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| nput Echo : St ep: 1 10:38a Jun 19, 2009

PV Elite Vessel Analysis Program: Input Data

Design Internal Pressure (for Hydrotest) 125.00 psig
Design I nternal Tenperature 200 F
Type of Hydrotest U®99- b
Hydr ot est Position Vertical

Proj ection of Nozzle from Vessel Top 0.0000 in
Proj ection of Nozzle from Vessel Bottom 0.0000 in
M ni mum Desi gn Metal Tenperature -20 F
Type of Construction Wel ded
Speci al Service Air/ Water/ St eam
Degree of Radi ography None

M scel | aneous Wei ght Percent 0.

Use Hi gher Longitudinal Stresses (Flag) Y
Select t for Internal Pressure (Flag) N
Select t for External Pressure (Flag) N
Select t for Axial Stress (Flag) N

Sel ect Location for Stiff. Rings (Flag) N
Consi der Vortex Sheddi ng N
Perform a Corroded Hydrot est N

Is this a Heat Exchanger No
User Defined Hydro. Press. (Used if > 0) 0. 0000 psig
User defined MAWP 0. 0000 psig
User defined MAPNnc 0. 0000 psig
Load Case 1 NP+EWHW +FW-BW
Load Case 2 NP+EW-EE+FS+BS
Load Case 3 NP+OWW +FW-BW
Load Case 4 NP+OWEQ+HFS+BS
Load Case 5 NP+HWHI

Load Case 6 NP+HWHE
Load Case 7 | P+OMW +FW-BW
Load Case 8 | P+OM-EQ+FS+BS
Load Case 9 EP+OWMW +FW-BW
Load Case 10 EP+OW-EQ+FS+BS
Load Case 11 HP+HWHHI

Load Case 12 HP+HWHE
Load Case 13 | P+VEE+EW
Load Case 14 | P+WF+CW
Load Case 15 | P+VO+OW
Load Case 16 | P+VE+EW
Load Case 17 NP+VO+OW
Load Case 18 FS+BS+I P+OW
Load Case 19 FS+BS+EP+OW

W nd Desi gn Code No W nd Loads
Desi gn W nd Speed 70.000 mle/lhr
Exposur e Const ant C

| nportance Factor

Roughness Fact or

Base El evation 0.0000 in
Percent Wnd for Hydrotest 33.

Usi ng User defined Wnd Press. Vs Elev. N
Danpi ng Factor (Beta) for Wnd (Ope) 0. 0100
Danpi ng Factor (Beta) for Wnd (Enpty) 0. 0000

Danpi ng Factor (Beta) for Wnd (Filled) 0. 0000



PV Elite 2009 Licensee:
Fi | eName :
Echo :

I nput

PVE Sanpl e

Sei smi ¢ Design Code
NBC Accel erati on-Rel ated Sei sm ¢ Zone Za

NBC Vel ocity-Rel ated Seism c Zone VAY,
NBC Sei snic | nmportance Factor I
NBC Soil Type

NBC Force Modification Factor R
NBC Percent Seisnic for Hydrotest

Desi gn Nozzle for Des. Press. + St. Head
Consi der MAP New and Cold in Noz. Design

Consi der External Loads for Nozzle Des.
Consi der Code Case 2168 for Nozzl e Des.

Mat eri al Dat abase Year

Complete Listing of Vessel Elements and Details:

El enent From Node

El enent To Node

El enment Type

Descri ption

Di stance "FROM' to "TO'
El enent Qutside Di aneter
El enent Thi ckness

I nternal Corrosion Allowance
Nom nal Thi ckness
Ext ernal Corrosion All owance

Design Internal Pressure

Desi gn Tenperature Internal Pressure
Desi gn External Pressure
Desi gn Tenperature External Pressure

Ef fective Diameter Multiplier

Mat eri al Nane
Al | owabl e Stress, Anmbient
Al | owabl e Stress, Operating
Al | owabl e Stress, Hydrotest

Materi al Density
P Nunber Thickness
Yield Stress, Operating
UCS- 66 Chart Curve Designation
Ext ernal Pressure Chart Nane
UNS Nunber
Product Form
Ef fi ci ency, Longitudinal Seam
Ef ficiency, Circunferential Seam
El i pti cal Head Fact or

El ement From Node

Detail Type

Detail ID

Dist. from"FROM' Node / O fset dist
Hei ght/Length of Liquid

Density of Liquid

El enent From Node

Detail Type

Detail ID

Dist. from"FROM' Node / Offset dist

Nozzl e Di anet er

PRESSURE VESSEL ENG NEERI NG
e
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NBC 95
. 000
. 000
. 000
. 000
. 000
. 000

ORrRPRRLROR

z2<zZ2<

Current w Addenda or Code Year

10
20

Elliptical

Elliptical Head
2. 0000
36. 000
0.2260

0. 06250
0. 2500
0. 0000
125. 00

200

0. 0000
70

1.2
SA-516 70
20000.
20000.
26000.
0.2830
1. 2500
34800.
B

Cs-2
K02700
Pl ate
0. 85
0.7

2.

10

Li qui d
Liquid 10
-9. 0000
11. 000

0. 0000

10
Nozzl e
N3

0. 0000
1.75

W S5 535 535S

e}

psig

psi
psi
psi
| bm i n3
in
psi

in
in
| b fts3

in
in.



PV Elite 2009 Licensee:
Fi | eName :
Echo :

I nput

El ement

PVE Sanp

Nozzl e Sched
Nozzl e Cl ass
Layout Angle
Bl i nd Fl ange
Wei ght of No
Grade of Att
Nozzl e Matl

El enent
Detail Type
Detail ID

Di st.
Di anet er at

Leg Orientat
Nunber of Le
Section |den
Length of Le

Fr om Nod

El enent To Node
El ement Type
Descri ption

Di st ance " FROW'
El enent Qutside Di aneter
El enent Thi ckness

I nt er nal
Nom nal
Ext er nal

Corr os
Thi cknes
Corros

Desi gn | nt ernal

Desi gn Tenperature Internal Pressure
Desi gn External Pressure
Desi gn Tenperature External Pressure
Ef fective Diameter Multiplier
Mat eri al Name
Ef fi ci ency, Longitudinal Seam
Ef ficiency, Circunferential Seam
El ement From Node
Detail Type
Detail ID
Dist. from"FROM Node / Offset dist

Hei ght/ Lengt
Density of L

El enent
Detail Type
Detail ID

Di st.
Nozzl e Di ane
Nozzl e Sched
Nozzl e Cl ass
Layout Angle
Bl i nd Fl ange
Wei ght of No
Grade of Att
Nozzl e Matl

El ement

Detail Type

le 14
St ep:
ul e
(YI'N)
zzle ( Used if > 0)

ached Fl ange

Fr om Node

from"FROM' Node / Offset dist

Leg Centerline
ion

gs

tifier

gs

e

to "TO'

on Al l owance
S

on All owance
Pressure

h of Liquid
i quid

Fr om Node

from"FROM' Node / Offset dist

ter
ul e

(Y/'N)
zzle ( Used if > 0)
ached Fl ange

Fr om Node

PRESSURE VESSEL ENGI NEERI NG
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None

0

0.

N

0. 0000
None
SA- 105

10

Leg

LEGS

10. 000

38. 003

3

4

L3X3X0. 2500
31. 000

20

30

Cyli nder
Shel |
41.810
36. 000
0. 2500
0. 06250
0. 2500
0. 0000
125. 00
200

0. 0000
70

1.2
SA-516 70

150

180.

N

0. 0000
GR 1.1
SA-106 B

20
Nozzl e

| bf

W S5 3535 535S

e}

psig

in
in
| b fts3

in
in.

| bf
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FileName : PVE Sanmple 14 @ ---- oo oo Page 5 of 47
| nput Echo : St ep: 1 10:38a Jun 19, 2009

Detail ID N2
Dist. from"FROM' Node / O fset dist 24.000 in
Nozzl e Di aneter 4. in.
Nozzl e Schedul e 40
Nozzl e Cl ass 150
Layout Angle 0.
Bl i nd Flange (Y/N) N
Wei ght of Nozzle ( Used if > 0 ) 0. 0000 | bf
Grade of Attached Fl ange GR 1.1
Nozzl e Matl SA- 106 B

El ement From Node 30

El ement To Node 40

El ement Type Fl ange

Descri ption 36" 150# WN Fl ange

Di stance "FROM' to "TO' 6.1900 in

Fl ange | nsi de Di anmet er 36.000 in

El ement Thi ckness 3.5600 in

I nternal Corrosion Allowance 0.06250 in

Nom nal Thickness 0.2500 in

External Corrosion Allowance 0.0000 in

Design Internal Pressure 125.00 psig

Desi gn Tenperature Internal Pressure 200 F

Desi gn External Pressure 0. 0000 psig

Desi gn Tenperature External Pressure 70 F

Ef fective Diameter Multiplier 1.2

Mat eri al Nane SA- 105
Al | owabl e Stress, Anmbient 20000. psi
Al | owabl e Stress, Operating 20000. psi
Al | owabl e Stress, Hydrotest 26000. psi
Mat eri al Density 0.2830 Ibmin3
P Number Thi ckness 1.2500 in
Yield Stress, Operating 33000. psi
UCS- 66 Chart Curve Designation B
External Pressure Chart Nane CSs-2
UNS Nunber K03504
Product Form For gi ngs

Perform Fl ange Stress Cal cul ation (Y/N) N

Wei ght of ANSI B16.5/B16. 47 Fl ange 0. 0000 | bf

Cl ass of ANSI B16.5/B16.47 Fl ange 150

Grade of ANSI B16.5/B16.47 Fl ange GR 1.1
El ement From Node 30
Detail Type Li qui d
Detail ID Liquid 30
Dist. from"FROM' Node / O fset dist 0.0000 in
Hei ght/Length of Liquid 6.1900 in
Density of Liquid 0.0000 Ibmfts

El ement From Node 40

El ement To Node 50

El ement Type Fl ange

Descri ption Bl i nd Cover

Di stance "FROM' to "TO' 3.5600 in

Fl ange CQutsi de Di aneter 46.000 in

El ement Thi ckness 3.5600 in

I nternal Corrosion Allowance 0.06250 in

Nom nal Thickness 0.2500 in

Ext ernal Corrosion Allowance 0.0000 in
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FileName : PVE Sanmple 14 @ ---- oo oo Page 6 of 47
| nput Echo : St ep: 1 10:38a Jun 19, 2009
Design Internal Pressure 125.00 psig
Desi gn Tenperature Internal Pressure 200 F
Desi gn External Pressure 0. 0000 psig
Desi gn Tenperature External Pressure 70 F
Ef fective Diameter Multiplier 1.2
Mat eri al Name SA- 105
Perform Fl ange Stress Cal cul ation (Y/N) N
Wei ght of ANSI B16.5/B16. 47 Fl ange 0. 0000 | bf
Cl ass of ANSI B16.5/B16.47 Fl ange 150
Grade of ANSI B16.5/B16. 47 Fl ange GR 1.1
El ement From Node 40
Detail Type Li qui d
Detail ID Liquid 40
Dist. from"FROM Node / Offset dist 0.0000 in
Hei ght/Length of Liquid 3.5600 in
Density of Liquid 0.0000 Ibmfts
El ement From Node 40
Detail Type Nozzl e
Detail ID N4
Dist. from"FROM Node / Offset dist 0.0000 in
Nozzl e Di aneter 3. in.
Nozzl e Schedul e None
Nozzl e Cl ass 0
Layout Angle 0.
Bl i nd Flange (Y/N) N
Wei ght of Nozzle ( Used if > 0 ) 0. 0000 | bf
Grade of Attached Fl ange None
Nozzl e Matl SA- 105

PV Elite 2009 ©1993-2009 by COADE Engineering Software
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FileName : PVE Sanmple 14 @ ---- oo oo Page 7 of 47
Internal Pressure Cal cul ations : St ep 3 10:38a Jun 19, 2009
Element Thickness, Pressure, Diameter and Allowable Stress :
| | I'nt. Press | Nomi nal | Total Corr| El enment | Al l owabl e
Fronml To | + Lig. Hd | Thickness | Allowance | Di aneter | Stress(SE)
| | psig | in | in | in | psi
Elliptical]| 126. 900 | 0. 25000 | 0.062500 | 36. 0000 | 17000.0
Shel | | 126. 900 | 0. 25000 | 0.062500 | 36. 0000 | 14000. 0
36" 150# W 126. 900 | 0. 25000 | 0.062500 | 36. 0000 | 20000. 0
Bl i nd Cove| 126. 900 | 0.25000 | 0.062500 | 46. 0000 | 20000. 0
Element Required Thickness and MAWP :
| | Desi gn | MA WP. | MA P | Act ual | Requi r ed
Fron| To | Pressure | Corroded | New & Cold | Thickness | Thickness
I I psi g I psig I psi g I in I in
Elliptical]| 125. 000 | 154. 516 | 215. 884 | 0. 22600 | 0. 19535
Shel | | 125. 000 | 144. 544 | 195. 531 | 0. 25000 | 0. 22507
36" 150# W 125. 000 | 258. 100 | 285. 000 | 3. 56000 | No Cal c
Bl i nd Cove| 125. 000 | 258. 100 | 285. 000 | 3. 56000 | No Cal c
M ni num 144. 544 195. 530

MAWP: 129.553 psig, limited by: Nozzle Reinforcment.

