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Nozzles W Couplings / Supports@  [Design Specifications Shell | Tube Eg?g%%ﬁ [}]3%5)1 e
Lokel[ Size:  Description Ves¢" | Lobel] Size: Description s Design Pressure psig| 150/FV | 75/Fv Reflux Clonolergser J
A 24" 150 # ANSI S.ORF 29 Gl ]0.753000 # Half Length 37 Test Pressure psig 195 98 [tem No. E-4201
B 20" 150 # ANSI SORF 29 Ge  [0.75 3000 # Half Length 37 Min. Design Temperature F -20 -20 Date: March 1, 2007 Job No. 7793
C 18" 150 # ANSI S.ORF 6 J 0.5 3000 # Holf Length| 36.9375 Max. Design Temperaturef 300 300 '
D [ 6" 150 # ANSI S.ORF 6 LLI Lif ting Lug 1 30 to hole| Nurber of Posses 1 ! DCR Construction, Inc
E 6° 150 # ANSI S.ORF 49 LLe Lifting Lug 2 30 to hole[ Corrosion Allowance in 0.0625 0.0 Lakeland, Florid
F1 | 3" 150 # ANSI S.ORF 42 LL3 Lifting Lug 3 30 to hole| Radiographing None | None aketand, rlorica
Fe 3" 150 # ANSI SORF 42 LL4 Lifting Lug 4 30 to hole| Post-Weld Heat Treatment None | None ASME VIII-1 2004 A06 Setting Plan
H 2" 150 # ANSI S.ORF 6 VC1-3| Vessel Clips 1-3 44 to End |yt Empty: 21116 Full: 44452 Bundle: 7778 lb TEMA Type: BEM 9
K 6’ 150 # ANSI S.ORF 6 VC4-6| Vessel Clips 4-6 24 to End |Rev: | Date:| Description Dwg | Ckd | Appd | Size: 31-240 Dwg No.: Rev:
4 [ 12-10-07] Certified As-Built RJT | DGB PW | TEMA Closs: C E-4201 01 4




Component 0.D. | Thk. Materials of Construction Dimensions: in
Nozzle A Inlet 24.0 0688 [150 # ANSI S.ORF Flg SA-105 on SA-33 K03005 Grd E/B Wld. pipe
Nozzle B Jutlet 20.0 0375 150 # ANSI S.ORF Flg SA-105 on SA-53 K03005 Grd E/B Wld. pipe
Nozzle C Inlet 18.0 0379 | 150 # ANSI S.ORF Flg SA-182 on SA-312 S30400 Grd TP304 Wid. pipe
Nozzle D Outlet 6625 | 028 190 # ANSI S.ORF Flg SA-182 on SA-312 S30400 Grd TP304 Wld. pipe
Nozzle E Inlet 6620 | 0432 [130 # ANSI SORF Flg SA-182 on SA-312 S30400 Grd TP304 Wld. pipe
Nozzle Fl 3.5 0.3 150 # ANSI S.ORF Flg SA-182 on SA-312 S30400 Grd TP304 Wld. pipe
Nozzle F2 39 0.3 150 # ANSI S.ORF Flg SA-182 on SA-312 S30400 Grd TP304 Wld. pipe
Nozzle H Outlet 2375 | 0218 150 # ANSI S.ORF Flg SA-182 on SA-312 S30400 Grd TP304 Wld. pipe
Nozzle K Qutlet 6625 | 028 150 # ANSI S.ORF Flg SA-182 on SA-312 S§30400 Grd TP304 Wld. pipe
Coupling Gl 0.73 3000 # Holf Length SA-182 §30400 Grd. F304 Forging
Coupling G2 0.73 3000 # Holf Length SA-182 S30400 Grd. F304 Forging
Coupling J 0.5 3000 # Half Length SA-182 §30400 Grd. F304 Forging —

HT/D CR Engiﬁeeﬁngg, Inc. All .id(f:s, designz, ar:'traar;yg(e)menlsC

Shell Cylinder 32 | 0375 |SA-516 K02700 Grd 70 plate o Engincaring, o, Any use of s nformation by
Front Head Cylinder 32 | 025 |SA-240 S30400 Grd 304 Plate WLPgineering, Ic. ' feniesohe ban et took narod oy
Front Head Cover 32| 025 [SA-240 S30400 Grd 304 Plate (Ellipsoidal Cover) o Exgmening B are o 22 | rofal. Use o o rofet f iy rOblGA.
V.C. Rear Head Cylinder /2 0.3125 |SA-240 S30400 Grd 304 Plate , o ,
V.C. Rear Head Cover 72 0.50  |SA-240 S30400 Grd 304 Plate (Ellipsoidal Cover) Design Specifications
Front Tubesheet 32.29 1.75 SA-240 S30400 Grd 304 Plate Shell Side | Tube Side
Front Heod Flange at Thsht [35.25 | 14375 |[SA-240 S30400 Grd 304 Plate (Ring Flange) (32.125 ID) Design Pressure psig 150/15 73/13
Front Head Gasket at Thsht| 33 0125 |[Solid Teflon 1/8in Thickness (Periph. Width 0.5 in) Test Pressure psig 195 98
Front Head Bolting at Thsht| 0.5 SA-193 (41400 Grd B7 Bolt (24 Bolts on 34.00 in B.C) Design Temperoture F 300 300
Tukes 0.75 0.049 SA-249 S30400 Grd TP304 Wld. tube (Plain Tubes) Number of Poasses 1 1
Baffles 31.063| 0.3125 |SA-36 K02600 Plate Corrosion Allowance in 0.0625 0.0
Distributor Belts 46 0.5 SA-316 K02700 Grd 70 Plate (Tube-Ts Joint: Radiographing None None
Distributor belt closure 47 0.730 SA-516 K02700 Grd 70 Plate TEMA Type: BEM Size: 31-240 Area: 3224 ft2
Nameplate - 0.1046 |SA-240 S30400 Grd 304 Plate Tube Type: Plain # Holes: 821 Length: 240 in
Nameplate Bracket = 0.25 SA-240 S30400 Grd 304 Plate Layout: 1.0 in (30) Tubke-Ts Joint: Exp/Str.Welded
Head Lift Lugs - 0.500 SA-240 S30400 Grd 304 Plate Baffle Type: Triple Seaq. Cut: 167 V No: 15
Shell Lift Lugs - 1.000 SA-36 K02600 Plate Baffle Spacing (C-C) 12.625 Inlet: 27.75 in
Shell Lift Lug Repads . 0.625 |SA-316 K02700 Grd 70 Plate Impingement Protection: None
Skirt 72,000 0.375 |SA-316 K02700 Grd 70 Plate Code: ASME VIII-1 2004 AQ6 TEMA Class: C
Anchor Chair - Top Ring 84.000| 1.000 SA-J16 K02700 Grd 70 Plate Wt Empty: 21116 Full: 44452 Bundte: 7778 lb
Anchor Chair - Bottom Ring |84.000| 1.000 SA-516 K02700 Grd 70 Plate Drawn By: BM Ckd By: Apvd By: PW
Anchor Chair - Gussets - 0.500 SA-36 K02600 Plate Dwg No.: Rev: 8 Date: 12-10-07
Skirt - Vent 3500 | 0.216 SA-03 K03005 Grd E/B Wld. pipe ,
Transition 32-72| 03125 |SA-240 S30400 Grd 304 Plate Eggg%% %%i Ceo_%itg bIC Qi e
V.C. Rear Heod Flng ot Tbsht|3550 | 1750 | SA-240 S30400 Grd 304 Plate Reflux Condeseer o
V.C. Flange Cylinder 32 0.3125 [SA-240 S30400 Grd 304 Plate [tem No.: E-4201
Rear Tubesheet 3550 | 1.75 SA-240 S30400 Grd 304 Plate Date: May 5, 2007 Job No. 7793
Rear Head Gasket at Thsht | 3325 | 0125 [Solid Teflon 1/8* Thickness (Periph. Width 0.50 in.)
Tie Rods 0.9 SA-36 Bar :
Spacers 075 | 0109 |SA-214 K01807 Wld. Tube DCR COMSJCPUCJC.IOV], Inc'
V.C. Head Bolting at Thsht | 0.50 SA-193 (41400 Grd B7 Bolt (24 Bolts on 34.25 in. BC. Plate) : Lokeland, Florida
Vessel Clips 1-3 025 |SA-240 S30400 Grd 304 Plote REV 7 Revised Per . .
Vessel Clips 4-6 025  [SA-516 K02700 Grd 70 Plate DR Request Bill Of Material
Skirt Nozzle Sleeve 10.75] 0.2 SA-93 K03005 Grd E/B Wid. pipe REV 8 Certified As- | Dwg No. Rev:

Built E-4201 02 8
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Notes: Location: Bunge-Ergon
Reflux Condenser
[tem No. E-4201
Date: March 1, 2007 Job No. 7793
DCR Construction, Inc.
Scaler NTS Lakeland, Florida
Rev: | Date: Description Dwg | Ckd | Appd | ASME VIII-1 2004 AQ6 .
e 1 e 23 2 3425 2629 I |08-24-07 Tssued for Construction | KFF_| DGB | PW | TEMA Type: BEM sectional Plan
101 24 05 55 34.00 0.625 , .
Ref | No | Bolt Dia. |Bolt Length |Bolt Circle | Bolt Hole C__ |10-09-07 | Revised Per DR Request | KFF | DGB | PW | Size: 31-240 Dwg No. Rev:
Bolting 3 [12-10-07 | CERTIFIED AS-BUILT RJT | DGB | PW | TEMA Class: C £-4201 03 3
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Reflux Condenser
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Dote: May 5, 2007 Job No. 7793
DCR Construction, Inc.
Scaler NTS Lakeland, Florida
Rev: | Dote:| Description Dwg | Ckd | Appd |ASME VIII-1 2004 A06 ,
1 08-24-07 | Issued for Construction | KFF  |DGB | PW TEMA Type: BEM Bundle Detalil
2 12-10-07 | CERTIFIED AS-BUILT RJT _|DGB PW Size: 31-240 Dwg No: Rev:
TEMA Class: C E-4201 04 P




Shell ID 31.25 in
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Design Specifications | | Notes Ut Binge—t Moo
Number of Tube Holes 821 Tie Rod Locations K -12.100 -8.900 Reflux Condenser
Tube Outside Diometer 0.75 in A 174604 14.8636 L -14.600  -3.500 [tem No. E-4201
Tube Pitch 1 in B 4,299 14.393 M -8.6600 0.000 Date: May 5, 2007 Job No.: 7793
Tube Pattern Trianqular C 12.1000 8.900 N -12.100  8.900 .
Tube Passes 1 D 86600  0.000 0 -4299 14393 DCR Construction, Inc.
Numker of Tie Rods 16 E 14.600 -3.500 P -1.74604 14.8636 .
Tie Roel Diguetor 05 in £ 121000 __-8.900 Scoler NTS : Lakeland, Florido
Baffle Diameter 31.0625 in G 4,299 -14.393 Rev: | Date:| Description Dwg | Ckd | Appd |ASME VIII-1 2004 AQ6 Tube Lavout
Baffle Type Triple Segmental H 174604 -14.8636 1 |08-24-07 Issued for Construction | KFF |DGB | PW | TEMA Type: BEM you
Boffle Cut 177 [ -1.74604 -14.8636 2 [12-10-07 | CERTIFIED AS-BULT RJT_[DGB_ | PW | Size: 31-240 Dwg No: Rev!
Tube Thickness 0.049 in J -4299  -14.393 TEMA Class: C E-4201 05 e
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ot Location: Bunge-Ergon
AU DMQHQOHS U1IhCh€S Rerux Condenser
Bolt holes to straddle centerlines Item No.: E-4201
Weld joint details per drawing 20 Date: March 2, 2007 Job No.: 7793
DCR Construction, Inc
Scoler NTS Lakeland, FL
Rev: | Dote:| Description Dwg | Ckd | Appd | ASME VIII-1 2004 A0 Shell Detail
1 |08-24-07| lssued for Constructin | KFF [DGB | Pw | TEMA Type: BEM
2 12-07-07 Added Weld Seam KFF | DGB Pw Size: 31-240 Dwg No: Rev:
3 12-10-07 | CERTIFIED AS-BUILT RJT |DGB PwW TEMA Closs: C E-4201-06A 3
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2830 Parkway Sireel » Laheland FL 33811

This drawang conlains intekectual property of HT/DgR
c Engineering, Inc. All ideas, designs, amangements
P and know-how remain the property of HT/DcR
R . Engineering, Inc. Any use of Lhis information by
Eng/neermg, /nc. entilies other Ihan Ihe lile block named enlity s
prohibiled. Use of this drawing by the lille biock
Phone: 863-904-2080 « Fax 863-913-1091 named entily is limiled o the specific litle block named
Floicda Enginwering Business Licente Ho. 28522 § projecl. Use on other projects is striclly prohibited.

Notes:

All Dimensions In Inches

Bolt holes to straddle centerlines
Weld joint details per drawing 20

Company: DCR

Location: Bunge-Ergon

Reflux Condenser

[tem No.: E-4201

Date: March 2, 2007 Job No.: 7793

DCR Construction, Inc

Lakeland, FL

Scale: NTS

Rev: | Date:| Description Dwg | Ckd | Appd | ASME VIII-1 2004 A04 Shell Detall

1 08-24-07 | Issued for Constructin | KFF  [DGB [ PW TEMA Type: BEM

2 |12-10-07 | CERTIFIED AS-BUILT RJT |DGB [ PW Size: 31-240 Dwg No: Rev:
TEMA Class: C E-4201-06B 2
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[tem No.: E-4201
Date: March 2, 2007 Jobk No. 7793

DCR Construction, Inc
Laokeland, FL

Scale:  NTS

Rev: | Date:| Description Dwg | Ckd | Appd | ASME VIII-1 2004 A06 .

L[ 08-24-07] Issued for Construction | _KFF | DGB | PW | TEMA Type: BEM Upper Vopor Belt Detail

2 12-10-07 | CERTIFIED AS-BUILT RJT | DGB | PW | Size: 31-240 Dwg No.: Rev:
TEMA Class: C E-4201 07A 2
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Date: March 2, 2007 Job No. 7793
DCR Construction, Inc
Scale: NTS Lokeland, FL
Rev: | Date:| Description Dwg | Ckd | Appd |ASME VIII-1 2004 AQ6 ,
1 [08-24-07 Issued for Construction | KFF [DGB | PWw | TEMA Type: BEM Lower Vapor Belt Detail
2 12-10-07 | CERTIFIED AS-BUILT RJT [DGB PW Size: 31-240 Dwg No.: Rewv:
TEMA Class: C E-4201 07B 2
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Engineering, Inc.
2830 Parkway Sireel » Lakeland, FL 33811
Phone: 863-904-28B0 ¢ Fax: 863 913-1091

Engineering, Inc. Any use of this Informallon by
enlities other than the litle block named entily is
prohibiled. Use of this drawing by Ihe lille block
: named enlily is limited Lo Ihe specific il block named
Florida Engineering Business License No. 26522 | praject. Usa o edher projocts B sliclly prohibiled.

Notes:

All Dimensions In Inches

Bolt holes to straddle centerlines
Weld joint details per drawing 20

Company: DCR
Location: Bunge

-Ergon

Reflux Condenser

[tem No. E-4201

Date: March 1, 2007 Job No. 7793

DCR Construction, Inc.

Lakeland, Florida

Scale: NTS

Rev: | Date:| Description Dwg | Ckd | Appd | ASME VIII-1 2004 AQ€ ;

1 [06-24-07 | Issued for Construction | KFF_|DGB_| PW__| TEMA Type: BEM Front Head Detai

2 [ 12-10-07 | CERTIFIED AS-BuILT RJT_[DGB_ | PW | Size: 31-240 Dwg No. Rev:
TEMA Class: C E-4201 08 2
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All Dimensions In Inches ReFlux Condenser\
Bolt holes to stroddle centerlines Item No.: E-4201
Weld joint details per drawing 20 Date: March 1, 2007/ Jok No. 7793
DCR Construction, Inc.
Scaler NTS Lokeland, Florida
Rev: | Date:| Description Dwg | Ckd | Appd | ASME VIII-1 2004 A0O§ :
H
4 | 12-10-07 | CERTIFIED AS-BUILT RJT |DGB | PW | TEMA Type: BEM Rear Head Detall
2 [08-24-07 Issued For Construction | KFF | DGB | PW | Size: 31-240 Dwg No: Rev:
3 |10-09-07| Revised Per DR Request | KFF | DGB | PW | TEMA Class: C E-4201 09 4
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All Dimensions In Inches
Bolt holes to straddie centerlines
Weld joint details per drawing 20

Company: DCR Construction, Inc.

Location: Bunge
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Reflux Condenser

[tem No.: E-4201

Date: May 5, 2007 Job No.: 7/93

HT/DER

Engineering, Inc.
830 Parkway Streel » Lakeland, FL 33811
Phone: 863-904-2830 » Fax: 863-913-1091
Fieeds Engneenag Busarss Lisense No. 26522

This dawing contnins ntalooius propeiy of HTADCR
Engineering, Inc. AN ideas, deslgns, amangemenls
and know-how remain lhe property of HT/DcR
Engineering, Inc. A of this information by

nlities other than block named enlity is
prohibiled. Use of Lhis drawing by Lhe lille block
named enlily is limited 1o the specific lille block named
project Use on olher projocts i sirctly pwohibiod. l

DCR Construction, Inc

Lakeland, Florida

Scale: NTS

Rev: | Date:| Description Dwg | Ckd | Appd | ASME VIII-1 2004 A0

1 [08-24-07 | Issued for Construction | KFF_ |DGB_ | PW_ | TEMA Type: BEM Bundle Detail

2 12-10-07 | CERTIFIED AS-BUILT RJT [DGB PW Size: 31-240 Dwg No.: Rewv:
TEMA Class: C E-4201 11 2
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All Dimensions
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Locotions Shown in DWG

In Inches
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Reflux Condenser

Date: May 5, 2007 Job No. 7793

£-4201 05 DCR Construction, Inc,

Scoler NTS Laokeland, Florida

Rev: | Date:| Description Dwg | Ckd | Appd | ASME VIII-1 2004 A0 ,

1 08-24-07 | Issued for Construction | KFF |DGB | PW TEMA Type: BEM Front Tubesheet Detail

2 [12-10-07 | CERTIFIED AS-BUILT RJT |[DGB [Pw | Size: 31-240 Dwg No: Rev:
TEMA Class: C E-4201 14 0
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Task Name . Start Finish % Complete

“od

' _[Bunge-Ergon #4500142848 (DCR in KY) | Mon 6/25/07 Wed 9/19/07 __ 58% o
£ _E-4501 {st Effect Evaporator o Fri 6/29/07] Wed 9/19/07 59% R I

) E-4502 2nd Effect Evaporator  Wed6/27/07' Mon 9/17/07 62% e )
4 _E-4503 3rd Effect Evaporator ~ Mon 6/25/07'  Fri9/14/07  66% e )
5 | E-4504 Evaporator Condenser Tue 8/28/07  Tue 9/11/07] 0% SR e

¢ |Bunge-Ergon # #4500142848- Change Order #1 ~Mon 4/23/07 Mon 4/23/07]  100%) i

7 Ladders and Platforms  Mon 4/23/07  Mon 4/23/07]  100% |

8 _|Bunge-Ergon #4500142970 (DCR in TX) Thu6/31/07  Fri 9114107 55% ] ;
9 | E-2101 Slurry Mix Tank Vent Condenser Thu 5/31/07  MON 8/20/07|  100%}er+er1101841814804010110008 1110000000818 00ttt B

10 E-4101 Beer Column Reboiler Thu 6/31/07  Wed 8/29/07 | 25%} st T P PP P PP IRPSPROes P sl

1 E-4102 Beer Column Vent Condenser Tue 7/3/07]  Thu 8/23/07, 10% l &

12 | E-4103 Beer Column Feed Heater __Mon 6/18/07]  Mon 8/20/07  100%| L RUSITE — e G T PPN OOOY

3 | E-4201 Reflux Condenser o ~ Tue 7/3/07  Fri 9/14/07 5% [ B SRR TSR TP I

“ E-4202 Stripper Column Reboiler | _Thu5/31/07| Mon 8/20/07]  100%}usumssmmsimmmmmmmsmnssssinsisbonnenonsssoneno SR 1o et s -

15 | E-4203 Reflux Vent Condenser | Thu5/31707]  Mon 8/20/07] 400 Fa}irsrosstsetstsasetsesss i i1t ha 01kttt i 8

© | [E4301 Superheater | ThuSi31/07]_Mon 8/20/07]___100%Brwnmssmmssmsemsmssehsussamssummussatissoonsnn @i oo oo i

17 | E-4303 Regen Vacuum Condenser T Tue 773007 Sat9/1/07| 5%| g sm

18 | E-4304 Regen Preheater o | Fri6/8/07] Mon 8/20/07, 100%? E oo 8

19 | E-4305 DD&E Condensate Preheater | Thu®/31/07]  Mon 8/20/07|  100%E: ssmsesumsssmusmmmssssssssen i Qi Q ............ o i

20 E"4401 Product Condeﬂie_r ] Fri 6!8."’07 Sat9/1/07 Do v O L u-ﬁm.

4] E-7201 Flash Recovery Condenser | _Mon 6/25/07|  Thu 8/23/07 20%. g\_ e |

22 | E-7601 Process Condensate Heater | Thu5/31/07| _Mon B/20707]  A00%[ssssssssisisisitsmiissmsmsmsstssssoisssssenisssstsstsssssssssssssssasansssiassssscsssfsssasssasssssssssssnssnnnssiors 8 |
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Heat Exchanger Specification Sheet

