 

tr3 = 1.5 mm 

tr4 = 6.22 mm 

tr5 = 3.78 mm 

tr6 = 3.78 mm 

Required per UG-45 is the larger of tr1 or tr6 = 3.78 mm 

Available nozzle wall thickness new, tn = 0.875*7.11 = 6.22 mm 

The nozzle neck thickness is adequate. 

External Pressure, (Corroded & at 200.00°C) UG-28(c) 

UDO = 221.0428/168.2750::: 1.3136 
Djt = 168.2750/0:785708 = 214.1700 

From table G: A= 0.000324 

From table CS-2 Metric: B = 30.9402 MPa 

~ P a = 4*8/(3*(Djt)) 

::: 4*30.9402/(3*( 168.2750/0. 78£?708)) 

= 192.6205 kPa 

Design thickness for external pressure Pa = 192.6205 kPa 

= t +Corrosion= 0.785708 + 0.00 = 0.79 mm 
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C Performance Group (USA}, Inc 

··-·--· - ... -. -·-- ··-

NaOH Fill (N5) 

ASME Section VIII Division 1, 2007 Edition Metric 

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

Located on: 

Liquid static head included: 

Nozzle material specification:. 

Nozzle longitudinal joint efficiency: 

Nozzle description: 

Flange description: 

Bolt Material: 

Flange rated MDMT: 

(UCS-66(b)(3): Coincident ratio"" 0.1750631) 

(Flange rated MDMT"" -105 oc (UCS-68(c) applies.) 
Bolts rated MDMT per Fig UCS-66 note (e)"" -48 a c) 

Liquid static head on flange: 

ASME 816.5 flange rating MAWP: 

ASME 816.5 flange rating MAP: 

ASME 816.5 flange hydro test: 

Nozzle orientation: 

Calculated as hillside: 

Local vessel minimum thickness: 

End of nozzle to datum line: 

Nozzle inside diameter, new: 

i"w(lower) ."" 6 mm 
Leg41 "" 6 mm 

F&D Head#1 

·1.9657 kPa 

SA-106 B Smls. Pipe 
(11-0 Metric p. 14, ln. 5) 

1 

2" Sch 40 (Std) ON 50 

2 inch Class 150 WN 
A105 

SA-193 87 Bolt <"" 64 
(11-D Metric p. 348, ln. 
33) 

-48°C 

0 kPa 

1395.5 I<Pa ® 200 o C 

1965.01 kPa@ 
21.11 oc 
3102.64 kPa@ 
21.1"1 oc 
'120° 

yes 

9mm 

2451.47 mm 

52.5mm 
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Nozzle nominal wall thickness: 

Nozzle corrosion allowance: 

Opening chord length: 
Projection available outside vessel, Lpr: 

Projection available outside vessel to flange face, Lf: 

Distance to head center, R: · 

•·.··. 

.3.91 mm 

Omm 
54.62 mm 
164.35 mm 

183.4 mm 

400mm 
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G Performance Gr_otip (USA), Inc 

Reinforcement Calculations for Internal Pressure 

The vessel wall thickness governs the MAWP of this nozzle. 

UG-45 
Nozzle Wall 

UG·37 Area Calculation Summary Thickness 
(cm2) Summary 

For P = 1114.32 kPa@ 200 •c (mm) 
The nozzle 

passes. UQ-45 

A J A IAIAIAIAI A required available 1 2 3 6 welds lreq lmfn 

This nozzle is exernpt from area .aA2 3.42 
calculations per UG-36(c)(3)(a) 

Weld Failure Path Analysis Summary 

The nozzle is exemptfrom weld strength 
-calculations per UW-~ 5(b)(2) 

UW-16 Weld Sizing Summary 

Weld description Required weld Actual weld 
slze(mm) slze(mm) 

! 

Status 

Nozzle lo shellllllet (Le941) 2.74 4.2 weld size Is adequate 

Nozzle to shell groove (Lower) . 2.74 6 weld size Is adequate 

Calculations for internal pressure 1114.32 kPa@ 200 oc 

Fig UCS-66.2 general note (1) applies. 

Nozzle is impact test exempt to -105 o C per UCS-66(b)(3) (coincident ratio= 0.02253). 

Nozzle UCS-66 governing thk: 3.42 mm 

Nozzle rated MDMT: -105 oc 
. ' 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: d =54.62mm 

Normal to the vessel wall outside: 2.5*(tn- C0 ) + t9 = 9.78 mni 

Nozzle required thickness per UG-27(c)(1) 
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1 '114.322*26.25/(118,000*1 - 0.6*1 '114.322) 

0.25 mm 

Required thickness t, from U~-37(a)(a) 

t
1 

P*L/MI(2*S*E + P*(M- 0.2)) 

1 '114.322*1 ,459*1/(2*1 08,000*1 + 1,114.322*(1 - 0.2)) 

·7.5mm 

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

UW-16(d) Weld Chec.k 

tmln =Jesser of 19 mm or t0 or t = 3.91 mm 
t1(mln) or t2(mln) =lesser ~f 6 mm or 0.7*tm 1~ = 2.74 mm 
t1!aclual) = 0.7 Leg = 0.7 6 = 4.2 mm 
The weld size 11 is satisfactory . 

. ~(aclual) = 6 mm . 
The w~ld size 12 is satisfactory. 

t1 + t2 = 10.2 >= 1.25*tmin 

The combined weld sizes for t1 and t2 are satisfactory. 

UG-45 Nozzle Neck Thickness Check· 
. 

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

Wall thickness per UG-45(a): 

Wall thickness per UG-45(~)(1 ): 

Wall thickness per UG-16(b): 

Standard wall pipe per UG-45(b)(4): 

The greater of tr2 or t13: 

The lesser oft14 .or t,~: 

t,1 = 0.25 mm (E =1) 

t,2 = 14.58 mm 

t13 = 1.5 mm 

114 = 3.42 mm 

t,5 = 14.58 mm 

t,6 = 3·.42 mm 
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C Performance Group (USA), Inc 

Required per UG-45 is the larger of t11 or t,6 "' 3.42 mm 

Avail~ble nozzle wall thickness new, t" = 0.875*3.91 = 3.42 rTI\"f1 

The nozzle neck thickness is adequate. 

Reh'tforcement.Calculations for MAP 

The vessel wall thickness governs the MAP of this nozzle. 

UG-45 
Nozzle Wall 

UG-37 Area Calculation Summary Thickness 
(cm2) Summary 

For P = 1338.99 kPa@ 21.11 •c (mm) 
The nozzle 

passes UG-45 

A I A lA lA lA lA I A required available 1 2 3 5 welds lreq I min 

This nozzle is exempt from area 3.42 3.42 
calculations per UG-36(c)(3)(a) 

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 Actual weld Status slze(mm) . slze{mm) 

Nozzle to shell fillet (leg41) 2.74 4.2 weld size Is adequate 

Nozzle to shell groove (Lower) 2.74 6 weld size Is adeq11ate 

. . 
Calculations for internal pressure 1338.99 kPa ·@ 21.11· o C 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: d =54.62 mm 

Normal to the vessel wall outside: 2.5*(tn- Cn) + te = 9.78 mrn 

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

P*Rrf(Sn *E - 0.6*P) 
1,338.99*26.25/(118,000*1 - 0.6*1,338.99) 

0.3mm 
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Required thickness tr from UG-37(a)(a) 

tr p•L
0 
*M/(2*S•E + p•(M - 0.2)) 

== 1 ,338.99*1 ,459*1/(2*"1 08,000~1 + 1 ,338.99*("1 - 0.2)) 

= 9mm 

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

UW-16{d} Weld Check 

tmln == lesser of 19 mm or 10 or t == 3.91 mm 
t1(mln) or t2(mln) =lesser ~f 6 mm or 0.7*tmln = 2.74 mm 
t11acrual) = 0.7 Leg= 0.7 6 = 4.2 mm 
The weld size t1 is satisfactory. 
l:!{aclual) = 6 mm 
The weld size t2 .is satisfactory. 

t1 + t2 = 1 0.2 >= 1.25*tmln 

The combined Vl(eld sizes for t1 and 12 are satisfactory. 

I.JG-45 Nozzle Neck Thickness Check 

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

Wall thickness per UG-45(a): 

. Wall thickness· p~r ·UG-~5(b)(i ): 
Wall thickness per UG-16(b): 

Standard wall pipe per UG-45(b)(4): 

The greater of tr2 or tra: 
The lesser of tr4 or tr5: 

tr1 = 0.3 mm (E =i) 
tr2 =15.71 mm 

t~= 1.5 mm 

tr4 = 3.42 mm 
trs = 15.71 mm. 
tr6 =3.42 mm 

_: •. < 
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C Performance Group (USA), Inc 

Required per UG-45 is the larger of t,1 or t,6 = 3.42 mrri 

Available nozzle wall thickness new, t0 = 0.875*3.91 = 3.42 mm 

The nozzle neck thickness is adequate .. 

Reinforc;:ement Calculations for External Pressure 

UG-45 
Nozzle Wall 

UG-37 Area Calculation Summary Thickness 
(qm2> Summary 

For Pe = 192.62 kPa@ 200 •c (mm) 
The nozzle 

passes UG-45 

A I A lA lA lA lA I A. required available 1 2 · 3 5 welds lreq lmrn 

This nozzle is exempt from area 
.a&. 3.42 calculations per UG-36{c)(3)(a) 

Weld Failure Path Analysis Summary 

Weld strength calculations are not required for 
· external pressure 

UW-16Weld Sizing Summary 

· Weld description Required weld Actual weld Status sl:z:e(mm) · slze(mm) 

Nozzle to shell fillet (Leg41) ~ 4.2 weld size is adequate 

Nozzle to shell groove (Lower) ~ 6 vield.size is adequate 

Calculations for external pressure 192.62 kPa@ 200 oc 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: d = 54.61 mm 

Normal to the vessel wall outside: 2.5*(t0 - C0) + te = 9.78 mm 

Nozzle required thickness·perUG-28 trn = 0.42 mm 

From UG-37{d)(1) required thickness tr = 5.85 mm 

This opening does not require reinforcement per UG-36(c)(3)(a) 
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UW-16(d) Weld Check 

tmln = lesser of 19 mm or 10 or t = 3.91 mm . 
t1(mln) or t2(mlnJ =!esse~ ~f 6 mm or 0.7*tmin = 2.74 mm 
t1(acluall = 0.7 Leg= 0.7 6 = 4.2 mm 
The weld size t1 is satisfactory. 
~(aclual) = 6 mm . . 
The weld size t2 is satisfactory. 

t1 + t2 = 10.2 >= 1.25*tmln 

The combined weld sizes for t1 and t2 are satisfactory. 

UG-45 Nozzle Neck Thickness Check 

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

. Wall thickness per UG-45(a):. 

Wall thickness per UG-45(b)(2): 

Wall thickness per UG-16(b): 

Standard wall pipe per UG-45(b)(4): 

The greater of t12 or tr3: 
The lesser of tr4 or tr5: 

tr1 = 0.42.mm 

t12 = 3.78 mm 

tr3 = 1.5 mm 
tr4 =3.42 mm 

trs= 3 .. 78 mm 
trs= 3.42 mm 

R.equired per UG-45 Is· the larger of tr1 or tr6 = 3.42 mm 

\ 
Available nozzle wall thickness new, t0 = 0.875*3.91 = 3.42 mm 

The nozzle neck thickness is adequate. 