Internal Pressure Calculation Results :

ASME Code, Section V111, Division 1, 2007 A-08

Elliptical Head From 10 To 20 SA-516 70 , UCS-66 Crv. B at 200 F

Elliptical Head

T

=y

ickness Due to Internal Pressure [tr]:

(P*Do*Kcor)/ (2*S*E+2*P*(Kcor-0.1)) per Appendix 1-4 (c)
(126.900*36. 0000*0. 995)/ (2*20000. 00*0. 85+2*126. 900* (1. 00-0. 1))
0.1329 + 0.0625 0.1954 in

Max. Allowable Working Pressure at given Thickness, corroded [MAWP]:

Less Operating Hydrostatic Head Pressure of 1.900 psig

(2*S*E*t)/ (Kcor*Do-2*t *(Kcor-0.1)) per Appendix 1-4 (c)
(2*20000. 00*0. 85*0. 1635)/ (0. 995*36. 0000- 2*0. 1635*(1. 00-0. 1))
156. 416 - 1.900 154.516 psig

Maximum Allowable Pressure, New and Cold [MAPNC]:

(2*S*E*t)/ (K*Do-2*t*(K-0.1)) per Appendix 1-4 (c)

(2*20000. 00*0. 85*0. 2260)/ (1. 000*36. 0000- 2*0. 2260*( 1. 000-0. 1))
215.884 psig

Actual stress at given pressure and thickness, corroded [Sact]:
(P*(Kcor*Do-2*t*(Kcor-0.1)))/(2*E*t)

(126.900* (0. 995*36. 0000- 2*0. 1635*(0.995-0.1)))/(2*0. 85*0. 1635)
16225. 990 psi

Required Thickness of Straight Flange:

(P* RO)/I(S* E+0.4* P) +c per Appendix 1-1 (a)(1)
(126.900 *18.0000 )/( 20000.00 * 0.85 + 0.4 * 126.900 ) + 0.063
0.196 in

Factor K, corroded condition [Kcor]:
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FileNane : PVE Sample 14 @ -------mmmm i oo - Page 8 of 47
Internal Pressure Cal cul ations : St ep: 3 10:38a Jun 19, 2009

=( 2+ ( Inside Dianeter/( 2 * Inside Head Depth ))"(2))/6

=( 2+ ( 35673 /( 2 * 8.950))"(2))/6

= 0.995352

Percent El ongation per UCS-79 (75*tnom Rf)*(1-Rf/Ro) 3.085 %

MDMT Calculations in the Knuckle Portion:

Mn Metal Tenp. w/ o inpact per UCS-66 -20 F
Mn Metal Tenp. at Rgd thickness (UCS 66.1)[rat 0.69] -51 F
MDMT Calculations in the Straight Flange:
Mn Metal Tenp. w o inpact per UCS-66 -20 F
Mn Metal Tenp. at Rgd thickness (UCS 66.1)[rat 0.61] -55 F
Cylindrical Shell From 20 To 30 SA-516 70 , UCS-66 Crv. B at 200 F
Shell
Thickness Due to Internal Pressure [tr]:

= (P*Ro)/ (S*E+0. 4*P) per Appendix 1-1 (a)(1)

= (126.900*18. 0000)/ (20000. 00*0. 70+0. 4*126. 900)

= 0.1626 + 0.0625 = 0.2251 in
Max. Allowable Working Pressure at given Thickness, corroded [MAWP]:
Less Operating Hydrostatic Head Pressure of 1.900 psig

= (S*E*t)/(Ro-0.4*t) per Appendix 1-1 (a)(1)

= (20000. 00*0. 70*0. 1875)/ (18. 0000- 0. 4*0. 1875)

= 146.444 - 1.900 = 144.544 psig
Maximum Allowable Pressure, New and Cold [MAPNC]:

= (S*E*t)/(Ro-0.4*t) per Appendix 1-1 (a)(1)

= (20000. 00*0. 70*0. 2500) / (18. 0000- 0. 4*0. 2500)

= 195.531 psig
Actual stress at given pressure and thickness, corroded [Sact]:

= (P*(Ro-0.4*t))/ (E*t)

= (126.900*((18.0000-0.4*0.1875))/(0.70*0. 1875)

= 17330. 914 psi
Percent El ongation per UCS-79 (50*tnom Rf)*(1-Rf/Ro) 0.699 %
Mn Metal Tenp. w/ o inpact per UCS-66 -20 F
Mn Metal Tenp. at Rgd thickness (UCS 66.1)[rat 0.69] -51 F
Minimum Metal Design Temperature Results :
M ni mum Metal Tenp. w o inpact per UCS-66 -20. F
M ni mrum Metal Tenp. at Required thickness -51. F
Note: Heads and Shells Exempted to -20F (-29C) by paragraph UG-20F
M ni mrum Desi gn Metal Tenperature ( Entered by User ) -20. F

Hydrostatic Test Pressure Results:

Pressure per UG99b =1.3* MAWP. * Sa/S 168.419 psig
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FileNane : PVE Sample 14 @ -------mmmm i oo - Page 9 of 47
Internal Pressure Cal cul ations : St ep: 3 10:38a Jun 19, 2009
Pressure per UX9b[34] = 1.3 * Design Pres * Sa/S 162.500 psig
Pressure per UG®9c =1.3* MA P. - Head(Hyd) 252.328 psig
Pressure per UGL00 =1.1* MAWP. * Sa/S 142.508 psig

Vertical Test performed per: UG-99b

Stresses on Elements due to Hydrostatic Test Pressure:

From To Stress Al | owabl e Rati o Pressure
Elliptical Head 15811.6 26000.0 0.608 170. 67
Shel | 17417. 3 26000. 0 0.670 170. 28

Elements Suitable for Internal Pressure.

PV Elite 2009 ©1993-2009 by COADE Engineering Software
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FileNane : PVE Sample 14  --------momommmon
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psi
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deg
in.
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in
in
in
in

Nozzle Calcs. : N1 Nozl : 6 10:38a Jun 19, 2009
INPUT VALUES, Nozzle Description: N1 From: 20

Pressure for Nozzle Reinforcenent Calculations P 126. 900
Tenperature for Internal Pressure Tenp 200
Shel | Material SA-516 70
Shell All owable Stress at Tenperature S 20000. 00
Shel |l All owable Stress At Anmbi ent Sa 20000. 00
I nside Di ameter of Cylindrical Shell D 35. 5000
Shel | Finished (M ni mum) Thickness t 0. 2500
Shel |l Internal Corrosion Allowance cas 0. 0625
Shel | External Corrosion Allowance caext 0. 0000
Di stance from Bottom Left Tangent 26. 0000
User Entered M ni mum Design Metal Tenperature -20.00
Nozzl e Materi al SA-106 B
Nozzl e Material UNS Nunber K03006
Nozzl e material Specification used Sms. pipe
Nozzl e All owabl e Stress at Tenperature Sn 17100. 00
Nozzl e All owabl e Stress At Anmbi ent Sha 17100. 00
Nozzl e Di ameter Basis (for tr calc only) Inbase oD
Layout Angle 180. 00
Nozzl e Di aneter Di a 18. 0000
Nozzl e Size and Thi ckness Basis I dbn Nomi na
Nom nal Thi ckness of Nozzle tn 40
Nozzl e Fl ange Materi al SA- 105
Nozzl e Fl ange Type Wel d Neck Fl ange
Nozzl e Corrosion All owance Can 0. 0625
Joint Efficiency of Shell Seam at Nozzle Es 1.00
Joint Efficiency of Nozzle Neck En 1.00
Nozzl e Qutside Projection ho 14. 5000
Wel d | eg size between Nozzl e and Pad/ Shel | Wo 0. 2500
Groove wel d depth between Nozzl e and Vessel Wnv 0. 2500
Nozzl e I nside Projection h 0. 0000
Weld | eg size, Inside Nozzle to Shell W 0. 0000
Pad Materi al SA-516 70
Pad All owabl e Stress at Tenperature Sp 20000. 00
Pad All owabl e Stress At Anmbi ent Spa 20000. 00
Di anet er of Pad al ong vessel surface Dp 22.0000
Thi ckness of Pad Tp 0. 2500
Wel d | eg size between Pad and Shel l Wp 0. 2500
Groove wel d depth between Pad and Nozzl e Wypn 0. 2500
Rei nforci ng Pad W dth 2. 0000
ASME Code Weld Type per UW 16 Q
Cl ass of attached Fl ange 150

Grade of attached Fl ange GR 1.1

The Pressure Design option was Design Pressure + static head
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Nozzl e Calcs. : N1 Nozl : 6 10:38a Jun 19, 2009

Nozzle Sketch

/1
| \
| \
| \

|
|
|
|
I
Voo
|
|
| |

Insert Nozzle With Pad, no Inside projection
NOZZLE CALCULATION, Description: N1
ASME Code, Section VIII, Division 1, 2007, A-08 UG-37 to UG-45

Actual Nozzle Qutside Dianeter Used in Cal cul ation 18. 000 in.
Actual Nozzle Thickness Used in Cal cul ati on 0.562 in.

Nozzle input data check completed without errors.