1| Company: DELTA-T CORPORATION Phonﬁg'f} 220-2955
2| Location: WILLIAMSBURG, VIRGINIA Fax: (767) 228-1705
3] Service of Unit: REFLUX CONDENSER L2357 REV C
4] Item No.: E4201-L Your Reference: 50MM GPY Job No.: 61310 Bunge-Ergon Vicksburg, LLC
5] Date: 6 February 2007 Prepared by: RS Checked by: AC
6] Size 31/ 240 in Type BEM vert Connected in 1 parallel 1 series
7] Surfiunit(eff.) 3187.1 ft2 Shells/unit 1 Surf/shell (eff.) 3187.1 ft2
8 PERFORMANCE OF ONE UNIT
9] Fluid allocation Shell Side Tube Side
10} Fluid name COOLING WATER REFLUX
11) Fluid quantity, Total Ib/h 2351168 113272
12 Vapor (In/Out) Ib/h 113261 48
13 Liquid Ib/h 2351168 2351168 113212
14 Noncondensable Ib/h 11
15
16] Temperature (In/Out) F 88 108 186.3 170
17| Dew / Bubble point F 184.16
18] Density Ib/ft3 62.241 62.03 0.107 46.541
1 9] Viscosity cp 0.781 0.628 0.011 0.455
20} Molecular wt, Vap 41.3 41.93
21} Molecular wt, NC 44.01
22| Specific heat BTU/(Ib*F) 1.0007 1.0001 0.4285 0.7662
23] Thermal conductivity BTU/(ft*h*F) 0.352 0.36 0.011 0.113
24] Latent heat BTU/Ib 402.6 404.3
25] Pressure psi 60 18
26] Velocity fi/s 4.56 154.15
27| Pressure drop, allow./calc. psi 15 | 13.179 2 | 1.453
28] Fouling resist. (min) ft2*h*F/BTU 0.001 0.0005
29] Heat exchanged 47040270 BTU/h MTD corrected 81.79 F
30} Transfer rate, Service 180.46 Dirty 197.19 Clean 286.03 BTU/(h*ft2*F)
31 CONSTRUCTION OF ONE SHELL Sketch
32 Shell Side Tube Side
33| Design/Test pressure psi 150 / Code 75 [ Code
34] Design temperature F 300 300
35] Number passes per shell 1 1
36] Corrosion allowance in 0.0625
37| Connections In 24 / 150 ANSI 18 / 150 ANSI =
38) Sizefrating Out 20 / 150 ANSI 3 / 150 ANSI
39 in Intermediate / 150 ANSI / 150 ANSI
40] Tube No. 821 OD 0.75 0.049 in Length 20 ft Pitch 1 in
41| Tube type Plain Material 55304 |Tube pattern 30
42| Shell CS ID oD 32 in  |Shell cover
43] Channel or bonnet 58304 Channel cover
44] Tubesheet-stationary S5304 Tubesheet-floating
45) Floating head cover Impingement protection None
46| Baffle-crossing CS Type triple seg  Cut(%d) 16  vert Spacing: c/c 12.625 in
47] Baffie-long Seal type |Intet 32.75 in
48| Supports-tube U-bend Type
49] Bypass seal Tube-tubesheet joint strength weld
50} Expansion joint Type
51] RhoV2-Inlet nozzle 789 Bundle entrance 607 Bundle exit 1180  Ib/(ft*s2)
52| Gaskets - Shell side Tube Side
53 Floating head
54| Code requirements ASME Code Sec VIl Div 1 TEMA class C
55] Weight/Shell 12464.7 Filled with water 19818 Bundle 7736.3 Ib
56) Remarks Shell inlet distributor belt to have 2-24 inch cutouts @ 180°,outlet distributor belt 2-20 inch cutouts @ 180°.
57 Test run cooling water inlet temp at 88°F. Require 106.9% larger surface area than a standard unit.
58 |




FORM U-1 MANUFACTURER’S DATA REPORT FOR PRESSURE VESSELS
As Required by the Provisions of the ASME Code Rules, Section VIII, Division 1

DCR Construction, Inc. 4101 Holden Rd. Lakeland, FL 33811
(Name and address of Manufacturer)
Delta-T Corporation 133 Waller Miller Rd. Williamsburg, VA 23185
(Name and address of Purchaser)
Bunge Ergon Vicksburg, LLC 1833 Haining Rd. Vicksburg, MS 39183

»  sfactured and certified by:

. M wfactured for:

3. Location of installation
(Name and address)
4. Type: Vertical Condenser 4201-7793
(Horiz, vert., or sphere) (Tank, separator, jkt. vessel, heat exh, etc.) (Mfr’s serial No.)
4201-01 to 4201-25 (See Details) 230 2007

(CRN) (Drawing No.) (Nat1 Bd No.) (Year built)

5. ASME Code Section.VIII Div 1 Edition 2004, Addenda 2006
[Edition and Addenda (date)] (Code Case No.) [Spedal Service per UG-120(d)]

Ttems 6-11 incl. to be completed for single wall vessels, jackets of jacketed vessels, shell of heat exchangers, or chamber of multi-chamber vessels.

6. Shell (a) No. of course (s): 3 (b) Overall Length (ft &in.): 19'8 5/8"
Course(s) Materlal Thickness Long. Jeint (Cat. A) Circum, Joint (Cat. A, B, & C) Heat Treatment
No. | Diameter | Length (ft &in.) Spec./Grade or Type Nom. Corr. Type | Full, Spot, None Eff. | Type |Full, Spot, None | Eff Temp. Time
1 32" 0D 4 SA-516 GR70 0.375 | 0.0625 1 None 0.70 1 None 0.70
1 32"0D 610" SA-516 GR70 0.375 | 0.0625 1 None 0.70 1 None 0.70 “
1 32"0D 8’10 2" SA-516 GR70 0.375 | 0.0625 1 None 0.70 1 None 0.70
7. Heads: (a) (b)
(Matl. Spec. No., Grade or Type) (H.T. —Time & Temp) (Matl. Spec. No., Grade or Type) (H.T. = Time & Temp)
Location (Top, Thickness Radius Elliptical Conlcal | Hemispherical |  Flat Slde to Pressure Category A
Bottom, Ends) | mMin. | corr. [ Crown | Knuckie | Ratio [ ApexAngle Radius Diameter Convex|Concave | Type | Full, Spot, None | Eff.
(a)
(b)
If removable, bolts used (describe other fastenings)
(Mat1 Spec. No., Grade, Size, No.)
8.Type of jacket Jacket closure
(Describe as ogee & weld, bar, etc.)
*, give dimensions If bolted, describe or sketch
9. MAWP 150 psig 15 psig at max temp. 300 OF 300 °F Min. design metal temp. -20 °F at 150 psig
(Intemnal) (external) (intemmal) (external)
10. Impact Test No Per UG-20(f) at test temperature of N/A °F
[Indicate yes or no and the component(s) Impact tested]
11, Pneu., or comb. test press. 195 psig Proof Test N/A
ltems 12 and 13 to be completed for tube sections.
12. Tubesheet SA-240 GR304 35.25" 1.75" 0 Welded
[Stationary (Mat1 Spec. No.)] [Dia., In. (subject to press.)] (Nom. thk., in.) (Corr, Allow., in.) [Atachment (welded or bolted)]
SA-240 GR304 35.50" 1.188" 0 Welded
Floating (Mat1 Spec. No.)] (Dia., in.) (Nom. thk., In.) (Corr. Allow., In.) (Attachment)
13. Tubes SA-249 TP304 WId Tube 0.75" 0.049" 821 Straight
. - (Mat Spec,_No., Grade or Type) (0.D., In.) (Nom. thk., In. or gauge) (Number) [Type (Straight or U)]
ltems 14-18 incl. To be completed for inner chambers of jacketed vessels or channels of heat exchangers.
L4. Sheii (@) No. of course (s): 5 {(b) Overali Length (ft & in.): 12'27/16"
Courses Material Thickness tong. Joint (Cat A) Circumn. JoInt (Cat. A, B, & C) Heat Treatment
No. | Diameter Length (ft &in.) Spec./Grade or Type Nom. | Corr. Type | Fuli, Spot, None Eff. Type | Full, Spot, None | Eff Temp. Time
1 31.51D 27.25 SA-240 GR304 0.25 0 1 None 0.70 1 None 0.70
1 | 31.3751D 6 SA-240 GR304 0.3125 0 1 None 0.70 1 None 0.70
1| 71.3751D 97.188 SA-240 GR304 0.3125 0 1 None 0.70 1 None 0.70
.5. Heads: (a) SA-240 GR304 (b) SA-240 GR304
(Matl. Spec. No., Grade or Type) (H.T. - Time & Temp, Matl, Spec. No., Grade or Type) (H.T. - Time & Temp)
Location (Top, Thickness Radius Ellipticat C:;chal Hemispherical Flat Slde to Pressure Category A
Bottom, Ends) | Min. | Comr. | Crown | Knuckle | Ratio Radius Diameter | convex| Concave | Type | Full, Spot, None | Eff.
Angle
G Top 0.0936 0 2:1 X 1 None 0.70
Battom 0.2961", 0 2:1 X 1 None 0.70

SA-193 GRB7 0.50” (48)

If removable, bolts used (describe other fastenings)
(Mat Spec. No. Grade, size, No.)




FORM U-4 MANUFACTURER’S DATA REPORT SUPPLEMENTARY SHEET
As Required by the Provisions of the ASME Code Rules, Section VIII, Division 1

1. Manufactured and certified by ; DCR Construction, Inc. 4101 Holden Rd. Lakeland, FL 33811
(Name and address of Manufacturer)
2. Manufactured for Delta-T Corporation 133 Waller Mill Rd. Williamsburg, VA 23185
(Name and address of Purchaser)
3. Location of installation Bunge Ergon Vicksburg, LLC 1833 Haining Rd. Vicksburg, MS 39183
(Name and address)
4. Type Vertical Condenser 4201-7793
(Horiz., vert., or sphere) (Tank, separator, heat exh., etc.) (Mfg’s serial No.
4201-01 to 4201-25 230 2007
(CRN) (Drawing No.) (Nat1 Bd No. (Year built)
Data Report '
Item Number Remarks
#14 (1) Shell section 71.375” 10 %2" SA-240 GR304 0.3125” 0 Type 1 None 0.70 Type 1 None 0.70

(1) Conical Section 16” Length x 71.375” ID x 31.375" ID _SA-240 GR304 0.3125 0 Type 1 None 0.70
Type 1 None 0.70

#19 Nozzle (J) 0.50" Half Cplg SA-182 F304 3000# 0 Inherent UW-16.1 Vapor Chamber

Nozzle (E) Inlet 6" RFSO SA-312-304 SA-182 F304 0.432 0 Inherent UW-16.1 Welded Vapor Chamber

#6 (2) Vapor Belt sections Diameter 46” length 29” (Upper) 34.5” (Lower) Material SA-516 GR70 Thickness 0.500”
Long. Joint Cat A Type 1 None 0.70 Circumference Joint A, B & C Type 1 & 2 None 0.70 Includes Closure
Ring Material SA-516 GR70 Thickness 0.750” Joint UW 31.1C

Certificate of Authorization: Type: U No. 35010 Expires 3/17/08
pate |2 / 12 / 67 Name DCR Construction, Inc. - Signed /—Dy 9 Q/L |

(R tative)
Date  /A=/2=97  Name % Commission A 46 /8'}753?;26 V:/L 2%

(Authed (il r) (Nat’l Board incl. Endorsement, State, Province and No.)
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DCR Construction, Inc. it
Edition 1
. Revision 0
EXHIBIT 11 05/30i07
PRESSURE TEST REPORT
Utility/Plant 7793-4201 Shell Side Job No. 7793
Material Specification SA-240, Gr. 304
Pipe Size Range 32" Diameter (O.D.) Wall Thickness Range 0.375"
Design Pressure . . 150 psig . . PSI Test Pressure 195 psig

Decrease the test pressure to the design pressure during examination unless the procedure

requires a lower pressure.

Pressure Gauges Serial No. w/§pg-02 Max. Range O-300 PSI < Calibration Date 27207
Pressure Gauges Serial No. N/A Max. Range N/A PSI 3% Calibration Date N/A
Y% The calibration date must be less than twelve (12) months prior to the test date.

Testing Medium [ X] Plant Water [ ] Condensate [ 1 Treated Water

[ ] Demineralized Water [ ] Other

Duration at Test Pressure Hours 0 Minutes 15

Remarks

est Results Acceptable

Project Manager/Superintendent (—>- —/Q Q./L—'L—— Date i / v /0’7

Q.C. Inspector i Date |12/6/0 7

Authorized Inspector ; Aﬁrl 5/03/6"42 Date /-G~ I/
stomer Inspector Date

This document is the confidential property of DCR Construction, Inc. and shall not be

Arinlinratad withAnt enanifie wiriban annraval
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DCR Construction, Inc. i
' Edition 1
Revision 0
EXHIBIT 11 osrsoro7
PRESSURE TEST REPORT
Utility/Plant 7793-4201 Tube Side Job No. 7793
Material Specification SA-249, Gr. 304
Pipe Size Range 0.75" Diameter Wall Thickness Range 0.049"
Design Pressure 75 psig PSI Test Pressure 91 psig_

* Tubesheets = (Front)@ 35.25" x 1.4375", (Rear)@ 35.50" x 1.75", SA-240, Gr. 304

Decrease the test pressure to the design pressure during examination unless the procedure

requires a lower pressure.

Pressure Gauges Serial No. F%2/-{5  Max. Range O-200 _PSi Y% Calibration Date | |/26.6 7

Pressure Gauges Serial No. N/A Max. Range N/A PSI Y% Calibration Date
% The calibration date must be less than twelve (12) months prior to the test date.
Testing Medium [ 1 Plant Water [ ] Condensate [ 1 Treated Water

[ ] Demineralized Water [X] Other Air

N/A

Duration at Test Pressure Hours __ / Minutes /5

Remarks

Test ults Acceptable

~ Project Manager/Superintendent D> 9 C Date o o fo7
Q.C.Inspector 2o 23" Date /2417
Authorized Inspector Date I 1157
stomer Inspector % (/ Date { 2,!“ |/ e}

This document is the confidential property of DCR Construction, Inc. and shall not be
duplicated without specific written approval.







Heat Exchanger Mechanical Design Teams 20.0

File name: E-4201 FINAL Bunge 7793.BJT Date: 8/27/2007 Time: 8:08:36 AM

Jesign Specifications — Front Head to Rear flange

ITEMA Class Shell Side Tube Side Tubesheets
Design pressure psi 150 75
Vacuum design pressre psi 15 15
ITest pressure psi 195 97.5
Design temperature F 300 300 300
iAverage metal temperature F 95 126 126
Corrosion allowance in 0.0625
Front tubesheet corrosion allow in
Rear tubesheet corrosion allow in
Radiographing None None
Number of passes 1 1
Nozzle flange rating 150 150
Post weld heat treatment No No
Code ASME Section VIII Div.1 2004 A06 TEMA Eighth Edition 1999
Front Head to Rear FLangeWeights Empty: 12942 Full: 19476 Bundle:7778 Ibf
\Weight Vessel / Vapor Chbr Empty: 16116 Full:39452 Bundle:7778 Ibf
Full Weight with Skirt Empty: 21116 Full:44452 Bundle:7778 Ibf
Cylinders/Covers
Front Head Shell Rear Head Shell Cover Tubes
- Cover Cyl. Cyl. Cyl. Cover| Cyl. Cover

ead type Ellipsoidal
Oulside diameter in 32 32 32 0.75
Calculated thk. in| 0.0936  0.114 | 0.2332 0.0021
ITEMA minimum thk. inf  0.25 0.25 0.375
IActual thickness inl  0.25 0.25 0.375 0.049
X-ray None None None
Joint efficiency None None | None
Corrosion allowance in 0.0625
External pressure psi 15 15 15 165
Length Ext.Press. in 27.25 | 198.75 240
Maximum Ext.Press. psil 66.231 79.855 | 34.128 956.011
Minimum thk. Ext.Press. inl 0.087 0.099 | 0.286 0.016
Max.length Ext.Press. in 235.5 1640 720
Nozzles
Nozzle designator A B C
Vessel side Shell Shell Tube
Outside diameter in 24 20 18
Calculated thickness in 0.3235 0.2553 0.1
Code minimum thk in 0.3235 0.2739 0.1406
Actual thickness in 0.6875 0.375 0.375
Reinf.pad OD in
Reinf.pad thickness in

wrrosion allowance in 0.0625 0.0625
—xternal pressure psi 15 15 15
Length ext. press. in 6 6 6
Maximum ext, press. psi 526.912 306.797 288.107
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Heat Exchanger Mechanical Design Teams 20.0
File name: E-4201 FINAL Bunge 7793.BIJT Date: 8/27/2007 Time: 8:08:36 AM

Nozzle Flanges

Nozzle designator A B C
Flange type Slipon Slipon Slip on
Flange rating 150 150 150
Flange OD in 32 27.5 25
Bolt circle in 29.5 25 22.75
Bolt diameter in 1.25 1125 1125
Bolt number in 20 20 16
Gasket OD in 27.25 23 21
Gasket width in 1.62 1.5 1.5
Gasket thickness in 0.125 0.125 0.125
Flange calc. thk. in

Flange actual thk. in . 1.88 1.69 t.56=
Lap jnt ring OD in

Hub length in

Hub slope in

Weld height in

Body Flanges

Front Head Shell Rear Head Shell
Cover at TbSh | Front Rear |at TbSh Cover| Cover
Flange type Ring Ring
inge OD in 35.25 35.5
_olt circle in 34 34.25
Bolt diameter in 0.5 0.5
Bolt number 24 24
Gasket OD in 33 33.25
Gasket width in 0.5 0.5
Gasket thk. in 0.125 0.125
Flange calc. thk. in 1.4375 1.1875
Flange overlay in
Recess in
Flange act. thk. in 1.4375 1.1875
Lap jnt ring OD in
Hub length in
Hub slope in
Weld height in 0.375 0.5
Tubesheets
Front Rear
Tubesheet diameter in 35.25 35.5
TEMA minimum thickness in 0.5625 0.5625
TEMA bending thickness in 1.2085 1.2085
TEMA shear thickness in 0.1557 0.1557
TEMA flange extension thk in 0.5063 0.5326
TEMA effective thickness in 1.25 1.25
~nde thickness in 1.75 1.75
rosion allowance - shell in
Corrosion allowance - tube in
Recess in
Actual thickness in 1.75 1.75
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Heat Exchanger Mechanical Design Teams 20.0

File name: E-4201 FINAL Bunge 7793.BJT Date: 8/27/2007 Time: 8:08:36 AM

.ad thickness (not included above)

Tube Details

Tube type Plain
Tube OD in 0.756
Tube wall thickness in 0.049
Number of tubes 821
Tube length in 240
Tube pitch in 1
Tube pattern 30
Outer tube limit diameter in 30.8125
Materials of Construction
Component Material

Shell Cylinder
Front Head Cylinder

Front Head Cover

Shell Lifting Lugs

Front Tubesheet

Rear Tubesheet

Front Head FIng At TS

Rear Head FIng At TS

ont Head Gasket At TS

.ear Head Gasket At TS

Tubes

Baffles

Tie Rods

Spacers

Nozzle A

Nozzle B

Nozzle C

Nozzle Fing A

Nozzle Fing B

Nozzle Fing C

Front Hd Bolting At TS

Rear Hd Bolting At TS

Distributor Belt A

Distributor Belt B

Nozzle Fing Bolting A

Nozzle Fing Bolting B

Nozzle Fing Bolting C

Nozzle Flg Gasket A

Nozzle Flg Gasket B

Nozzle Flg Gasket C

SA-516 K02700 Grd 70 Plate
SA-240 S30400 Grd 304 Plate

SA-240 S30400 Grd 304 Plate

SA-36 K02600 Plate

SA-240 S30400 Grd 304 Plate
SA-240 S30400 Grd 304 Plate
SA-240 S30400 Grd 304 Plate
SA-240 S30400 Grd 304 Plate
Solid Teflon 1/8in Thickness
Solid Teflon 1/8in Thickness

SA-249 S30400 Grd TP304 WId. tube(G5)

SA-36 K02600 Plate

SA-36 Bar

SA-214 K01807 WId. tube

SA-53 K03005 Grd E/B WId. pipe
SA-53 K03005 Grd E/B Wid. pipe
SA-312 S30400 Grd TP304 WId. pipe
SA-105 K03504 Forgings

SA-105 K03504 Forgings

SA-182 S30400 Grd F304 Forgings(> 5)
SA-193 G41400 Grd B7 Bolt(<= 2 1/2)
SA-193 G41400 Grd B7 Bolt(<= 2 1/2)
SA-516 K02700 Grd 70 Plate

SA-516 K02700 Grd 70 Plate

SA-193 G41400 Grd B7 Bolt(<= 2 1/2)
SA-193 G41400 Grd B7 Bolt(<=2 1/2)
SA-193 G41400 Grd B7 Bolt(<= 2 1/2)
Solid Teflon 1/8in Thickness

Solid Teflon 1/8in Thickness

Solid Teflon 1/8in Thickness
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PRtk Component Name Material Qnty Dim1 Dim2 Thks Wght Cost/Unit Mat Cost
in in in Ibf Dollar(US)Dollar(US)