External Pressure, (Corroded & at 200.00°C) liG-28(c) 

UD0 = 200.5974/60.3250 = 3.3253 
DJt = 60.3250/0.4_18315 = 144.2094 

From table G: A= 0.000219 

From table CS-~ Metric: 8 = 20.8322 MPa 

P a = 4*8/(3*(0Jt)) 

= 4*20.8322/(3*(60.3250/0.418315)) 

= 192.61 09 kPa 

Design thickness for external pressure P
9 
= 192.6109 kPa 

= t + Corrosion= 0.418315 + 0.00 = 0.42 mm 
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C Performance Group (US-A), Inc 

Outlet (N6) 

ASME Section VIII Division 1, 2007 Edition Metl'ic 

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

Located on: 

Liquid static head included: 

Nozzle material specification: 

Nozzle longitudinal joint efficiency: 

Nozzle description: 

Flange description: 

Bolt Material: 

Flange rafed MDMT: 

(UCS-66(b)(3): Coincident ratio= 0.189694) 

(Flange rated MDMT = -105 oc (UCS-68(c) applies.) 
Bolts rated MDMT per Fig UCS-66 note (e)= -48 °C) 

Liquid static head on flange: 

ASME B16.5 flange rating MAWP: 

ASME B16.5 flange rating MAP: 

ASME B16.5 flange hy~ro test: 

Nozzle orientation: 

Calculated as hillside: 

Local vessel minimum thickness: 

End of nozzle to datum line: 

tw(lower) = 6 Ill m 
Leg41 = 7 mm 

F&D Head#2 

28.6615 kPa 

SA-106 B Smls. Pipe 
(11-D Metric p. 14, ln. 5) 

1 

4" Sch 40 (Std) DN 
100 

4 inch Class 150 WN 
A105 

SA-193 B7 Bolt<= 64-
(11-D Metric p. 348, ln. 
33) 

-48°C 

28.7498 kPa 

·1395.5 kPa@ 200 o c 
1965.01 kPa@ 
21.1PC 

3102.64 kPa@ 
21.11°C 
oo 
no 

9mm 

-482.6 mm 
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C Performance Group (USA), Inc · 

Nozzle inside diameter, new: 
Nozzle nominal wall thickness: 
Nozzle corrosion allowance: 
Projection available outside vessel, Lpr: 
Projection available outside vessel to flange face, Lf: 

Distance to head center, R: 

102.26 mm 

.6.02 mm 
Omm 
128.52 mm 
152.4 mm 
Omm 
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Reinforcement Calculations for Internal Pressure 

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

UG-45 
Nozzle Wall 

UG-37 Area Calculation Summary (cm2) . Thickness 
For P = 770.45 kPa@ 200 • C Summary 

The opening Is adequately relnlorced (mm) 
The nozzle 

passes UG-45 

A A 
At A2 A3 .As 

A 
lroq lmln required available welds 

4.934 4.9355 2.7342 1.711 -- -- 0.4903 5.27 5.27 

Weld Failure Path Analysis Summary (N) 
All !allure paths·are stronger than the applicable weld loads 

Weld load · Weld load Path 1·1 Weld load Path 2-2 
w Wt-1 strength W2-2 strength 

.27.235 23.774 151,082 33,524 152;604 

UW-16 Weld Sizing Summary 

Weld description 
Required weld Actual weld 

Status slze(mm) · slze(mm) 

Nozzle to shall llllet (Leg41) 4.21 4.9 weld size Is adequale 

Nozzle. to shell groove (Lower) 4.21 6 weld size Is adequale . 

Calculations for internal pressure 770.45 kPa@ 200 oc 

Fig UCS-66.2 general note (1) applies. 

Nozzle is impact test exempt to -105 oc per UCS-66(b)(3) (coincident ratio= 0.03071). 

Nozzle UCS-66 governing thk: 5.27 mm 

Nozzle rated MDMT: -105 oc 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: d = 102.26 mm 

Normal to the vessel wall outside: 2.5*(tn - Cn) + t9 = 15.05 mm 

' . 
. Nozzle required thickness per UG-27(c)(1} 
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C Performance Group (USA), Inc 

770.4483*51.13/(118,000*1 - 0.6*770.4483) 

= 0.34 mm 

Required thickness t, ft:om UG-37(a)(a) 

P*L
0
*M/(2*S*E + P*(M- 0.2)) 

770.4483*1 ,356.6*1/(2*1 08,000*1 + 770.4483*(1 - 0.2)) 

4.83 mm 

Area required per UG-37(c) 

Ailowable ~tresses: S~ = 118, Sv = 1 08 MPa 

f11 = lesser of 1 or 8 0/Sv = 1 
f,2 =lesser of 1 or ~0/Sv =·1 

·A d*rF + 2*t/t/F*(1 - f11 ) 

1 02.26*4.83*1 + 2*6.02*4.83*1 *(1 - 1) 

= 4.934 cm2 

Area available from FIG. UG-37.1 

Af= larger of the following=~ cm2 

= d*(E1 *t -Ft,)- 2*tn*(E1 *t- F*t,)*(1 - f,1) 

102.26*(1*7.5 -1*4.83)- 2*6.02*(1*7.5 -1*4.83)*(1 -1) 

2.7342 cm2 

2*(t + t0)*(E1 *t- F*t1)- 2*t/(E1 *t- F*t1)*(1 - f11 ) 

= 2*(7.5 + 6.02)*W7.5 -1*4.83)- 2*6.02*(1*7.5 -1*4.83)*(1' -1) 

0.7232 cm2 

A2 = smaller of the following= 1. 711 cm2 

5* ( tn - trn)*f 12 *t 

5*(6.02- 0.34)*1 *7.5 

2.1316 cm2 

5*(tn - trn)'"fr2 *tn 

= 5*(6.02- 0.34)*1*6.02 

1.711 cm2 

A41 - Leg2*f12 

72*1 

0.4903 cm2 
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G Performance Group (USA}, Inc 

Area= A1 + A2 + A41 

2.7342 + 1.711 + 0.4903 

4.9355 cm2 

As Area >= A the reinforcement is adequate. 

UW-16(d) Weld Check . 

tmin = lesser of 19 mm or tn or t = 6.02 mm 
t1(min) or t2(mi~ =lesser ?f 6 mm or 0.7*t~in = 4.21 mm 
t11aatuall = 0.7 Leg= 0.7 7 = 4.9 mm . 
The weld size t1 is satisfactory. 

~(actual) = 6 mm 
The weld sizet2 is satisfactory. 

t1 + t2 = 10.9 >= 1.25"tmin 

· The combined weld sizes for t1 and t2 are satisfactory. 

· UG-45 Nozzle Neck Thickness Check 

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

Wall thickness per UG-45(a): tr1 = 0.34 mm (E =1) 

Wall thickness per UG-45(b)(1): tr2 = 9.76 mm 

Wall thickness per UG-16(b): tra = 1.5 mm 

Standard wall pipe per UG-45(b)(4): tr4 = 5.27 mm 

The greater oftr2 or tra: tr5 = 9.76 mm 

The lesser oftr4 or tr5: tr6 ;,. 5.27 mm 

Required per UG-45 Is the larger C?f tr1 or tr6 = 5.27 mm 

Available nozzle wall thickness new, tn = 0.875*6.02 = 5.27 mm 

The nozzle neck·thickness is adequate. 

Allowable stresses in joints. UG-45(c) and UW-~5(c) 

Groove weld in tension: 0.74*108 = 79.92 MPa 

Nozzle wall in shear: 0.7*118 = 82.6 MPa 

· Inner fillet.weld in shear: 0.49*108 = 52.92 MPa 

Strength of welded joints: 

(1) Inner fillet weld in shear 
(n/2)"Nozzle OD*Leg*S1 = (n/2)*114.3*7'"52.92 = 66,50~.55 N 

(3) Nozzle wall in shear 
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(1t/2)*Mean nozzle dia*tn"'Sn = (1t/2)*108.28*6.02*82.6 = 84,572.88 N 

(4) Groove weld ih tension . 
(1t/2)*Nozzle OD*~ *8

9 
= (1t/2)*114.3*6*79.92 = 86,094 N 

Loading on welds per UG·41(b)(1) 

W = (A - A1 + 2*t/fr1 *(E1 *t- F*tr))*Sv 
·= (493.4048- 273.4188 + 2.*6.02*1*(1*7.5 -1*4.S3))*108 

27.235.27 N. 

Wl-1 = (A2 +As + A41 + A42)*Sv 
= {171.0964 + 0 + 49.0322 + 0)*108 

= 23,773.89 N 

W2_2 = (A2 + A3 + A41 + A43 + 2*t/t*fr1)*Sv · 
(171.0964 + 0 + 49.0322 + 0 + 2*6.02*7.5*1 )*1 08 
33:524.49 N 
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Load for path 1-1 lesser of W or W1_1 = 23773:89 N 
Path 1-1 through (1) & (3) = 66,509.55 + 84,572:88 = 151 .082.42 N 
Path 1-1 is stronger than W1•1 so it Is acceptable per UG-41 (b)(1 ). 

Load for path 2-2 lesser of W or W2_2 = 27235.27 N 
Path 2-2 through (1 ), (4) = 66,509.55 + 86,094 = 152,603.56 N 
Path 2-2 is stronger t.han W so it Is acceptable per UG-41 (b)(2). 

Reinforcement ·calculations for MAP 

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

UG-45 
Nozzle Wall 

UG-37 Area Calculation Summary (cm2) Thickness 
For P = 889.39 kPa@ 21.11 •c Summary 

The opening Is adequately reinforced (mm) 
The nozzle 

passes UG-45 

A A 
A1 A2 A3· As 

A 
treq · lmln required available welds 

5.6933 5.6961 3.5103 1.6955 -- -- 0.4903 5.27 5.27 

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

Weld load Weld load Path 1,1 · Weld load Path 2-2 
w W1-1 strength w2:2 strength 

28.039 23,607 151,082 35,309 152,!20~ 

UW-16 Weld Sizing Summary 

Weld description 
Required weld Actualwetc:i 

Status size(mm) · slze(mm) 

Nozzle to shell llllet (Leg41) 4.21 4.9 weld size Is adequate 

Nozzle to shell groove (Lower) 4.21. 6 weld size Is acjequate 

Calculations for internal pressure 889.39 kPa@ 21.11 oc 

limits of reinforcement p!!r UG-40 

· · Parallel to the vessel wall: d = 102.26 mm 

Normai to the ve~sel wall outside: 2.5*(t0 ·- Cn) + t9 = 15:05 mm 

Nozzle required thickness per UG-27(c)(1) 
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trn = . P*Rrf(S/E - 0.6*P) 

= 889.3866*51.13/(118,000*:1 - 0.6*889.3866) 

0.39 mm 

Required thickness tr fro~ UG-37(a){a} 

t, P*L0*M/(2*S*E + P*(M- 0.2)) 
889.3866*1 ,356.6*1/(2*1 08,000*1 + 889.3866*(1 - 0.2)) 

5.57mm 

Area required per UG-37(c} 

Allowable stresses: Sn = 118, Sv ~ 108 MPa 

f,1 = lesser of 1 or Sn/Sv = 1 
fr2 = lesse~ of 1 or Sn/Sv = 1 

A d*t *F + 2*t *t *F*(1 - f ) r n r r1 

1 02.26*5.57*1 + 2*6.02*5.57*1 *{1 - 1) 

= 5.6933 cm2 

Area available from FIG .. UG-37.1 

A1 =larger of the following= 3~51 03 cm2 

d*(E1 *t - F*t,) - 2"tn *(E1 *t- F"tr)*(t- fr1) 

1 02.26*(1 *9 - 1 *5.57) - 2*6 .. 02*(1 *9- 1 *5.57)*(1 - 1) 
3.5103 cm2 

2*(1 + t )*(E *t - F*t ) - 2*t *(E *t - F*t )*(1 - f ) n 1 r . n 1 r. r1 

2*(9 + 6.02)*(1*9 - 1 *5.57) - 2*6.02*(1 *9 - 1 *5.57)*(1 - 1) 
1.031 cm2 

A2 = smaller of the following=~ cm2 

5*(tn - trn)*fr2 *1 
. 5*(6.02- 0.39)*1*9 

2.5355 cm2 

5*(tn - trn)*fr2*tn 
= 5*(6.02 .. 0.39}*.1.*6.02 

1.6955 cm2 

A41 Leg2*fr2 
72*1 
0.4903 cm2 
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Area = A1 + A2 + A41 

3.51 03 + 1.6955 + 0.4903 
5.6961 cm2 

As Area >= A the reinforcemeht is adequate. 