Reqd thk per UG-37(a)of Cylindrical Shell, Tr [Int. Press]
(P*R)/(S*E-0.6*P) per UG 27 (c)(1)
(126.90*17.8125)/(20000*1. 00-0. 6*126. 90)
0.1135 in

Reqd thk per UG-37(a)of Nozzle Wall, Trn [Int. Press]
(P*Ro)/ (S*E+0. 4*P) per Appendix 1-1 (a)(1)
(126.90*9.0000)/(17100*1. 00+0. 4*126. 90)

0.0666 in
UG-40, Limits of Reinforcement : [Int. Press]
Parallel to Vessel Wall (Diameter Limt) Dl 34.0020 in
Normal to Vessel Wall (Thickness Limt), pad side Tlwp 0.4688 in
Results of Nozzle Reinforcement Area Calculations:
AREA AVAI LABLE, Al to A5 Desi gn External Mapnc
Area Required Ar 1.945 NA NA in2
Area in Shell Al 1.248 NA NA in2
Area in Nozzle Wall A2 0. 347 NA NA in2
Area in Inward Nozzle A3 0. 000 NA NA in2
Area in Welds Ad 0.115 NA NA in2
Area in Pad A5 1.000 NA NA in2
TOTAL AREA AVAI LABLE At ot 2.710 NA NA in2
The Internal Pressure Case Governs the Analysis.
Nozzl e Angle Used in Area Cal cul ations 90. 00 Degs.
The area available without a pad is Insufficient.
The area available with the given pad is Sufficient.
SELECTI ON OF PGOSSI BLE REI NFORCI NG PADS: Di anet er Thickness
Based on gi ven Pad Thi ckness: 19. 0000 0.2500 in
Based on given Pad Di aneter: 22. 0000 0.0625 in

Based on Shell or Nozzle Thi ckness: 19. 0000 0.2500 in

47
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Nozzl e Calcs. : N1 Nozl : 6 10:38a Jun 19, 2009

Reinforcement Area Required for Nozzle [Ar]:
=( Dr *tr +2* tn* tr * (1-frl) ) UG 37(c)
= (17.0010*0. 1135+2* (0. 5620-0. 0625) *0. 1135*( 1- 0. 8550))
= 1.945 in2

Areas per UG-37.1 but with DL = Diameter Limit, DLR = Corroded ID:

Area Available in Shell [A1]:
(DL-Dir)*(Es*(t-cas)-tr)-2*(tn-can)*(Es*(t-cas)-tr)*(1-frl)
(34.002-17.001)*(1. 00*(0.2500-0.062)-0.113)-2*(0.562-0.062)
*(1.00*(0.2500-0.0625)-0.1135)*(1-0.8550)

1.248 in2

Area Available in Nozzle Wall, no Pad [A2np]:

(2* min(Tlnp,ho) ) * ( tn - can - trn ) * fr2

( 2 * min(0.469 ,14.500 ) ) * ( 0.5620 - 0.0625 - 0.0666 ) * 0.8550 )
0. 347 in2

Area Available in Nozzle Wall, with Pad [A2wp]:

(2* mn(Tlw, ho) )*( tn - can - trn )* fr2

( 2 * min(0.469 ,14.500 ) ) * ( 0.5620 - 0.0625 - 0.0666 ) * 0.8550 )
0. 347 in2

Area Available in Welds, no Pad [A4np]:

Wz * fr2 + ( W-can/0.707 )2 * fr2
0.25002 * 0.8550 + ( 0.0000 )2 * 0.8550
0. 053 in2

Area Available in Welds, with Pad [Adwp]:

(W2 - Ar Lost)*Fr3+((W-can/0.707)2 - Ar Lost)*Fr2 + W2*Fr4
(0.0615 ) * 0.86 + (0.0000 ) * 0.86 + 0.06252 * 1.00

0.115 in2

Area Available in Pad [A5]:
(m n(Dp,DL)-(Nozzle OD))*(mn(tp, Tlwp, Te))*fr4
( 22.0000 - 18.0000 ) * 0.2500 * 1.0000

1. 000 in2
UG-45 Minimum Nozzle Neck Thickness Requirement: [Int. Press.]
Wal | Thi ckness per U#A5(a), tra = 0.1291 in
Wal | Thi ckness per UGL6(b), trl6b = 0.1562 in
Wal | Thi ckness per U&A5(b) (1), trbl = 0.1760 in
Wal | Thi ckness per U&A5(b)(2), trb2 = 0.0625 in
Wal | Thi ckness per UA5(b)(3), trb3 = Max(trbl, trb2, trl6b) = 0.1760 in
Std. Wall Pipe per UxA5(b)(4), trb4 = 0.3906 in
Wal | Thi ckness per UA5(b), trb = Mn(trb3, trb4) = 0.1760 in
Fi nal Required Thickness, tras Max(tra, trb) .1760 in

I
o o

Avail abl e Nozzl e Neck Thi ckness .875 * 0.5620 .4917 in --> K

Nozzle Junction MDMT Calculations:

Minimum Design Metal Temperature (Nozzle Neck to Flange Weld), Curve: B
Nozzle, tg = 0.492 , tr = 0.067 , c 0.063 in, E* = 1.00

Stress Ratio =tr * (E*) / (tg - c) 0. 155
M ni mum Tenp. W o inpact per UCS-66 -7 F
M ni mum Tenp. at required thickness -147 F

M ni mum Tenp. W o i npact per UG 20(f) -20 F
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Minimum Design Metal Temperature (Nozzle Neck to Pad Weld), Curve: B
Pad is governing, tg = 0.250 , tr = 0.113 in Tenp. Reduction = 35 F

Conservately assuming Stress in Pad is same as that in Shell (Div. 1 L-9.3).

M ni mum Tenp. W o inpact per UCS-66 -20 F
M ni mum Tenp. at required thickness -55 F
M ni mum Tenp. W o i npact per UG 20(f) -20 F

Minimum Design Metal Temperature (Shell to Pad Weld at Pad OD), Curve: B
Pad is governing, Thk. = 0.250 , Req. Thk. = 0.113 in Reduction

Conservately assuming Stress in Pad is same as that in Shell (Div. 1 L-9.3).

35 F

M ni mum Tenp. W o inpact per UCS-66 -20 F
M ni mum Tenp. at required thickness -55 F
M ni mum Tenp. W o i npact per UG 20(f) -20 F

Nozzle MDMT per UCS-66 (a)1(b), (Nozzle to Shell/Head Weld), Curve: B
Shell is governing, tg = 0.250 , tr 0.113, ¢ =0.063 in, E* = 1.00

Stress Ratio =tr * (E*) / (tg - c) 0. 605
M ni mum Tenp. W o inpact per UCS-66 -20 F
M ni mum Tenp. at required thickness -55 F

Governing MDMT of the all the sub-joints of this Junction : -55 F

ANSI Flange MDMT including temperature reduction per UCS-66.1.:

Unadj usted MDMI of ANSI B16.5/47 flanges per UCS-66(c) -20 F
Fl ange MDMT with Tenperature reduction per UCS-66(b)(1)(b) -55 F

Where the Temperature Reduction per UCS-66(b)(1)(b) is:
Stress ratio: P/ Anbient Rating = 126.90/285.00 = 0.445

Weld Size Calculations, Description: N1

Intermediate Calc. for nozzle/shell Welds Tm n 0.2500 in
Internmediate Calc. for pad/shell Welds Tmi nPad 0.1875 in
Results Per UW-16.1:

Requi red Thi ckness Act ual Thickness
Nozzl e Weld 0.1750 = 0.7 * TMN 0.1768 = 0.7 * W in
Pad Vel d 0.0938 = 0.5*Tm nPad 0.1768 = 0.7 * W in
Maximum Allowable Pressure for this Nozzle at this Location:
Converged Max. Allow. Pressure in Operating case 146. 443 psig

Note: The MAWP of this junction was limited by the shell.

The Drop for this Nozzle is : 2.4509 in
The Cut Length for this Nozzle is, Drop + Ho + H + T : 17.2009 in

PV Elite 2009 ©1993-2009 by COADE Engineering Software
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INPUT VALUES, Nozzle Description: N2 From: 20

Pressure for Nozzle Reinforcenent Calculations P 126. 900
Tenperature for Internal Pressure Tenp 200
Shel | Material SA-516 70
Shell All owable Stress at Tenperature S 20000. 00
Shel |l All owable Stress At Anmbi ent Sa 20000. 00

I nside Di ameter of Cylindrical Shell D 35. 5000
Shel | Finished (M ni mum) Thickness t 0. 2500
Shel |l Internal Corrosion Allowance cas 0. 0625
Shel | External Corrosion Allowance caext 0. 0000
Di stance from Bottom Left Tangent 26. 0000
User Entered M ni mum Design Metal Tenperature -20.00
Nozzl e Materi al SA-106 B
Nozzl e Material UNS Nunber K03006
Nozzl e material Specification used Sms. pipe
Nozzl e All owabl e Stress at Tenperature Sn 17100. 00
Nozzl e All owabl e Stress At Anmbi ent Sha 17100. 00
Nozzl e Di ameter Basis (for tr calc only) Inbase oD
Layout Angle 0. 00
Nozzl e Di aneter Di a 4. 0000
Nozzl e Size and Thi ckness Basis I dbn Noni nal
Nom nal Thi ckness of Nozzle tn 40
Nozzl e Fl ange Materi al SA- 105
Nozzl e Fl ange Type Wel d Neck Fl ange
Nozzl e Corrosion All owance Can 0. 0625
Joint Efficiency of Shell Seam at Nozzle Es 1.00
Joint Efficiency of Nozzle Neck En 1.00
Nozzl e Qutside Projection ho 11. 0000
Wel d | eg size between Nozzl e and Pad/ Shel | Wo 0. 3750
Groove wel d depth between Nozzl e and Vessel Wnv 0. 2500
Nozzl e I nside Projection h 0. 0000
Weld | eg size, Inside Nozzle to Shell W 0. 0000
ASME Code Weld Type per UW 16 None
User Defined Nozzl e/ Shell Centerline Angle 60. 0000
Cl ass of attached Fl ange 150
Grade of attached Fl ange GR 1.1

The Pressure Design option was Design Pressure + static head

Nozzle Sketch
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| Vol
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Insert Nozzle No Pad, no Inside projection
NOZZLE CALCULATION, Description: N2
ASME Code, Section VIII, Division 1, 2007, A-08 UG-37 to UG-45

Actual Nozzle Qutside Dianeter Used in Cal cul ation 4.500 in.
Actual Nozzle Thickness Used in Cal cul ati on 0.237 in.

Nozzle input data check completed without errors.

Reqd thk per UG-37(a)of Cylindrical Shell, Tr [Int. Press]
(P*R)/(S*E-0.6*P) per UG 27 (c)(1)
(126.90*17.8125)/(20000*1. 00-0. 6*126. 90)
0.1135 in

Reqd thk per UG-37(a)of Nozzle Wall, Trn [Int. Press]
(P*Ro)/ (S*E+0. 4*P) per Appendix 1-1 (a)(1)
(126.90*2.2500)/(17100*1. 00+0. 4*126. 90)

0.0166 in
UG-40, Limits of Reinforcement : [Int. Press]
Parallel to Vessel Wall (Diameter Limt) Dl 9.5863 in
Normal to Vessel Wall (Thickness Linmit), no pad Tl np 0.4363 in
Results of Nozzle Reinforcement Area Calculations:
AREA AVAI LABLE, Al to A5 Desi gn External Mapnc
Area Required Ar 0. 550 NA NA in2
Area in Shell Al 0. 351 NA NA in2
Area in Nozzle Wll A2 0.118 NA NA in2
Area in Inward Nozzle A3 0. 000 NA NA in2
Area in Welds Ad 0.120 NA NA in2
Area in Pad A5 0. 000 NA NA in2
TOTAL AREA AVAI LABLE At ot 0. 589 NA NA in2
The Internal Pressure Case Governs the Analysis.
Nozzl e Angle Used in Area Cal cul ations 60. 00 Degs.

The area available without a pad is Sufficient.

Reinforcement Area Required for Nozzle [Ar]:
=( Dr *tr +2* tn* tr * (1-frl) ) UG 37(c)
= (4.7932*0. 1135+2*(0.2370-0. 0625)*0. 1135*( 1- 0. 8550) )
= 0.550 in2

Areas per UG-37.1 but with DL = Diameter Limit, DLR = Corroded ID:

Area Available in Shell [A1]:
(DL-Dir)*(Es*(t-cas)-tr)-2*(tn-can)*(Es*(t-cas)-tr)*(1-fr1l)
(9.586-4.793)*(1.00*(0. 2500-0.062)-0.113)-2*(0.237-0.062)
*(1.00*(0.2500-0.0625)-0.1135)*(1-0.8550)

0. 351 in2

Area Available in Nozzle Wall, no Pad [A2np]:
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=(2* min(Tlnp,ho) ) * ( tn - can - trn ) * fr2

=( 2 * mn(0.436 ,11.000 ) ) * ( 0.2370 - 0.0625 - 0.0166 ) * 0.8550 )
= 0.118 in2

Area Available in Welds, no Pad [A4np]:

= W2 * fr2 + ( W-can/0.707 )2 * fr2

= 0.37502 * 0.8550 + ( 0.0000 )2 * 0.8550

= 0.120 in2

UG-45 Minimum Nozzle Neck Thickness Requirement: [Int. Press.]