1 Shell Cylinder SA-516 K02700 Grd 70 Plate 1 99.5 ci 120 ig 0.375 2505 0.45 1124
1 Shell Cylinder SA-516 K02700 Grd 70 Plate 1 99.5 ci 117 lg  0.375 0 0.45 0
2 FrHd Cyilinder SA-240 S30400 Grd 304 Plate 1 100 ¢ 275 g 0.25 197 2.55 504
5  FrHd Cover Ellip. SA-240 S30400 Grd 304 Plate 1429375 |Ig 42,938 wi 0.3125 165 2.55 936
9  Shell Lift Lugs SA-36 K02600 Plate 4 6 od 0 1 13 0.37 5
11 Front TubSh SA-240 S30400 Grd 304 Plate 1 36 od 0 2 584 @ 255 1492
12 Rear TubSh SA-240 S30400 Grd 304 Plate 1 36.25 od 0 2 593 2.55 1513
17 Fr Hd Fing TubSh SA-240 S30400 Grd 304 Plate 1 36 od 0 1.75 511 2.55 1306
18 ReHd Fing TubSh SA-240 $30400 Grd 304 Plate 1 3625 od 0 1.5 444 2.55 1135
31  FrHd Gskt TubSh Solid Teflon 1/8in Thickness 1 3375 od 33.75 id 0.125 11 23 260
32 Re Hd Gskt TubSh Solid Teflon 1/8in Thickness 1 34 od 34 id 0.125 11 23 264
38 Tubes (avg wall) SA-249 S30400 Grd TP304 Wid. t 821 0.75 od 240 Ig  0.049 6105 0.82 13403
39 Baffles SA-36 K02600 Plate 15 31.8125 Ig 31.813 wi 0.3125 1344 0.37 495
40 Tie Rods SA-36 Bar 22 0.5 od 2095 Ig 0 256 0.37 94
41 Spacers SA-214 K01807 WId. tube 294 0.75 od 2525 Ig 0.109 568 0.67 379
Spacers SA-214 K01807 WId. tube 30 0.75 od 12.625 Ilg  0.109 0 0.67 0
Nozzie A SA-53 K03005 Grd E/B WId. pipe 1 24 od 6 Ig 0.8875 86 0.7 60

62 Nozzle B SA-53 K03005 Grd E/B WId. pipe 1 20 od 6 Ig 0375 39 0.7 28
63 Nozzle C SA-312 $30400 Grd TP304 Wid. p 1 18 od 6 1lg 0375 36 8.92 319
81 Nozzle Fing A Slip On  SA-105 K03504 Forgings 1 150 AN 24 di 0 182 1.58 287
82 Nozzle Fing B Slip On  SA-105 K03504 Forgings 1 150 AN 20 di 0 131 1.58 206
83 Nozzle FIng C Slip On  SA-182 S30400 Grd F304 Forging 1 150 AN 18 di 0 104 9.2 953
101 Fr Hd Blts TubSh SA-193 G41400 Grd B7 Bolt(<=2 24 0.5 od 55 g 0 7 2.48 18
102 Re Hd Blts TubSh SA-193 G41400 Grd B7 Bolt(<=2 24 0.5 od 5 g 0 7 2.48 17
115 Distrib. Belt A SA-516 K02700 Grd 70 Plate 1138229 g 29 wi 0.5 1329 0.45 596
116 Distrib. Belt B SA-516 K02700 Grd 70 Plate 1138229 g 345 wi 0.5 1464 0.45 656
122 Dist.Belt An.Rng SA-516 K02700 Grd 70 Plate 4 44 0 0.625 0 0 0
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File name: E-4201 FINAL Bunge 7793.BJT Date: 8/27/2007 Time: 8:08:36 AM

component: Shell Cylinder
ASME Section VIII-1 2004 A06 UG-27 Thickness of Shells under Int. Pressure

-—— Calculations —--- Cylinder Internal Pressure
Material: SA-516 K02700 Grd 70 Plate
Design pressure P = 150 psi Design temperature T = 300 F
Radiography = None Joint eff.cirec str. E = 0.7
Design stress 5 = 20000 psi Joint eff.long str. E = 0.7
Design stress, long § = 20000 psi (circum. butt welds)
Inside corr.allow. CAI = 0.0625 in Outside corr. all. CAO = 0.0 in
Material tolerance Tol = 0.0 in TEMA min. thickness tm = 0.375 in
OQutside diameter oD = 32.0 in Corroded radius OR = 16.0 in
Required wall thickness of the cylinder , greater of:

Circumferential stress

£ = (P*OR / (S*E+0.4*P))+caitcaot+tol = 0.2332 in APP.1-1(R)
Longitudinal stress
t = (P*IR / (2*S*E+0.4*%P) ) +cai+caottol = 0.1464 in UG-27(c) (2)

Actual wall thickness of cylinder: tnom = 0.375 in

(Required wall tks. for nozzle attachments, E=1 , tri = 0.1196 in )
ASME Section VIII-1 2004 A06 UG-28 Thickness of Shells under EXt. Pressure
—--- Calculations --- Cylinder External Pressure
Material: SA-516 K02700 Grd 70 Plate
Design pressure PE = 15 psi Design temperature T = 300 F
Inside corr. allow. CAI = 0.0625 in Corrosion allow. CAO = 0 in
Radiography = None Material tol. Tol = 0 in
Cyl. outside dia. Do = 32 in Cylinder length EP L = 198.75 in
Nominal thickness tnom = 0.375 in (tnom-CAI-CAO-Tol) t = 0.3125 in
./Do ratio Ldo = 6.2109 Do/t Dot = 102.4
(2*3) or (0.9*yield) SE = - Mod. of elasticity ME = 28100000 psi

"actor SII-D-FigG A = 0.000183 B factor CS-2 B = 2621

allowed external pressure: Pa = 4*B / (3*Dot) = 34.13 psi

Actual external design pressure: PE = 15 psi

(Required cyl. tks. for nozzle attachments at PE, tre = 0.2235 in )
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gaponent: Front Head Cylinder
ASME Section VIII-1 2004 A06 UG-27 Thickness of Shells under Int. Pressure

-—- Calculations --- Cylinder Internal Pressure
Material: SA-240 S30400 Grd 304 Plate
Design pressure P = 75 psi Design temperature T = 300 F
Radiography = None Joint eff.circ str. E = 0.7
Design stress 5 = 15000 psi Joint eff.long str. E = 0.7
Design stress, long § = 15000 psi {circum. butt welds)
Inside corr.allow. CAI = 0.0 in Outside corr. all. CRO = 0.0 in
Material tolerance Tol = 0.0 in TEMA min. thickness tm = 0.25 in
Outside diameter OD = 32.0 in Corroded radius OR = 16.0 in
Required wall thickness of the cylinder , greater of:

Circumferential stress

t = (P*OR / (S*E+0.4*P))+caitcao+tol = 0.114 in APP.1-1(A)
Longitudinal stress
t = (P*IR / (2*S*E+0.4#%P) ) +cai+cao+tol = 0.0562 in UG-27(c) (2)

Actual wall thickness of cylinder: tnom = 0.25 in

(Required wall tks. for nozzle attachments, E=1 , tri = 0.0798 in )
ASME Section VIIT-1 2004 A06 UG-28 Thickness of Shells under Ext. Pressure
——— cCalculations --— Cylinder External Pressure
Material: SA-240 S30400 Grd 304 Plate
Design pressure PE = 15 psi Design temperature T = 300 F
Inside corr. allow. CAIL = 0 in Corrosion allow. CAO = 0 in
Radiography = None Material tol. Tol = 0 in
Cyl. outside dia. Do = 32 in Cylinder length EP L = 27.25 in
Nominal thickness tnom = 0.25 in (tnom-CAI-CAO-Tol) t = 0.25 in
L/Do ratio ILdo = 0.8516 Do/t Dot = 128.0
(2*S) or (0.9*yield) SE = - Mod. of elasticity ME = 27000000 psi
r» factor SII-D-FigG A = 0.0011 B factor HA-1 B = 7666

allowed external pressure: Pa = 4*B / (3*Dot) = 79.85 psi

...cual external design pressure: PE = 15 psi

(Required cyl. tks. for nozzle attachments at PE, tre = 0.099 in )
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-.mponent: Front Head Cover
ASME Section VIII-1 2004 A06 UG-32 Formed Heads, and Sections,
Pressure on Concave Side

-—- Calculations --- Ellipsoidal Cover Internal Pressure with t/L >= 0.002
Material: SA-240 830400 Grd 304 Plate
Design pressure P =75 psi Design temperature T = 300 F
Radiography = None Joint efficiency E = 0.85
Design stress S = 15000 psi TEMA min. thk tm = 0.25 in
Inside corr.all. CAI = 0.0 in Outside corr.all. CAO = 0.0 in
Major/minor rat. D/2h = 2.0 Forming tolerance Tol = 0.0 in
Corroded min. thk t = 0.0797 in Equiv.dish radius L = 28.35 in
Ratio t/L = 0.00882 Material tol. Tol = 0.0 in
Outside diameter OD = 32.0 in Corroded diameter OD = 32.0 in
Proportion factor K= 0.1667*(2+(D/2h)**2) = 1.0002
Required wall thickness of the cover:
t = (P*OD*K / (2*S*E+2*P*(K-0.1)))+cait+cao+tol = 0.0936 in App. 1-4(c)

Actual wall thickness of cover: -tnom = 0.25 in

(Required wall tks. for nozzle attachments, E=1 , tri = 0.0797 in )

(If opening & reinf. are within 80% of head diameter, tri = 0.0719 in )
ASME, Section VIII-1 2004 206 UG-33 Formed Heads, Pressure on Convex Side

-—-— Calculations --- Ellipsoidal Cover External Pressure
Material: SA-240 S30400 Grd 304 Plate
Design pressure PE = 15 psi Design temperature T = 300 F
Inside corr. allow. CAI = 0 in Outside corr. all. CAO = 0 in
Radiography = None Forming tolerance Tol = 0 in
Material tolerance Tol = 0 in
Cover outside dia. Do = 32 in Outside sph.radius Ro = 28.8 in
Nominal thickness tnom = 0.25 in tnom-CAI-CAO-Tol t = 0.25 in
¥n factor (UG-33.1) Ko = 0.9 Ro/t ratio Rot = 115.2
33(a) 237.72/1.67 = 142.35 psi Mod. of elasticity ME = 27000000 psi
Factor = 0.125/Rot = 0.001085 B factor HA-1 B = 7630
Maximum allowed external pressure: Pa = B / Rot = 66.23 psi
Actual external design pressure: PE = 15 psi
(Required cov. tks. for nozzle attachments at PE, tre = 0.087 in )
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_ \
« .aponent: Distributor Belt A
ASME Section VIIT Div.l 2004 A06, Appendix 9 - Jacketed Vessels

——— Calculations --- Closure Member per Type 1 Figure 9-2.

OD of dist. belt OD = 44.0 in ID of dist. belt ID = 43.0 in
Corroded jacket space Jj = 5.5625 in Min. fillet weld Y = 0.28 in
Corrosion allowance c = 0.0625 in Min. thk.outer wall trj = 0.2972 in
Required minimum thickness of closure member, trc

Figure 9-5 type: (d-1), (d-2), (e-1), (e-2)

trc = 0.707 * J * SQRT(P/S) + C trc = 0.5944 in

Actual thickness, tc tc = 0.625 in
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.aponent: Distributor Belt A
ASME Section VIII-1 2004 A06 UG-27 Thickness of Shells under Int.
-~- Calculations --- Cylinder Internal Pressure
Material: SA-516 K02700 Grd 70 Plate
Design pressure P = 150 psi Design temperature T =
Radiography = None Joint eff.circ str. E =
Design stress S = 20000 psi Joint eff.long str. E =
Design stress, long S = 20000 psi (circum. butt welds)
Inside corr.allow. CAI = 0.0625 in Outside corr. all. CAO =
Material tolerance Tol = 0.0 in TEMA min. thickness tm =
Outside diameter OD = 44.0 in Corroded radius OR =
Required wall thickness of the cylinder , greater of:

Circumferential stress

t = (P*OR / (S*E+0.4*P))+cai+cao+tol = 0.2972 in
Longitudinal stress
t = (P*IR / (2*S*E+0.4*P))}+cai+cao+tol = 0.1778 in

Actual wall thickness of cylinder: tnom = 0.5 in

(Required wall tks. for nozzle attachments, BE=1 , tri = 0.1
ASME Section VIII-1 2004 A06 UG-28 Thickness of Shells under Ext.
——— Calculations --- Cylinder External Pressure
Material: SA-516 K02700 Grd 70 Plate
Design pressure PE = 15 psi Design temperature T =
Inside corr. allow. CAI = 0.0625 in Corrosion allow. CAO =
Radiography = None Material tol. Tol =
Cyl. outside dia. Do = 44 in Cylinder length EP L =
Nominal thickness tnom = 0.5 in (tnom-CAI-CAO-Tol) t =
L/Do ratio Ido = 0.6591 Do/t Dot =
(2*S) oxr (0.9*yield) SE = - Mod. of elasticity ME =
» factor SII-D-FigG A = 0.002084 B factor CS-2 B =

allowed external pressure: Pa = 4*B / (3*Dot) =
r..cual external design pressure: PE =
(Required cyl. tks. for nozzle attachments at PE, tre = 0.1185

Pressure

0.0 in
0.0 in
22.0 in

APP.1-1(A)
UG-27(c) (2)

645 in )
Pressure

300 F

0 in

0 in

29 in
0.4375 in
100.5714
28100000 psi
15117
200.42 psi
15 psi

in )
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. .nponent: Distributor Belt B
ASME Section VIIT Div.l 2004 A06, Appendix 9 - Jacketed Vessels

——— Calculations --- Closure Member per Type 1 Figure 9-2.

OD of dist. belt OD = 44.0 in ID of dist. belt ID = 43.0 in
Corroded jacket space Jj = 5.5625 in Min. fillet weld Y = 0.28 in
Corrosion allowance c = 0.0625 in Min. thk.outer wall trj = 0.2972 in
Required minimum thickness of closure member, trc

Figure 9-5 type: (d-1), (d-2), (e-1), (e-2)

trec = 0.707 * J * SQRT(P/S) + c trc = 0.5944 in

Actual thickness, tc tc = 0.625 in
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-mponent: Distributor Belt B
ASME Section VIII-1 2004 A06 UG-27 Thickness of Shells under Int.
-—- Calculations --- Cylinder Internal Pressure
Material: SA-516 K02700 Grd 70 Plate
Design pressure P = 150 psi Design temperature T =
Radiography = None Joint eff.circ str. E =
Design stress S = 20000 psi Joint eff.long str. E =
Design stress, long S = 20000 psi (circum. butt welds)
Inside corr.allow. CAI = 0.0625 in Outside corr. all. CAO =
Material tolerance Tol = 0.0 in TEMA min. thickness tm =
Outside diameter OD = 44.0 in Corroded radius OR =
Required wall thickness of the cylinder , greater of:
Circumferential stress
t = (P*OR / (S*E+0.4*P))+caitcaot+tol = 0.2972 in
Longitudinal stress
t = (P*IR / (2*S*E+0.4*P))+cai+cao+tol = 0.1778 in
Actual wall thickness of cylinder: tnom = 0.5 in
(Required wall tks. for nozzle attachments, E=1 , tri = 0.1
ASME Section VIII-1 2004 A06 UG-28 Thickness of Shells under Ext.
--— Calculations --- Cylinder External Pressure
Material: SA-516 K02700 Grd 70 Plate
Design pressure PE = 15 psi Design temperature T =
Inside corr. allow. CAI = 0.0625 in Corrosion allow. CAO =
Radiography = None Material tol. Tol =
Cyl. outside dia. Do = 44 in Cylinder length EP L =
Nominal thickness tnom = 0.5 in (tnom-CAI-CAO-Tol) t =
L/Do ratio Ldo = 0.7841 Do/t Dot =
(2*¥S) or (0.9*yield) SE = - Mod. of elasticity ME =
™ factor SII-D-FigG A = 0.001726 B factor CS-2 B =
allowed external pressure: Pa = 4*B / (3*Dot) =
..cual external design pressure: PE =
(Required cyl. tks. for nozzle attachments at PE, tre = 0.1275

Pressure

0.0 in
0.0 in
22.0 in

APP.1-1(A)
UG-27(c) (2)

645 in )
Pressure

300 F

0 in

0 in

34.5 in
0.4375 in
100.5714
28100000 psi
14380
190.65 psi
15 psi

in )
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-omponent: Tubes
ASME Section VIII-1 2004 A06 UG-27 Thickness of Shells under Int. Pressure

-—— Calculations --- Cylinder Internal Pressure
Material: SA-249 S30400 Grd TP304 Wld. tube(G5)
Design pressure P = 90 psi Design temperature T = 300 F
Radiography = - Joint eff.circ str. E =1
Design stress S = 16100 psi Joint eff.long str. BE = -
Design stress, long S = - (circum. butt welds)
Inside corr.allow. CAI = 0.0 in outside corr. all. CAO = 0.0 in
Material tolerance Tol = 0.0 in TEMA min. thickness tm = 0.0 in
Outside diameter OD = 0.75 in Corroded radius OR = 0.375 in
Required wall thickness of the cylinder , greater of:

Circumferential stress

£t = (P*OR / (S*E+0.4*P))+caitcaottol = 0.0021 in APP.1-1(A)
Longitudinal stress
t = (P*IR / (2*S*E+0.4*P))+caitcaot+tol = - UG-27(c) (2)

Actual wall thickness of cylinder: tnom = 0.049 in

(Required wall tks. for nozzle attachments, E=- ,  tri = - )
ASME Section VIII-1 2004 A06 UG-28 Thickness of Shells under Ext. Pressure
—-—— Calculations --- Cylinder External Pressure
Material: SA-249 530400 Grd TP304 Wld. tube (GS)
Design pressure PE = 165 psi Design temperature T = 300 F
Inside corr. allow. CAI = 0 in Corrosion allow. CARO = 0 in
Radiography = Full Material tol. Tol = 0 in
Cyl. outside dia. Do = 0.75 in Cylinder length EP L = 240 in
Nominal thickness tnom = 0.049 in (tnom-CAI-CAO-Tol) t = 0.049 in
L/Do ratio Ldo = 320.0 Do/t Dot = 15.3061
(2*S) or (0.9*yield) SE = - Mod. of elasticity ME = 27000000 psi
-~ factor SII-D-FigG A = 0.004768 B factor HA-1 B = 10975

: allowed external pressure: Pa = 4*B / (3*Dot) = 956.01 psi
actual external design pressure: PE = 165 psi

(Required cyl. tks. for nozzle attachments at PE, tre = 0.016 in )
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.mponent: Tube-to-Tubesheet Welds
ASME Section VIII Div.1l 2004 A06 UW-20 Tube-To-Tubesheet Welds
——— Calculations --—-
Tubesheet material: SA-240 S30400 Grd 304 Plate
Tubesheet clad mtl: -
Tubes material: SA-249 330400 Grd TP304 Wld. tube(G5)

Fig UW-20.1 Sketch (c) Full Strength

= 1975

Allowable stress TubS St = 15000 psi All. stress tubes Sa
Allowable stress weld Sw = 15000 psi Tube OD do
Tube thickness t
Design temperature TubSh = 300 F Design temp. tubes
Fille weld leg af = 0.0938 in Groove weld leg ag
Minimum length ac acmin = 0.0797 in Total length ac = af+ag
Fillet weld strength = Ff = 0.55*Pi*af* (do+0.67*af) *Sw Ff
Groove weld strength = Fg = 0.85*Pi*ag*(do+0.67*ag)*Sw Fg
Tube strength Ft = Pi * £ * (do - €t} * Sa Ft
Design Strength Fd Fd
Fillet weld strength, Ff = min (Ff, Ft) Ff
Groove weld strength, Fg = min (Fg, Ft) Fg
Weld strength factor fw = Sa / Sw fw
Ratio fd = Fd / Ft fd
Ratio ff =1 - Fg / (fd * Ft) ff
Minimum required length of the weld leg(s), ar
ar = 2* (SQRT((0.75*do)**2 + 1.07*t(do-t)*fw*fd) - 0.75*do) ar
UW-18(d) - Allowable load on fillet/groove welds Weld Leg
Allowable Ioad = PI * do * Weld Leg * Sw * 0.55
Maximum Allowable Axial Loads, Lmax
Pressure only = LmaxP = Ft LmaxP
Other loads = Lmax0 = 2*Ft Lmax0O =
Total weld throat dimension = 0.1327 in

18941 psi
0.75 in
0.049 in
300 F
0.0938 in
0.1875 in
1bf
1bf
1bf
1bf
1bf
1bf

4175
2044
2044
1975
2044
1.26
1

0

0.0797 in
0.1875 in
3645 1bf

2044 1bft
4088 1bf
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. -mponent:

ASME Section VIII-1 2004 AO6 App.

Front Head Flng At TS
2 Bolted Flange With Ring Type

Flange type: Optional type ring - code fig.2-4(8)

Flange material:

Int. design pressure PI
Ext. design pressure PE
Inside corr. allow CAT
Stress (operating) SFO
Outside diameter A
Inside diameter B
Bolt circle diameter C
Mean gasket diameter G
Hub to bolt circle R
Flange thickness t

i

75 psi

15 psi
0.0 in
15000 psi
35.25 in
31.5 in
34.0 in
32.5 in
0.625 in
1.4375 in

Note: Optional Type Flanges use the

Gasket material: Solid Teflon 1/8in
Gasket outside dia. ODG = 33.0 in
Gasket thickness tks = 0.125 in
Gasket seating stress vy = 1600 psi
Gasket rib length Rib = 0.0 in
Gasket rib eff width Br = 0.0 in
Bolt material: SA-193 G41400

Bolt diameter Dia = 0.5 in
Bolt root area Area = 0.126 in2
Stress (operating) SB = 25000 psi
Joint-contact compr. load HP =

Hydrostatic end force
Hydrostatic end force
~-arating conditions:
calc. bolt load
n.n. used bolt load
Bolting up conditions:
Minimum bolt load
Min. used bolt load
Required bolt area
Available bolt area
Design bolt load
Minimum gasket width
Gasket compression stress

SA-240 S30400 Grd 304 Plate

Thickness

(Table 2-5.2

Grd B7 Bolt(<= 2 1/2)

No. of bolts No.