UW-16(d) Weld Check 

tmln = lesser of 19 mm or t0 or t = 6:U2 mm · 
t1(min) or t2(min) =lesser. ~f 6 mm or 0.7*tmln =4.21 mm 
t1{aclual) = 0.7 Leg= 0.7 7 = 4.9 mm 
The weld size t1 is satisfactory. · 
t2{aclual) = 6 mm .· 
The weld size t2 Is satisfactory. 

t1 + t2 :;: 1 0.9 >= 1.25*tmin 

· The combi~ed weld sizes for t1 and t2 are satisfactorY-. 

i.JG-45 Nozzle Neck Thickness Check 

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

Wall thickness per UG-45(a): 

Wall thickness per UG-45(b)(1): 
Wall thickness per UG-16{b): 

Standard wall pipe per UG-45(b)(4): 

The greater of tr2 or tra: 

Th.e lesser of tr4 or tr5: · 

tr1 = 0.39 mm (E =:=1) 

tr2 =9.53 mm 
tra = 1.5 mm 

tr4 =5.27 mm 

tr5 =9.53 m~ 

trs = 5.~7 mm 

Required per UG-45 Is the larger of tr1 or tr6 = 5.27 mm 

Available nozzle wall thickness new, t0 = 0.875*6.02 = 5.27 mm 

The nozzle neck thickness Is adequate: 

Allowable stres.ses in joints UG·45(c) and UW~15{c) 

Groove weld in tension: 0.74*108 = 79 .. 92 MPa. 

Nozzle wall in shear: 0.7*118 = 82.6 MPa 
Inner fillet weld In shear: 0.49*1 08 = 52.92-MPa 

Strength of welded joints: 

(1) Inner fillet weld in shear . 
(7t/2)*Nozzle OD*Leg*S1 = (7t/2)*114.3*7*52.92 = 66,509.55 N 

{3) Nozzle wall in shear 
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(n/2)*Mean nozzle dia*~*Sn = (1t/2)*1 08.28*6.02*82.6 = 84,572.88 N 

(4) Groove weld-in tensipn . . . 
· (n/2)*Nozzle OD*fw *89 = (n/2)*114.3*6*79.92 = 86,094 N 

Loading on welds per UG-41(b)(1)· 

w · (A - A1 + 2*tn *f11 *(E1 *t- F*t1))*Sv 
(569.3272- 351.0315 + 2*6.02*1 *(1 *9- 1 *5.57))*1 08 

28.039.23 N 

W1-1 = · (A2 +As+ A41 + A42}*Sv 
(169.548 + 0 + 49.0322 + 0}*1 08 

· 23.606.67 N 

W2-2 = (A2 + Aa + A41 + A43 + 2*tn*t*fr1}*Sv 
(169.548 + 0 + 49.0322 + 0 + 2*6.02*l3*1 }*1 08 
35,309.16 N 
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Load for path 1-1 lesser of W or W1_1 =·23606.67 N . 
Path 1-1 through (1) & (3) = 66,509.55 + 84,572.88 = 151 ,082.42 N 
Path 1-1 is stronger than WH so it is acceptable per UG-41'(b}(1). 

Load for path 2-2 lesser of W or W2_2 = 28039.23 N 
Path 2-2 through (1 ), (4) = 66,509.55 + 86,094 = 152,603.56 N 
Path 2-2 is stronger than'W so It is acceptable per UG-41 (b)(2). 

Reinforcement Calculations for External Pressure 

UG-45 
Nozzle Wall 

UG-37 Area Calculation Summa~ (cm2) ·Thickness 
For Pe = 192.62 kPa@ 200 •c Summary 

The opening Is adequately reinforced (mm) 
The no:.zle 

passes UG-45 

A 'A A1 A2 A a As A 
treq I min required available welds 

2.7824 4.2445 2.1039 1.6503 -- -- 0.4903 3.57 5.27 

Weld Failure ·Path Analysis Summary 

Weld strength calculations are not required for 
· external pressu~e · 

UW-16 Wei~ Sizing Summary 

Weld description Required W!!ld Actual weld . Status slze(mm) slze(mm) 

Nozzle to shellllllet (Leg41) 4.21 4.9 weld size is adequate 

Nozzle to shell groove (Lower) 4.21' 6 weld size is adequale 

Calculations for external pressure 192.62 kPa@ 200 ac 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: d = 102.26 mm 
Nornial to the vessel wall outside: 2.5*(tn - Cn) + t8 = 15.05 mm 

Nozzle required thickness per UG-28 tm = 0.54 mm 

From UG-37(d)(1) required thickness tr = 5.44 mm 
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Area required per UG-37(d)(1) 

Allowable stresses: Sn = 118, Sv = 108 MPa 

f11 = lesser of 1 or SJSv = 1 
f12 = lesser of 1 or Sn/Sv = 1 

A 0.5*(d*ttF + 2*t/t,*F*(1 - f11 )) 
= 0.5_*(1 02.26*5.44 *1 + 2*6.02*5.44*1 *(1 - 1 )) 

2.7824 cm2 

Area available from FIG. UG-37.1 

A1 = larger of the following= ~.1 039 cm2 

d*(E *t - F*t ) - 2*t *(E "t - F*t )*(1. - f ) 1 r . n 1 r r1 

1 02.26*(1 *7.5- 1 *5.44) - 2*6.02*(1 *7.5- 1 *5.44)*(1 - 1) 

= 2.1039 cm2 

2*(t + tn)*(E1 *t • F*t1) • 2*t/(E1 *t- F*t1)"'(1 - f11) 
2*(7;5 + 6.02)*(1*7.5- 1*5.44)- 2*6.02*(1*7.5 -1"*5.44)*(1 -1) 
0.5561 cm2 

A2 = smaller of _the following= 1 .6503 cm2 

== -5*(t0 - trn)*fr2 *t 
5*(6.02 - 0.54)*1 *7.5 
2.0555 cm2 · 

5*(tn - trn)*f12 *tn 
5*(6.02- 0.54)*1*6.02 
1.6503 cm2 

A41 Leg2*f12 

72*1 

= 0.4903 cm2 

Area =. A1 + A2 + A41 
= 2.1 039 + 1.6503 + 0.4903 

4.2445 cm2 

As Area >=A the reinforcefl1ent is adequate. 

UW-16(d) Weld Check 
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tmrn = lesser of i 9 mm or tn or t = 6.02 mm 
t1(mln) or t2(mln) =lesser of 6 mm or 0.7*tmrn = 4.21 mm 
t1(actual) = 0.7*Leg = 0.7*7 = 4.9 mm 
The weld size t 1 is satisfactory. 

~(aclual) = 6 mm . 
The weld size t2 is satisfactory. 

t1 + ~2 =·10 .. 9 >= 1.25*tmrn 

The combined weld sizes for t1 and t2 are satisfactory. 

UG-45 Nozzle Neck Thickness Check 

Interpretation Vlll-i-83-66 has been applied. 

Wall thickness per UG-45(a): 

.Wall thickness per UG-45(b}(2): 

Wall thickness per UG-16(b): 

Standard wall pipe per UG-45(b)(4): 

· The greater of t12 or t13: 

The lesser of 114 or t15: 

111 =0.54mm 

. 112 = 3.57 mm 

113 .,; 1.q mm 

t14 = 5.27 mrri 

115 =3.57 mm 

t16 = 3.57 mm 

Required per UG-45 is the larger of t11 or t16 =· 3.57 mm · 

Available nozzle wall thickness new, tn = 0.875*6.02 = ·5.27 mm 

The. nozzle neck thickness is adequate. 

External Pressure, (Corroded & at 200.00°C) UG~28(c) 

UDO = 152.4000/114.3000 = 1.3333 
DJt = 1 i 4.3000/0.537302 = 212.7297 

From table G: A= 0.000322 

From table CS-2 Metric: B = 30.7309 MPa. 

P a = 4*B/(3*(DJt)) 

= 4*30.7309/(3*(1 14.3000/0.537302}} 

= 192.6132 kPa 

Design thickness for external pressu.re Pa = 192.6132 kPa 

= t +Corrosion= 0.537302 + 0.00 = 0.54 mm 
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Spare (N3) 

ASME Section VIII Divis_ion ·1, 2007 Edition Metric 

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

Located on: 

Liquid static head included: 

Nozzle material specification: 

Nozzle longitudinal joint efficiency: 

Nozzle description: 

Flange description: 

Bolt Material: 

Flange rated MDMT: 

(UCS-66(b)(3): Coincident ratio= 0.1750631} 

(Flange rated MDMT = -105 oc (UCS-68(c} applies.} 
Bolts rated MDMT per Fig UCS-66 note (e)= -48 oc} 
Liquid static head on flange: 

ASME B16.5 flange rating MAWP: 

ASME B16.5 flange rating MAP: 

ASME 816.5 flange hydro test: 

Nozzle orientation: 

Calculated as hillside: 

Local vessel minimum thickness: 

End of nozzle to datum line: 

Nozzle inside diameter, new: 

tw(lower) = 6 mm 
Leg41 = 6 mm 

F&D Head#1 

·1.6299 I<Pa 

SA-1 06 B Smls. Pipe 
(11-D Metric p. "14, ln. 5} 

1 

2" Sch 40 (Std} ON 50 

2 inch Class 150 WN 
Ai05 

SA-193 B7 Bolt<= 64 
(11-D Metric p. 348, ln. 
33} 

-48°C 

o I{Pa 

·t395.5 kPa@ 200°C 

1965.01 kPa@ 
21.11 oc 
3102.64I<Pa@ 
21.11 oc 
180° 

yes 

9mm 

2451.47mm 

52.5mm 
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Nozzle nominal wall thickness: 

Nozzle corrosion allowance: 

Opening chord length:' 

Projection available outsid~vessel, Lpr: 

Projection available outside vessel to flange face, Lf: 
Distance to head center, R: 

3.91 mm 

Omm 

53.3 mm 

133.35 mm 

152.4 mm· 

250mm 
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Reinforcement Calculations for Internal Pressure 
. . 

The vessel wall thickness governs the MAWP of this nozzle. 