Wal | Thi ckness per U#A5(a), tra = 0.0791 in

Wal | Thi ckness per UGL6(b), trl6b = 0.1562 in

Wal | Thi ckness per U&A5(b)(1), trbl = 0.1760 in

Wal | Thi ckness per U&A5(b)(2), trb2 = 0.0625 in

Wal | Thi ckness per UA5(b)(3), trb3 = Max(trbl, trb2, trl6b) = 0.1760 in
Std. Wall Pipe per UxA5(b)(4), trb4d = 0.2699 in

Wal | Thi ckness per U&A5(b), trb = Mn(trb3, trb4) = 0.1760 in

Fi nal Required Thickness, tr4s5 = Max(tra, trb) = 0.1760 in

Avail abl e Nozzl e Neck Thi ckness = .875 * 0.2370 = 0.2074 in --> K

Nozzle Junction MDMT Calculations:

Minimum Design Metal Temperature (Nozzle Neck to Flange Weld), Curve: B

Nozzle, tg = 0.207 , tr = 0.017 , ¢ =0.063 in, E* = 1.00
Stress Ratio =tr * (E*) / (tg - ¢) = 0.115
M ni mum Tenp. W o inpact per UCS-66 -20 F
M ni mum Tenp. at required thickness -155 F
Nozzle MDMT per UCS-66 (a)1(b), (Nozzle to Shell/Head Weld), Curve: B
Nozzle is governing, tg = 0.207 , tr = 0.017 , ¢ =0.063in, E* = 1.00
Stress Ratio =tr * (E*) / (tg - ¢) = 0.115
M ni mum Tenp. W o inpact per UCS-66 -20 F
M ni mum Tenp. at required thickness -155 F
Governing MDMT of the all the sub-joints of this Junction : -155 F
ANSI Flange MDMT including temperature reduction per UCS-66.1.:
Unadj usted MDMI of ANSI B16.5/47 flanges per UCS-66(c) -20 F
Fl ange MDMT with Tenperature reduction per UCS-66(b)(1)(b) -55 F
Where the Temperature Reduction per UCS-66(b)(1)(b) is:

Stress ratio: P/ Anbient Rating = 126.90/285.00 = 0.445
Weld Size Calculations, Description: N2
Intermediate Calc. for nozzle/shell Welds Tm n 0.1745 in
Results Per UW-16.1:

Requi red Thi ckness Act ual Thickness

Nozzl e Wl d 0.1222 = 0.7 * TMN 0.2651 = 0.7 * W in
Weld Strength and Weld Loads per UG-41.1, Sketch (a) or (b)
Weld Load [W]:

= (Ar- Al+2*(Thk-can)*Ffr1*(EL(T-Cas)-Tr))*S

= (0.5495 - 0.3512 + 2 * ( 0.2370 - 0.0625 ) * 0.8550 *

(1.00 * ( 0.2500 - 0.0625 ) - 0.1135 ) ) * 20000
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= 4409.12 | bf

Weld Load [W1]:

(A2+A5+A4- (W -Can/ . 707)2*Ffr2)*S

( 0.1178 + 0.0000 + 0.1202 - 0.0000 * 0.86 ) * 20000
4759. 80 | bf

Weld Load [W2]:

((A2+AB) +A3+A4+(2*(Thk-Can) *(T-Ca)*Fr1))*S

( 0.1178 + 0.0000 + 0.1202 + 0.0559 ) * 20000
5878. 78 | bf

Weld Load [W3]:

( (A2+AB) +A3+A4+A5+(2*( Thk-Can) *(T-Ca)*Fr1))*S

( 0.1178 + 0.0000 + 0.1202 + 0.0000 + 0.0559 ) * 20000
5878. 78 | bf

Strength of Connection Elements for Failure Path Analysis

S

>

ear, Outward Nozzle Weld [Sonw]:

(pi/2) * Do * W * 0.49 * Snw

( 3.1416 / 2.0 ) * 5.1962 * 0.3750 * 0.49 * 17100
25646. | bf

Shear, Nozzle Wall [Snw]:

(pi *( Dir + Dlo )/4 ) * ( Thk - Can ) * O.
(3.1416 * 2.4973 ) * ( 0.2370 - 0.0625 ) *
16388. | bf

7 * Sn
0.7 * 17100

Tension, Nozzle Groove Weld [Tngw]:

(PI1/2) * Dlo * (Wynvi-Cas) * 0.74 * Sng

( 3.1416 / 2.0 ) * 5.1962 * ( 0.2500 - 0.0625 ) * 0.74 * 17100
19366. | bf

Strength of Failure Paths:

PATH11 = ( SONW + SNW) = ( 25646 + 16387 ) = 42033 | bf
PATH22 = ( Sonw + Tpgw + Tngw + Sinw )

= ( 25646 + 0 + 19365 + 0 ) = 45011 | bf
PATH33 = ( Sonw + Tngw + Sinw )

= (

25646 + 19365 + 0 ) = 45011 | bf

Summary of Failure Path Calculations:

Path 1-1 = 42033 | bf, nmust exceed W= 4409 | bf or WL = 4759 | bf
Path 2-2 = 45011 | bf, nmust exceed W= 4409 | bf or W = 5878 | bf
Path 3-3 = 45011 | bf, nust exceed W= 4409 | bf or WB = 5878 | bf
Maximum Allowable Pressure for this Nozzle at this Location:

Converged Max. Allow. Pressure in Operating case 131.453 psig

The Drop for this Nozzle is : 0.1432 in
The Cut Length for this Nozzle is, Drop + Ho + H+ T : 11.3932 in

PV Elite 2009 ©1993-2009 by COADE Engineering Software
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INPUT VALUES, Nozzle Description: N3 From: 10

Pressure for Nozzl e Rei nforcenent Cal cul ations P
Tenperature for Internal Pressure Tenp

Shel | Materi al

Shell All owable Stress at Tenperature S
Shell All owable Stress At Anbi ent Sa
I nside Diameter of Elliptical Head D
Aspect Ratio of Elliptical Head Ar
Head Fi ni shed (M ni num) Thi ckness t
Head | nternal Corrosion All owance cas
Head External Corrosion All owance caext
Di stance from Head Centerline L1

User Entered M ni mum Design Metal Tenperature

Nozzl e Materi al
Nozzl e Material UNS Number
Nozzl e material Specification used

Nozzl e All owabl e Stress at Tenperature Sn
Nozzl e All owabl e Stress At Anbi ent Sha
Nozzl e Di ameter Basis (for tr calc only) Inbase
Layout Angle

Nozzl e Di ameter Di a
Nozzl e Size and Thi ckness Basi s I dbn
Act ual Thickness of Nozzle tn
Nozzl e Corrosion Allowance Can
Joint Efficiency of Shell Seam at Nozzle Es
Joint Efficiency of Nozzle Neck En
Nozzl e Qutside Projection ho
Wel d | eg size between Nozzl e and Pad/ Shel | Wo

Groove wel d depth between Nozzl e and Vessel Wnv
ASME Code Weld Type per UW 16
The Pressure Design option was Design Pressure + static head

Nozzle Sketch
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NOZZLE CALCULATION, Description: N3
ASME Code, Section VIII, Division 1, 2007, A-08 UG-37 to UG-45

Actual Nozzle Qutside Dianeter Used in Cal cul ation 1.750 in.
Actual Nozzle Thickness Used in Cal cul ati on 0.218 in.

Nozzle input data check completed without errors.

Reqd thk per UG-37(a)of Elliptical Head, Tr [Int. Press]

(P*K1*D))/ (2*S*E-0. 2*P) per UG 37(a)(3)
(126.90*0.897*35.6730)/ (2 *20000. 00*1. 00-0. 2*126. 90)
0.1016 in

Reqd thk per UG-37(a)of Nozzle Wall, Trn [Int. Press]
(P*Ro)/ (S*E+0. 4*P) per Appendix 1-1 (a)(1)
(126.90*0.8750)/(20000*1. 00+0. 4*126. 90)

0.0055 in
UG-40, Limits of Reinforcement : [Int. Press]
Parallel to Vessel Wall (Diameter Limt) Dl 2.8800 in
Normal to Vessel Wall (Thickness Linmit), no pad Tl np 0.3875 in

Note: Taking a UG-36(c)(3)(a) exemption for N3
This calculation is valid for nozzles that meet all the requirements of
paragraph UG-36. Please check the Code carefully, especially for nozzles
that are not isolated or do not meet Code spacing requirements. It may
be necessary to force the program to print the areas per UG-37.

UG-45 Minimum Nozzle Neck Thickness Requirement: [Int. Press.]

Wal | Thi ckness per U#A5(a), tra = 0.0680 in
Wal | Thi ckness per UGL6(b), trl6b = 0.1562 in
Wal | Thi ckness per U&A5(b) (1), trbl = 0.1752 in
Wal | Thi ckness per U&A5(b)(2), trb2 = 0.0625 in
Wal | Thi ckness per UA5(b)(3), trb3 = Max(trbl, trb2, trl6b) = 0.1752 in
Std. Wall Pipe per UA5(b)(4), trb4d = 0.1894 in

Wal | Thi ckness per UA5(b), trb Mn(trb3, trb4) = 0.1752 in

Fi nal Required Thickness, tras
Avai l abl e Nozzl e Neck Thi ckness

Max(tra, trb) = 0.1752 in
0.2175 in --> K

Nozzle Junction MDMT Calculations:

Minimum Design Metal Temperature (Nozzle Neck to Flange Weld), Curve: B
Nozzle, tg = 0.218 , tr = 0.006 , c 0.063 in, E* = 1.00

Stress Ratio =tr * (E*) / (tg - c) 0. 036
M ni mum Tenp. W o inpact per UCS-66 -20 F
M ni mum Tenp. at required thickness -155 F

Nozzle MDMT per UCS-66 (a)1(b), (Nozzle to Shell/Head Weld), Curve: B
Nozzle is governing, tg = 0.218 , tr = 0.006 , ¢ = 0.063 in, E* = 1.00
Stress Ratio =tr * (E*) / (tg - ¢c) = 0.036

M ni mum Tenp. W o inpact per UCS-66 -20 F
M ni mum Tenp. at required thickness -155 F

Governing MDMT of the all the sub-joints of this Junction : -155 F
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Weld Size Calculations, Description: N3

Results Per UW-16.1:
Requi red Thi ckness Act ual Thickness
Fitting Weld 0.0663 = UW16.1(f)5 0.2652 = 0.7 * W in

Maximum Allowable Pressure for this Nozzle at this Location:
Converged Max. Allow. Pressure in Operating case 156. 416 psig

Note: The MAWP of this junction was limited by the shell.
The Drop for this Nozzle is : 0.0119 in
The Cut Length for this Nozzle is, Drop + Ho + H + T : 1.4259 in

PV Elite 2009 ©1993-2009 by COADE Engineering Software
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INPUT VALUES, Nozzle Description: N4 From: 40

Pressure for Nozzl e Rei nforcenent Cal cul ations P
Tenperature for Internal Pressure Tenp

Shel | Materi al

Shell All owable Stress at Tenperature S
Shell All owable Stress At Anbi ent Sa
CQut si de Di aneter of Bolted Blind Flange D
Head Fi ni shed (M ni num) Thi ckness t
Head | nternal Corrosion All owance cas
Head External Corrosion All owance caext
Di stance from Head Centerline L1

User Entered M ni mum Design Metal Tenperature

Nozzl e Materi al
Nozzl e Material UNS Number
Nozzl e material Specification used