Stress (atmos.) SA

6.2832*p*G*PI*m+2*Br*m*PI*RIB

H = 0.7854*G*G*PI

He=

WMl =
WM1 =

WM2
WM2 =
AM:
AB =
W:
NMIN =
Gest =

HP+H
max of 2 mating flanges

0.7854*G*G*PE

= b*3.1416*G*Y+Br*Y*RIB
max of 2 mating flanges
WM2/SA or WM1/SB
No.Bolt*Area

0.5* (BM+AB) *SA

AB*SA/ (6.283*y*G)
AB*SA/ (Pi*G*Wth)

n

G

askets

300 F

0.0 in
20000 ps

0
0.25 in
0
0

.625 in

.375 in
.625 in

i

calculation.

Design temperature T
Bl = B+gl or B+go Bl
Outside corr. all. CAO
Stress (atmos.) SFA
Inside spherical rad. L
Hub thickness gl
Hub tks. at attach. go
Weld leg/hub length h
Bolt circle to OD E
smaller of integral or loose
Gasket width Wth
Gasket factor m
Gasket eff. width b =
Seating width bo

0.5 in
2.0

0.25 in
0.25 in

facing la/lb Col. I

24

25000 psi
7658
62218
12441

69876
69876

40841
40841
2.8
3.02
727738
0.2314
1481

I)

1bf
1bf
1bf

1bf
1bf

1bf
1bf
in2
in2
1bf

in
psi
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ads:
Operating conditions:

Integral Flange Calculations

Hydrostatic end load HD = 0.785*B*B*P1 = 58448 1bf
Hydrostatic end load HDe= 0.785*B*B*PE = 11690 1bf
Gasket load HG = WM1-H = 7658 1bf
Result. hydrostatic force HT = H-HD = 3770 1bf
Result. hydrostatic force HTe= He-HDe = 754 1bf
Bolting up conditions:
Gasket load HG = W = 72738 1bf
Operating conditions:
Hydrostatic lever arm hd = R+0.5*gl = 0.9375 in
Gasket load lever arm hg = (C-G)/2 = 0.75 in
Result. hydro. lever arm ht = (R+gl+hg) /2.0 =1.0 in
Bolting up conditions:
Gasket load lever arm hg = (C-G)/2 = 0.75 in
Operating conditions:
Hydrostatic moment MD = HD*hd —= 54795 1lbf*in
Gasket moment MG = HG*hg = 5743 1bf*in
Result. hydro. moment MT = HT*ht = 3770 1bf*in
Total operating moment MOP = MD+MG+MT = 64309 l1lbf*in
Total operating mom. MOPe= HDe (hd-hg)+HTe (ht-hg) = 2380 1lbf*in
Bolting up conditions:
Bolt up moment MATM = W*hg = 54554 1bf*in
Effective bolt moment MB = MATM*SFO/SFA = 40915 1lbf*in
Total moment MO = MOP or MB = 64309 lbf*in
Bolt spacing correction M = MO*Cf = 64313 lbf*in
(TEMA 1999 RCB-11.23) Cf=1
Flange shape constants:
K = A/B =1.119 ho = SQ(B*GO) = 2.8062
TF = Fig.2-7.1 = 1.8703 h/ho = h/ho = 0.1336
Z = Fig.2-7.1 = 8.9281 F = Fig.2-7.2 = 0.9009
Y = Fig.2-7.1 = 17.2597 V = Fig.2-7.3 = 0.3911
U = Fig.2-7.1 = 18.9666 f = Fig.2-7.6 = 4.,7818
G1/G0 = Gl/Go = 2.5 e = F/ho = 0.321
t = = 1.4375 in
D = U*ho*gO*g0/vV = 8.5063 Alpha = t*e+l.0 = 1.4615
Beta = 1.333*t*e+1.0 = 1.6152 Gamma = Alpha/TF = 0.7814
Delta = t*t*t/D 0.3492 Lambda = Gamma+Delta = 1.1306
Stress calculations: Allowable
Long. hub SH = (f£*M)/ (Lambda*gl**2*B) = 22106 psi 1.5*%8FO =
Radial SR = Beta*M/ (Lambda*t**2*B) = 1411 psi SFO =
Tangential ST1 = M*Y/ (t**2*B) - (Z*SR) = 4451 psi SFO =
(greater) ST2 = (SH+SR)/2 or (SH+ST1)/2 = 13279 psi SFO =

stress:
22500 psi
15000 psi
15000 psi
15000 psi
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ads:
Operating conditions:

Hydrostatic end load HD = 0.785*B*B*PI = 60791 1lbf
Hydrostatic end load HDe= 0.785*B*B*PE = 12158 1bf
Gasket load HG = WM1-H = 7658 1bf
Result. hydrostatic force HT = H-HD = 1428 1lbf
Result. hydrostatic force HTe= He-HDe 286 1bf
Bolting up conditions:
Gasket load HG = W = 72738 1bf
Operating conditions:
Hydrostatic lever arm hd = (C-B)/2.0 = 0.9375 in
Gasket load lever arm hg = (C-G)/2 = 0.75 in
Result. hydro. lever arm ht = (hd+hg)/2.0 = 0.8438 in
Bolting up conditions:
Gasket load lever arm hg = (C-G)/2 = 0.75 in
Operating conditions:
Hydrostatic moment MD = HD*hd = 56991 1bf*in
Gasket moment MG = HG*hg = 5743 1bf*in
Result. hydro. moment MT = HT*ht = 1204 1bf*in
Total operating moment MOP = MD+MG+MT = 63939 lbf*in
Total operating mom. MOPe= HDe (hd-hg)+HTe (ht-hg) = 2306 1lbf*in
Bolting up conditions:
Bolt up moment MATM = W*hg = 54554 1bf*in
Effective bolt moment MB = MATM*SFO/SFA = 40915 1lbf*in
Total moment MO = MOP or MB = 63939 1bf*in
Bolt spacing correction M = MO*Cf = 63939 1lbf*in
(TEMA 1999 RCB-11.23) Cf=1

Flange shape constants:

B = = 32.125 in

K = A/B = 1.0973

Y = Fig.2-7.1 = 20.8547
Flange calculated thickness: t = (M*Y/SFO*B)**0.5 = 1.6635 in
Flange nominal thickness: tnom = 1.4375 in
Stress calculations: Allowable stess:
Tangential, ST = MO*Cf*Y/ (B*tnom**2) = 14576 psi SFO = 15000 psi

Loose Flange Calculations

Teams 20.0
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« .aponent:

-—- Calculations -—-

Operating moment, Mo = 64309 lbf*in Gasket seat. moment Ma =
Factor V vV = 0.391 Factor L L
Mod. elast.design T Ed = 27000000 psi Mod.elast.atm. temp Ea
Thickness g0 g0 = 0.25 in Factor hO ho
Factor KI KI = 0.3 Factor KL KL
Corrosion allowance ca = 0.0 in Factor K K =
Thickness, T T = 1.4375 in

Rigidity index, J, loose flange type

Gasket seating J = 109.4 * Ma / (E* T ** 3 * Ln(K) * KL) = -
Operating J = 109.4 * Mo / (E * T ** 3 * Ln(K) * KL) = -
Rigidity index, J, integral flange type

Gasket seating J = 52.14 * Ma * V / (L *E * GO ** 2 * ho *
Operating J =52.14 * Mo * V / (L * E * GO ** 2 * ho *

Front Head Flng At TS
ASME Section VIII Div.1 2004 A06, Appendix 2,

KT)
KI)

2-14 Flange Rigidity

54554 1lbf*in
1.1306
28300000 psi
2.8062 in
0.2

1.119

0.6607
0.8164
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.mponent: Rear Head Flng At TS

ASME Section VIII-1 2004 A06
Flange type: Optional type ¢
Flange material: SA-240 S304

App.
ing - code fig.2-4(8)
00 Grd 304 Plate

2 Bolted Flange With Ring Type Gaskets

Int. design pressure PI = 75 psi Design temperature T = 300 F
Ext. design pressure PE = 15 psi Bl = B+gl or B+go Bl = -
Inside corr. allow CAI = 0.0 in Outside corr. all. CAO = 0.0 in
Stress (operating) SFO = 15000 psi Stress (atmos.) SFA = 20000 psi
Outside diameter A = 35.5 in Inside spherical rad. L = -
Inside diameter B = 31.375 in Hub thickness gl = 0.8125 in
Bolt circle diameter C = 34.25 in Hub tks. at attach. go = 0.3125 in
Mean gasket diameter G = 32.75 in Weld leg/hub length h = 0.5 in
Hub to bolt circle R = 0.625 in Bolt circle to OD E = 0.625 in
Flange thickness t = 1.1875 in
Note: Optional Type Flanges use the smaller of integral or loose calculation.
Gasket material: Solid Teflon 1/8in Thickness
Gasket outside dia. ODG = 33.25 in Gasket width Wth = 0.5 in -
Gasket thickness tks = 0.125 in Gasket factor m= 2.0
Gasket seating stress y = 1600 psi Gasket eff. width b = 0.25 in
Gasket rib length Rib = 0.0 in Seating width bo = 0.25 in
Gasket rib eff width Br = 0.0 in (Table 2-5.2 facing la/lb Col. II )
Bolt material: SA-193 G41400 Grd B7 Bolt (<= 2 1/2)
Bolt diameter Dia = 0.5 in No. of bolts No. = 24
Bolt root area Area = 0.126 in2
Stress (operating) SB = 25000 psi Stress (atmos.) SA = 25000 psi
Joint—-contact compr. load HP = 6.2832*pb*G*PI*m+2*Br*m*PI*RIB = 7717 1bt
Hydrostatic end force H = 0.7854*G*G*PL = 63179 1bf
Hydrostatic end force He= 0.7854*G*G*PE = 12636 1bf
™erating conditions:

calc. bolt load WM1 = HP+H = 70896 1lbf
...n. used bolt load WM1 = max of 2 mating flanges = 70896 1bf
Bolting up conditions:
Minimum bolt load WM2 = b*3.1416*G*Y+Br*Y*RIB = 41155 1bf
Min. used bolt load WM2 = max of 2 mating flanges 41155 1bf
Required bolt area AM = WM2/SA or WM1/SB = 2.84 in2
Available bolt area AB = No.Bolt*Area = 3.02 in2
Design bolt load W = 0.5* (AM+AB) *SA = 73248 1bf
Minimum gasket width NMIN = AB*SA/ (6.283*y*G) 0.2296 in
Gasket compression stress Gcst = AB*SA/ (Pi*G*Wth) 1470 psi
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ads:
Operating conditions:

Integral Flange Calculations

Hydrostatic end load HD = 0.785*B*B*PI = 5798
Hydrostatic end load HDe= 0.785*B*B*PE = 1159
Gasket load HG = WM1-H = 771
Result. hydrostatic force HT = H-HD = 519
Result. hydrostatic force HTe= He-HDe 103
Bolting up conditions:
Gasket load HG =W = 7324
Operating conditions:
Hydrostatic lever arm hd = R+0.5*gl = 1.031
Gasket load lever arm hg = (C-G)/2 = 0.75
Result. hydro. lever arm ht = (R+gl+hg)/2.0 = 1.093
Bolting up conditions:
Gasket load lever arm hg = (C-G)/2 = 0.75
Operating conditions:
Hydrostatic moment MD = HD*hd = 5979
Gasket moment MG = HG*hg = 578
Result. hydro. moment MT = HT*ht = 568
Total operating moment MOP = MD+MG+MT = 71206
Total operating mom. MOPe= HDe (hd-hg) +HTe (ht-hg) = 361
Bolting up conditions:
Bolt up moment MATM = W*hg = 5493
Effective bolt moment MB = MATM*SFO/SFA = 4120
Total moment MO = MOP or MB = 7126
Bolt spacing correction M = MO*Cf = 7690
(TEMA 1999 RCB-11.23) Cf= 1.079
Flange shape constants:
K = A/B = 1.1315 ho = SQ(B*GO)
TF = Fig.2-7.1 = 1.8657 h/ho = h/ho
7z = Fig.2-7.1 = 8.1369 F = Fig.2-7.2
Y = Fig.2-7.1 = 15.7408 Vv = Fig.2-7.3
U = Fig.2-7.1 = 17.2975 f = Fig.2-7.6
G1/G0 = G1l/Go = 2.6 e = F/ho
t = = 1.1875 in
D = U*ho*g0*g0/V = 14.5438 Alpha = t*e+1.0
Beta = 1.333*t*e+1.0 = 1.4538 Gamma = Alpha/TF
Delta = t*t*t/D = 0.1151 Lambda = Gamma+Delta
Stress calculations:
Long. hub SH = (f*M)/(Lambda*gl**2*B) = 21765 psi
Radial SR = Beta*M/ (Lambda*t**2*B) = 3031 psi
Tangential ST1 = M*Y/ (£t**2*B) - (Z*SR) = 2694 psi
(greater) ST2 = (SH+SR)/2 or (SH+STL1)/2 = 12398 psi

6 lbf
7 1bf
7 1bt
4 1bf
9 1bf

8 1lbf

3 in
in
8 in

in

8 1lbf*in
7 1lbf*in
1 1lbf*in
6 lbf*in
9 1bf*in

6 lbf*in
2 lbf*in
6 1lbf*in
4 1lbf*in

L1312
.1597
.8977
.3637
.8866
.2867

I
OO0 oW

= 1.3404

= 0.7185

= 0.8336

Allowable
1.5*SFO =
SFO =

SFO

SFO

If

stress:
22500 psi
15000 psi
15000 psi
15000 psi
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-~ ads:
Operating conditions:

Hydrostatic end load HD = 0.785*B*B*PI = 60791 1bf
Hydrostatic end load HDe= 0.785*B*B*PE = 12158 1bf
Gasket load HG = WM1-H = 7717 1bf
Result. hydrostatic force HT = H-HD = 2388 1bf
Result. hydrostatic force HTe= He-HDe = 478 1bf
Bolting up conditions:
Gasket load HG = W = 73248 1bf
Operating conditions:
Hydrostatic lever arm hd = (C-B)/2.0 1.0625 in
Gasket load lever arm hg = (C-G)/2 = 0.75 in
Result. hydro. lever arm ht = (hd+hg)/2.0 = 0.9063 in
Bolting up conditions:
Gasket load lever arm hg = (C-G)/2 = 0.75 in
Operating conditions:
Hydrostatic moment - MD = HD*hd = 64590 lbf*in
Gasket moment MG = HG*hg = 5787 1lbf*in
Result. hydro. moment MT = HT*ht = 2165 lbf*in
Total operating moment MOP = MD+MG+MT = 72542 1bf*in
Total operating mom. MOPe= HDe (hd-hg)+HTe(ht-hg) = 3874 1lbf*in
Bolting up conditions:
Bolt up moment MATM = W*hg = 54936 1lbf*in
Effective bolt moment MB = MATM*SFO/SFA = 41202 1lbf*in
Total moment MO = MOP or MB = 72542 1lbf*in
Bolt spacing correction M = MO*Cf = 72542 1bf*in
(TEMA 1999 RCB-11.23) Cf=

Flange shape constants:

B = = 32.125 in

K = A/B = 1.1051

Y = Fig.2-7.1 = 19.3988
Flange calculated thickness: t = (M*Y/SFO*B)**0.5 = 1.7089 in
Flange nominal thickness: tnom = 1.1875 in
Stress calculations: Allowable stess:
Tangential, ST = MO*Cf*Y/(B*tnom**2) = 14304 psi SFO = 15000 psi

Loose Flange Calculations
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_mponent: Rear Head Flng At TS
ASME Section VIII Div.l 2004 A06, Appendix 2, 2-14 Flange Rigidity

--— Calculations ---

Operating moment, Mo = 71266 lbf*in Gasket seat. moment Ma = 54936 lbf*in
Factor V vV = 0.364 Factor L L = 0.8336

Mod. elast.design T Ed = 27000000 psi Mod.elast.atm. temp Ea = 28300000 psi
Thickness g0 g0 = 0.3125 in Factor hO hO = 3.1312 in
Factor KI KI = 0.3 Factor KL KL = 0.2
Corrosion allowance ca = 0.0 in Factor K K = 1.1315
Thickness, T T = 1.1875 in

loose flange type

109.4 * Ma / (E * T ** 3 * ILn(K) * KL) = -
109.4 * Mo / (E * T ** 3 * Ln(K) * KL) = -
integral flange type

52.14 * Ma * V / (L * E * GO ** 2 * ho * KI)
=52.14 * Mo * V / (L * E * GO ** 2 * ho * KI)

Rigidity index, J,
Gasket seating J
Operating J
J,
J
J

i
|

Rigidity index,
Gasket seating
Operating

0.4814
0.6545
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w.mponent: Front Tubesheet
Tubesheet Details - TEMA 1999 Design
Materials of construction

Shell: SA-516 K02700 Grd 70 Plate

Channel: SA-240 S30400 Grd 304 Plate

Tubesheet: SA-240 S30400 Grd 304 Plate

Tubes: SA-249 S30400 Grd TP304 Wld. tube (GS)
Design conditions Shell Channel Tubesheet Tubes
Design pressure psi 165 90
Design temperature F 300 300 300 300
Allowable stress psi 20000 15000 18941
Mean metal temp. F 95 126 126
Mod.of elas/M.M.T. psi 29165384 27998460 27998460
Coef.th.exp/M.M.T. in/in/F 0.0000064 0.0000087
Corrosion allowance in 0.0625 0.0
Yield stress, Sy psi 22400

RCB-7.134 Tubesheet Formula - Tubesheet Flange Extension
RCB-7.1341 Fixed Tubesheet or Floating Tubesheet Exchangers

Design temperature TS = 300 F TS allowable stress S = 15000 psi

Tubesheet OD A = 35.25 in Reaction diameter G = 31.375 in

Ratio A/G r = 1.1235

Equivalent diameter DL = 19.0459 in Flange moment M = 64309 lbf*in
( M * (r**2 - 1 + 3.71 * r**2 * Ln(r) y**1/2

Tr = 0.98 * (——————————————— - - o T oo ) = 0.5063 in
( S * (A - G) * (1 + 1.86 * r**2) )

Relative expansion between shell and tubes (TEMA T-4.5)

Shell metal temp. Thetas = 25 F Tube metal temp. Thetat = 56 F

Tube length I, = 240.0 in

= 1tal = (Alphas*Thetas-Alphat*Thetat)*L = -0.0781 in
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aponent: Front Tubesheet

Tubesheet Details - TEMA 1999 Design

RCB-7.13 Required Effective Tubesheet Thickness

Tubesheet details with effective thicknesses (no corrosion added), in
Effective thickness definition as per TEMA 1999 RCB-7.12
Corroded conditions refer to head and shell dimensions only

Bending : T = (F*G/3)*Sqrt(P/Eta*S) Factor Eta = 0.4898
Shear . T = 0.31*DL* (P/S)/(1-do/Pitch)
-Without exp.Jjoint- —-- With exp.joint --
Uncorroded Corroded Uncorroded Corroded
User specified thickness 1.75 1.75 1.75 1.75
Effective thickness, T : 1.25 1.25 0.0 0.0
Req. tks. shell side (bending): 1.2085 1.1909 0.0 0.0
Req. tks. tube side (bending) : 0.8817 0.9084 0.0 0.0
Reqg. tks. shell side (shear) 0.1557 0.15 0.0 0.0
Req. tks. tube side (shear) : 0.0849 0.0746 0.0 0.0

Shell and tube stresses, tube-to-TS loads and effective -pressures
Stresses, psi (* means stress exceeds allowable)

-Without exp.joint- -- With exp.joint --
Uncorroded Corroded Uncorroded Corroded
Shell longitudinal stress = 2616 3017 0 0
Shell compressive stress = 0 0 0 0
Tube longitudinal stress = 1164 1300 0 0
Tube compressive stress = -7564 -7331 0 0
Tube-to-tubesheet load, 1lbf
Tube-to-tubesheet load Wj = 147 162 0 0
Effective pressures P, psi
Eff.pres.shell side (bend.)= 98.9 95.3 0 0
Fff.pres.tube side (bend.) = 52.06 55.4 0 0
.pres.shell side (shear)= 98.9 95.3 0 0
L.pres.tube side (shear) = 53.9 47.4 0 0
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aponent: Front Tubesheet
Tubesheet Details - TEMA 1999 Design
RCB-7.161 Equivalent Differential Expansion Pressure, Pd, psi

Tube OD do = 0.75 in Tube thickness tt = 0.049 in
Tube Number N = 821 Tube pitch pitch = 1.0 in
Tube Length Lt = 240.0 in Mod.of Elasticity E = 27998460 psi
Mod.of Elasticity Es = 29165384 psi Mod.of Elasticity Et = 27998460 psi
Pd = 4*J*Es*ts* (Deltal/Lt)/{Do-3*ts)* (1+J*K*Fq)
J = Sj*L/Sj*L+Pi*(Do—ts)*ts*Es K = Es*ts* (Do-ts) /Et*tt*N* (do-tt)
Fq = 0.25+ (F-0.6)* ({300*ts*Es/K*L*E) * (G/T) **3)**0.25
-Without exp.joint- -— With exp.joint --
Uncorroded Corroded Uncorroded Corroded