UG~45 

Nozzle Wall 
UG-37 Area Calculation Summary Thickness 

(cm2) Summary 
ForP,1114.51 kPa@200 •c (mm) 

The nozzle 
passes UG-45 

A I A lA lA lA lA I A required available 1 2 3 5 wolds treq tmtn 

This nozzle is exempt from area 3.42 3.42 
calculations per UG-36(c)(3)(a) 

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 Actual weld 
slze(mm) slze(mm)· Status 

Nozzle to shell fillet (Leg41) 2.74 4.2 weld size Is adequate 

Nozzle to shell groove (Lower)· 2.14 6 -weld size Is adequate 

Calculations for internal.pressure 1114.51 kP~ @ 200 o C 

Fig UCS-66 .. 2 general-note (1) applies. 

Nozzle is impact test exempt to -105 o C per UCS-66(b)(3) (coincident ratio = 0.0225). 

Nozzle UCS-66 governing thk: 3.42 mm 
Nozzle rated MDMT: -105 oc 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: d = 53.3 mm 

Normal to the vessel wall outside: 2.5*(tn- Cn) + 19 = 9.78 mm 

Nozzle required thickn·ess per UG-27(c)(1) 

P*R,/(Sn *E - 0.6*P) 

93/130 
F:\Backup from 4G USB Black 20081017\Backup from BJ 20081018\CHLORlNATlON\Head Tank T•552 

Case3:11-cr-00573-JSW   Document458   Filed09/24/13   Page95 of 132



.. ·~ 

C Performance Group (USA}, Inc 

1,114.51*26.25/(118,000*1 - 0.6*1,114.51) 

0.25 mm 

Required th'ickness tr from UG-37(a)(a) 

t
1 

= P*L0 *M/{2*S*E + P*(M - 0.2)) 

=: 1,,114.51*1,459*1/(2*108,000*1 + 1,114.51*(1- 0.2)) 
=: 7.5mm 

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

UW·16(d) Weld Check 

. tmln = lesser of 19 mm or tn or t "' 3.91 mm . 
t1(mln) or t2(mln) =lesser ?f 6 mm or 0.7*tmln = 2.74 mm 
t1{actual) = 0.7 Leg= 0.7 6 = 4.2 mm · 
The weld size t1 is satisfactory. 
t2{aclual) = 6 mm 
The weld sizet2 is satisfactory. 

t1 + t2 = 1 0.2 >=' 1.25*tmln 

The combined weld sizes for t1 and t2 are satisfactory. 

UG-45 Nozzle Neck Thickness Check 

·interpretation VIII-1-83-66 has been applied. 

Wall thickness per UG-45(a): 
Wall thickness per UG-45(b)(1 ): 

Wall thickness per UG-16(b): 
Standardwall pipe per UG-45(b)(4): 

The greater of tr2 or tra: 
The lesser of t,4 or t15: 

t,1 = 0.25 mm (E =1) 

t,2 = 14.58 mm 
tra = 1.5 mm · 
t14 = 3.42 mm 

t15 = 14.58 mm 
t16 = 3.42 mm 
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Requir.ed per UG-45 is the larger of t11 or t16 = 3.42 mm 

Available nozzle wall thickness new, t0 = 0.875*3.91 = 3.42 mm 

The nozzle neck thickness is adequate. 

Reinforcement Calculations for MAP 

The vessel wall thickness governs the MAP of this nozzle. 

UG-45 
Nozzle Wall · 

UG-37 Area Calculation Summary Thickness 
(cm2) Summary 

ForP:133B.99kPa@21.11"C (mm) 
The nozzle 

passes UG·45 

A l A lA IA·IA lA I A required available 1 2 3 5 welds lreq lmln 

This nozzle is"exempt-from area 3.42 3.42. 
caiculations per UG-36(c)(3)(a) 

Weld Failure Path Analysis Summary 

The nozzle is exempt from weld strength 
calculations per uw~ 1 5(b)(2) 

UW-16 Weld Sizing Summary 

.Weld descrlpllon Required weld Actual weld 
slze(mm) slze(mm) Status 

Nozzle to shelllillet (Leg41l· 2.74 4.2 weld size Is adequate 

Nozzle to shell groove (Lower) 2.74 6 weld size Is adequate 

Calculations for internal·pressure 1338.99 kPa@ 21.11 ac 

limits of reinforcement per UG-40 

Parallel to the vessel wall: d = 53.3 mm 

Normal to the vessel wall outside: 2.5*(t0 - C0 ) :+ 1a = 9.78 mm 

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

trn P*RJ(Sn*E- 0.6*P) 
1 ,338.99*26.25/(1 1 8,000*1 - 0.6*1 ,338.99) 

· 0.3mm 
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Require~ thickness tr from UG-37(a)(a) 

tr = P*L0*M/(2*S*E + P*(M- 0.2)} 
1,338.99*1,459*1/(2*1 08,000*1 + 1,338.99*(1 - 0.2)) 

= 9mm 

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

UW·16(d) Weld Check 

\nin =·lesser of 19 mm or t0 or t = 3.91.mm . 
t1(mln) or t2(mln) =lesser ?f 6 mm <:>r 0.7*tmln = 2.74 mm 
t1{acluall = 0.7 Leg= 0.7 6 = 4.2 mm 
The weld size t1 is satisfactory. 
~(actual)= 6 mm 
The weld size t2 Is satisfactory . 

. t1 + t2 = 1 0.2 >= 1.25*tmln 

The combined weld sizes for t1 and t2 are satisfactory. 

UG-45 Nozzle Neck Thickness Check 

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

Wall thickness per UG-45(a): 
Wall thickness per UG-45(b)(1): 

Wall thickness per UG-16(b): 

Standard wall pipe per UG-45(b)(4): 

The·greate.r of tr2 or tra: 

The lesser of tr4 or tr5: 

tr1 = 0.3 mm (E =1) 
tr2 = 15)1 mm 

tr3 = 1.5 mm 

t;4 = 3.42mm 

trs = 15.71 mm 

tr~ = 3.42 mm 
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Required per UG-45 is the larger of t11 or t,6 = 3.42 mm 

Available nozzle wall thickness new, t0 = 0.875*3.91 = 3.42 mm 

The nozzle neck thlckne~s is adequate. 

Reinforcement Calcul~tions for External Pressure 

UG-45 
Nozzle Wall 

UG-37 Area Calc,ulation Summary Thickness 
(cm2) Summary 

For Pe = 192.62 kPa@ 200 •c (mm) 
The nozzle 

passes UG·45 

A l A lA lA lA lA I A lreq lmrn required available 1 2 3 . 5 welds 
' 

This nozzle is exempt from area 
3.42 3.42 

calculations per UG-36(c}(3)(a) 

Weld Failure Path Analysis Summary 

Weld strength calculations are not required for 
external pressure 

UW-16 Weld Sizing Summary 

Weld description 
Required weld Actual weld 

slze(mm) slze(mm) 
Status 

Nozzle to sheli fillet (Le941) · . m 4.2 weld size is adequate 

Nozzle to shell groove (Lower) 2.74 6. weld size Is adequale 

Calculations for external pressi.Jre·192.62 kPa@ 200 oc · 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: d =53.3 mm 

Normal to the vessel wall outside: 2.5*(10 - C0 ) + 19 = 9.78 mm 

Nozzle required thickness per UG-28 trn = 0.38 mm 

From UG·37(d)(1) required thickness t, = 5.85 mm 

This opening does not require reinforcement per UG-36(c)(3)(a) · 
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UW·16(d) Weld Check 

tmln =lesser of 19 ·mm or tn or t = 3.91 mm 
t1(mln) ort2(mln) =lesser ~f 6 ~m or 0.7*tmln = 2.74 mm 
t1(aclual) = 0.7 Leg= 0.7 6 = 4.2 mm 
The weld size t1 is satisfactory. 
t2(aclual) = 6 mm. 
The weld size t2 is satisfactory. 

t1 + t2 = 10.2 >= 1.25*tmin. 

The combined weld sizes for t1 and t2 are satisfactory. 

UG-45 Nozzle Neck Thickness Check 

Interpretation Vlll-1-83·66 has been applied . 

. Wall thickness per UG-45(a): 

. Wall thickness per UG-45(b)(2): 
Wall thickness per UG-16(b): 

Standard wall pipe per UG-45(b)(4): 

The greater of t12 or tr3: 

The les~er of t14 ~r tr5: 

t11 = 0.38 mm 

t12 =3.78 mm 

tr3 = 1.5 mm 
t14 = 3.42 mm 
t;~~ 3.78 mm 

t16 = 3.42 mm 

Required per UG-45 is the' large! of t11 or t16 = Ma mm 

Available nozzle· wall thickness new, tn = 0.875*3.91 = 3.42 mm 

The nozzle neck thickness is adequate . 

. External Pressure, (Corroded & at 200.00°C) ~G~28(c) 

UDO =: 162.8943/60.3250 = 2.7003 
Dit = 60.3250/0.381440 = 158.1506 

From table G: A= 0.000240 
From table CS-2 Metric: 8 = 22.8479 MPa 

P a = 4*8/(3*(DJt)) 
= 4*22.8479/(3*(60.3250/0.381440)) 
= 192.6254 kPa 

Design thickness for external pressure P a = 192.6254 kPa 

= t +Corrosion= 0.381440 + 0.00 = 0.38 mm 
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G Performance GrotiP (USA), Inc. 

Vent/Overflow (N2) 

ASME Section VIII Division 1, 2007 Edition Metric 

Nola: round Inside edges per UG-76(c) 

Located on: 

Liquid static head included: 

Nozzle material specification: 

Nozzle longitudinal joint efficiency: 

Nozzle description: 

Flange description: 

Bolt Material: 

Flange rated MDMT: 

(UCS-66(b)(3): Coincident ratio= 0.1754077) 

(Flange rated MDMT = -105 oc (UCS-68(c) applies.) 
Bolts rated MDMT per Fig UCS-66 note (e)= -48 °C) 

Liquid static head on flange: 

ASME 816.5 flange rating MAWP: 

ASME 816.5 flange rating MAP: 

ASME 816.5 flange hydro test: 

Nozzle orientation: 

Calculated as hillside: 

Local vessel minimum thickness: 

End of nozzle to datum line: 

\¥(lower) = 6 ITIITI 

Leg41 = 7 mm 

F&D Head#"l 

2.473"1 kPa 

SA-106 B Smls. Pipe 
(11-D Metric p. i 4, ln. 5) 

i 
4" Sch 40 (Std) DN 
iOO 
4 inch Class 150 WN 
A105 

SA-193 87 Bolt<= 64 
(11-D Metric p. 348, ln. 
33) 

-48°C 

.0.6771 kPa 

·1395.5 kPa@ 200 o C 

1965.01 kPa® 
21.11 oc 
3102.64 kPa® 
21:ii°C 

200° 

yes 

9 llllll 

2382.37 mm 

. 99/130 
F:\Backup from 4G USB Black 20081 017\Baci<Up from BJ 20081 018\CHLORINATION\Head Tan!< T-552 

i 
I 

Case3:11-cr-00573-JSW   Document458   Filed09/24/13   Page101 of 132



0 Performance Group (USA), Inc 

Nozzle inside diameter, new: 

Nozzle nominal wall thickness: 

. Nozzle corrosion allowance:. 