Nozzl e All owabl e Stress at Tenperature Sn
Nozzl e All owabl e Stress At Anbi ent Sha
Nozzl e Di ameter Basis (for tr calc only) Inbase
Layout Angle

Nozzl e Di aneter Di a
Nozzl e Size and Thi ckness Basi s I dbn
Act ual Thickness of Nozzle tn
Nozzl e Corrosion Allowance Can
Joint Efficiency of Shell Seam at Nozzle Es
Joint Efficiency of Nozzle Neck En
Nozzl e Qutside Projection ho
Wel d | eg size between Nozzl e and Pad/ Shel | Wo

Groove wel d depth between Nozzl e and Vessel Wnv
ASME Code Weld Type per UW 16

The Pressure Design option was Design Pressure + static head

Nozzle Sketch
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NOZZLE CALCULATION, Description: N4

ASME Code, Section VIII, Division 1, 2007, A-08 UG-37 to UG-45

Act ual Nozzle CQutside Diameter Used in Calculation 3.000 in.
Act ual Nozzl e Thickness Used in Cal cul ation 0.312 in.
Nozzle input data check completed without errors.
Reqd thk per UG-37(a)of Nozzle Wall, Trn [Int. Press]

= (P*Ro)/ (S*E+0. 4*P) per Appendix 1-1 (a)(1)

= (126.90*1.5000)/(20000*1. 00+0. 4*126. 90)

= 0.0095 in
UG-40, Limits of Reinforcement : [Int. Press]
Parallel to Vessel Wall (Diameter Limt) Dl 9.9950 in
Normal to Vessel Wall (Thickness Linmit), no pad Tl np 0.6250 in
Note: Taking a UG-36(c)(3)(a) exemption for N4

This calculation is valid for nozzles that meet all the requirements of

paragraph UG-36. Please check the Code carefully, especially for nozzles

that are not isolated or do not meet Code spacing requirements. It may

be necessary to force the program to print the areas per UG-37.
UG-45 Minimum Nozzle Neck Thickness Requirement: [Int. Press.]
Wal | Thi ckness per U#A5(a), tra = 0.0720 in
Wal | Thi ckness per UGL6(b), trl6b = 0.1562 in
Wal | Thi ckness per U&A5(b) (1), trbl = 0.0625 in
Wal | Thi ckness per U&A5(b)(2), trb2 = 0.0625 in
Wal | Thi ckness per UA5(b)(3), trb3 = Max(trbl, trb2, trl6b) = 0.1562 in
Std. Wall Pipe per UA5(b)(4), trb4 = 0.2515 in
Wal | Thi ckness per U&A5(b), trb = Mn(trb3, trb4) = 0.1562 in
Fi nal Required Thickness, tr45 = Max(tra, trb) = 0.1562 in
Avail abl e Nozzl e Neck Thi ckness = 0.3125in --> XK
UG-45 Minimum Nozzle Neck Thickness Requirement: [MAPNC]
Wal | Thi ckness per U#A5(a), tra = 0.0000 in
Wal | Thi ckness per UGL6(b), trl6b = 0.0938 in
Wal | Thi ckness per U&A5(b)(1), trbl = 0.0000 in
Check UGL6(b) Mn. Thickness, trbl = Max(trbl, tr16b) = 0.0938 in
Std. Wall Pipe per UxA5(b)(4), trb4 = 0.1890 in
Wal | Thi ckness per UA5(b), trb = Mn(trbl, trb4) = 0.0938 in
Fi nal Required Thickness, tr45 = Max(tra, trb) = 0.0938 in
Avail abl e Nozzl e Neck Thi ckness = 0.3125in --> XK
Nozzle Junction MDMT Calculations:
Minimum Design Metal Temperature (Nozzle Neck to Flange Weld), Curve: B
Nozzle, tg = 0.312 , tr = 0.009, ¢c =0.063 in, E* = 1.00
Stress Ratio =tr * (E*) / (tg - ¢c) = 0.038
M ni mum Tenp. W o inpact per UCS-66 -20 F
M ni mum Tenp. at required thickness -155 F
Nozzle MDMT per UCS-66 (a)1(b), (Nozzle to Shell/Head Weld), Curve: B
Nozzle is governing, tg = 0.312 , tr 0.009, ¢c =0.063in, E* = 1.00
Stress Ratio =tr * (E*) / (tg - ¢c) = 0.038
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M ni mum Tenp. W o inpact per UCS-66 -20 F

M ni mum Tenp. at required thickness -155 F

Governing MDMT of the all the sub-joints of this Junction : -155 F

Weld Size Calculations, Description: N4

Intermedi ate Calc. for nozzl e/shell Wl ds T n 0.2500 in
Results Per UW-16.1:

Requi red Thi ckness Act ual Thickness
Nozzl e Weld 0.1750 = 0.7 * TMN 0.2651 = 0.7 * W in

Maximum Allowable Pressure for this Nozzle at this Location:
Converged Max. Allow. Pressure in Operating case 258.100 psig

Note: The MAWP of this junction was limited by the shell.

The Cut Length for this Nozzle is, Drop + Ho + H+ T : 6.9370 in

PV Elite 2009 ©1993-2009 by COADE Engineering Software
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Nozzle Calculation Summary

Descri ption MAWP Ext MAPNC uxs [tr] weld

NoCal c[ *]
Passed
Passed
NoCal c[ *]

Mn. - Nozzles 129.55 N2
M n. Shel | &I gs 144.54 20 30 195. 53

Conmput ed Vessel M A W P. 129.55 psig

[*1 - This was a small opening and the areas were not computed or
the MAWP of this connection could not be computed because
the longitudinal bending stress was greater than the hoop stress.

Note: MAWPs (Internal Case) shown above are at the High Point.

Warning: A Nozzle Reinforcement is governing the MAWP of this Vessel.

Check the Spatial Relationship between the Nozzles

From Node Nozzl e Description Y Coordi nate, Layout An
10 N3 0. 000 0. 000
20 N1 26. 000 180. 000
20 N2 26. 000 0. 000
40 N4 0. 000 0. 000

The nozzle spacing is computed by the following:
= Sqrt( 112 + Ic2 ) where
Il - Arc length along the inside vessel surface in the long. direction.
Ic - Arc length along the inside vessel surface in the circ. direction

If any interferences/violations are found, they will be noted below.
No interference violations have been detected !

Checking Multiple Nozzles on Flat Head per ASME Sec. VII1 Div. 1 UG-39

Comparing Nozzles on Element: Blind Cover

Note: No Nozzle pairs found on this element.

UG-39 Nozzle Diameter and Distance to Edge Checks :

| Nozzle | | Distance
| di a. | | from Edge
| in | in | in
I | |

Nozzl e
Descri ption

N4 2.5000 16. 250

No Multiple Nozzle spacing violations have been detected !

PV Elite 2009 ©1993-2009 by COADE Engineering Software
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Nozzle Flange MAWP Results :

Nozzle - ---- Fl ange Rating

Descri ption Operati ng Anmbi ent Tenperature Cl ass Grade| Group
psig psig F

N1 260. 00 285. 00 200 150 GR 1.1

N2 260. 00 285. 00 200 150 GR 1.1

M ni mum Rating 260.000 285.000 psig

Note: ANSI Ratings are per ANSI/ASME B16.5 2003 Edition
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Nozzle Schedule:

Nomi nal Fl ange Noz. wal | Re- Pad Cut
Descri ption Si ze Sch/ Type O Dia Thk ODia Thick Length

in. Cs in in in in in
N3 1.750 - None 1.750 0.218 - - 1.43
N4 3.000 - None 3.000 0.312 - - 6. 94
N2 4.000 40 VNF 4.500 0.237 - - 11. 39
N1 18.000 40 VNF 18.000 0.562 22.00 0.250 17. 20

Note on the Cut Length Calculation:

The Cut Length is the Outside Projection + Inside Projection + Drop +
In Plane Shell Thickness. This value does not include weld gaps,

nor does it account for shrinkage.

Please Note: In the case of Oblique Nozzles, the Outside Diameter must
be increased. The Re-Pad WIDTH around the nozzle is calculated as follows:
Width of Pad = (Pad Outside Dia. (per above) - Nozzle Outside Dia.)/2

Nozzle Material and Weld Fillet Leg Size Details:
Shl Grve Noz Shl/Pad Pad OD Pad Grve Inside

Nozzl e Mat eri al Vel d Wel d Vel d Vel d Wel d
in in in in in
N3 SA- 105 0. 000 0. 375 - - -
N4 SA- 105 0.312 0.375 - - -
N2 SA-106 B 0. 250 0.375 - - -
N1 SA-106 B 0. 250 0. 250 0. 250 0. 250 -

Note: The Outside projections below do not include the flange thickness.

Nozzle Miscellaneous Data:

El evati on/ Di st ance Layout Proj ection Installed In
Nozzl e From Datum  Angl e Qut si de I nsi de Conmponent
in deg. in in
N3 0. 00 1.19 0. 00 Elliptical H
N4 0. 00 3.38 0. 00 Bl i nd Cover
N2 26. 000 0. 00 11. 00 0. 00 Shel |
N1 26. 000 180. 00 14. 50 0. 00 Shel |
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Element and Detail Weights

| | El ement | El enent | Corroded | Corroded | Extra due |
Fronml To | Metal Wyt. | ID Volume |Metal Wygt. | ID Volune | Msc % |
| | bf | fts | | bf | fts | | bf |
10| 20| 124. 427 | 4.55150 | 93. 3204 | 4.59562 | 0. 00000 |
20| 30| 332. 225 | 23.9486 | 249. 604 | 24.1176 | 0. 00000 |
30| 40| 0. 00000 | 3. 54561 | 0. 00000 | 3.57062 | 0. 00000 |
40| 50| 0. 00000 | 0. 00000 | 0. 00000 | 0. 00000 | 0. 00000 |
Tot al 456 35 342 35 0
Weight of Details
| | Weight of | X Offset, | Y Ofset, |
Fron| Type| Detail | Dtl. Cent. |Dtl. Cent. | Description
| | | bf | in | in |
10| Li gd]| 0. 00000 | 0. 00000 | -9.00000 | Li quid 10
10| Nozl | 0. 35206 | 0. 00000 | 0. 74058 | N3
10| Legs| 60. 7205 | 0. 00000 | -5.50000 | LEGS
20] Li qd| 0. 00000 | 0. 00000 | 20. 9050 | WATER
20| Nozl | 226. 469 | 26.1880 | 24. 0000 | N1
20| Nozl | 21.2083 | 19. 7630 | 24. 0000 | N2
30] Li qd| 0. 00000 | 0. 00000 | 3. 09500 | Li quid 30
40| Li qd| 0. 00000 | 0. 00000 | 1.78000 | Li quid 40
40| Nozl | 2.52005 | 0. 00000 | 0. 00000 | N4
Total Weight of Each Detail Type
Total Weight of Nozzles 250.5
Total Weight of Legs 60.7
Sum of the Detail Weights 311. 3 | bf
Weight Summary
Fabricated W. - Bare Weight WO Renpvabl e Internals 767.9 | bf
Shop Test W. - Fabricated Wight + Water ( Full ) 2988. 8 | bf
Shi pping W . - Fab. W + Rem Intls.+ Shipping App. 767.9 | bf
Erected W. - Fab. W + Rem Intls.+ Insul. (etc) 767.9 | bf
Ope. W. no Lig - Fab. W + Intls. + Details + Whts. 767.9 | bf
Operating W. - Enpty W. + Operating Liquid (No CA) 767.9 | bf
Field Test W. - Enpty Weight + Water (Full) 2988. 8 | bf
Mass of the Upper 1/3 of the Vertical Vessel 50.9 | bf
Outside Surface Areas of Elements
| | Sur face |
Fron| To | Ar ea |
I i n2 |
10| 20| 1635. 09 |
20| 30| 4728. 60 |
30| 40| 989. 798 |
40| 50| 989. 798 |
Tot al 8343. 285 i n2 [57.9 Square Feet ]

Element and Detail Weights
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| To |
From To |
I I
10| Legs|
Legs| 20|
20| 30|
30| 40|
40| 50|

Cumulative Vessel Weight

From To |
I I

10| Legs|
Legs| 20|
20| 30|
30| 40|
40| 50|

PRESSURE VESSEL ENGI NEERI NG

10: 38a Jun 19, 2009

Note: The cumulative operating weights no liquid in the column above
are the cumulative operating weights minus the operating liquid
weight minus any weights absent in the empty condition.