Units: in

Factor F shell side F = Fs = 1.0 1.0 1.0 1.0
Factor F tube side F = Ft = 1.0 1.0 1.0 1.0
Dia. G shell side G = Gs = 31.25 31.375 31.25 31.375
Dia. G tube side G = Gt = 31.25 31.375 31.25 31.375
Shell OD Do = 32.0 32.0 32.0 32.0
Shell thickness ts = 0.375 0.3125 0.375 0.3125
Spring rate, lbf/in Sj = - - 0 0
Stiffness multiplier K = - - 0 0
Effective tube length L = 237.5 237.5 0 0
J=1;w/0 Exp.Joint J = 1.0 1.0 0.0 0.0
J=0;53j< (Do-ts)*ts*Es/10*L = 0 0 0 0
Rigidity factor K K = 0.4381 0.3658 0.4381 0.3658

Fg = 4.8572 4.8687 0.0 0.0

Pd = -147.4 -137.3 0 0
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.mponent: Front Tubesheet
Tubesheet Details - TEMA 1999 Design
RCB-7.162 Equivalent Bolting Pressure, Pb, psi

-Without exp.joint- -— With exp.joint --

Uncorroded Corroded Uncorroded Corroded
Equiv. bolting pressure Pbt = 13.1 12.9 13.1 12.9
Equiv. bolting pressure Pbs = 11.1 11 11.1 11
Operating moment M1 = 64309 1lbf*in Bolting-up moment M2 = 54554 lbf*in

6.2 * Ml 6.2 * M2
Operating - Pbt = ——————=—===- Bolting up - Pbs = ——=—=————=——=
F**Z * GS**3 F**z * GS**3

RCB-7.163 Effective Shell Side Design Pressure, P, psi

-Without exp.joint- -— With exp.joint --

Uncorroded Corroded Uncorroded Corroded
P = (Ps'-Pd)/2 98.9 95.3 0 0
P = Ps' 50.4 53.2 0 0
P = PBs 11.1 11 0 0
P = (Ps'-Pd-PBs) /2 93.3 89.8 0 0
P = (PBs+Pd)/2 -68.2 -63.2 0 0
P = Ps'-PBs 39.3 42.3 0 0
G = Gs = Shell I.D., in 31.25 31.375 31.25 31.375
fs = 1-N* (do/G) **2 0.5271 0.5309 0.5271 0.5309
Dj = expansion joint ID, in 31.25 31.375 0.0 0.0
Ps' = 50.4 53.2 0 0

0.4*J* (L.5+K* (1.5+€fs))—((1-J) /2) * (DJ**2/G**2-1))
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. uponent: Front Tubesheet

Tubesheet Details - TEMA 1999 Design

RCB-7.164 Effective Tube Side Design Pressure, P, psi
-Without exp.joint-
Uncorroded Corroded

If Ps' is positive:

P = (Pt'+PBt+Pd)/2 -47.4 -40.9

P = Pt'+PBt 52.6 55.4

If Ps' is negative:

P = (Pt'-Ps'+PBt+Pd)/2 -72.6 -67.6
P = Pt'-Ps'+PBt 2.3 2.2
When J=0 and Ps and Pt are both positive:

P = Pt+(Ps/2)*((DJj/G)**2-1)+PBt 0 0
G = Gs = shell I.D., in 31.25 31.375
ft = 1-N#*((do-2*tt)/G)**2 0.6426 0.6455

Pt' = 39.6 42.5
1+ 0.4 * J*K* (1.5 + ft)

1+ J*K* Fq
RCB-7.22 Shell Longitudinal Stress, Ss, psi

~- With exp.joint --
Uncorroded Corroded

0 0

0 0

0 0

0 0

0 0
31.25 31.375
0.6426 0.6455
0 0

Ss = (Cs * (Do - ts) * (Ps*) ) / 4 * ts

-Without exp.joint-

Tensile stress (shell), psi Uncorroded Corroded

Allowable stress 20000 20000
Tensile stress Ss = 2616 3017
Compressive stress ({shell), psi
Allowable stress 15579 16127
Compressive stress Ss = 0 0
Fefective pressure, Ps*, psi
3* = Pt-Pt' 50.4 47.5
¢s* = Ps' 50.4 53.2
Ps* = -Pd 147 .4 137.3
Ps* = Pt-Pt'+Ps' 100.8 100.7
Ps* = Pt-Pt'-Pd 197.8 184.8
Ps* = Ps'-Pd 197.8 190.5
Ps* = Pt-Pt'+Ps'-Pd 248.2 238

-— With exp.joint --
Uncorroded Corroded

20000 20000
0 0
15579 16127
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
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mponent: Front Tubesheet
Tubesheet Details - TEMA 1999 Design
RCB-7.23 Tube Longitudinal Stress-Periphery of Bundle, St, psi

St = (Ct * Fqg * (Pt*) * G**2) / 4 * N * tt * (do-tt)
~-Without exp.joint- -— With exp.Jjoint --
Uncorroded Corroded Uncorroded Corroded
G = Gs = Shell I.D., in 31.25 31.375 31.25 31.375
Fs = 3.25-0.5*Fqg 1.25 1.25 0 0
Tensile stress (tubes), psi
Allowable stress 18941 18941 18941 18941
Tensile stress st = 1163.6 1299.8 0 0
Compressive stress (tubes), psi
Allowable stress Sc = 9586 9586 0 0
Compressive stress St = -7563.6 -7331.3 0 0
Tntermediate pressures, P2 and P3, psi
P2 = Pt'—(ft*Pt/Fq) 27.7 30.6 0 0
P3 = Ps'-(fs*Ps/Fq) 32.5 35.2 0 0

RCB-7.23 Tube Longitudinal Stress-Periphery of Bundle (Contlnued), St, psi
-Without exp.joint-

-- With exp.joint —-

Effective pressure, Pt*, psi Uncorroded Corroded Uncorroded Corroded
Pt* = P2 27.7 30.6 0 0
Pt* = -P3 -32.5 -35.2 0 0
Pt* = Pd ~-147.4 -137.3 0 0
Pt* = P2-P3 ~4.8 -4.6 0 0
Pt* = P2+Pd -119.7 -106.7 0 0
Pt* = -P3+Pd -179.8 -172.5 0 0
Pt* = P2-P3+Pd -152.2 -142 0 0

RCB-7.24 Allowable Tube Compressive Stress-Periphery of Bundle, Sc, psi
Sc = Pi**2 * Et/(Fs*(kl/r)**2 when Cc <= kl/r k = 0.80
3¢ = (Sy/Fs)*{l1-(kl/x)/(2*Cc)) when Cc > kl/r 1 = 45.375 in
Cc = Sqrt (2*Pi**2*Et/Sy) Cc = 157.1 kl/r = 146.11
r = 0.25*Sqrt(do**2+(do-2*tt)**2) = 0.2484 in
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sponent: Front Tubesheet
Tubesheet Details - TEMA 1999 Design

RCB-7.25 Tube-to-Tubesheet Joint Loads-Periphery of Bundle, Wj, 1bf

Wj = Pi * Fq * (Pt*) G**2 / (4 * N)

-Without exp.joint- —-- With exp.joint --
Uncorroded Corroded Uncorroded Corroded
G = Gs = Shell I.D., in 31.25 31.375 31.25 31.375
Tube-to-tubesheet load, WjJ 147.4 161.6 0 0

Effective pressure, Pt*, psi
Pt* = P2 27.7 30.6 0 0
Pt* = —-P3 -32.5 -35.2 0 0
Pt* = P2-P3 -4.8 -4.6 0 0

RCB-7.25 Tube-to-Tubesheet Joint Loads-Periphery of Bundle (cont.), Wiy, 1bf
Allowable Loads per ASME Section VIII Div. 1 2004 AO6 Appendix A

No Test Test
Type Joint description fr Lmax fr Lmax
a Strength welded only 0.8 1635 1 2044
b Seal welded only 0.55 1124 0.7 1431
e Strength welded and expanded 0.8 1635 1 2044
f Seal welded and exp.with 2 grooves 0.75 1533 0.95 1942
g Seal welded and exp.with 1 groove 0.65 1329 0.85 1737
h Seal welded and exp.with no grooves 0.5 1022 0.7 1431
i Expanded with 2 grooves 0.7 1431 0.9 1840
J Expanded with 1 groove 0.65 1329 0.8 1635
k Expanded with no grooves 0.5 1022 0.6 1226
* = Wj calculated exceeds code allowable for this joint type.
For joints types a,b,b-1,c,d,e : Imax = At*Sa*fr
For joints types f,qg,h, Lmax = At*Sa*fe*fr*fy
Frr joints types 1,3,k H Lmax = At*Sa*fe*fr*fy,ft
ss—sectional area At = 0.1079 in2 Tube allowable Stress Sa = 18941 psi
_tor fe (1/do or 1) fe =1 Ratio fy fy =1
ft = (Po+Pt)/Po ft =1 Min Yield Str SigmaM = 30000 psi
(ft = 1 if max exceeded)
Tube OD do = 0.75 in Tube thickness tt = 0.049 in
Tubes yield str(min) st = 30000 psi TubSh mean metal tmp T =126 F
Tubes Mod.Elasticity EtT = 27998460 psi TubSh Mod.Elast. EsT = 27998460 psi
Tubes Coef.Th.EXp. at = 0.0000087 TubSh Coef.Th.Exp. as = 0.0000087
Po = (4* (do*t-t**2)*st)/do**2 Po = 7328 psi
Pt = ((T-Tamb)* (at-as)* (ELtT*EsT) /(EtT+EsST) Pt = -
For joint types i, Jj, k: Po + Pt <= 0.58+*SigmaM
7328 psi <= 17400 psi
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aponent: Rear Tubesheet
Tubesheet Details - TEMA 1999 Design
Materials of construction

Shell: SA-516 K02700 Grd 70 Plate

Channel: SA-240 S30400 Grd 304 Plate

Tubesheet: SA-240 S30400 Grd 304 Plate

Tubes: SA-249 S30400 Grd TP304 Wld. tube(G5)
Design conditions Shell Channel Tubesheet Tubes
Design pressure psi 165 90
Design temperature F 300 300 300 300
Allowable stress psi 20000 15000 18941
Mean metal temp. F 95 126 126
Mod.of elas/M.M.T. psi 29165384 27998460 27998460
Coef.th.exp/M.M.T. in/in/F 0.0000064 0.0000087
Corrosion allowance in 0.0625 0.0
Yield stress, Sy psi 22400

RCB-7.134 Tubesheet Formula - Tubesheet Flange Extension
RCB-7.1341 Fixed Tubesheet or Floating Tubesheet Exchangers

Design temperature TS = 300 F TS allowable stress S = 15000 psi

Tubesheet OD A = 35.5 in Reaction diameter G = 31.375 in

Ratio A/G r = 1.1315

Equivalent diameter DL = 19.0459 in Flange moment M = 71266 lbf*in
( M * (r**2 - 1 + 3.71 * r**2 * Ln(r) y**1/2

Tr = 0.98 * (————=———=——————————————~=-——-—-——ooToo ) = 0.5325 in
( S % (A - G) * (1 + 1.86 * r**2) )

Relative expansion between shell and tubes (TEMA T-4.5)

Shell metal temp. Thetas = 25 F Tube metal temp. Thetat = 56 F

Tube length L = 240.0 in

r~ltal = (Alphas*Thetas—Alphat*Thetat)*L = -0.0781 in
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-.mponent: Rear Tubesheet

Tubesheet Details - TEMA 1999 Design

RCB-7.13 Required Effective Tubesheet Thickness

Tubesheet details with effective thicknesses (no corrosion added), in
Effective thickness definition as per TEMA 1999 RCB-7.12
Corroded conditions refer to head and shell dimensions only

Bending : T = (F*G/3) *Sgrt (P/Eta*Ss) Factor Eta = 0.4898
Shear : T = 0.31*DL*{P/S)/(1-do/Pitch)
-Without exp.joint- -—- With exp.joint --
Uncorroded Corroded Uncorroded Corroded
User specified thickness 1.75 1.75 1.75 1.75
Effective thickness, T : 1.25 1.25 0.0 0.0
Req. tks. shell side (bending): 1.2085 1.1909 0.0 0.0
Req. tks. tube side (bending) : 0.8935 0.9198 0.0 0.0
Req. tks. shell side (shear) 0.1557 0.15 0.0 0.0
Req. tks. tube side (shear) H 0.0849 0.0746 0.0 0.0

Shell and tube stresses, tube-to-TS loads and effective pressures
Stresses, psi (* means stress exceeds allowable)

-Without exp.joint- -- With exp.joint --
Uncorroded Corroded Uncorroded Corroded
Shell longitudinal stress = 2616 3017 0 0
Shell compressive stress = 0 0 0 0
Tube longitudinal stress = 1164 1300 0 0
Tube compressive stress = ~7564 -7331 0 0
Tube-to-tubesheet load, 1lbf
Tube-to-tubesheet load Wj = 147 162 0 0
Effective pressures P, psi
Eff.pres.shell side (bend. )= 98.9 95.3 0 0
T °f . pres.tube side (bend.) = 54.1 56.8 0 0
.pres.shell side (shear)= 98.9 95.3 0 0
L. .pres.tube side (shear) = 53.9 47.4 0 0
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-omponent: Rear Tubesheet
Tubesheet Details - TEMA 1999 Design

RCB-7.161 Equivalent Differential Expansion Pressure, Pd, psi

Tube OD do = 0.75 in Tube thickness tt = 0.049 in
Tube Number N = 821 Tube pitch pitch = 1.0 in

Tube Length Lt = 240.0 in Mod.of Elasticity E = 27998460 psi
Mod.of Elasticity Es = 29165384 psi Mod.of Elasticity Et = 27998460 psi
Pd = 4*J*Es*ts* (DeltaL/Lt)/ (Do-3*ts)* (1+J*K*Fq)

J = Sj*L/8j*L+Pi* (Do~ts) *ts*Es K = Es*ts* (Do~ts) /Et*tt*N* (do-tt)

Fgq = 0.25+(F-0.6)*((300*ts*Es/K*L*E) * (G/T) **3) **0.25

-Without exp.joint-
Uncorroded Corroded
Units: in

Factor F shell side F = Fs = 1.0 1.0
Factor F tube side F = Ft = 1.0 1.0
Dia. G shell side G = Gs = 31.25 31.375
Dia. G tube side G = Gt = 31.25 31.375
Shell OD Do = 32.0 32.0
Shell thickness ts = 0.375 0.3125
Spring rate, 1lbf/in Sy = = -
Stiffness multiplier K = = -
Effective tube length L = 237.5 237.5
J=1;w/0 Exp.Joint J = 1.0 1.0
J=0;Si< (Do-ts)*ts*Es/10*L = 0 0
Rigidity factor K K = 0.4381 0.3658

FPg = 4.8572 4.8687

Pd = -147.4 -137.3

-— With exp.joint --
Uncorroded Corroded

1.0
1.0
31.25
-31.25
32.0

0.375
0

OO OO

0.4381

1.0
1.0
31.375
31.375
32.0
0.3125
0

[=N el ool

0.3658
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Tubesheet Details - TEMA 1999 Design
RCB-7.162 Equivalent Bolting Pressure, Pb, psi

-Without exp.joint- -—- With exp.joint --

Uncorroded Corroded Uncorroded Corroded
Equiv., bolting pressure Pbt = 14.5 14.3 14.5 14.3
Equiv. bolting pressure Pbs = 11.2 11 11.2 11
Operating moment M1 = 71266 1bf*in Bolting-up moment M2 = 54936 1bf*in

6.2 * M1 6.2 * M2
Operating - Pbt = ———=—===——=— Bolting up - Pbs = —====————==—=
F**Z * GS**3 F**z * GS**3

RCB-7.163 Effective Shell Side Design Pressure, P, psi

-Without exp.Jjoint- -— With exp.joint --

Uncorroded Corroded Uncorroded Corroded
P = (Ps'-Pd)/2 98.9 95.3 0 0
P = Ps' 50.4 53.2 0 0
P = PBs - 11.2 11 0 0
P = (Ps'-Pd-PBs)/2 93.3 89.8 0 0
P = (PBs+Pd)/2 -68.1 -63.1 0 0
P = Ps'-PBs 39.2 42.2 0 0
G = Gs = Shell I.D., in 31.25 31.375 31.25 31.375
fs = 1-N* (do/G)**2 0.5271 0.5309 0.5271 0.5309
Dj = expansion joint ID, in 31.25 31.375 0.0 0.0
pPs' = 50.4 53.2 0 0

O.4*J*(1.5+K*(1.5+fs))—((1—J)/2)*(Dj**2/G**2—1))

1+ J* K * Fq
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. .mponent: Rear Tubesheet
Tubesheet Details - TEMA 1999 Design

RCB-7.164 Effective Tube Side Design Pressure, P, psi

-Without exp.joint-
Uncorroded Corroded
If Ps' is positive:

P = (Pt'+PBt+Pd)/2 -46.7 -40.2
P = Pt'+PBt 54.1 56.8
If Ps' is negative:

P = (Pt'-Ps'+PBt+Pd)/2 -71.9 -66.9
P = Pt'-Ps'+PBt 3.7 3u6
When J=0 and Ps and Pt are both positive:

P = Pt+(Ps/2)*((Dj/G)**2-1)+PBt 0 0
G = Gs = shell I.D., in 31.25 31.375
ft = 1-N*((do-2*tt)/G)**2 0.6426 0.6455
Pt' = 39.6 42.5

14+ 0.4 * J*K* (L.5+ ft)

1 +J*K* Fq
RCB-7.22 Shell Longitudinal Stress, Ss, psi

~- With exp.joint --
Uncorroded Corroded

0 0

0 0

0 0

0 0

0 0
31.25 31.375
0.6426 0.6455
0 0

Ss = (Cs * (Do - ts) * (Ps*) ) / 4 * ts

-Without exp.joint-

Tensile stress (shell), psi Uncorroded Corroded

Allowable stress 20000 20000

Tensile stress Ss = 2616 3017
Compressive stress (shell), psi

Allowable stress 15579 16127

Compressive stress Ss = 0 0]
r€fective pressure, Ps*, psi

s* = Pt-Pt' 50.4 47.5
Ps* = Ps' 50.4 53.2
Ps* = -Pd 147.4 137.3
Ps* = Pt-Pt'+Ps' 100.8 100.7
Ps* = Pt-Pt'-Pd 197.8 184.8
Ps* = Ps'-Pd 197.8 190.5
Ps* = Pt-Pt'4Ps'-Pd 248.2 238

-— With exp.joint —-
Uncorroded Corroded

20000 20000
0 0
15579 16127
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
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wumponent: Rear Tubesheet
Tubesheet Details - TEMA 1999 Design
RCB-7.23 Tube Longitudinal Stress-Periphery of Bundle, St, psi

St = (Ct * Fq * (Pt*) * G**2) / 4 * N * tt * (do-tt)
-Without exp.joint- -— With exp.joint --
Uncorroded Corroded Uncorroded Corroded
G = Gs = Shell I.D., in 31.25 31.375 31.25 31.375
Fs = 3.25-0.5*Fq 1.25 1.25 0 0
Tensile stress (tubes), psi
Allowable stress 18941 18941 18941 18941
Tensile stress St = 1163.6 1299.8 0 0
Compressive stress (tubes), psi
Allowable stress Sc = 9586 9586 0 0
Compressive stress St = ~7563.6 ~7331.3 0 0
Intermediate pressures, P2 and P3, psi
P2 = Pt'-(ft*Pt/Fq) 27.7 30.6 0 0
P3 = Ps'-(fs*Ps/Fq) 32.5 35.2 0 0

RCB-7.23 Tube Longitudinal Stress-Periphery of Bundle (Continued), St, psi
-Without exp.Jjoint- -— With exp.joint -—-
Uncorroded Corroded

Effective pressure, Pt*, psi Uncorroded Corroded
pPt* = P2 27.7 30.6 0 0
Pt* = -P3 -32.5 -35.2 0 0
Pt* = pPd -147.4 -137.3 0 0
Pt* = P2-P3 -4.8 -4.6 0 0
Pt* = P2+Pd -119.7 -106.7 0 0
pt* = -P3+Pd -179.9 -172.5 0 0
Pt* = P2-P3+Pd -152.2 -142 0 0
RCB-7.24 Allowable Tube Compressive Stress-Periphery of Bundle, Sc, psi
§c = Pi**2 * Et/(Fs*(kl/r)**2 when Cc <= kl/r k = 0.80
c = (Sy/Fs)*(1-(kl/r)/(2*Cc)) when Cc > kl/r 1 = 45.375 in
Cc = Sqrt(2*Pi**2*EtL/Sy) Cc = 157.1 kl/r = 146.11
r = 0.25*Sqrt{do**2+ (do-2*tt)**2) = 0.2484 in
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wumponent: Rear Tubesheet
Tubesheet Details — TEMA 1999 Design

RCB-7.25 Tube-to-Tubesheet Joint Loads-Periphery of Bundle, Wj, 1lbf

Wj = Pi * Fg * (Pt*) G**2 / (4 * N)

-Without exp.joint- —-- With exp.joint --
Uncorroded Corroded Uncorroded Corroded
G = Gs = Shell I.D., in 31.25 31.375 31.25 31.375
Tube-to-tubesheet load, Wj 147.4 161.6 0 0