Opening chord length: 
Projection available outside vessel, Lpr: 

Projection available outside vessel to flange face, Lf: 

Distance to head center, R: 

102.26 mm 

6.02 mm 

Omm 

110.52 mm 

128.52 mm 

152Amm 
550mm 
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C Performance Group (USA), Inc 

Reinforcement Calculations for Internal Pressure 

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

UG-45 
Nozzle Wall 

UG-37 Area Calculation Summary (cm2) Thickness 
For P = 704.46 kPa@ 200 •c Summary 

The opening Is adequately reinforced,. (mm) 
The nozzle 

passes UG-45 

A A At A2 A3 As A 
·treq I min required· available welds 

5.2455 5.2516 3.0419 1.7194 --.. ·-- 0.4903 5.27 5.27 

Weld Failure Path Analysis Summary (N) 
All failure paths are stronger than the ~ppllcable weld loads 

Weld load Weld load Path 1-1 Weld load Path2-2 
w· Wt-1 strength w2-2 str~ngth 

27.377 23.864 151,082 33,615 152,604 

UW-16 Weld Sizing Summary 

Weld description Required weld Actuatweld Status slze(mm) . slze(mm) 

Nozzle to shelllillet (Le941) 4.21 4.9 weld size is adequate 

Nozzle to shell groove (Lower) 4.21 6 weld size Is adequate 
I 

. . . 

Calculations for internal pressure 704.48 kPa@ 200 oc 

Fig UCS-66.2 general note (1) applies. 

Nozzle is lmpacttest exemptto -105 oc per UCS-66(b)(3) (coincident ratio= 0.02855). 

Nozzle UCS-66 governing thk: 5.27 mm 
Nozzle rated MDMT: -105 oc 

Umits of reinforcement per UG-40. 

Parallel to the vessel wall: d = .110.52 mni 
Normal to the vessel wall outside: 2.5*(tn - Cn) + te = 15.05 mm 

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

t,~ P*R/(Sn *E - 0.6*P) 
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ft Performance Group (USA), Inc 

704.4813*51.1 ~/(118,000*1 - 0.'6*704.4813} 

0.31 mm. 

Required thickness tr from UG-37(a)(a) 

tr = P*L0 *M/(2*S*E + P*(M - 0.2}} . 

704.4813*1,459*1/(2*108,000*1 + 104.4813*(1- 0.2}} 

4.7.5 mm 

Area required per UG·37(c) 

\ . 
Allowable stresses: Sn = 118, Sv = 108 MPa 

fr1 = lesser of 1 or SiSv = 1 
fr2 = lesser of 1 or Sn/Sv = 1 . 

A d*t *F + 2*t *t *F*(1 - f } r n r r1 / 
11 0.52*4.75*1 + 2*6.02*4.75*1*(1 - 1) 

= 5.2455 cm2 

Area available from FIG. UG-37.1 

A1 = larger of the following= .3...Qlli cm2 

d*(E1 *t- F*tr) - 2"tn *(E1 *t- F*tt(1 - fr1} 

110.52*(1*7.5 -1*4.75)·- 2*6.02*(1*7.5 -1*4.75}*(1 -1} 

3.0419 cm2 

= 2*(t + t0)*(E1 *t- F*tr) ~ 2*tn*(E1 *t- F*tr}*(1 - fr1) 

2*(7.5 + 6.02}"'(1*7.5 -1*4.75}- 2*6.02*(1*7.5 -1*4.75)*(1 :-1) 

· 0.7445 cm2 

~ = smaller of the following,;, 1. 7194 cm2 

:::: 5*(tn .. t,n)*fr2 *t 
5*(6.02 - 0.31 )*1 *7.5 

2.1419 cm2 

5*(tn .,. trn)"fr2 "tn 

5*(6.02 - 0.31 )*1 *6.02 

1.7194 cm2 

A41 Leg2*fr2 
72*1 

= 0.4903 cm2 
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G Performance Group (USA), Inc 

Area = A1 + ~2 + A41 

3.0419 + 1.7194 + 0.4903 

= 5.2516 cm2 · 

As Area >= A the reinforcement Is adequate. 

UW-16(d) Weld Check 

tmin = lesser of 19 mm pr tn or t == 6.02 mm . 
t1(min) or t2(minl = lesser of 6 mm or 0;7*tmin = 4.21 mm 
t1{actuat) = 0.7*Leg = Q.7*7 = 4.9 mm . 
The weld size t1 is satisfactory. · 

~{actual) = 6 mm 
The weld si.ze t2 1s satisfactory. 

t1 + t2 = 10.9 >= 1.25.*tmln 

The combined weld sizes for t1 and t2 are satisfactory. 

UG-45 Nozzle Neck Thickness Check 

lnterpretation·VIII-1-83-66 has been applied: 

Wall thickness per UG-45(a): 

Wall thickness per UG-45(b)(1 ): 

Wall thickness per UG-16(b): 

Standard wall pipe per UGA5(b)(4): 

The greater of tr2 or 113: 

The lesser of 114 or t15: 

t11 = 0.31 mm (E =1) 

tr2 ~9.79 mm 

t13 = 1.5 mm 

t14 =5.27 mm 

· t15 =9.79mm · 

116 = 5.27 mm 

Required per UG-45 is the larger of t11 or 116 = 5.27 mm 

Available nozzle wall thickness new, tn = 0.875*6.02 = 5.27 mm . 

The nozzle neck thickness is adequate. 

Allowable stresses in joints UG-45(c) and UW-15(c) 

Groove weld In tension: 0.74*108 = 79.92 MPa 

Nozzle wall in shear: 0.7*118 = 82.6 MPa 

Inner fillet weld in shear: 0.49*1 08 = 52.92 MPa 

Strength of welded joints: 

(1) Inner fillet weld in shear 
(1t/2)*Nozzle OD*Leg*S1 = (1t/2)*114.3*7*52.92 = 66,509.55 N 

(3) Nozzle wall in shear 
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G Performance Group (USA), Inc 

(7t/2}"Mean nozzle dia*tn*Sn == (7t/2)*108.28*6.02*82.6 == 84,572.88 N 

(4)Groova weld in tension 
(1t/2)*Nozzle OD*fw*S9 = (7t/2)*114.3*6*79.92 = 86,094 N 

Loading on :w-elds per UG-41(b)(1) 

W (A - A1 + 2*t/fr/(E/t- F*tr))*Sv 

(524.5451 -304.1929 + 2*6.02*1*(1*7.5 -1*4.75))*108 

27,377.2 N 

W 1-1 = (A2 + As + A41 + A42)•Bv 

{171.9351 + 0 + 49.0322 + 0)*1 08 

23,864.47 N. 

W 2-2 = (A2 + A a + A41 + A4a + 2*tn *t*fr1 )*Sv 

(171.9351 + 0 + 49.0322 + 0 + 2*.6.02*7.5*1 )*1 08 

33,615.07 N 

( '. 

. ' 
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Load for path 1-1 lesser of W or W 1-1 = 23864.4 7 N 
Path 1-1 through (1) & (3) = 66,509.55 + 84,572.88 = 151.082.42 N 
Path 1-1 is stronger than WH so it is acceptable per UG-41(b)(1). 

Load for path 2-21esser of W or W2_2 = 27377.2 N 
Path 2-2 through (1 ), (4) = 66,509.55 + 86,094 = 152,603.56 N 
Path 2-2 is stronger than W so it is. acceptable per UG-41 (b)(2). 

Reinforcement Calculations for MAP 

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

UG-45 
Nozzle Wall 

UG-37 Area Calculation Summary (cm2) Thickness 
For P = 815.59 kPa@ 21.11 •c Summary 

The opening Is adequat~ly reinforced (mm) 
The nozzle 

passes UG-45 

A A A1 A2 A3 As A 
Iraq tmln required available welds 

6.0702 6.0716 3~8761 1.7052 -- -- 0.4903 5.27 5.27. 

Weld Failure Path An.alysis Summary (N) 
All failure paths are stronger-than the applicable weld loads 

Weld load Weld load Path 1-1 Weld load Path2-2 
w W1-1 strength W2-2 strength 

28.257 23.711 151,082. 35.414 152,604 

~W-16 Weld Sizing Summary 

W!!ld description Required weld Actual weld Status slze(mm) slze(mm) 

Nozzle to shell fillet (Leg41) 4.21 4.9 weld size is adequate 

Nozzle to shell groove (Lower) 4.21 6 weld size is adequate 

Calculations for internal pressure 815.59 kPa@ 21.11 oc 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: d = 110.52 mm 
·' 

Norm.al to the vessel wall outside: 2.5*(tn - Cn) + te = 15.05 in in. 

Nozzle required thickness per UG-27(c)(1)· 
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C Performance Group (USA), Inc 

'trn· P*Rrf(S/E- 0.6*P) 

= 815.5867*51.13/(118,000*1 - 0.6*815.5867} 

0.36 mm 

Required thickness tr from UG-37(a)(a) 

P*L
0
*M/(2*S*E + P*(M- 0.2)) 

815.5867*1 ,459*1/(2*1 08,000*1 + 815.5867*(1 - 0.2)) 

5.49 mm 

Area required per UG-37(c) 

Allowable stresses: Sn = 118, Sv = 1 08 MPa 

f,1 = lesser of 1 or SrfSv = 1 
f,2 = lesser of 1 or SrfSv = 1 

A d*t *F.+ 2*t *t *F*(1 - f "") · r n r · r1 

11 0.52*5.49.*1 + 2*.6.02*5.49*1 *(1 - 1) 

6.0702 cm2 

Area available from FIG. UG-37;1 

A1 =larger of the following= 3.8761 cm2 

d*(E *t -· F*t ) - 2*t· *(E *t - F*t )*(1 - f ) . 1 r n 1 r r1 , 

. 11 0.52*(1 *9 - 1 *5.49) - 2 .. 6.02*(1*9 - 1 *5.49)*(1 - 1) 

3.8761 cm2 

2*(1 + tn)*(E1 *t- F•t,) - 2*t/(E1*t- F*tr>*(1 - f,1) 

2*(9 + 6.02)*(1 *9 ~ ·1 *5.49) - 2*6.02*(1 *9 : 1 *5.49)*(1 _· 1) 

1.0535 cm2 

A2 = smaller of the following= 1 . 7052 cm2 

5*(10 - 110)*f12 *t 

5*(6.02 - 0.36)*1 *9 

2.549 cm2 

5*(t0 - t10)*f12 *10 

5*(6.02 - 0.36)*1 *6.02 

1.7052 cm2 

A41 Leg2*f,2 
72*1 

0.4903 cm2 

, . 
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Area = A1 + A2 + A41 
= 3,8761 + 1.7052 + 0.4903 

6.0716 cm2 

As Area >= A the reinforcement is adequate. 

UW~f6(d) Weld Check 

tmin =lesser of 19 mm ort0 or t = 6.02.mm 
t1(mln) or t2(minj =lesser ?f 6 mm or 0.7 tmin = m mm 
t1(acluall = 0.7 Leg = 0.7 7 = 4.9 mm 
The weld size t1 is satisfactory. 

t2(aclual) = 6 mm . 
The weld size t2 is satisfactory. 

t1 + t2 = 1 0.9 >= .1.25*tlliln 

The. combined weld sizes for t1 and t2 are satisfactory. 

· UG-45 Nozzle Neck Thickness Check 

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

Wall thickness per UG-45(a): 

· Wall thickness per UG-45(b)(1): 

Wall thickness per UG-16(b): 

Standard wall pipe per UG-45(b)(4): 

The greater of t,2 or t13: 

The lesser of t,4 or t,5: 

t,1 = 0.36 mm (E =1)· 

t,2 =9.6 mm 

tr3 = 1.5 mm 
t,4 =5.27 mm 

t,5 = 9.6 mm 
116 = 5.27 mm 

Required per UG-45 is the larger of t,1 or t,6 = 5.27 mm 

Available nozzle wall thickness new, t
0 

= 0.875*6.02 = 5.27 mm 

The nozzle neck thickness is adequate. 