Cumulative Vessel Moment

From To |
I I

10| Legs|
Legs| 20|
20| 30|
30| 40|
40| 50|

Curmul ati ve

I
Empty Mom | Oper. Mom
in-1b | in-1b
0. 00000 | 0. 00000
6349. 91 | 6349. 91
6349. 91 | 6349. 91
0. 00000 | 0. 00000
0. 00000 | 0. 00000

| Hy

Currul ative | Cunul ative |

dro. Mom |
in-1b |
0. 00000 |
6349. 91 |
6349.91 |
0. 00000 |
0. 00000 |

PV Elite 2009 ©1993-2009 by COADE Engineering Software

Wei ght's St ep 5
Total Ele.| Total. Ele.|Total. Ele.| Total Dtl.
Empty Wyt .| Oper. Wjt.|Hydro. Wyt.| Offset Mom |
| bm | | bm | | bm | in-1b
623. 896 | 623.896 | 2043. 97 | 0. 00000
-499. 117 | -499.117 | -1635.18 | 0. 00000
579. 903 | 579.903 | 2074. 30 | 6349. 91
0. 00000 | 0. 00000 | 221. 247 | 0. 00000
2.52005 | 2.52005 | 2.52005 | 0. 00000
Currul ative Ope | Cumul ative | Cumul ative |
Wgt. No Liquid | Oper. Wygt. | Hydro. Wjt.
| bm | | bm | | bm |
-623.896 | -623. 896 | -2043.97 |
83. 3058 | 83. 3058 | 662. 893
582. 423 | 582. 423 | 2298. 07
2.52005 | 2.52005 | 223. 767 |
2.52005 | 2.52005 | 2.52005

Oper. Wyt .
No Liquid
| bm
623. 896
-499. 117
579. 903
0. 00000
2.52005

Page 28 of 47
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Note: Loads multiplied by the Scalar multiplier value of 0.6667

Earthguake Analysis Results

The NBC Vel ocity Zone Factor for the Vessel is .... 0. 0500
The NBC | nportance Factor for the Vessel is ....... 1.00
The NBC Freq. and Soil Factor (FS) is ............. 3.00
The NBC Force Factor (K) for the Vessel is ........ 1.00
The NBC Total Weight (W for the Vessel is ........ 707.2 | bf
The NBC Total Shear (V) for the Vessel is ......... 63.6 | bf
The NBC Top Shear (Ft) for the Vessel is .......... 0.0 Ibf

The Natural Frequency for the Vessel (Ope...) is 44.2420 Hz.

Earthquake Load Calculation

| | Earthquake | Earthquake | El enent | El ement |

Fron| To | Hei ght | Wei ght | Ope Load | Emp Load |

| | in | | bf | | bf | | bf |

10| Legs| -8.00000 | 623.896 | -21.3519 | -21.3519 |
Legs| 20| - 3.00000 | -499. 117 | 6. 40556 | 6. 40556 |
20| 30| 22.9050 | 579. 903 | 56.8223 | 56. 8223 |
30| 40| 46. 9050 | 0. 00000 | 0. 00000 | 0. 00000 |
40| 50| 51. 7800 | 2.52005 | 0. 55822 | 0. 55822 |
Top Load 74.56 0 0

PV Elite 2009 ©1993-2009 by COADE Engineering Software



PV Elite 2009 Licensee: PRESSURE VESSEL ENG NEERI NG
FileNane : PVE Sample 14 @ -------mmmm i oo - Page 30 of 47
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The following table is for the Operating Case.

Wind/Earthquake Shear, Bending

| | Distance to| Cummul ative| Earthquake | W nd | Earthquake |
Fronm| To | Support| W nd Shear| Shear | Bendi ng | Bendi ng |
| | in | | bf | | bf | in-1b | in-1b |
10| Legs| 7.00000 | 0. 00000 | 0. 00000 | 0. 00000 | 0. 00000 |
Legs| 20| 4.00000 | 0. 00000 | 63. 7861 | 0. 00000 | 675. 477 |
20| 30| 12. 9050 | 0. 00000 | 57.3806 | 0. 00000 | 1215. 66 |
30| 40| 36. 9050 | 0. 00000 | 0. 55822 | 0. 00000 | 4. 44900 |
40| 50| 41.7800 | 0. 00000 | 0. 55822 | 0. 00000 | 0.99363 |
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Longitudinal Stress Constants

| | Metal Area | Metal Area |New & Cold | Corroded
Fronl To | New & Col d | Corroded | Sect. Mdd. | Sect. Mod.
| i n2 | i n2 | in 3 | in 3
10| 20| 25.3995 | 18. 4074 | 225.744 | 164. 169
20| 30| 28.0780 | 21. 0953 | 249. 217 | 187.890
30| 40| 28.0780 | 21.0953 | 249. 217 | 187.890
40| 50| 436. 850 | 429. 867 | 3941.99 | 3890. 19

PV Elite 2009 ©1993-2009 by COADE Engineering Software

Page 31 of 47
19, 2009



PV Elite 2009 Licensee: PRESSURE VESSEL ENG NEERI NG
FileNane : PVE Sample 14 @ -------mmmm i oo -
Longi tudi nal Al l owabl e Stresses : St ep: 12 10:38a Jun

Longitudinal Allowable Stresses

| | Al. Str. | Al. Str. | Al. Str. | All. Str.
Fronl To | Long. Ten. | Hydr. Ten. |Long. Com | Hyr. Conp.
I I psi I psi I psi I psi
10| Legs| 16800. 0 | 21840.0 | -15508.4 | -21309.0
Legs| 20| 16800.0 | 21840.0 | -15508.4 | -21309.0
20| 30| 16800. 0 | 21840.0 | -16185.9 | -21853.3
30| 40| 24000. 0 | 31200.0 | -16185.9 | -21853.3
40| 50| 24000. 0 | 31200.0 | -21360.0 | -26700.0
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Longitudinal Stress Report

Note: Longitudinal Operating and Empty Stresses are computed in the
corroded condition. Stresses due to loads in the hydrostatic test
cases have been computed in the new and cold condition.

Longitudinal Stresses Due to. . .

| | Long. Str. | Long. Str. |Long. Str. |
Fronml To | Int. Pres. | Ext. Pres. |Hyd. Pres. |
I I psi I psi I psi I

10| 20| 6896. 49 | 0. 00000 | 6589. 06 |
20| 30| 6002. 37 | 0. 00000 | 5945. 19 |
30| 40| 0. 00000 | 0. 00000 | 0. 00000 |
40| 50| 0. 00000 | 0. 00000 | 0. 00000 |

Longitudinal Stresses Due to. . .

| | Wght. Str. | Wght. Str. |Wght. Str. | Wght. Str. | Wght. Str. |
Fron| To | Empty | Operating |Hydrotest | Enp. Mom | Opr. Mom |
I I psi I psi I psi I psi I psi I
10| Legs| 33.8937 | 33.8937 | 80. 4729 | 0. 00000 | 0. 00000 |
Legs| 20| -4.52567 | -4.52567 | -26.0987 | 38.6792 | 38.6792 |
20| 30| -27.6091 | -27.6091 | -81.8460 | 33.7958 | 33.7958 |
30| 40| -0.11946 | -0.11946 | -7.96949 | 0. 00000 | 0. 00000 |
40| 50| -0.0058624 | -0.0058624 |-0.0057687 | 0. 00000 | 0. 00000 |
Longitudinal Stresses Dueto. . .
| | Wght. Str. | Bend. Str. |Bend. Str. | Bend. Str. | Bend. Str. |
Froml To | Hyd. Mom | Oper. Wnd |Oper. Equ. | Hyd. Wnd | Hyd. Equ. |
I I psi I psi I psi I psi I psi I
10| Legs| 0. 00000 | 0. 00000 | 0. 00000 | 0. 00000 | 0. 00000 |
Legs| 20| 28.1289 | 0. 00000 | 4.11453 | 0. 00000 | 0. 00000 |
20| 30| 25.4795 | 0. 00000 | 6.47004 | 0. 00000 | 0. 00000 |
30| 40| 0. 00000 | 0. 00000 | 0.023679 | 0. 00000 | 0. 00000 |
40| 50| 0. 00000 | 0. 00000 | 0.00025542 | 0. 00000 | 0. 00000 |
Longitudinal Stresses Dueto. . .
| | Long. Str. | Long. Str. |Long. Str. | EarthQuake |
Fronml To | Vortex Ope.| Vortex Enmp.|Vortex Tst.| Empty |
I I psi I psi I psi I psi I
10| Legs| 0. 00000 | 0. 00000 | 0. 00000 | 0. 00000 |
Legs| 20| 0. 00000 | 0. 00000 | 0. 00000 | 4.11453 |
20| 30| 0. 00000 | 0. 00000 | 0. 00000 | 6.47004 |
30| 40| 0. 00000 | 0. 00000 | 0. 00000 | 0. 023679 |
40| 50| 0. 00000 | 0. 00000 | 0. 00000 | 0.00025542 |
Longitudinal Stresses Dueto. . .
| | Long. Str. | Long. Str. |
Fronml To | Y Forces W| Y ForceS S |
I I psi I psi I
10| Legs| 0. 00000 | 0. 00000 |
Legs| 20| 0. 00000 | 0. 00000 |
20| 30| 0. 00000 | 0. 00000 |
30| 40| 0. 00000 | 0. 00000 |
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40| 50| 0. 00000 | 0. 00000 |

Long. Stresses due to User Forces and Moments

| | Wnd For/Mom Egk For/Mom Whd For/ Mon| Egk For/ Mom

Fronml To | Corroded | Corroded | No Corr. | No Corr. |
I I psi I psi I psi I psi I

10| Legs| 0. 00000 | 0. 00000 | 0. 00000 | 0. 00000 |
Legs| 20| 0. 00000 | 0. 00000 | 0. 00000 | 0. 00000 |
20| 30| 0. 00000 | 0. 00000 | 0. 00000 | 0. 00000 |
30| 40| 0. 00000 | 0. 00000 | 0. 00000 | 0. 00000 |
40| 50| 0. 00000 | 0. 00000 | 0. 00000 | 0. 00000 |
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Stress Combination Load Cases for Vertical Vessels:

Load Case Definition Key

IP
EP
HP
NP
EW

Pressure
Pressure
Pressure

| nt er na
Ext er nal
Hydr ot est

due
due
due

Stress
Stress
Stress

Longi t udi nal
Longi t udi nal
Longi t udi nal
No Pressure
Longi t udi nal
Longi tudi nal Stress
Longi tudi nal Stress
Bendi ng Stress due
Bendi ng Stress due
Bendi ng Stress due
Bendi ng Stress due
Bendi Stress due

due
due

Stress Wei ght

Wei ght

(No Liquid)
(Operating)

due Wei ght (Hydrotest)

W nd Moment (Operating)

Eart hquake Moment (Operating)
Eart hquake Moment (Enpty)

W nd Moment (Hydrotest)

Bendi
Bendi

ng

ng
ng

Stress
Stress

due
due

Eart hquake Moment

(Hydr ot est)

W nd Mboment
W nd Mboment

(Enpty) (no CA)
(Filled) (no CA)

0FFHIMBS

Longi
Bendi
Bendi
Bendi
Axi al
Axi al
Bendi
Bendi
Bendi
Bendi

tudinal Stress due to Weight (Enpty) (no CA)
ng Stress due to Vortex Shedding Loads ( Ope )
ng Stress due to Vortex Shedding Loads ( Emp )
ng Stress due to Vortex Shedding Loads ( Test No CA. )
Stress due to Vertical Forces for the Wnd Case
Stress due to Vertical Forces for the Seismc Case
ng Stress due to Lat. Forces for the Wnd Case, Corroded
ng Stress due to Lat. Forces for the Seism c Case, Corroded
ng Stress due to Lat. Forces for the Wnd Case, UnCorroded
ng Stress due to Lat. Forces for the Seism c Case, UnCorroded

VO
VE
VF
FW
FS
BW
BS
BN
BU

General Notes:

Case types HI and HE are in the Un-Corroded condition.