Effective pressure, Pt*, psi
Pt* = P2 27.7 30.6 0 0
Pt* = -P3 -32.5 -35.2 0 0
Pt* = P2-P3 -4.8 -4.6 0 0

RCB-7.25 Tube-to-Tubesheet Joint Loads-Periphery of Bundle (cont.), Wj, lbf

Allowable Loads per ASME Section VIII Div. 1 2004

AQ06 Appendix A

No Test Test
Type Joint description fr Lmax fr Lmax
a Strength welded only 0.8 1635 - 1 2044
b Seal welded only 0.55 1124 0.7 1431
e Strength welded and expanded 0.8 1635 1 2044
f Seal welded and exp.with 2 grooves 0.75 1533 0.95 1942
g Seal welded and exp.with 1 groove 0.65 1329 0.85 1737
h Seal welded and exp.with no grooves 0.5 1022 0.7 1431
i Expanded with 2 grooves 0.7 1431 0.9 1840
g Expanded with 1 groove 0.65 1329 0.8 1635
k Expanded with no grooves 0.5 1022 0.6 1226
x = Wj calculated exceeds code allowable for this joint type.
For joints types a,b,b-1,c,d,e : Lmax = At*Sa*fr
For joints types f,dq,h, : Lmax = At*Sa*fe*fr*fy
- joints types i,],k H Lmax = At*Sa*fe*fr*fy, ft
ss-sectional area At = 0.1079 in2 Tube allowable stress Sa = 18941 psi
tactor fe (1/do or 1) fe =1 Ratio fy fy =1
ft = (Po+Pt)/Po ft =1 Min Yield Str SigmaM = 30000 psi
(ft = 1 if max exceeded)
Tube OD do = 0.75 in Tube thickness tt = 0.049 in
Tubes yield str(min) st = 30000 psi TubSh mean metal twmp T = 126 F
Tubes Mod.Elasticity EtT = 27998460 psi TubSh Mod.Elast. EsT = 27998460 psi
Tubes Coef.Th.Exp. at = 0.0000087 TubSh Coef.Th.Exp. as = 0.0000087
Po = (4* (do*t-t**2)*st) /do**2 Po = 7328 psi
Pt = ((T-Tamb)* (at-as)* (ELtT*EsT) /(EtT+EsT) Pt = -

For joint types i, 3, k:

Po + Pt <= 0.58*SigmaM
7328 psi <= 17400 psi

38 of 129



Heat Exchanger Mechanical Design

Teams 20.0

File name: E-4201 FINAL Bunge 7793.BJT Date: 8/27/2007 Time: 8:08:36 AM

wumponent: Front Tubesheet Rules for the Design ©
ASME VIII-1 2004 A06 UHX-13 Fig.UHX-13.1(b)

**+* Tubesheet material:
Design temp. tubesheet T
TubSh allowable stress S
TubSh mod.elasticity E
Poisson's rat. tubSh v
**%% Shell material:
Design temp. shell Ts
Shell allowable str. Ss
Shell mod.elasticity Es
Poisson's ratio shell vs
**%* Tube material:

Design temp. tubes Tt
Tube allow.Str. at Tt St
Tube mod.elas. at Tt Et
Poisson's rat. tubes vt

Tube yield stress

**%* Channel material:
Design temp. channel Tc
Channel all. stress Sc
Channel mod.elast. Ec
Poisson's rat.channel vc
*** Adjacent shell matl:
Adj Shell all. str. Ss,1

Syt

Tubesheet thickness h =

Shell side corr allow cC

-~ TubSh corr allow cs =

snell diameter, Ds
Channel diameter, Dc
Shell thickness, ts
Adjacent shell thk ts,1
Channel thickness, tc
Minimum TubSh thk, hmin
Thickness h used
Tubesheet OD A

Controlling Case:

SA-240 S30400 Grd 304 Plate

= 300 F TubSh metal tmp at rim T'= 126 F
= 15000 psi *PubSh th.ex.coe. alpha = 9.2
= 27000000 psi *TubSh th.ex.coe. alpha' = 8.704
= 0.3 *(th.exp.coef * 10**6)

SA-516 K02700 Grd 70 Plate
= 300 F Shell metal tmp/TubS T's = 95 F
= 20000 psi *Shell th.ex.coe.alpha's = 6.4833
= 28100000 psi Shell mean metal tmp Tsm = 95 F
= 0.3 *Shell th.ex.coe.alphasm = 6.4833

SA-249 S30400 Grd TP304 Wid. tube(G5)
= 300 F

= 18941.2 psi
= 27000000 psi Tube mod.elas. at T Ett

Tubes mean metal tmp Ttm = 126 F
Tube allow.Str. at T Stt

1

= 0.3 *Tube th.ex.coe.alphatm = 8.704
= 22400 psi * (th.exp.coef * 10**6)
SA-240 $30400 Grd 304 Plate
= 300 ¥ Channel metal tmp TS T'c = 126 F
= 15000 psi *Chan.th.ex.coe.alpha'c = 8.704
= 27000000 psi * (th.exp.coef * 10**6)
= 0.3
= - *Shell th.ex.coe.alpha'sl= 0.0
*Shell th.ex.coe.alpha'sml=0.0
=1.75 in Actual tubesheet thk ha = 1.75 in
= 0.0625 in Tube side cor.allow. c = 0.0 in
= 0.0 in TS TubSh corr allow ct = 0.0 in
Corroded case Uncorroded case

31.375 in 31.25 in

31.5 in 31.5 in

0.3125 in 0.375 in

0.0 in 0.0 in

0.25 in 0.25 in

0.9254 in 0.9428 in

1.75 in 1.75 in
= 35.25 in Bolt circle diam. C = 34.0 in

f Fixed Tubesheets
UHX-13.4 (a) (3)

18941.2 psi
27000000 psi
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vuell gasket diam.
Gasket reaction diam. G

Number of tubes Nt
Pass partition groove hg
Tube outside diam. dt
Tube pitch p
Tube projection tpr
Tube length L L
Tube expanded depth 1tx
Tube buckling factor k
OQutermost tube rad. ro
Shell radius as

Shell design pressure Ps
Exp.joint spring rate kj
Component :

Gs

Front Tubesheet

Fig.UHX-13.1 (b)

32.5 in
821

0.0 in
0.75 in
1.0 in
0.125 in
236.25 in
1.625 in
0.8
15.0313 in
15.6875 in
165 psi

Controlling Case:

Channel gasket diam. Gec =
= 32.5 in
= 72738 1lbf
= 0.0 in

= 0.049 in
= 0.0 in

= 239.75 in
= 0.929

= 45.375 in
= 36.3 in

= 16.25 in
= 90 psi

Gasket reaction diam. Gl

Flange load W
Eff.tube side groove h'g
Tube thickness tt

Center-to-center dis UL
Tube corrosion allow. c
Tube length Lt Lt
Tube exp.depth ratio rho
Unsupported tube span 1
Unsupp.length lt=k*1 1t

Channel radius ac
Tube design pressure Pt
EJ diameter DJ

UHX-13.4(a) (3)

1
= 0.5136
0

30.8125 in
0.25

0.652 in
123.25 in?
0 in2

1.0 in
0.348

0.0 in

15.4063 in
1.0183
.0548

. 6324

UHX-13.5.1 Step 1. Determine Do, Mu, Mu* and h'g from UHX-11.5.1.
Do = 2 * ro + dt Do =
mu = (p - dt) / p mu =
d* = MAX (dt-2*tt* (Ett/E)* (Stt/S)*Rho), (dt-2*tt})) d* =
Pass lane area limit 4*Do*p =
Actual pass lane area, AL AL =
Effective pitch = p/SORT (1- (4*MIN[AL, 4*Do*p] /Pi*Do**2)) p* =
mu* = (p* - d*) / p* ma* =
h'g = MAX[ {(hg-ct), (0)] h'g =
Calculate ao, rhos, rhoc, xs and xt
ao = radius of the perforated region Do / 2 ao =
rhos = as/ao rhos =
-hoc = ac/ao rhoc =

3 = 1 - Nt(dt/(2*ao))**2 X5 =
xt = 1 - Nt(({dt-2*tt)/(2*ao))**2 xt =

32.5 in
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£-13.5.2 Step 2. Calculate the shell axial stiffness Ks, tube axial
stiffness Kt, and stiffness factors Ks,t and J

Shell axial stiffness, Ks = PI*ts(Ds+ts)*Es/L Ks = 3700176 1bf/in
Ks* = PI*(DS+ts)/((L—2*ll)/(Es*ts)+(2*ll/(Es,l*ts,l)) Ks* = -

Tube axial stiffness, Kt = PI*tt(dt-tt)*Et/L Kt = 12333 1lbf/in
Factor Ks,t = Ks/(Nt*Kt) or Ks*/(Nt*Kt) Ks,t = 0.3654
J=1/ (1 + (Ks/Kj)) J =1.0
Calculate shell coefficients betas, ks, lambdas and deltas

betas = (12*(1l-vs**2))**0.25 / ((Ds+ts)*ts)**0.5 betas = 0.5777

ks = betas* (Es*ts**3)/(6* (1-vs**2) ks = 90730
lambdas=(6*Ds/h**3)*ks*(1+h*betas+(h**2*betas**2)/2) lambdas = 8037212
deltas = (Ds**2/(4*Es*ts))*(1-vs/2) deltas = 0.0000238
Calculate channel coefficients betac, kc, lambdac and deltac

betac = (12* (1-vc**2))**0.25 / ((Dcttc)*te)**0.5 betac = 0

kc = betac* (Ec*tc**3)/(6* (1-vc**2) ke = 0
lambdac=(6*Dc/h**3)*kc*(l+h*betac+(h**2*betac**2)/2) lambdac = 0

deltac = (Dc**2/(4*Ec*tc))*(1—vc/2) deltac = 0

NOTE: If the effect of plasticity used, Es or Ec will be Es* or Ec*
Component: Front Tubesheet
Fig.UHX-13.1(b) Controlling Case: UHX-13.4 (a) (3)
UHX-13.5.3 Step 3. Calculate h/p. If rho changes, recalculate d* and mu*
from UHX-11.5.1. Determine E*/E and v* relative to h/p from UHX-11.5.2

Layout: Triangular Tubesheet thickness h =1.75 in
From fig. UHX-11.2 or UHX-11.3 - E*/E = 0.3542 v* = 0.3201
h/p = 1.75 mu* = 0.348
Fffective Tubsheet Mod.Elasticity B* = 9563070 psi
Parameter Xa = (24*(l—v*(**2))*Nt*(Et*tt*(dt~tt)*
ao**2)/ ((E*)*L*h**3))**0.25 Xa = 4.234
Mug-13.5.4 Step 4. Calculate diameter ratio K and coefficient F.
= A / Do K = 1.144
s o= ((l-v*)/E*)* (lambdas+lambdac+E*Ln (K)) F = 0.830
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Parameters Zd, Zv and Zm from Table UHX-13.1

Psil (Xa)=bei (Xa)+(1l-v*)/Xa*ber' (Xa) Psil(Xa) = 1.5484
Psi? (Xa)=ber (Xa)-(1-v*)/Xa*bei' (Xa) Psi2 (Xa) = -3.1558
Za = bei' (Xa)*Psi2 (Xa)-ber' (Xa)*Psil (Xa) Za = 8.9504
7zd = (ber(Xa)*Psi2 (Xa)+ bei (Xa) *Psil (Xa))/ (Xa**3*Za) zd = 0.0203
7v = (ber'(Xa)*Psi2(Xa)+ bei' (Xa)*Psil (Xa))/ (Xa**2*Za) 7zv = 0.0572
Z7m = (ber' (Xa)**2+bei' (Xa)**2)/(Xa*Za) zm = 0.3508
Calculate Q1, Qzl, Qz2 and U
Phi = (l+v*) * F Phi = 1.0953
Ql = (rhos-1-Phi*Zv)/(1+Phi*Zm) 01 = -0.032
0zl = ((2d+Q1l*Zv) *Xa**4) /2 0zl = 2.9683
Q0z2 = ((Zv+Ql*Zm) *Xa**4)/2 Qz2 = 7.3834
U = ((Zv+(rhos-1)*Zm)*Xa**4)/(1+Phi*Zm) U = 14.7668
UHX-13.5.5 Step 5.
UHX-13.5.5(a) Calculate gamma
gamma = (alphatm*(Ttm—Tamb)—alphasm*(Tsm—Tamb))*L gamma = 0.0 in
(=0 for load cases 1, 2, 3) -
UHX-13.5.5(b) Calculate omegas, omegas*, omegac, omegacx
omegas = rhos*ks*betas*deltas* (1+h*betas) omegas = 2.5566
omegas* = ao**2*((rhos**2-1)* (rhos-1))/4-omegas omegas* = -2.5167
omegac = rhoc*kc*betac*deltac* (1+h*betac) omegac = 0.0
omegac* = ao**2* ((rhoc**2+1)* (rhoc-1))/4-
(rhos-1)/2-omegac omegac* = 4.6987
UHX-13.5.5(c) Calculate gammab
gammab = (Gc-C)/Do gammab = -0.0487
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aponent: Front Tubesheet
Fig.UHX-13.1(b) Controlling Case: UHX-13.4(a) (3)
UHX-13.5.6 Step 6. For each loading case calculate Ps', Pt', Pgamma, Pw,
Prim, and effective pressure Pe.

Ps' = (xs+2*(1—xs)*vt+(2/Kst)*(Ds/Do)**Z*vs— Ps' = 397.14 psi
(Rhos**2-1) / (J*Kst) - ((1-J) / (2*J*Kst) ) *
(DJ**2-(2*as) **2) /Do**2 ) * Ps
Pt' = (xt+2* (1-xt)*vt+l/(J*Kst))*Pt Pt' = 323.04 psi
Pgamma = (Nt*Kt/(Pi*ao**2))*gamma Pgamma = 0 psi
PW = —(U/ao**2) (gammab/ (2*P1i) ) *W PW = 35.06 psi
Prim = —(U/ao**2)* ( (omegas*) (Ps) - (omegac*) (Pt)) Prim = 52.14 psi
Effective pressure, Pe
Pe = (J*Kst/(1+J*Kst (Qzl+(rhos-1)Qz2))
* (Ps'-Pt'+Pgamma+PW+Prim) Pe = 27.62 psi
UHX-13.5.7 Step 7. For each loading case calculate Q2 and Q3.
Q02 = ((omegas*)*Ps-(omegac*)*Pt) -
( (omegas* (Ps*) -omegac* (Pc*) )+
(gammab/ (2*Pi)) *W) / (1+Phi*Zm) 02 = -1012.5969
03 = Q1 + 2*Q2 / Pe*ao**2 Q3 = -0.3409

Using Xa and Q3, determine coefficient Fm for each loading case from
either Table UHX-13.1 or Figs. UHX-13.3.-1 and UHX-13.3.-2.
Controlling x = 4.2345 in

Calculate functions Psil and Psi2 relative to x

Psil(x) = bei(x) + (l-v*)/x * ber'(X) Psil(x) = 1.5484

Psi2 (x) = ber(x) - (1-v*)/x * bei' (x) Psi2 (x) = -3.1557
calculate functions Qm, Qv and Fm relative to x

om(x) = (bei'(Xa)*PsiZ(x)—ber'(Xa)*Psil(X))/Za Om(x) = 1.0

ov(x) = (Psil(Xa)*Psi2(x)—PsiZ(Xa)*Psil(x))/(Xa*Za) Qvi(x) = 0.0
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Jontrolling Fm relative to x

Fm(x) = (Qv(x) + Q3 * Oom(x)) / 2 Fm(x) = -0.1705
Fm = MAX|Fm(x) | Fm = 0.1705
For each loading case, calculate the bending stress in the tubesheet
sigma = (1.5*Fm/mu*)*(2*ao/(h-h'g))**2 * Pe sigma = 6292 psi

|sigmal <= 1.5*S
6292 psi <= 22500 psi
UHX-13.5.8 Step 8. For each loading case, calculate the average shear
stress in the tubesheet at the outer edge of the perforated region

Area enclosed by perimeter AL = 653.85 in2

Perimeter of the tube layout CL = 137.3205 in
Shear diameter DL = 4*AL/CL or Do Do = 30.8125 in

Ligament efficiency, mu mu = (p-dt)/p = 0.25

Shear stress, tau = (1/(4*mu)* (Do/h}* Pe tau = 486 psi

|tau| <= 0.8*S
486 psi <= 12000 psi
UHX-13.5.9 Step 9. Perform this step for each loading case.
UHX-13.5.9(a) Calculate coefficient Fg and the axial tube stress sigmat, o
in the outermost tube row
Factor Fq = (2d + Q3*2Zv)*Xa**4/2 = 0.1294
sigmato = ((Ps*xs-Ptxt)-Pe*Fq)/(xt-xs) = 204 psi
sigmato <= St
204 psi <= 18941 psi
UHX-13.5.9(b) Check the tubes for buckling.

Ct = SQRT (2*PI**2* (Et/Syt) Ct = 154.2491
rt = SORT (dt**2+ (dt-2*tt)**2) /4 rt = 0.2484 in
Ft = lt/rt Ft = 146.1084
Fs = MAX((1.25, (3.25-0.5*Fq),2) Fs = 2.0
For Ct <= Ft Stb = MIN[(1/Fs)* (PI**2*Et/ (Ft**2),St] Stbh = -

Ssr Ct > Ft  Stb = MIN[(Syt/Fs)*(1-(Ft/2*Ct})) ,5t] Sth = -5896 psi

sigmato <= Stb
- <= -5896 psi

44 of 129



Heat Exchanger Mechanical Design Teams 20.0
File name: E-4201 FINAL Bunge 7793.BJT Date: 8/27/2007 Time: 8:08:36 AM

£-Tube stresses at the interior of the bundle.
Maximum tube compressive stress at the interior of the bundle
Ft(x) = 2dx+Q3*Zwx* (Xa**4/2)
Fi = ft(x) Fi = 1.3648
sigmati = ((Ps*xs-Ptxt)-Pe*Fi)/ (xt-xs) sigmati = -83 psi
sigmati <= Stb
-83 psi <= -5896 psi
UHX-13.5.10 Step 10. For each loading case, calculate the stresses in the
shell and /or channel integral with the tubesheet.
Calculate the axial membrane stress sigmasm, axial bending stress sigmasb
and total axial stress sigmas in the shell at its junction to the tubesheet
sigmasm = ao**2/ts* (2*as+ts)* [Pe+(rhos**2-1)
* (Ps-Pt)] + as**2/ts* (2*as+ts)*Pt sigmasm = 2965 psi

sbl = (6/ts**2)*ks

sb2 = betas* (deltas*Ps-vs* (as/Es) *sigmasm)

sb3 = 6% (1- (v*)**2)/(E*)* (ao**3/h**3) * (1+ (h*betas/2)

sbd = Pe* (Zv+Zm*Ql)+ (2/ao**2) *Zm*Q2

sigmasb = sbl* (sb2+sb3*sbd) sigmasb = 5497 psi
sigmas = |sigmasm| + |sigmasb]| sigmas = 8462 psi

sigmas <= 1.5*%8
8462 psi <= 30000 psi
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_UME VIII-1 2004 A06 UHX-13 - Rules for the Design of Fixed Tubesheets

ASME Fig.UHX-13.1 (b)
Controlling case:
Load case:

Tube-side press, Pt
Shell-side press, Ps
Axial diff.Th.Exp
TubSh Bending stress
Max TubSh Bending st
Min TubSh thk

TubSh Shear stress
Max TubSh Shear str
Min TubSh thk
Tubesheet thickness
Component:
ASME Fig.UHX-13.1(b)
Controlling case:
Load case:

Tubes stress

Max Tubes stress
Max buckling stress
Total shell stress
Max shell stress
Max shell stress EP
Total channel stress
Max channel stress
Max channel str. EP
EP factor - Facts(*)
—m factor - Factc(*)

All Load Cases

1 2 3

90 0 90

0 165 165

0.0 0.0 0.0
-5709 5660 6292
22500 22500 22500
0.8815 0.8778 0.9254
-789 1381 486
12000 12000 12000
0.1151 0.2014 0.0709
1.75 1.75 1.75

Front Tubesheet

All Load Cases

1 2 3
1105 -786 204
18941 18941 18941

= -5896 -
15097 18467 8462
30000 30000 30000
67200 67200 67200
2903 0 2903
22500 22500 22500
45000 45000 45000

1.0 1.0 1.0
1.0 1.0 1.0

4
0
0
0.0769
10913
57426
0.7629
3360
15314
0.384
1.75

-4529
40000
-6407
26753
67200

57426

(*)

5
90
0
0.0769
7274
57426
0.6228
2470
15314
0.2822
1.75

-3535
40000
-6029
16636
67200

2903
57426

<= 1 used in calculations

6
0
165
0.0769
14585
57426
0.8823
4632
15314
0.5294
1.75

~5434
40000
-6332
48184
67200

0
57426

7
90
165
0.0769
10632
57426
0.753
3742
15314
0.4276
1.75

7
-4440
40000
-6068
38066
67200

2903
57426
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Lupe compressive stresses at the interior

Load case:

Tubes stress

Max buckling stress
ASME VIII-1 2004 AQ06

Load case

_1_

=z D b=

- 3 =

= 4 =

_5_

- 6 -

= 7 S

Load case P's
psi

-1 - 0

- 2 - 397.1

=3 = 397.1

- 4 - 0

= 5 = 0

- 6 = 396.9

-7 = 396.9

Time: 8:08:36 AM

of the bundle

1 2 3 4 5 6
-894 -786 -83 -4529 -3535 -5434
-9433 -5896 -5896 -6407 -6029 -6332
UHX-13 - Fixed Tubesheets - All Cases
Ps Pt Gamma Ps* Pc*
psi psi in psi psi
0 90 0 0 0
165 0 0 0 0
165 90 0 0 0
0 0 0.0769 0 0
0 90 0.0769 0 0
165 0 0.0769 0 0
165 90 0.0769 0 0
P't Pgamma Pomega Pw Prim
psi psi psi psi psi
323 -0 0 35.1 26.3
0 0 0 35.1 25.8 7
323 0 0 35.1 52z1 2
0 1082.3 0 35.5 0 1
322.8 1082.3 0 35.5 26.6 1
0 1082.3 0 35.5 26.1 2
322.8 1082.3 0 35.5 52.17 2

Pe
psi

8.4
7.6
90.
40.
63.
12.