"Allowable stresses In joints UG-45(c) and UW~15(c) 
I· 

Groove weld in tension: 0.74*1 08 = 79.92 MPa 

Nozzle wall in shear: 0.7"118 =· 82.6 MPa 

Inner fillet weld in shear: 0.49*1 08 = 52.92 MPa 

Strength of welded joints: 

(1) Inner fillet weld in shear , 
(rc/2)*Nozzle OD*Leg*S1 = ('lt/2)*114.3*7*5~.92 = 66,509.55 N 

(3) Nozzle wall in shear 
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(1t/2)*M.ea,n nozzle dia*t" *Sn = ('If/2)~*1 08.28*6.02*82.6 = 84,572.88 N 

(4) Groove weld in tension . 
(1t/2)*Nozzle OD*fw *89 = (w2)*114.3*6*79.92 = 86,094 N 

Loading on welds per UG-41(b)(1) 

· W (A - A1 + 2*tn *f1t(E1 *t- F*t1))*Sv 

= (607.0193- 387.6121 + 2*6.02*1*(1*9 -1*5A9))*108. 

= 28.256.71 N 

w1-1 = (A2 + A5 + A41 + A42)*Sv 

(170.5158 + 0 + 49.032.2 + 0)*1 08 

23,711.18 N 

W2-2 = (A2 + Aa + A41 + A43 + 2*tn*t*fr1)*Sv 

. (170.5158 + 0 + 49.0322 + 0 + 2*6.02*9*1)*108 

= 35.413.67 N 
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. Load for path 1-1 lesser of W or w;.1 = 23711.18 N 
Path 1-1 through (1} & (3) = 66,509.55 + 84,572.88 = 151,082.42 N 
Path 1-1 is stronger than WH so it is acceptable per UG-41 (b)(1). 

Load for path 2-21esser of W or W2•2 = 28256.71 N 
Path 2-2 through (1 }, (4) = 66,509.55 + 86,094 = 152,603.56 N 
Path 2-2 is stronger than W so it is acceptable per UG-41 (b)(2). 

Reinforcement Calculations for External Pressure 

UG-37 Area Calculation Summary (cm2) 

For Pe = 192.62 kPa@ 200 •c 
The opening Is adequately reinforced 

A A At A2 A3 As A 
required available welds 

3.2333 3.9413 1.8194 1.6316 ' 0.4903 -- --

Weld Failure Path Analysis Summary 

Weld strength calculations are· not required for 
external pressure 

UW-16 Weld Sizing Summary 

Weld description Required weld Actual weld 
slze(mm) slze(mm) 

UG-45 
Nozzle Wall 
Thickness 
Summary 

(mm) 
The nozzle 

passes UG-45 

lreq lmfn 

3.78 5.27 

Status 

Nozzle to shell fillet (Leg11l 4.21 4.9 weld size is adequate 

Nozzle to shell groove (Lower) 4.21 6 weld size Is adequate 

Calculations for external pressure 192.62 kPa @ 200 o C 

Limits of reinforcement per UG-40 
I • 

Parallel to the vessel'i.vall: · d = 110.5 mm 

Normal to the vessel wall outside: 2.5*(tn - Cn) + 1a = 15.05 mm 

Nozzle required thickness per UG-28 trn = 0.6 mm 

From UG-37(d)(1) required thickness tr = 5.85 mm 

109/130. 
F:\Backup from 4G USB Black 20081017\Backup from BJ 20081018\CHLORINATION\Head Tank T-552 

Case3:11-cr-00573-JSW   Document458   Filed09/24/13   Page111 of 132



C Performance Group (USA), I no 

Area required per UG·37(d)(1) 

Allowable stresses: 8 0 "' 118, Sv = 108 MPa 

fr1 = lesser of 1 or Sr/Sv = 1 · 
f12 = lesser of 1 or Sr/Sv = 1 · 

A 0.5*(d*t/F + 2~t0*t/F*(1 - fr1)) . 

= :o.5*(11. 0.5*5.85.*1 + 2*6.02*5.85*1*(1 - 1)) 

3.2333 cm2 

Area available from FIG. UG·37.1 

A1 = larger of the following= 1.8194 cm2 

d*(E1 *t- Ptr) - 2*tn *(E1 *t- F*W(1 - fr1) 

11 0.5*(1 *7.5 - 1 *5.85) - 2*6.02*(1*7.5 ~ 1 *5.85)*(1 - 1) 

1.8194 cm2 

2*(t + t)*(E *t- F*t) - 2*t *(E *t -·F*t )*(1 - f ) n 1 . r n 1 r r1 . 
2*(7.5 + 6.02)*(1*7.5 -1*5.85)- 2*6 .. 02*(1*7.5 -1*5.85)*(1 -1)" 

0.4452 cm2 

A2 =smaller of the following= 1.6316 cm2 

5*(10 - trn)*fr2 *t 

= 5*(6.02- 0.6)*1*7.5 

2.0323 cni2 

5*(f0 - trn)*f12*t0 

5*(6,02- 0.6)*1*6.02 

1.6316 cm2 

A41 Leg2*fr2 

72*1 

0.49b3 cm2 

Area = A1 + A2 + .A41 

1.8194 + 1.6316 + 0.4903 

3.9413 cm2 

As Area >= A the reinforcement is adequate. 

UW·16(d) Weld Check 
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tmin "' lesser of 19 mm or tn or t = 6.02 mni 
t1(min) or t2(mln) "'lesser ~f 6 mm or 0.7*tmin = 4.21 mm 
t11actuall = 0.7 Leg= 0.7 7 = 4.9 mm 
The weld size t1 is satisfactory. 

~(aclual) =: 6 mm . 
The weld size t2 is sat!sfactory .. 

t1 + t2 = 10.9 >= 1.25*tmfn 
. -

The combined weld sizes for t1 and t2 are satisfactory. 

UG-45 Nozzle Neck Thickness Check 

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

Wall thickness per UG-45(a}_: 

Wall thickness per UG-45(b)(2): 

Wall thickn~ss per UG-16(b): 

- Standard wall pipe per UG-45(b)(4): 

The greater 9f tr2 or tr3: 

The lesser of t,4 or t15: -

t11 =0.6 mm 

tr2 = 3.78 mm 

tr3 = 1:5 mm 

t,4 =5.27 mm 

t15 = 3.78 mm . 

t16 =3.78 mm 

Required per UG-45 is the larger of t,1 or t16 = 3.78 mm 

Available nozzle wall thickne.ss new, tn = 0.875*6.02 = 5.27 mm 

The nozzle neck thi~kness is adequate. 

External Pressure, (Corroded & at 200.00°C) UG-2B(c}-· 

UDO = 198.9682/114.3000 = 1. 7 408 
DJt = 114.3000/0.599356"' 190.7045 

From table G: A "' 0.000289 

From tabl~ CS-2 Metric: B."' 27.5504 MPa 

P a ~ 4*8/(3*(DJt)) . 

= 4*27.5504/(3*(114.3000/0.599356)) . 

= 192.6221 kPa 

Design thickness for external pressure P
3 
= 192.6221 kPa 

"'t + Corrosion = 0.599356 + 0.00 =' 0.60 mm 
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Water Fill (N4) 

ASME Section VIII Division 1, 2007 Edition Metric 

Nole: round Inside edges per UG-76(c) 

Located on: 

Liquid static head included: 

Nozzle material specification: 

Nozzle longitudinal joint efficiency: 

Nozzle description: 

Flange description: 

Bolt Material: 

Flange rated MDMT: 

(UCS-66(b)(3): Coincident ratio"' 0.1750631) 

(Flange rated MDMT"' -105 oc (UCS-68(c) applies.) 
Bolts rated MDMT per Fig UCS-66 note (e)"' -48 °C) . 

Liquid static head on flange: 

ASME B16.5 flange rating MAWP: 

ASME B16.5 flange rating MAP: 

ASME B16.5 flange hydro test: 

Nozzle orientation: 

Calculated as hillside: 

Local vessel minimum thickness: · 

End of nozzle to datum line: 

Nozzle inside diameter, new: 

tw(lower) "' 6 mm 
Leg41 "' 6 mm 

F&D Head#1 

1.9657 kPa 

SA-1 06 B Smls. Pipe 
(11-D Metric p. 14, ln. 5) 

1 

2" Sch 40 (Std) DN 50 

2 inch Class 150 WN 
A105 

SA-193 B7 Bolt<"' 64 
(11-D Metric.p. 348, ln. 
33) 

-48°C 

0 kPa 

1395.5 kPa@ 200°C 

1965.01 I<Pa@ 
21.1PC 

3102.641<Pa@ 
21.11°C 

225° 

yes 

9mm 

2451.47 mm 

52.5mm 
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Nozzle nominal wall thickness: 

Nozzle corrosion allowance: . 

Opening chord length: 

· Projection available outside vessel, Lpr: 

Projection available outside vessel to flange face, Lf: 
Distance to head center, R: 

3.91 mm 

Omm 

54.62 mm 

164.35 mm 

183.4 mm · 

400mm 
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. Reinforcement Calculations for Internal Pressure 

The vessel wall thickness governs the MAWP of this nozzle. 

UG-45 
Nozzle Wall 

UG-37 Area Calculation Summary Thickness 
(cm2). Summary 

For p = 1114.32 kPa@ 200 •c (mm) 
The nozzle 

passes UG-45 

A ·I A I A I A I A lA I A required available 1 2 3 5 welds t;eq I min 

This nozzle is exempt from area 
3.42 3.42 

calculations per UG-36(c)(3)(a) 

Weld Failure Path Analysis Summary 

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

UW-16 Weld Sizing Summary 

Weld description 
Required weld Actual weld 

slze(mm) size(mm) Status 

Nozzle to shell fillet(Leg41) 2.74 4.2 weld size Is adequate 

Nozzle to shell groove (lower) 2.74 6 weld size is adequate 

Calculations for Internal pressure 1114.32 kPa.@ 200 o C . 

Fig UCS-66.2 general note.(1) applies; 

Nozzle is impact test exempt to -105 ac per UCS-66(b)(3) (coincident ratio.= 0.02253). 

Nozzle UCS-66 governing thk: 3.42 mm 

Nozzle rated MDMT: -105 ac. 

Limits of reinforcement per UG-40. 

Parallel to the vessel wall: d =54.62 mm 

Normal to the vessel wall outside: 2.5*(t
0

- C
0

) + t
8 

= 9.78 mm 

Nozzle required thickness per UG-27(c)(1) 
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=: 1 s 114.322*26,25/(118,000*1 .. 0.6*1 1 114.322) ·~ . 

= 0.25 mm 

Required thickness tr from UG-37(a)(a) 

tr P*L0 *M/(2*S*E + P*(M- 0.2)) 

1,114.322*1 ,459*1/(2*1 08,000*1 + 1,114.322*(1 - 0.2)) 

= 7.5 mm 

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

UW·16(d) Weld Check 

tmin = lesser of 19 mm or tn or t = 3.91 mm 
t1(mln) or t2(mln) =lesser ~f 6 mm or 0.7*tmln = 2.74 mm 
t1{actuall = 0.7 Leg= 0.7 6 =4.2 mm · 
The weld size t1 is satisfactory. 

~{actual)= 6 mm 
The weld size t2 is satisfactory. 

t1 + t2 = 10.2 >= 1.25*tmln · 

· ihe combined weld. siz_es for t1 and t2 are satisfactory. 