Case types WE, WF, and CW are in the Un-Corroded condition.
A blank stress and stress ratio indicates that the corresponding
stress comprising those components that did not contribute to that
type of stress.

An asterisk (*) in the final column denotes overstress.

Analysis of Load Case 1 : NP+EW+WI+FW+BW

From Tensil e All. Tens.
Node Stress Stress

Tens.
Rati o

Al l. Conp.
Stress

Conp.
Rati o

Conp.
Stress

10 33. 89 16800. 00
10 34.15 16800. 00
20 6.19 16800. 00

15508. 41
15508. 41
16185. 92

0. 0020
0. 0020
0. 0004

-43. 20
-61. 40

0. 0028
0. 0038

: NP+EW+EE+FS+BS
All. Tens.
Stress

Analysis of Load Case 2
From Tensil e
Node Stress

Tens.
Rati o

Al l. Conp.
Stress

Conp.
Rati o

Conp.
Stress

10 33. 89
10 38. 27
20 12. 66

14000. 00
14000. 00
14000. 00

12923. 67
12923. 67
13488. 27

0. 0024
0. 0027
0. 0009

-47.32
-67.87

0. 0037
0. 0050

: NP+-OW+WI+FW+BW
All. Tens.

Analysis of Load Case 3

From Tensil e Conp. Al l. Conp. Tens. Conp.
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Node Stress Stress Stress Stress Rati o Rati o
10 33. 89 16800. 00 15508. 41 0. 0020
10 34.15 16800. 00 -43. 20 15508. 41 0. 0020 0. 0028
20 6.19 16800. 00 -61. 40 16185. 92 0. 0004 0. 0038
Analysis of Load Case 4 : NP+OW+EQ+FS+BS
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 33. 89 14000. 00 12923. 67 0. 0024
10 38. 27 14000. 00 -47. 32 12923. 67 0. 0027 0. 0037
20 12. 66 14000. 00 -67.87 13488. 27 0. 0009 0. 0050
Analysis of Load Case 5 : NP+HW+HI
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 80. 47 16800. 00 15508. 41 0. 0048
10 2.03 16800. 00 -54.23 15508. 41 0. 0001 0. 0035
20 16800. 00 -107. 33 16185. 92 0. 0066
Analysis of Load Case 6 : NP+HW+HE
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 80. 47 16800. 00 15508. 41 0. 0048
10 2.03 16800. 00 -54.23 15508. 41 0. 0001 0. 0035
20 16800. 00 -107. 33 16185. 92 0. 0066
Analysis of Load Case 7 : IP+OW+WI+FW+BW
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 6930. 38 16800. 00 15508. 41 0.4125
10 6036. 52 16800. 00 15508. 41 0. 3593
20 6.19 16800. 00 -61. 40 16185. 92 0. 0004 0. 0038
Analysis of Load Case 8 : IP+OW+EQ+FS+BS
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 6930. 38 14000. 00 12923. 67 0. 4950
10 6040. 64 14000. 00 12923. 67 0. 4315
20 12. 66 14000. 00 -67.87 13488. 27 0. 0009 0. 0050
Analysis of Load Case 9 : EP+OW+WI+FW+BW
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 33. 89 16800. 00 15508. 41 0. 0020
10 34.15 16800. 00 -43. 20 15508. 41 0. 0020 0. 0028
20 6.19 16800. 00 -61. 40 16185. 92 0. 0004 0. 0038
Analysis of Load Case 10 : EP+OW+EQ+FS+BS
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 33. 89 14000. 00 12923. 67 0. 0024
10 38. 27 14000. 00 -47. 32 12923. 67 0. 0027 0. 0037
20 12. 66 14000. 00 -67.87 13488. 27 0. 0009 0. 0050
Analysis of Load Case 11 : HP+HW+HI
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 6669. 53 21840. 00 21309. 01 0. 3054
10 5947. 22 21840. 00 21309. 01 0.2723
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20 21840. 00 -107. 33 21853. 30 0. 0049
Analysis of Load Case 12 : HP+HW+HE
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 6669. 53 21840. 00 21309. 01 0. 3054
10 5947. 22 21840. 00 21309. 01 0.2723
20 21840. 00 -107. 33 21853. 30 0. 0049
Analysis of Load Case 13 : IP+WE+EW
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 6930. 38 16800. 00 15508. 41 0.4125
10 6036. 52 16800. 00 15508. 41 0. 3593
20 6.19 16800. 00 -61. 40 16185. 92 0. 0004 0. 0038
Analysis of Load Case 14 : IP+WF+CW
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 6921. 05 16800. 00 15508. 41 0.4120
10 5999. 09 16800. 00 15508. 41 0. 3571
20 16800. 00 -20.74 16185. 92 0.0013
Analysis of Load Case 15 : IP+VO+0OW
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 6930. 38 16800. 00 15508. 41 0.4125
10 6036. 52 16800. 00 15508. 41 0. 3593
20 6.19 16800. 00 -61. 40 16185. 92 0. 0004 0. 0038
Analysis of Load Case 16 : IP+VE+EW
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 6930. 38 16800. 00 15508. 41 0.4125
10 6036. 52 16800. 00 15508. 41 0. 3593
20 6.19 16800. 00 -61. 40 16185. 92 0. 0004 0. 0038
Analysis of Load Case 17 : NP+VO+0OW
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 33. 89 16800. 00 15508. 41 0. 0020
10 34.15 16800. 00 -43. 20 15508. 41 0. 0020 0. 0028
20 6.19 16800. 00 -61. 40 16185. 92 0. 0004 0. 0038
Analysis of Load Case 18 : FS+BS+IP+0OW
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 6930. 38 16800. 00 15508. 41 0.4125
10 6036. 52 16800. 00 15508. 41 0. 3593
20 6.19 16800. 00 -61. 40 16185. 92 0. 0004 0. 0038
Analysis of Load Case 19 : FS+BS+EP+0OW
From Tensil e Al l. Tens. Conp. Al l. Conp. Tens. Conp.
Node Stress Stress Stress Stress Rati o Rati o
10 33. 89 16800. 00 15508. 41 0. 0020
10 34.15 16800. 00 -43. 20 15508. 41 0. 0020 0. 0028
20 6.19 16800. 00 -61. 40 16185. 92 0. 0004 0. 0038

Absol ute Maxi mum of the all

of the Stress

Ratio's

0. 4950



PV Elite 2009 Licensee: PRESSURE VESSEL ENG NEERI NG
FileNane : PVE Sample 14 @ -------mmmm i oo - Page 38 of 47
Stress due to Combi ned Loads : St ep: 14 10:38a Jun 19, 2009

Governing Element: Elliptical Head
Governing Load Case 8 : IP+OW+EQ+FS+BS

PV Elite 2009 ©1993-2009 by COADE Engineering Software
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Center of Gravity Calculation : St ep: 15 10:38a Jun 19, 2009

Shop/Field Installation Options :

Note : The CG is computed from the first Element From Node

Center of Gravity of Nozzles
Center of Gravity of Legs

Center of Gravity of Bare Shell New and Cold
Center of Gravity of Bare Shell Corroded

Vessel CG in the Operating Condition
Vessel CG in the Fabricated (Shop/Enpty) Condition

PV Elite 2009 ©1993-2009 by COADE Engineering Software
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Leg Check, (Operating Case) : St ep:

RESULTS FOR LEGS : Operating Case Description: LEGS
Legs attached to: Elliptical Head

Section Properties : Single Angle L3X3X0.2500

USA AISC 1989 Steel Table

Overall Leg Length

Ef fective Leg Length

Di stance Leg Up Side of Vessel
Number of Legs

Cross Sectional Area for L3X3X0.2500
Section lnertia ( strong axis )
Section lnertia ( weak axis )
Section Modul us ( strong axis )
Section Modul us ( weak axis )
Radi us of Gyration ( strong axis )
Radi us of Gyration ( weak axis )

Leg Orientation - Diagonal

Overturning Moment at top of Legs
Total Weight Load at top of Legs

Total Shear force at top of Legs
Additional force in Leg due to Bracing
Occasi onal Load Factor

Ef fective Leg End Condition Factor

Note: The Legs are Not Cross Braced
The Leg Shear Force includes Wind and Seismic Effects

Maximum Shear at top of one Leg [Vleg]:

( Max(Wnd, Seismic) + Fadd ) * ( I max /
( 42.4 + 0.0) * ( 2.0/ 4.98)

16. 92 | bf

Axial Compression, Leg futhest from N.A. [Sma]
((WNl eg)+(Meg/ (N egntRn)))/ Al eq)

135. 12 psi

Axial Compression, Leg closest to N.A. [Sva]
( W/ Neg) !/ Aeg
( 707 / 4 ) | 1.440

Legl en

Nl eg
Al eg

Fadd
Occf ac

Itot )

((707 / 4 ) + (8105 /( 2 * 19.00 )))/ 1.440 )

3. 0000
. 84200
. 78300
. 71700
. 68750
. 85477
. 35702
1.2442

cNeoloNoNoNe]

122. 78 psi
Conputing Principal Axis and Inertias for Angle.
Leg |l engths and thickness: 3. 0000
Di stance to geonetric centroid: 0.84200
Arm about YY: 0. 71700
Arm about 2Zzz: 0. 65800
Leg areas: 0. 75000
Geonetric inertia conponents YY: 0.38947
Geonetric inertia conponents ZZ: 0.88722
Geonetric inertias ly & |z: 1.2442
Product of inertia: 0. 73981

Mohr s Radi us: 0. 73981

31.000 in
21.000 in
10.000 in
4
1.440 in2
1.240 in**4
1.240 in**4
0.577 in3
0.577 in3
0.930 in
0.930 in

675.5 in-Ib

707.2 | bf
42. 4 | bf
0.0 I Dbf
1.333
1. 000
0. 25000
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Leg Check, (Operating Case) : St ep: 16 10:38a Jun 19, 2009
Average Inertia: 1.2442
QFACT = 1. 0000 FBZ = 21. 600
Principal Axis Inertias (Z&W = 0.50443 1.9840
Angle to Principal Axis = 45. 000
Di stances to extrene fibers CW& CZ = 2.1213 0. 93055
FOB from Eq 5-5 = 336. 31
Bendi ng al | owabl es Fby & Fbz = 23. 760 21. 600
Shear Center Coordinates W & Zo: 0.99873 0. 0000
Val ues for Elastic Flexural-Torsional Buckling Stress:
E, G J, RO2: 29500. 11346. 0. 30000E-01 2.7256
AREA, LENGTH, Kw, Kz: 1. 4400 21. 000 1. 0000 1. 0000
H, Few, Fez, Fej: 0. 63403 909. 65 231. 27 86. 726
Fe conputed from C4-1: 83. 627
Initial (KI/r)max, & (KI/r)equiv = 35. 481 59. 005
Final (KI/r)max, & Cc = 59. 005 127.18
Fa based on Eq 4-1 = 17.573
Act ual Al | owabl e