-4440
-6068

-44.8

U= W w
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~vad case

|
S o W
I

ASME VIII-1 2004 AO6

Load case

|
S oy W
I

Load case

I
~N oy U W N
I

Q2 Q3 Fm Sigma Sigma All
psi psi psi
-712.6 0.102 0.0953 -5709 22500 -789
-707.1 -0.108 0.054 5660 22500 1381
-1012.6 -0.3409 0.1705 6292 22500 486
-404 -0.0505 0.0414 10913 57426 3360
-707.1 -0.0751 0.0376 7274 57426 2470
-701.6 -0.0551 0.0402 14595 57426 4632
-1004.7 -0.0725 0.0362 10632 57426 3742
UHX-13 - Fixed Tubesheets - All Cases
Fgq Fs Sigto Sigto All Stb
psi psi psi
4.1999 1.25 1105 18941 -9433
2.2702 2 -786 18941 -5896
0.1294 2 204 18941 -5896
2.8193 1.8403 -4529 40000 -6407
2.5888 1.9556 -3535 40000 -6029
2.7759 1.862 -5434 40000 -6332
2.6134 1.9433 -4440 40000 -6068
Sigsm Sigsb |Sigs| Sigsall Sigcm Sigcb | Sige|
psi psi psi psi psi psi psi
1083 -14013 15097 30000 2903 0 2903
2026 16441 18467 30000 0 0 0
2965 5497 8462 30000 2903 0 2903
4575 22179 26753 67200 0 0 0
5520 11116 16636 67200 2903 0 2903
6452 41732 48184 67200 0 0 0
7397 30670 38066 67200 2903 0 2903

Tau

psi
12000
12000
12000
15314
15314
15314
15314

Sigcall
psi
22500
22500
22500
57426
57426
57426
57426

Tau All
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.,pe of tube-to-TS joint: expanded & strength welded

Load case: 1 2 3 4 5 6
Tube-to-TS Load, 1lbf 119 85 22 489 382 586
Allowable no-test 1635 1635 1635 3270 3270 3270
Allowable test 2044 2044 2044 4088 4088 4088
Allowable Loads per ASME Section VIII Div. 1 2004 AO6 BAppendix A
No Test

Type Joint description fr Lmax fr

a Strength welded only 0.8 1635 1

b Seal welded only 0.55 1124 0.7

e Strength welded and expanded 0.8 1635 1

i Seal welded and exp.with 2 grooves 0.75 1533 0.95

g Seal welded and exp.with 1 groove 0.65 1329 0.85

h Seal welded and exp.with no grooves 0.5 1022 0.7

i Expanded with 2 grooves 0.7 1431 0.9

3 Expanded with 1 groove 0.65 1329 0.8

k Expanded with no grooves 0.5 1022 0.6
* = Load calculated exceeds code allowable for this joint type.
For joints types a,b,b-1,c,d,e : ILmax = At*Sa*fr
For joints types f,g,h, : Lmax = At*Sa*fe*fr*fy

For joints types i,3,k Lmax = At*Sa*fe*fr*fy,ft

Cross-sectional area At = 0.1079 in2 Tube allowable stress Sa = 18941 psi

Factor fe (1/do or 1) fe =1 Ratio fy fy = 1
ft = (Po+Pt)/Po ft = 1 Min Yield Str SigmaM = 30000 psi
(ft = 1 if max exceeded)
Tube OD do = 0.75 in Tube thickness tt = 0.049 in
Tubes yield str(min) st = 30000 psi TubSh mean metal tmp T = 126 F
Tubes Mod.Elasticity EtT = 27998460 psi TubSh Mod.Elast. EsT = 27998460 psi
™ "es Coef.Th.Exp. at = 0.0000087 TubSh Coef.Th.Exp. as = 0.0000087
= (4% (do*t—-t**2)*st)/do**2 Po = 7328 psi
be = ((T—Tamb)*(at—as)*(EtT*EST)/(EtT+EsT) Pt = -
For joint types i, Jj, k: Po + Pt <= 0.58*SigmaM

7328 psi <= 17400 psi

UHX-9 Tubesheet Flanged Extension

G = diameter of gasket load reaction G = 32.5 in
hG = gasket moment arm hG = 0.75 in
Sa = allowable stress for tubesheet extension

at ambient temperature Sa = 20000 psi
Sd = allowable stress for tubesheet extension

at design temperature Sd = 15000 psi
Ta = ambient temperature Ta = 70 F
Td = design temperature Td = 300 F
Wo = flange design bolt load, opeating conditions Wo = 69876 lbf
Wg = flange design bolt load, gasket seating Wg = 72738 lbf
Minimum required thickness of the tubesheet flanged extension
hro = SQRT(1.9 * Wo * hG) / (Sd * G) hro = 0.4519 in
hrg = SQRT (1.9 * Wg * hG) / (3a * G) hro = 0.3993 in
hr = MAX[hro, hrg) hr = 0.4519 in

479
3270
4088

Test
Lmax
2044
1431
2044
1942
1737
1431
1840
1635
1226
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-omponent: Rear Tubesheet Rules for the Design of Fixed Tubesheets
ASME VITII-1 2004 A06 UHX-13 Fig.UHX-13.1(b) Controlling Case: UHX-13.4(a) (3)

*** Tubesheet material: SA-240 S30400 Grd 304 Plate

Design temp. tubesheet T = 300 F TubSh metal tmp at rim T'=s 126 F
TubSh allowable stress S = 15000 psi *TubSh th.ex.coe. alpha = 9.2
TubSh mod.elasticity E = 27000000 psi *TubSh th.ex.coe. alpha' = 8.704
Poisson's rat. tubSh v =20.3 *(th.exp.coef * 10**6)

*** Shell material: SA-516 K02700 Grd 70 Plate

Design temp. shell Ts = 300 F Shell metal tmp/TubS T's = 95 F
Shell allowable str. Ss = 20000 psi *Shell th.ex.coe.alpha's = 6.4833
Shell mod.elasticity FEs = 28100000 psi Shell mean metal tmp Tsm = 95 F
Poisson’'s ratio shell vs = 0.3 *Shell th.ex.coe.alphasm = 6.4833
*** Tybe material: SA-249 330400 Grd TP304 Wld. tube(G5)

Design temp. tubes Tt = 300 F Tubes mean metal tmp Ttm = 126 F

18941.2 psi Tube allow.Str. at T Stt = 18941.2 psi
27000000 psi Tube mod.elas. at T Ett = 27000000 psi

Tube allow.Str. at Tt St
Tube mod.elas. at Tt Et

Poisson's rat. tubes vt = 0.3 *Tube th.ex.coe.alphatm =-8.704 -
Tube yield stress Syt = 22400 psi *{th.exp.coef * 10**6)

*** Channel material: SA-240 S30400 Grd 304 Plate

Design temp. channel Tc = 300 F Channel metal tmp TS T'c = 126 F
Channel all. stress Sc = 15000 psi *Chan.th.ex.coe.alpha'c = 8.704

Channel mod.elast. Ec = 27000000 psi *(th.exp.coef * 10**6)

Poisson's rat.channel vc = 0.3

*** Adjacent shell matl: -

Adj Shell all. str. 8s,1 = - *Shell th.ex.coe.alpha'sl= 0.0
*Shell th.ex.coe.alpha'sml=0.0

Tubesheet thickness h =1.75 in Actual tubesheet thk ha = 1.75 in

Shell side corr allow ¢ = 0.0625 in Tube side cor.allow. c = 0.0 in

“~ TubSh corr allow cs = 0.0 in TS TubSh corr allow ct = 0.0 in

Corroded case Uncorroded case

s>uell diameter, Ds 31.375 in 31.25 in

Channel diameter, Dc 31.375 in 31.375 in

Shell thickness, ts 0.3125 in 0.375 in

Adjacent shell thk ts,1 0.0 in 0.0 in

Channel thickness, tc 0.3125 in 0.3125 in

Minimum TubSh thk, hmin 0.9557 in 0.9709 in

Thickness h used 1.75 in 1.75 in

Tubesheet 0OD A = 35.5 in Bolt circle diam. C = 34.25 in
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wiiell gasket diam.

Channel gasket diam.

Gasket reaction diam. G = 32.75 in Gasket reaction diam. GI1
Number of tubes Nt = 821 Flange load W
Pass partition groove hg 0.0 in Eff.tube side groove h'g
Tube outside diam. dt 0.75 in Tube thickness tt
Tube pitch P 1.0 in Center-to-center dis UL
Tube projection tpr 0.125 in Tube corrosion allow. cC
Tube length L L 236.25 in Tube length Lt Lt
Tube expanded depth 1ltx = 1.625 in Tube exp.depth ratio rho
Tube buckling factor k =10.8 Unsupported tube span 1
Outermost tube rad. ro = 15.0313 in Unsupp.length lt=k*1 1t
Shell radius as = 15.6875 in Channel radius ac
Shell design pressure Ps = 165 psi Tube design pressure Pt
Exp.joint spring rate kj = - EJ diameter Dj
Component: Rear Tubesheet
Fig.UHX-13.1(b) Controlling Case: UHX-13.4 (a) (3)
UHX-13.5.1 Step 1. Determine Do, Mu, Mu* and h'g from UHX-11.5.1.
Do = 2 * ro + dt Do =
mu = (p - dt) / p mu =
d* = MAX(dt-2*tt* (Ett/E)* (Stt/S) *Rho), (dt-2*tt)) d* =
Pass lane area limit 4*Do*p =
Actual pass lane area, AL AL =
Effective pitch = pP/SORT (1~ (4*MIN[AL,4*Do*p] /Pi*Do**2) ) p* =
mu* = (p* - d*) / p* mu* =
h'g = MAX[ (hg-ct), (0)] h'g =
Calculate ao, rhos, rhoc, xs and xt
ao = radius of the perforated region = Do / 2 ao =
rhos = as/ao rhos =
-hoc = ac/ao rhoc =
s =1 - Nt(dt/(2*ao))**2 X5 =
xt = 1 - Nt((dt-2*tt)/(2*ao))**2 xt =

0.
0.

Ge = 32.75 in
32.75 in
73248 1bf
0.0 in
0.049 in
0.0 in
239.75 in
0.929
45.375 in
36.3 in
16.375 in
90 psi

30.8125 in

25
652 in

123.25 in2

0

1.
0.
0.

in2
0 in
348
0 in

15.4063 in

1.

1.
0.
0.

0183
0629
5136
6324
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<..X-13.5.2 Step 2.
stiffness Kt, and stiffness factors Ks,t and J

Calculate the shell axial stiffness Ks, tube axial

Shell axial stiffness, Ks = PI*ts(Ds+ts)*Es/L Ks = 3700176 lbf/in
Ks* = PI*(Ds+ts)/((L-2*11)/(Es*ts)+(2*11/(Es,1*ts,1)) Ks* = -

Tube axial stiffness, Kt = PI*tt(dt-tt)*Et/L Kt = 12333 1lbf/in
Factor Ks,t = Ks/(Nt*Kt) or Ks*/(Nt*Kt) Ks,t = 0.3654

J =1/ (1 + (Ks/Kj)) J=1.0
Calculate shell coefficients betas, ks, lambdas and deltas

betas = (12* (1-vs**2))**0.25 / ((Ds+ts)*ts)**0.5 betas = 0.5777

ks = betas* (Es*ts**3)/(6* (1-vs**2) ks = 90730
lambdas=(6*Ds/h**3)*ks*(1+h*betas+(h**2*betas**2)/2) lambdas = 8037212
deltas = (Ds**2/(4*Es*ts))*(1-vs/2) deltas = 0.0000238
Calculate channel coefficients betac, kc, lambdac and deltac

betac = (12* (1-vc**2))**0.25 / ((Dc+tec) *tc)**0.5 betac = 0

kc = betac* (Ec*tc**3) /(6% (1-vc**2) kc = 0
lambdac=(6*Dc/h**3) *kc* (1+h*betac+ (h**2*betac**2) /2) lambdac = 0

-deltac = (Dc**2/(4*Ec*tc))*(l—vc/Z) deltac = 0

NOTE: If the effect of plasticity used, Es or Ec will be Es* or Ec*

Component: Rear Tubesheet
Fig.UHX-13.1(b) Controlling Case: UHX-13.4(a) (3)

UHX-13.5.3 Step 3. Calculate h/p. If rho changes, recalculate d* and mu*
from UHX-11.5.1. Determine E*/E and v* relative to h/p from UHX-11.5.2

Layout: Triangular Tubesheet thickness h =1.75 in
From fig. UHX-11.2 or UHX-11.3 - E*/E = 0.3542 v* = 0.3201
h/p = 1.75 mu* = 0.348
Effective Tubsheet Mod.Elasticity E* = 9563070 psi
Parameter Xa = (24* (1-v* (**2))*Nt* (Et*tt* (dt-tt)~*
ao**2) / ((E*)*L*h**3))**0.25 Xa = 4.234
™¥-13.5.4 Step 4. Calculate diameter ratio K and coefficient F.
= A / Do K = 1.152
F o= ((1-v*)/E*)* (lambdas+lambdac+E*Ln (K)) F = 0.843
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Parameters Zd, Zv and Zm from Table UHX-13.1

Psil (Xa)=bei (Xa)+(1-v*) /Xa*ber' (Xa) Psil (Xa)
Psi2(Xa)=ber(Xa)—(1—v*)/Xa*bei'(Xa) Psi2 (Xa) =
Za = bei'(Xa)*PsiZ(Xa)—ber'(Xa)*PSil(Xa) 7a =
7d = (ber(Xa)*Psi2 (Xa)+ bei (Xa)*Psil (Xa))/ (Xa**3*Za) Zd =
7Zv = (ber' (Xa)*Psi2(Xa)+ bei' (Xa)*Psil{Xa))/(Xa**2*Za} v =
Zm = (ber'(Xa)**2+bei'(Xa)**2)/(Xa*Za) Zm =
Calculate 01, Qzl, 0z2 and U
Phi = (l+v*) * F Phi =
Q1 = (rhos—1-Phi*2v)/ (1+Phi*Zm) Q1L =
0zl = ((2d+Ql*Zv)*Xa**4)/2 0zl =
0z2 = ((Zv+Q1l*Zm) *Xa**4) /2 Qz2 =
U = ((Zv+(rhos—1)*Zm)*Xa**4)/(1+Phi*Zm) U =
UHX-13.5.5 Step 5.
UHX-13.5.5(a) Calculate gamma
gamma = (alphatm*(Ttm—Tamb)—alphasm*(Tsm—Tamb))*L gamma =
(=0 for load cases 1, 2, 3)
UHX-13.5.5(b) Calculate omegas, omegas*, omegac, omegac*
omegas = rhos*ks*betas*deltas* (l+h*betas) omegas
omegas* = ao**2*((rhos**Z—l)*(rhos—l))/4—omegas omegas™*
omegac = rhoc*kc*betac*deltac* (1+h*betac) omegac
omegac* = ao**2* ( (rhoc**2+1) * (rhoc-1))/4-
(rhos-1) /2-omegac omegac*
UHX-13.5.5(c) Calculate gammab
gammab = (Gc-C) /Do gammab =

Il

= 1.5484

-3.1558
8.9504
0.0203
0.0572
0.3508

1.1132
-0.0326
2.9629

7.35
14.7001

0.0 in

2.5566
-2.5167
0.0
5.7799

-0.0487
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-.mponent: Rear Tubesheet
Fig.UHX-13.1(b) Controlling Case: UHX-13.4(a) (3)
UHX-13.5.6 Step 6. For each loading case calculate Ps', Pt',
Prim, and effective pressure Pe.

Ps' = (xs+2*(1-xs)*vt+(2/Kst)*(Ds/Do)**2*vs— Ps'
(Rhos**2-1)/ (J*Kst) - ((1-J)/ (2*J*Kst) ) *
(DJ**2—(2*as) **2) /Do**2 ) * Ps

Pt' = (xt+2*(l-xt)*vt+l/(J*Kst))*Pt pt’

Pgamma = (Nt*Kt/(Pi*ao**2))*gamma Pgamma

PW = - (U/ao**2) (gammab/ (2*P1i) ) *W PW

Prim = -(U/ao**2)* ( (omegas*) (Ps) - (omegac*) (Pt)) Prim

Effective pressure, Pe
Pe = (J*Kst/(1+J*Kst(Qzl+(rhos-1)0z2))

* (Ps'-Pt'+Pgamma+PW+Prim) Pe

UHX-13.5.7 Step 7. For each loading case calculate 02 and Q3.
Q2 = ((omegas*)*Ps-(omegac*)*Pt)-
( {omegas* (Ps*)-omegac* (Pc*) )+

Pgamma, Pw,

(gammab/ (2*Pi)) *W) / (1+Phi*Zm) Q2 =
03 = Q1 + 2*Q2 / Pe*ao**2 Q3 =
Using Xa and Q3, determine coefficient Fm for each loading case from

either Table UHX-13.1 or Figs. UHX-13.3.-1 and UHX-13.3.-2.

Controlling x

Calculate functions Psil and Psi2 relative to x

Psil (x) = bei(x) + (l-v*)/x * ber' (x) Psil (x)

Psi2 (x) = ber(x) - (l-v*)/x * bei'(x) Psi2 (x)
Calculate functions Qm, Qv and Fm relative to x

Oom(x) = (bei' (Xa)*Psi2 (x)-ber' (Xa)*Psil(x))/%a Oom(x)

Qv (x) = (Psil(Xa)*Psi2(x)-Psi2(Xa)*Psil(x))/(Xa*2a) ov (%)

i

397.14 psi

323.04 psi
0 psi
35.15 psi
57.94 psi

28.66 psi

-1080.8384
-0.3504

4.2345 in

1.5484

= ~3.1557

1.0
0.0
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Controlling Fm relative to x

Fm(x) = (Qv(x) + Q3 * Om(x)) / 2 Fm{x) = -0.1752
Fm = MAX|Fm(x) | Fm = 0.1752
For each loading case, calculate the bending stress in the tubesheet
sigma = (1.5*Fm/mu*) * (2*ao/ (h-h'g))**2 * Pe sigma = 6710 psi

|sigmal <= 1.5*S
6710 psi <= 22500 psi
UHX-13.5.8 Step 8. For each loading case, calculate the average shear
stress in the tubesheet at the outer edge of the perforated region

Area enclosed by perimeter AL = 653.85 in2

Perimeter of the tube layout CL = 137.3205 in
Shear diameter DL = 4*AL/CL or Do Do = 30.8125 in

Ligament efficiency, mu mu = {p-dt)/p = 0.25

Shear stress, tau = (1/(4*mu)* (Do/h)* Pe tau = 505 psi

jtau| <= 0.8*S
505 psi <= 12000 psi
UHX-13.5.9 Step 9. Perform this step-for each loading case.
UHX-13.5.9(a) Calculate coefficient Fg and the axial tube stress sigmat,o
in the outermost tube row

Factor Fq = (Zd + Q3*zv)*Xa**4/2 0.0422
sigmato = ( (Ps*xs—-Ptxt)-Pe*Fq)/(xt-xs) = 224 psi
sigmato <= St
224 psi <= 18941 psi
UHX-13.5.9(b) Check the tubes for buckling.