UG-45 Nozzle Neck Thickness Check 

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

Wall thickness per UG-45(a): t,1 = 0.25 mm (E =1) 

Wall thickness per UG-45(b)(1): tr2 = 1.4.58 mm 

Wall thickness per UG-16(b): tr3 = 1.5 mm 

Standard wall pipe per UG-45(b)(4): · t,4 = 3.42 mm 

, The greater of tr2 or tr3: t,5 = 14._58 mm 

The lesser of tr4 or tr5: t,6 = 3.42 min 
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Required per UG-45 is the larger of t,1 or t,6 = 3.42 mm 

Available nozzle wall thickness new,_t
0 

= 0.875*3.91 = 3.42 mrn 

The nozzle neck thickness is adequate. 

Reinforcement Calculations for MAP 

The vessel wall thickness governs the MAP of this nozzle. 

UG-45 
Nozzle Wall 

UG-37 Area-Calculation Summary Thickness 
· (cm2) _Summary 

forP=133B.99kPa@21.11 •c (mm), 
The nozzle 

- passes UG-45 

A I A"IAIAIAIAIA required available . 1 2 3 5 welds lreq lmtn 

This nozzle Is exempt from area 
3.42 3.42 

calculations per UG-36(c)(3)(a) 

Weld Failure Path Analysis Summary 

The nozzle is exempt from weld strength 
calculations per uw~15(b)(2) 

UW-16 Weld Sizing Summary 

Weld des~rlpllon Required weld Actual weld 
slze(mm) slze(mm) · 

Nozzle to shelllillet (L~941) 2.74 4.2 

Nozzle to shell groove. (Lower) 2.74 6 

Status 

weld size is adequate 

weld size I~ adequate 

· Calculations for internal pressure 1338.99 kPa @ 21.11 o C 

limits of r¢inforcement per UG-40 

ParaiiE!I to the vessel wall: d =54.62 mm 

Normal to the vessel wall outside: 2.5*(t0 - C0) + te = 9.78 mni 

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

trn P*R0/(S0 *E - 0.6*P) 

1 ,338.99*26,25/(118,000*1 - 0.6*1 ,338.99) 

0.3mm 
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Required thlck~ess tr from UG-37(a)(a) 

·t
1 

= P"L0*M/(2"S"E + P*(M- 0.2)) 

1,338.99*1,459"1/(2*108,000*1 + 1 ,33~J.99*(1 - 0.2)) 

9mm 

This opening does n~t require reinforcement per UG-36(c}(3}(a) 

UW-16(d) Weld Chec~ 

tmln == lesser of 19 mm or tn cir t = 3.91 mm 
t1(mln) or t2(mln) =lesser ?f 6 mm or 0.7*tmln = 2.!4 mm 
t1(actuall = 0.7Leg = 0.7 6 = 4.2 mm 
The weld size t1 is satisfactory. 

. f2(ac~al) = 6 .mm . . . 
The weld S1ze t2 1s satisfactory. 

The combined weld sizes for t1 and t2 are satisfactory. 

·UG-45 Nozzle Neck Thickness Check 

Interpretation Vlll-i-83-66 has been applied. 

Wall thickness per UG-45(a): 

Wall thickness per UG-45(b)(1 ): 
Wall thickness per UG-16(b): 

Standa_rd wall pipe per UG-45(b)(4): 

The greater of 112 or tra: 
The lesser of t14 or 115: 

111 = 0.3 mm (E =:1) 

· t12 = 15.71 mm 

t13 = L5mm 

t14 = 3.42 mm 
115 = 15.71 mm 
t16 =3.42 mm 
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Required per UG-45 i.s the larger of tr1 or t16 ;, 3.42 mm 

Available nozzle wall thickn!'Jss new, tn = 0.8!5*3.91 = 3.42 mm 

The nozzle neck thickness is adequate. 

Reinforcement Calculations for Ext.ernal Pressure 

UG-45 
Nozzle wan 

UG-37· Area Calculation Summaiy Thickness 
(cm2) Summary 

For Pe = 192.62 kPa@ 200 •c (mm) 
The non:le 

passes UG·45 

A I A lA 'AlA lA I A required available 1 2 3 5 welds Iraq lmln 

This nozzle is exempt from area · 3.42 3.42 
calculations per UG-36{c){3)(a) 

Weld Failure Path Analysis Summary 

Weld strength calculations are not required for 
external pressure 

UW-16 Weld Sizing Summary 

Weld descrlp!lon Required weld Actual weld 
slze(mm) slze(mm) Status 

Nozzle to shell fillet (LeQ41) 2.74 4.2 weld size is adequale 

Nozzle to shell groove (Lower) 2.74 6 weld size is adequate 

Calculations for external pl'essure 192.62 kPa@ 200 oc 

Limits of reinforcement per UG-40 

Parallel to the vessel wall: · d = 54.61 mm 

Normal to the vessel wall outside: 2.5*(tn - Cn) + t9 = 9. 78 mm 

Nozzle required thickness pet UG-28 trn = 0.42 mm 

From UG-37(d)(1) required thickness tr = 5.85 m~ 

This opening does not require reinforcement per UG-36(c)(3)(a) 
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UW-16(d) '!Jeld Check 

tmin = lesser of 19 mm or tn or t = 3.91 mm 
t1(min) or t2(mln) =lesser ?f 6 mm or 0.7*tmln = 2.74 mm 
tHacluall = 0.7 Leg= 0.7 6 = 4.2 mm 
The weld size t1 is satisfactory. 

t':!(aclual) = 6 mm 
The weld size t2 is satisfactory. 

t1 + t2 = 1 0.2 >= 1.25*tmin 

The combined weld sizes .for t1 and t2 are satisfa.ctory. 

UG-45 Nozzle Neck Thickness Check 

lnterpretatfon Vill-1-83-66 has been applied . 

. Wall thickness per UG-45(a): 

Wall thickness per UG-45(b)(2): 

Wall thickness per UG-16(b): 

Standard wall pipe per UG-45(b)(4): 

The greater of t12 qr tra: 

The lesser of t14 or 115: 

t11 =0.42 mm 

tr2 =3.78 mm 

tra = 1.5 mm 

t14 = 3.42 mm 

t15 =3.78 mm 

t16 =3.42 mm 

Required per UG~45 Is the larger of t11 or t16 = 3.42 mm 

Available nozzle wall thickness new, tn = 0.875*3.91 = 3.42 mm 

The nozzle neck ~hickness is adequate. 

External Pressure, (Corroded & at 20!).00°C) liG-2B(c) 

UDO = 200.5974/60~3250 = 3.32~3 
DJt = 60.3250/0.418315 = 144.209.4 

From table G: A= 0.000219 

From table CS-~ Metric: B = 20.8322 MPa 

P a = 4*8/(3*(DJt)) 

= 4 *20.8322/(3*(60.~250/0.418315)) 

= 192.61 09 kPa 

Design thickness for external pressure P a = 192.6109 kPa 

= t + Corrosion = 0.418315 + 0.00 = 0.42 mm 
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Legs #1 

Leg material: SA-36 

Leg description: 
4x4x3/8 Equal Angle 
(Leg in) 

Number of legs: N= 4 
Overall length: 1,200 mm 
B.ase to girth seam length: 800 mm 
Bolt circ)e: 1,550.8 mm 
Anchor bolt size: · 0.5 inch series 8 threaded 
Anchor bolt material: SA-193-B 
Anchor bolts/leg: 1 
Anchor bolt allowable stress: Sb= 1.37.895 MPa 
Anchor bolt corrosion allowance: 0 mm 
Anchor bolt hole clearance:·· 13 mm 
Base.plate width: 254 mm 
Base plate length: 254 mm 
Base plate thickness: 10 mm (6.6 inm required) 
Base plate allowable stress: 165.474 MPa 
.foundation allowable bearing stress: 11.4 MPa 
Effective length coefficient: K= 1.2 
Coefficient: Cm= 0.85 
Leg yield stress: F = 248.211 MPa 

· Leg elastic modulus: Ey= 199,948 MPa· 

Leg to shell fillet weld: 6.35 
mm (0.33 mm 
required) 

Legs braced: No 

L 
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Note: The support attachment point is assu·med to be 25.4 mm up from the cylinder circumferential seam. 

Force 
Leg 

Axial· Shear Axial Bendin·g Bending 
Ratio Ratio 

loading attack position o 
end load resisted fa fbx · 'fby 

H1.1 H1.2 angle o N N MPa MPa MPa 

Weight 0 _11,925.7 o,o 6.463 15.405 0 0.1338 0.1374 
operallng 

90 corroded 12,983.1 0.0 7.936 .16.771 0 0.1459 0.1496 

Moment·= 
0 180 14,040.5 0.0 7.609 18.137 0 0.1580 0.1618 

1,586.1 N-m 

-· l&.o,~Q.J, "'!•U • uuu .u • u ..... ·"T~.:I uo. 

Force 
leg Axial Shear Axiitl· Bending Bending 

Ratio Ratio 
Loading attack position o 

end load resisted fa fbx fby 
H171 H1-2 angle o N N MPa MPa MPa 

~overning 0 12,327,6 0.0 6.681 15.924 0 0.1384 0.1421 

Condition 90 13,385.0 0.0 7·.254 17.29 0 0.1505 0.1543 

Weight 
·operat'lng 

180 14.442.4 0,0 Llli. 18.656 !! 0.1626 . !l.1W. 

new 

Moment= 
0 

1,586.1 N-m 
270 13,385.0 0.0 7.254 17.29 0 0.1505 .0.1543 
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Force leg Axial Shear Axial Bending Bending 
Ratio ·Ratio 

loading attack position o 
end load resisted fa fbx fby 

H1-1 H1-2 angle o N N MPa MPa MPa 

Weight 0 1,656.8 . 0.0 0.898 2.14 0 0.0184 0.0191 
empty 

2,714.3 0.0 corroded 90 1.471 3.506 0 0.0301 Q,0313 

Moment= 
0 180 3;771.7 0.0 2.044 4.872 0 0,0419 0,0435 

1,586.1 N-m 

<;IV "•''"·" VM .. o..llo;.JUU "U" ·'"'" 

Force leg Axial Shear Axial Bending Bending· 
Ratio Ratio 

loading attack position o 
end load resisted fa ·fbx fby H1-1 H1-2 angle o N N MPa MPa MPa 

Weight. 0 2,059,3 . 0.0 . 1.116 2.66 0 0.0228 0,0237 
empty_ 

9Q 3,116.7 0.0 1.689 4.026 0 0.0346 0.0359 new 

Moment= 
0 180 4,174.1 0.0 2.262• 5.392. 0 0.0464 0.0481 

1,586.1 N-m 

·"'u Ql 10. u.v ,QOl> ·.u.:;o u U.VU"tO u,uo.J..,., 
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Force Leg Axial Shear -Axial Bending Bending Ratio Ratio 
Loading attack position o 

end load resisted fa fbx f~ H1.1 H1.2 angle o N N MPa MPa M a 

Weight 0 11,925.7 0.0 6.463 15.405 0 0.1336 0.1374 . 
vacuum 
corroded 90 12,983.1 0.0 . ·7.036 16.771 . 0 0.1459 0.1496 

Moment= 
0 180 14,040.5 o.o 7.609 18.137 0 0.1580 0.1618 

1,586.1 N-m 

~ou '""'"'u..,, u.u • u..ou ou • u u, >"tJO u. •ou 

Leg Calculations (AISC manual ninth edition) 

Axial end load, P 1 (Based on vessel total bending moment acllng at leg attachment elevallon) 

. 1-23/130 
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P1 = W/N + 48 .. M/(N*D) 
= 53,540. f5/ 4 + 48*1 e3*132.2/( 4*1,500) 
,; 14.442.45 N 

Allowable axial compressive stress, Fa (AISC chapter E) 

Local buckling check (AISC 5-99) 

b/t = (4/0.375) < (76/ Sqr(36)) so 0 5 = 1 

Flexural-torsional buckling (AISC 5~317) 

Shear center distance W0 ,;, 3.4215 
ro2=wo2+(1z+lw)/A . 
= 3.42152 + (73.88 + 289.07)/18.4516 
"'31.38 cm2 

Torsional constant J = 5.58 cm4 

She.ar modulus G = 76.98 GPa 

Fe1=G*Jf.(A*r0
2)-

= 76,979.96*5.58 I (18.4516*31.3767) 
= 0.742 GPa 

K*llrw = 1.2*749.2139.58 = 22.714 

Few= n2*EI(KIIrw)2 

;, n2*199.9481(22.714)2 

. = 3.825 GPa 

H = 1 - (w o 2 I r o 2) 

= 1- (34.21 213,137.674) 
= 0.6269051 

F~ =((Few+ Fe1)1(2*H))*(1- Sqr(1- (4*F6w*Fe{H)I(Few + Fe1)
2)) . . . · 

= ((3.825 + 0.742)1(2*0.6269))*(1 - Sqr(1 -.W3.825*0.742*0.6269)1(3.825 + 0.742)2)) 
= 0.686 GPa . . 