Weak Axis Bending : 463. 39 28792. 80 psi
Strong Axis Bending : 268. 57 31672. 08 psi
Axi al Conpression : 135.12 23424. 36 psi
UNI TY CHECKS ARE: H1-1 0. 000

H1-2 0. 000

H1-3 0. 030
Al SC Unity Check : 0. 030 Should be <=to0 1
Bolting Size Requirement for Leq Baseplates :
Basepl ate Materi al SA- 36
Basepl ate Al l owable Stress SBA 16600. 00 psi
Basepl ate Length D 6.0000 in
Baseplate Wdth B 6.0000 in
Basepl ate Thickness BTHK 0.2500 in
Leg Di nensi on Al ong Basepl ate Length d 3.0000 in
Leg Di nensi on Al ong Baseplate Wdth b 3.0000 in
Dist. fromthe Leg Edge to Bolt Hole Center z 2.0000 in
Bolt Materi al SA- 193 BY
Bolt Allowable Stress STBA  25000. 00 psi
Anchor Bolt Nom nal Dianeter BOD 1.0000 in
Number of Anchor Bolts in Tension per Leg NB 2
Total Number of Anchors Bolt per Leg NBT 1
Utimte 28-day Concrete Strength FCPRI ME 3000. 000 psi

LEG BASEPLATE and BOLTING Analysis, including Moments
Angle Leg

Base Plate Available Area (AA):
B* D

6.00 * 6.00

36.00 in2

Clearance Between The Bolt And The Leg Edge (BCL):
=z - BOD/ 2
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Leg Check, (Operating Case) : St ep: 16 10:38a Jun 19, 2009

2.00 - 1.00 / 2
1.50 in

Moment at Baseplate (MOMENT):
Vieg * Lleg

16.92 * 31.00
524.40 in-lb

Eccentricity (e):
= MOMENT *1.00/ P
524.40 *1.00 / 176.80
2.97 in > D6 [Plate Uplift Condition]

MAX[ ABS(MAX[ B, D] - MAX[b,d]) / 2, ABS(MN B, D] - MN[b,d]) / 2]
MAX[ 1. 50 ,1.50 ]
1.50 in

There is uplift, the total number of bolts should be > 1
AND
the total number of bolts in tension should be > 0.

PV Elite 2009 ©1993-2009 by COADE Engineering Software
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Leg Check, (Filled w Water) : St ep:

RESULTS FOR LEGS : HydroTest Case Description: LEGS
Legs attached to: Elliptical Head

Section Properties : Single Angle L3X3X0.2500

USA AISC 1989 Steel Table

Overall Leg Length

Ef fective Leg Length

Di stance Leg Up Side of Vessel
Number of Legs

Cross Sectional Area for L3X3X0.2500
Section lnertia ( strong axis )
Section lnertia ( weak axis )
Section Modul us ( strong axis )
Section Modul us ( weak axis )
Radi us of Gyration ( strong axis )
Radi us of Gyration ( weak axis )

Leg Orientation - Diagonal

Overturning Moment at top of Legs
Total Weight Load at top of Legs

Total Shear force at top of Legs
Additional force in Leg due to Bracing
Occasi onal Load Factor

Ef fective Leg End Condition Factor

Note: The Legs are Not Cross Braced
The Leg Shear Force includes Wind and Seismic Effects

Maximum Shear at top of one Leg [Vleg]:

( Max(Wnd, Seismic) + Fadd ) * ( I max /
( 0.0 +0.0) * ( 2.0/ 4.98)

0. 00 | bf

Axial Compression, Leg futhest from N.A. [Sma]
((WNl eg)+(Meg/ (N egntRn)))/ Al eq)

508. 35 psi

Axial Compression, Leg closest to N.A. [Sva]
( W/ Neg) !/ Aeg
( 2928 / 4 ) | 1.440

Legl en

Nl eg
Al eg

Itot )

((2928 / 4) + (0 /( 2 * 19.00 )))/ 1.440 )

3. 0000
. 84200
. 78300
. 71700
. 68750
. 85477
. 35702
1.2442

cNeoloNoNoNe]

508. 35 psi
Conputing Principal Axis and Inertias for Angle.
Leg |l engths and thickness: 3. 0000
Di stance to geonetric centroid: 0.84200
Arm about YY: 0. 71700
Arm about 2Zzz: 0. 65800
Leg areas: 0. 75000
Geonetric inertia conponents YY: 0.38947
Geonetric inertia conponents ZZ: 0.88722
Geonetric inertias ly & |z: 1.2442
Product of inertia: 0. 73981

Mohr s Radi us: 0. 73981

31.
21.

-
OooOoORrRRRRAO

000 in
000 in
.000 in
.440 in2
.240 in**4
.240 in**4
.577 in 3
.577 in 3
930 in
.930 in
0.0 in-lb
8.1 |bf
0.0 | bf
0.0 | bf
000

000

0. 25000
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Average Inertia: 1.2442
QFACT = 1. 0000 FBZ = 21. 600
Principal Axis Inertias (Z&W = 0.50443 1.9840
Angle to Principal Axis = 45. 000
Di stances to extrene fibers CW& CZ = 2.1213 0. 93055
FOB from Eq 5-5 = 336. 31
Bendi ng al | owabl es Fby & Fbz = 23. 760 21. 600
Shear Center Coordinates W & Zo: 0.99873 0. 0000
Val ues for Elastic Flexural-Torsional Buckling Stress:
E, G J, RO2: 29500. 11346. 0. 30000E-01 2.7256
AREA, LENGTH, Kw, Kz: 1. 4400 21. 000 1. 0000 1. 0000
H, Few, Fez, Fej: 0. 63403 909. 65 231. 27 86. 726
Fe conputed from C4-1: 83. 627
Initial (KI/r)max, & (KI/r)equiv = 35. 481 59. 005
Final (KI/r)max, & Cc = 59. 005 127.18
Fa based on Eq 4-1 = 17.573
Act ual Al | owabl e

Weak Axis Bending 0. 00 21600. 00 psi
Strong Axi s Bendi ng 0. 00 23760. 00 psi
Axi al Conpression 508. 35 17572. 66 psi
UNI TY CHECKS ARE: H1-1 0. 000

H1-2 0. 000

H1-3 0. 029
Al SC Unity Check : 0. 029 Should be <=to0 1
Bolting Size Requirement for Leq Baseplates :
Basepl ate Materi al SA- 36
Basepl ate Al l owable Stress SBA 16600. 00 psi
Basepl ate Length D 6.0000 in
Baseplate Wdth B 6.0000 in
Basepl ate Thickness BTHK 0.2500 in
Leg Di nensi on Al ong Basepl ate Length d 3.0000 in
Leg Di nensi on Al ong Baseplate Wdth b 3.0000 in
Dist. fromthe Leg Edge to Bolt Hole Center z 2.0000 in
Bolt Materi al SA- 193 BY
Bolt Allowable Stress STBA  25000. 00 psi
Anchor Bolt Nom nal Dianeter BOD 1.0000 in
Number of Anchor Bolts in Tension per Leg NB 2
Total Number of Anchors Bolt per Leg NBT 1
Utimte 28-day Concrete Strength FCPRI ME 3000. 000 psi

LEG BASEPLATE and BOLTING Analysis, including Moments
Angle Leg

Base Plate Available Area (AA):
B* D
6.00 *
36. 00

6. 00
i n2

Clearance Between The Bolt And The Leg Edge (BCL):
=z - BOD/ 2
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Leg Check, (Filled w Water) : St ep: 17 10:38a Jun 19, 2009

2.00 - 1.00 / 2
1.50 in

Moment at Baseplate (MOMENT):
Vieg * Lleg

0.00 * 31.00

0.00 in-lb

Bearing Pressure (FC):
P/ AA

176.80 / 36.00
4.91 psig

ABS (MAX[B,D] - MAX[b,d]) / 2
ABS(6.00 - 3.00 ) / 2
1.50 in

ABS (MNB,Dl - MN b,d]) / 2
ABS(6.00 - 3.00 ) / 2
1.50 in

The Baseplate Required Thickness (TREQ):

(3 * FC* MAX(mn)2 / (1.5 * SBA) )%
(3 * 4.91 * 1.502 / 24900.00 )%
0.04 in

Baseplate Lifting Moment (MBB):
RmMeg + V * Length

0.00 + 0.00 * 31.00
0.00 in-lb

Required Total Bolt Area per Leg (ABREQB): per H. Bednar

(1/ STBA) * ((4 * MBB/ (Nhegm* OD) ) - P)

(1 / 25000.00 ) * ((4 * 0.00/ (2 * 36.00) ) - 176.80 )
-0.0071 in2 --> (No tension in bolts)

** No Tensile Bolt Loads. Choose a practical bolt size! **

Summary of Results:

Act ual Requi r ed
Basepl ate Thi ckness (in): 0. 250 0.036
Bolt Root Area (D. Moss) (inz): 1.10 0. 00

PV Elite 2009 ©1993-2009 by COADE Engineering Software
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Design Code: ASME Code Section VIII Division 1, 2007 A-08

Di aneter Spec : 36.000 in OD

Vessel Design Length, Tangent to Tangent 53.56 in

Di stance of Bottom Tangent above G ade 0.00 in

Speci fi ed Datum Li ne Di stance 0.00 in

Shel | / Head Mat | SA-516 70

Shel | / Head Mat | SA- 105

Nozzl e Materi al SA-106 B

Re- Pad Materi al SA-516 70

I nternal Design Tenperature 200 F

I nternal Design Pressure 125.00 psig

Ext ernal Design Tenperature 70 F

Maxi mum Al | owabl e Worki ng Pressure 129.55 psig
External Max. All owabl e Working Pressure 38.84 psig
Hydrostatic Test Pressure 168.42 psig

Requi red M ni mum Design Metal Tenperature -20 F

War mest Conput ed M ni num Desi gn Metal Tenperature -51 F

W nd Desi gn Code No W nd Loads
Eart hquake Desi gn Code NBC

Element Pressures and MAWP: psig

El ement Desc Internal External MA WP Corr. All.
Elliptical Head 126. 900 0. 000 154.516 0. 0625
Shel | 126. 900 0. 000 144.544 0. 0625
36" 150# WN Fl ange 126. 900 0. 000 258. 100 0. 0625

Bl i nd Cover 126. 900 0. 000 258. 100 0. 0625
Liquid Level: 62.56 in Dens.: 0.000 I bmfts Sp. G.: 0.000

El ement "To" Elev Length El ement Thk Reqgd Thk Joint Eff
Type in in in I nt. Ext. Long Circ
Ellipse 2.00 2. 000 0. 250 0. 195 No Calc 0.85 0.70
Cyl i nder 43.81 41. 810 0. 250 0. 225 No Calc 0.70 0.70
Body Flg 50. 00 6. 190 3. 560 No Cal c 3. 497 1.00 1.00
Body Flg 53. 56 3. 560 3. 560 No Cal c 3. 497 1.00 1.00

Element thicknesses are shown as Nominal if specified, otherwise are Minimum

Eart hquake Monment on Support 1351. in-1b
Eart hquake Shear on Support 64. | bf

Note: Wind and Earthquake moments include the effects of user defined
forces and moments if any exist in the job and were specified
to act (compute loads and stresses) during these cases. Also
included are moment effects due to eccentric weights if any are
present in the input.

Weights:
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Fabricated - Bare WO Renovable Internals 767.9 |bm

Shop Test - Fabricated + Water ( Full ) 2988.8 |bm

Shi ppi ng - Fab. + Rem Intls.+ Shipping App. 767.9 |bm

Erect ed - Fab. + Rem Intls.+ Insul. (etc) 767.9 |bm

Enmpt y - Fab. + Intls. + Details + Wjhts. 767.9 |bm

Operating - Enmpty + Operating Liquid (No CA) 767.9 |bm

Field Test - Enpty Weight + Water (Full) 2988.8 I bm
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