Equivalent slenderne~s ratio 

Kl/r = n*Sqr(E/Fe) 
= n*Sqr(199.94810.686) 
-= 53.63401 

C0 = Sqr(2*n2*E/(F/05)) 

= Sqr(2*n2*199,9481(248.211 *1)) 
= 126.0993 

K*l/r= 1.2 .. 749.2120m = 44.9308 

Fa= 1 * (1 - (KI/r)21(2*C0 
2))*Fy I (513 + 3*(KI/r)I(8*Cc)-(KI/r)3/(8*Cc 3)) __ -

= 1 * (1 - (53.634)21(2*126.09932))*248.211 I (5/3 + 3*(53.634)1(8*126.0993)-(53.634)3/(8*126.09933)) 

= -124.28 MPa - . 
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Allowable axial compression and bending (AIS~ chapter H) 

Note: r is divide~ by 1 ."35 - See AISC 6.1.4, pg. 5-314 

F'eK = 1 *12*1t2*E/(23*(KI/r)2) 
= 1 *12*1t2*199,948/(23*(60.6566)2) 
= 279.843 MPa 

F'e =: 1 *12*1t2*E/(23*(KJ/r)2) 
= i *12*1t2*199,948/{23* (30.6639)2) 
= 1 ,095.004. MPa 

Fb = 1*0 .. 66*Fy 
= 1*0.66*248.211 
= 163.819 MPa 

Compressive axial stress 

fa= P/A 
= 14,442.45/1 ,845.157 
=7.827MPa 

Bending stresses 

. fbx = F*cos(a.)*U(f/Cx) + P1*EcJ(f/CK) . 
= O*cos(0)*749.2/(1 e4*73.8759/30.89) + 14,442.45*30.89/(1 e4*73.8759/30.89) 
= 18.656 MPa 

fb = F*sin(a.)*U(IJCy) . . 
=/o•sin(Ot749.2/(1 e4*289.07/71.84) 
=;Q MPa 

· AISC equation H1_1 . ...-

H1_1 = fJFa + Cm/fb/((1·~ fafF'ex)*Fbx) + Cm/fb/((1 - fafF'ey)*Fby) · . . . 
= 7.827/124.28 +"0.85*18.656/((1 -7.827/279.843)*163.819) + 0.85*0/((1 -7.827/1,095.004)*163.819) 
=0.1626 . 

Arsc equation H1_2 

H1-2 = faf(0.6*1"Fy) + fb/Fbx + fb/Fby, . 
= 7.827/(0.6*1*248.211) + 18.656/163.819 + 0/163.819 
= 0.1664 

4, 4x4x3/8 Equal Angle legs are adequate. 

Ancllor bolts~ Weight empty corroded condition governs 

Tensile loading per leg (1 bolt per leg) 

R = 48*M/(N*BC) - WIN 
= 48*132.2/(4*1 .5508) ·_ 10,857/4 
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= -1,691.48 N 
There Is no net uplift (R is negative). 

0.5 inch series 8 threaded bolts are satisfactory. 

Check the leg to vessel fillet weld, Bednar 10.3, Weight operating new governs 

Note: continuous welding is assumed for all support leg fillet welds. 

Thef9llowing leg attachment ~eld analysis assumes the fillet weld is present on three sides (leg top closure plate is 
used). · · 

Zw = (2*b*d + d2)/3 . . · . 
= (2*14.3685*45.08 + 45.082)/3 
; 1,109.224 cm2 

Jw = (b + 2*d)3/12 - d2*(b + d)2/(b + 2*d) · · 
= (14.3685 + 2*45.08)3/12- 45.082*(14.3685 + 45.08)2/(14.3685 + 2*45.08) 
= 26,465.83 cm3 

E = d2/(b + 2*d) 
= 450.82/(143.69 + 2*450.8) 
;, 194.42 mm 

Gov~rning weld load fx = Cos(O)'O ,;, 0 N 
Governing weld load 1y = Sin(O)*O = 0 N 

11 = P1/lweld 
. = 14,442.45/1 04.5285 
= 138:17 N/cm (VL direct shear) 

f2= fZL,eg *0.5*b/Jw · 
= 0*749.2*0.5*143.69/2,646,583.1228 
= 0 N/cm (V L torsion shear) 

f3 = f/lweld 
= 0/1 04.5285 
= 0 N/cm · (V 

0 
direct shear) 

f4 = ~*Lieg *E/Jw . 
= O*f 49.2*194.42/2,646,583.1228 
= 0 N/cm (V c torsion shear) 

fs = fx *Lieilw · 
= 0*74.92/1,109.224 
= 0 N/cm (ML bending) 

' fa ,;. f/lweld 
= 0/1 04.5285 
= 0 N/cm (Direct outward radial shear) 

f = Sqr((f1 + 12)2 + (13 + 14)2 + (15 + 16)2) 

= Sqr((138.17 + 0)2 + (0 + 0)2 +(0 + 0)2) 
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= 138.17 N/cm (Resultant shear load) 

Required leg to vessel fillet weld leg size (welded both sides+ top) 

tw = f I (0.707"0.55"88 ) 

= 13.82/ (0; 707"0.55*1 08) 
=0.33 mm 

The 6.35 mm leg to vessel attachment ffllet weld size is adequate. 

Base ·plate thickness.check, AISC 3-106 · 

f = P/(B"N) . . 
. ,; 14,407.81/(254*254) 
= 0.223 MPa 

tb = 0.5"(N - d)*Sqr(3"fiSb) . . 
= 0.5*(254- 1 01.6)*Sqr(3"0.223/165.474) 
=4.85mm 

The base plate thickness is adequate. 

Check the leg to vessel attachment stresses, WRC-107 (Weight operating corroded 
governs) 

Applied Load~ · 

Radial load: Pr = 0 N . 
Circumferential moment: M0 = 0 N-m 
Circumferential shear: V 0 = 0 N 
Longitudinal moment: ML = 433.73 N-m 
Longitudinal shear: VL = 14,040.5N 
Torsion moment: M1 = o N-m 
Internal pressure: P = 368.02 kPa 
Mean shell radius: Rm ':" 745.5 mm 
Local shell thickness: t = 7.5 mm 
Shell yield stress: Sy = 177 MPa 
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Maximum stresses due to the applied loads at the leg edge (includes pressure) 

Rm/t =99.4151 

c1 ~ 71.84, C2 = 287.37 mm 

Note: Actual lug C/C2 < 1/4, C/C2 = 1/4 used as this is the minimum ratio covered by WRC 107. 

Local circ~-tmferential pressur~ stress= P*R/t =36.404 MPa 

Local longitudinal pressure stress = P*R/2t =18.202 M Pa 

Maximum combined stress (PL+Pb+O) = 42.18 MPa . 
Allowable combined str~ss (PL+Pb+O) = +-3*S = +-324 MPa 

The maximum combined stress (P L +P b +0) Is within allowable limits. 

Maximum local primary membrane stress (PL) = 37.76 MPa 
Allowable local primary membrane (P L) = +-1.5*S = +-162 M Pa 

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

Stresses at the leg edge per WRC Bulletin 107 

Figure value 13 Au A, Bu e, cu c, Du Dl 

3C' 2.9759 0.2853 0 0 0 0 0 0 0 0 

4C' 9.958 0.2313 0 . ' 0 0 0 0 0 0 0 

1C 0.0602 0.1696 0 0 0 0 0 0 0 o' 

2C-1 0.0245 0.1696 0 0 0 0 0 0 0 0 

3N 4.0343 0.153 0 0 0 0 0 0 0 0 

1A 0.0626 o.1ns 0 0 0 0 0 0 0 0 

3B' 6.1927 0.2428 -1.358 -1.358 1.358 1.358 ·0 0 0 0 

1B-1 0.014 0.1968 -4.413 4.413 4.413. -4.413 0 0 0 0 

Pressure stress' 36.404 36.404 36.404 36.404 36.404 38.404 36.404 36.404 

Total circumferential slress 30.633 39.459 42.176 33.35 36.404 36.404 36.404 36.404 

Primary membrane 35.046 35.046 37.763. 37.763 36.404 36.404 36.404 36.404 
circumferential slress• 

ac· · 4.2218 0.2313 0 0 0 0 0 0 0 o· .. 
4C' 8.3789 0.2853 0 0 0 0 0 0 0 o· 

10-1 0.0313 0.2409· 0 0 . 0 0 0 0 0 iJ 

2C 0.0324 0.2409 0 0 0 0 0 0 0 0 

4A' 8.3785 0.163 0 0 0 0 0 0 0 0 

2A 0.0238 0.2221 0 0 0 0 0 0 0 0 

4B' 3.161 0.2428 -1.393 -1.393 1.393 1.393 0 0 0 0 

26-1 0.0141 0.2722 -3.213 3.213 3.213 -3.213 0 0 0 0 

Pressure stress• · 18.202 18.202 18.202 18.202 18.202 18.202 18.202 18.202 
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Total longitudinal stress 13.596 20-022 22.806 16.362 18.202 16.202 18.202 16.202 

Primary membrane 16.809 16.809 19.595 19.595 18.202 18.202 16.202 16.202 
longitudinal stress• 

Shear from Mt 0 0 0 0 0 0 o. 0 

Clrc shear from V c 0 0 0 0 0 0 0 0 

Long shear from VL 0 0 0 0 ·1.627 ·1.627 1.627 1.627 

Total Shear stress 0 0 0 0 ,1.627 ·1.627 1.627 1.627 

Combined stress (PL+Pb+Q) · 30.633 39.459 42.175 33.35 36.549 36.549' 36.549' 36.549 

Note: * denotes pri~ary stress. 
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G Performance Group (USA), Inc .. 
Liquid level bounded by F&D Head #2 

Location from datum 2451.47mm 

Operating Liquid Specific Gravity 1.0000 · 

Test liquid specific gravity · 1.0000 
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