Ct = SQRT (2*PI**2* (Et/Syt) Ct = 154.2491
rt = SORT (dt**2+ (dt-2*tt) **2) /4 rt = 0.2484 in
Ft = 1lt/rt Ft = 146.1084
Fs = MAX((1.25,(3.25-0.5*Fq},2) Fs = 2.0
“or Ct <= Ft Stb = MIN[(1/Fs)* (PI**2*EL/(Ft**2),St] Stbh = -

5r Ct > Ft Stb = MIN[(Syt/Fs)*(1-(Ft/2*Ct)) ,8t] Stbh = -5896 psi

sigmato <= Stb
- <= -5896 psi

5501129



Heat Exchanger Mechanical Design Teams 20.0
File name: E-4201 FINAL Bunge 7793.BIT Date: 8/27/2007 Time: 8:08:36 AM

vuX-Tube stresses at the interior of the bundle.
Maximum tube compressive stress at the interior of the bundle
Ft(x) = Zdx+Q3*Zwx* (Xa**4/2)
Fi = ft(x) Fi = 1.38
sigmati = ((Ps*xs-Ptxt)-Pe*Fi)/ (xt-xs) sigmati = -99 psi
sigmati <= Stb
-99 psi <= -5896 psi
UHX-13.5.10 Step 10. For each loading case, calculate the stresses in the
shell and /or channel integral with the tubesheet.
Calculate the axial membrane stress sigmasm, axial bending stress sigmasb
and total axial stress sigmas in the shell at its junction to the tubesheet
sigmasm = ao**2/ts* (2*as+ts) * [Pe+ (rhos**2-1)

* (Ps-Pt)] + as**2/ts* (2*as+ts)*Pt sigmasm = 2990 psi
sbl = (6/ts**2)*ks
sb?2 = betas* (deltas*Ps-vs* (as/Es)*sigmasm)
sb3 = 6*(1—(v*)**2)/(E*)*(ao**3/h**3)*(1+(h*betas/2)
sb4 = Pe* (Zv+Zm*Ql)+(2/ao**2) *Zm*Q2
sigmasb = sbl* (sb2+sb3*sb4) sigmasb = 4967 psi
sigmas = |sigmasm| + |sigmasb| sigmas = 7957 psi

sigmas <= 1.5*8
7957 psi <= 30000 psi
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LoME VIII-1 2004 A06 UHX-13 - Rules for the Design of Fixed Tubesheets

ASME Fig.UHX-13.1(b)
Controlling case:
Load case:

Tube-side press, Pt
Shell-side press, Ps
Axial diff.Th.Exp
TubSh Bending stress
Max TubSh Bending st
Min TubSh thk

TubSh Shear stress
Max TubSh Shear str
Min TubSh thk
Tubesheet thickness

All Load Cases

1
90
0
0.0
-5967
22500
0.9012
=772
12000
0.1125
1.75

Component: Rear Tubesheet

ASME Fig.UHX-13.1(b)
Controlling case:
Load case:

Tubes stress

Max Tubes stress
Max buckling stress
Total shell stress
Max shell stress
Max shell stress EP
Total channel stress
Max channel stress
Max channel str. EP
EP factor - Facts(*)
N factor - Factc(*)

All

1124
18941

15622
30000
67200
2336
22500
45000
1.0
1.0

2
0
165
0.0
5691
22500
0.8801
1382
12000
0.2016
1.75

3
90
165
0.0
6710
22500
0.9557
505
12000
0.0736
1.75

Load Cases

2
-784
18941
-5896
18430
30000
67200

22500
45000
1.0
1.0

3
224
18941

7957
30000
67200
2336
22500
45000
1.0
1.0

4
0
0
0.0769
10882
57426
0.7618
3364
15314
0.3845
1.75

-4525
40000
~-6397
26647
67200

57426

(*)

5
90
0
0.0768
7759
57426
0.6433
2491
15314
0.2846
1.75

5
-3513
40000
-5967
16052
67200

2336
57426

<= 1 used in calculations

6
0
165
0.0769
14557
57426
0.8811
4637
15314
0.5299
1.75

-5428
40000
-6324
48050
67200

0
57426

7
90
165
0.0769
11141
57426
0.7708
3763
15314
0.4301
1.75

-4416
40000
-6024
37455
67200

2336
57426
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.ube compressive stresses at the interior

Load case:
Tubes stress
Max buckling stress

1

-905
-9433

Time: 8:08:36 AM

of the bundle

ASME VIII-1 2004 A06 UHX-13 - Fixed Tubesheets - All Cases

Load case

=i ] =

= D =

—_ 3_

- 4 -

- 5 =

— 6_

- 7 =

Load case P's
psi

-1 = 0

- 2 = 397.1

- 3 = 397.1

- 4 - 0

- 5 = 0

- 6 = 396.9

-7 - 396.9

Ps
psi
0
165
165
0
0
165
165
P't
psi
323

323
322.8

322.8

2 3 4 5 6
-784 -99 ~4525 ~3513 -5428
-5896 -5896 -6397 -5967 -6324

Pt Gamma Ps* ol
psi in psi psi
50 0 0 0
0 0 0 0
90 0 0 0
0 0.0769 0 0
90 0.0769 0 0
0 0.0769 0 0
90 0.0769 0 0
Pgamma Pomega Pw Prim
psi psi psi psi

0 0 35.1 32.2

0 0 35.1 25.7 7

0 0 35.1 57.9 2

1082.3 0 35.5 0 1
1082.3 0 35.5 32.6 1
1082.3 0 35.5 26 2
1082.3 0 35.5 58.6 2

Pe
psi

8.5
8.7
91.
41.
63.
13.

-4416
-6024

-43.8

~ > o1
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+.ad case

|
oy WN R
1

ASME VIII-1 2004 AO06

Load case

)
~N oy W
|

Load case

|
SN oyt W NP
1

Q2 Q3 Fm Sigma Sigma All
psi psi psi
-782.2 0.1177 0.1019 -5967 22500 =772
-706.7 -0.1085 0.0542 5691 22500 1382
-1080.8 -0.3504 0.1752 6710 22500 505
-404.9 -0.0511 0.0413 10882 57426 3364
-776.1 -0.0795 0.0397 7759 57426 2491
-701.2 -0.0557 0.04 14557 57426 4637
-1072.4 -0.0755 0.0378 11141 57426 3763
UHX-13 - Fixed Tubesheets - All Cases
Fqg F's Sigto Sigto All Stb
psi psi psi
4.345 1.25 1124 18941 -9433
2.2658 2 -784 18941 -5896
0.0422 2 224 18941 -5896
2.8136 1.8432 -4525 40000 -6397
2.5481 1.976 -3513 40000 -5967
2.7707 1.8646 -5428 40000 -6324
2.5851 1.9575 -4416 40000 -6021
Sigsm Sigsb |Sigs} Sigsall Sigcm Sigcb | Sigc|
psi psi psi psi psi psi psi
1107 ~14515 15622 30000 2336 0 2336
2028 16402 18430 30000 0 0 0
2990 4967 7957 30000 2336 0 2336
4580 22067 26647 67200 0 0 0
5548 10504 16052 67200 2336 0 2336
6458 41592 48050 67200 0 0 0
7426 30029 37455 67200 2336 0 2336

Tau

psi
12000
12000
12000
15314
15314
15314
15314

Sigcall
psi
22500
22500
22500
57426
57426
57426
57426

Tau All
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_ype of tube-to-TS joint: expanded & strength welded

Load case: 1 2 3 4 5 6
Tube-to-TS Load, 1bf 121 85 24 488 379 586
Allowable no-test 1635 1635 1635 3270 3270 3270
Allowable test 2044 2044 2044 4088 4088 4088
Allowable TLoads per ASME Section VIII Div. 1 2004 AO6 Appendix A
No Test
Type Joint description fr Lmax fr
a Strength welded only 0.8 1635 il
b Seal welded only 0.55 1124 0.7
e Strength welded and expanded 0.8 1635 1
£ Seal welded and exp.with 2 grooves 0.75 1533 0.95
g Seal welded and exp.with 1 groove 0.65 1329 0.85
h Seal welded and exp.with no grooves 0.5 1022 0.7
i Expanded with 2 grooves 0.7 1431 0.9
3 Expanded with 1 groove 0.65 1329 0.8
k -Expanded with no grooves 0.5 1022 0.6
* = Load calculated exceeds code allowable for this joint type.
For joints types a,b,b-1,c,d,e : Lmax = At*Sa*fr
For joints types f,g,h, ) Lmax = At*Sa*fe*fr*fy
For joints types 1i,j,k 5 ILmax = At*Sa*fe*fr*fy, ft
Cross—sectional area At = 0.1079 in2 Tube allowable stress Sa =
Factor fe (1/do or 1) fe =1 Ratio fy fy =
ft = (Po+Pt)/Po ft =1 Min Yield Str SigmaM =
(ft = 1 if max exceeded)
Tube OD do = 0.75 in Tube thickness tt =
Tubes yield str(min) st = 30000 psi TubSh mean metal tmp T =
Tubes Mod.Elasticity EtT = 27998460 psi TubSh Mod.Elast. EsT =
~ ‘hes Coef.Th.Exp. at = 0.0000087 TubSh Coef.Th.Exp. as =
= (4* (do*t-t**2)*st)/do**2 Po =
L. = ((T-Tamb)* (at-as)* (EtT*EsT)/ (ELT+EsT) Pt =
For joint types i, J, k: Po + Pt <=
7328 psi <=
UHX-9 Tubesheet Flanged Extension
G = diameter of gasket load reaction G = 32.75 in
hG = gasket moment arm hG = 0.75 in
Sa = allowable stress for tubesheet extension
at ambient temperature Sa = 20000 ps
Sd = allowable stress for tubesheet extension
at design temperature sd = 15000 ps
Ta = ambient temperature Ta = 70 F
Td = design temperature Td = 300 F
Wo = flange design bolt load, opeating conditions Wo = 70896 1b
Wg = flange design bolt load, gasket seating Wg = 73248 1b
Minimum required thickness of the tubesheet flanged extension
hro = SQRT(1.9 * Wo * hG) / (Sd * G) hro = 0.4535 1
hrg = SQRT (1.9 * Wg * hG) / (Sa * G) hro = 0.3992 i
hr = MAX[hro, hrgl hr = 0.4535 1

477
3270
4088

Test
Lmax
2044
1431
2044
1942
1737
1431
1840
1635
1226

18941 psi
1
30000 psi

0.049 in

126 ¥
27998460 psi
0.0000087
7328 psi
0.58*SigmaM
17400 psi

i
i
f
£
n

n
n
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".mponent: Nozzle A
ASME VIII-1 2004 A06 UG
-—- Calculations —-—- Cy
Material: SA-53 K03005
Design pressure p
Radiography
Design stress ]
Inside corr.allow. cail

Material tolerance tol
Outside diameter oD

- Min. thk. not less th
- UG-45(a) Internal p

t = (P*OR

- UG-45(a) external p

UG-16(b) minimum th

UG-45(b) Smaller of
UG-45(b) (4) std pip
- UG-45(b) Greate

- UG-45(b) (1) +c
- UG-45(b) (2)+c

ASME Section VIITI-1 200

—-—-— Calculations --- Cy
Material: SA-53 KO03005
Design pressure PE
Inside corr. allow. CAIT
Radiography
1. outside dia. Do
inal thickness tnom
.. Jo ratio Ldo
(2*3) or (0.9*yield) SE
A factor SII-D-FigG A

Max allowed external pr

Actual external design pressure:

(Required cyl. tks.

-27 Thickness of Cylinders under Internal
linder Internal Pressure

Grd E/B Wld. pipe
= 150 psi Design temperature T =
= None Joint efficiency E =
= 14600 psi
= 0.0625 in Outside corr. all. cao =
= 0.0859 in Minimum thickness tmin =
= 24.0 in Corroded radius OR =
an UG-45(a), UG-16(b), UG-45(b):
ressure:

/ (S*E+0.4*P))+cait+cao+tol = 0.3235 in
ressure+cai+caot+tol t = 0.192 in
ickness+caitcao+ttol t = 0.2422 in
) t = 0.3129 in
e*(0.875+caitcao+tol = 0.4766 in
r of: t = 0.3129 in
aitcao+tol = 0.3129 in
ai+cao+tol = 0 in

Minimum thickness: tmin =

Nominal thickness: tnom =
4 A06 UG-28 Thickness of Shells under EXt.
linder External Pressure

Grd E/B Wld. pipe

= 15 psi Design temperature T =

= 0.0625 in Corrosion allow. CAO =

= None Material tol. Tol =
= 24 in Cylinder length EP L =
= 0.6875 in (tnom-CAI-CAO-Tol) t =
= 0.25 Do/t Dot =
= - Mod. of elasticity ME =
= 0.024436 B factor CS-2 B =
essure: Pa = 4*B / (3*Dot) =

PE =
for nozzle attachments at PE, tre = 0.0436

Pressure

0.0 in
0.3235 in
12.0 in

APP.1-1(A)

0.3235 in
0.6875 in
Pressure

300 F

0 in

0 in

6 in
0.5391 in
44.5217
28100000 psi
17594
526.91 psi
15 psi

in )
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_.aponent: Reinforcement Nozzle A
Reinforcement Required for

ASME Section VIII-1 2004 A06 UG-37
Shells and Formed Heads

--- Design Conditions:

Openings in

Il Il
OO KHRF OO

i

(LI [ T

l ocooocoooo oo

Int. design pressure PI = 150 psi Ext. design press. PE
Design temperature T = 300 F Fig.UwWw-16.1 Sketch (c)
Vessel material: SA-516 K02700 Grd 70 Plate
Inside corr. allow. CAI = 0.0625 in Outside corr.allow.CAO =
Vessel design stress Sv = 20000 psi Joint efficiency E
Vessel outside dia Do = 44.0 in Corroded radius OR
Nominal thickness tnom = 0.5 in Reinforcement limit 1p
Reqg. tks. int.pres. tr = 0.1645 in Reg. tks.ext.pres. tre
Corroded thickness t = 0.4375 in Reinf. efficiency E1l
Attachment Material: SA-53 K03005 Grd E/B Wld. pipe
Inside corr. allow. CAI = 0.0625 in Outside corr.allow.CAO
Nozzle design stress Sn = 14600 psi Joint efficiency E
Nozzle outside dia. Don = 24.0 in Corroded radius OR
Nominal thickness tnom = 0.6875 in Reinforcement limit 1n
Req.tks. int.pres. trn = 0.1751 in Reqg.tks.ext.pres. trne
Corroded thickness tn = 0.625 in Nozzle Projection h
Reinforcement element material:
Limit of reinf. Dp = 0.0 in Nominal thickness te
Outside diameter = 0.0 in Design stress Se
Minimum weld size tmin = 0.4375 in Leg size(l/2*tmin) (Act)
1/2 * tmin (minimum) = 0.0 in 1/2 * tmin (actual)
Weld tw (minimum) = (0.3063 in Weld tw (actual)
Weld tc (minimum) = 0.25 in Weld tc (actual)
smaller 10.25 in | Leg size tw (actual)
= of 10.7 * tmin| Leg size tc (actual)
vard nozzle weld L1 = 0.3571 in frl = Sn/Sv
cawcer element weld L2 = 0.0 in fr2 = Sn/Sv
Inward nozzle weld L3 = 0.0 in fr3 = Sn/Sv or Se/Sv
Inward nozzel weld new 0.0 in frd4 = Se/Sv
Corroded int.proj.thk ti = 0.0 in

15 psi

0.0 in

ill

22.0 in
22.75 in
0.1275 in
1.0

.0 in
.7

2.0 in
.0938 in
.0436 in
.0 in

.0 in
psi
.0 in
.0 in
.0 in
.25 in
.0 in
.3571
0.73
0.73
0.73
1.0

in

I

I
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.rroded inside diameter d =22.75 in
Vessel wall length available for reinforcement 2*Lp-d = 22.75 in
Plane correction factor (Fig.UG-37) F=1.0
Offset distance from centerline doff = 0.0 in

Reinforcement areas (internal pressure condition) ASME 2004 UG-37
Al = Vessel wall. Larger of:

|(2*Lp—d)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)| = 6.1185 in2
|2*(t+tn)*(El*t—F*tr)—2*tn*(El*t—F*tr)*(l—frl)| = 0.488 in2
Al = 6.1185 in2
A2 = Nozzle wall outward | 5*(tn-trn)*fr2*t | = 0.7184 in2
Smaller of: | 5* (tn-trn)*fr2*tn | = 1.0263 in2
A2 = 0.7184 in2
A3 = Nozzle wall inward | 5*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2
A3 = 0.0 in2
A4l = Outward nozzle weld = (L1**2)*fr3 = 0.0931 in2
D42 = Outer element weld = (L2**2)*frd4 = 0.0 in2
A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2
A4 = 0.0931 in2
A5 = Reinforcement pad Area = (Dp-d-2*tn) *te*frd A5 = 0.0 in2
Da = Area Available = Al1+A2+A3+A4+AS5 Aa = 6.93 in2
A = Area required = (d*tr*F)+2*tn*tr*F* (1-£1) A = 3.798 inz2
For large nozzles per 1-7:
Reinforcement limit Dp2 = MIN({(Dp, 1-7(a) (1)) Dp2 = 34.125 in
A52 = Reinforcement pad Area = (Dp2-d-2*tn) *te*fr4 A52 = 0.0 in2
A12 = Vessel wall. Larger of:
|(1.5Lp—d)*(El*th*tr)—Z*tn*(El*t—F*tr)*(l—frl)| = 3.0132 in
|2*(t+tn)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)| = 0.488 in
32= Area Available = A12+A2+A3+R4+A52 Aa2 = 3.8247 in2
A = (2/3)Area required = (2/3)*((d*tr*F)+2*tn*tr*F*(l—fl)) A = 2.532 inz2
Note: Parallel and normal limits per 1-7(a) (1) and 1-7(a) (2). Calculations

per 1-7(b) only shown if required (see 1-7(b) (1) (a), (b), (c)) .
ASME VIII-1 2004 AO6 Reinforcement areas (external pressure) UG-37(d)
Al = Vessel wall. Larger of:
l(2*Lp—d)*(El*t—F*tre)—Z*tn*(El*t—F*tre)*(l—frl)l = 6.9479 in2

|2*(t+tn)*(El*th*tre)*Z*tn*(El*t—F*tre)*(lffrl)l = 0.5541 in2
Al = 6.9479 in2
A2 = Nozzle wall outward | 5* (tn-trne)*fr2*t | 0.9285 in2
Smaller of: | 5% (tn-trne)*fr2*tn | = 1.3264 in2
A2 = 0.9285 in2
A3 = Nozzle wall inward | 5*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*%ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 inZ2
A3 = 0.0 inZ2
Ad]l = Outward nozzle weld = (L1**2)*fr3 = 0.0931 in2
n42 = Outer element weld = (L2**2)y*frd4 = 0.0 in2
A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2
A4 = 0.0931 in2
A5 = Reinforcement pad Area = (Dp-d-2*tn)*te*frd A5 = 0.0 in2
Aa = Area Available = ALl+A2+A3+A4+AD Aa = 7.9695 in2
A = Area required = 0.5* (d*tre*F+2*tn*tre*F* (1-frl)) A = 1.4718 in2
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_ _zzle attachment weld loads - UG-41 - Strength of reinforcement

ASME - Weld strength calculations not required per

Total weld load (UG-41(b) (2))

W = (A-Al+2*tn*frl(ELl*t-F*tr))*sSv

Weld load for strength path 1-1 (UG-41 (b) (1)
W(l-1) = (A2+A5+A41+A42)*Sv

Weld load for strength path 2-2 (UG-41(b) (1)
W(2-2) = (R2+A3+A41+A43+2*tn*t*frl)*Sv

Weld load for strength path 3-3 (UG-41(b) (1)
W(3-3) = (A2+A3+A5+A41+A42+A43+2*tn*t*Lfrl)*Sv

Reinforcing element strength = A5 * Se

UW-15(b) .
W

W(l-1)
W(2-2)

W(3-3)

16231 1bf

24215 1bf

Nozzle attachment weld loads - ASME 2004 UG-41 - Strength of reinforcement

Unit stresses - UW15(c)and UG-45(c)

Inner fillet weld shear
Outer fillet weld shear
Groove weld tension
Groeove weld shear
Nozzle wall shear
Strength of connection elements
Inner fillet weld shear
Nozzle wall shear
Groove weld tension
Outer fillet weld shear
Possible paths of failure

1-1
1bf
2-2
1bf

1-1 234414 + 96273
2-2 96273 + 145391
3-3 -+ -
Welds strong enough if path greater
Path
330687
Path
241664
Path

3-3

= 7154 psi

10804 psi

= 10220 psi

It

= 96273 1bf
= 234414 1bf
= 145391 1bf

o 330687 1bf
= 241664 1bf

than the smaller of W or W(path)

> W or W1l

> 16231 1bt OK
> W or W22

> 24215 1bf OK
> W or W33

>_
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«.mponent: Nozzle B
ASME VIII-1 2004 A06 UG-27 Thickness of Cylinders under Internal
——- Calculations --- Cylinder Internal Pressure
Material: SA-53 KO03005 Grd E/B Wld. pipe
Design pressure P = 150 psi Design temperature T =
Radiography = None Joint efficiency E =
Design stress S = 14600 psi
Inside corr.allow. cai = 0.0625 in Outside corr. all. cao =
Material tolerance tol = 0.0469 in Minimum thickness tmin =
Outside diameter oD = 20.0 in Corroded radius OR =
- Min. thk. not less than UG-45(a), UG-16 (b), UG-45(b):
- UG-45(a) Internal pressure:
t = (P*OR / (S*E+0.4*P))+caitcao+tol = 0.2553 in
- UG-45(a) external pressure+caitcaottol t = 0.149 in
- UG-16(b) minimum thickness+cai+tcao+tol t = 0.2031 in
UG-45(b) Smaller of: t = 0.2739 in
UG-45(b) (4) std pipe*0.875+cai+tcao+tol = 0.4375 in
- UG-45(b) Greater of: t = 0.2739 in
— UG-45(b) (1)+caitcao+tol = 0.2739 in
- UG-45(b) (2)+cai+tcao+tol = 0 in
Minimum thickness: tmin =
Nominal thickness: tnom =
ASME Section VITI-1 2004 A06 UG-28 Thickness of Shells under Ext.
——— Calculations —-- Cylinder External Pressure
Material: SA-53 K03005 Grd E/B Wld. pipe
Design pressure PE = 15 psi Design temperature T =
Inside corr. allow. CAT = 0.0625 in Corrosion allow. CAO =
Radiography = None Material tol. Tol =
~ 1. outside dia. Do = 20 in Cylinder length EP L =
inal thickness tnom = 0.375 in (tnom-CAI-CAO-Tol) t =
L, Do ratio Ldo = 0.3 Do/t Dot =
(2*8) or (0.9*yield) SE = - Mod. of elasticity ME =
A factor SII-D-FigG A = 0.008301 B factor CS-2 B =
Max allowed external pressure: Pa = 4*B / (3*Dot) =
Actual external design pressure: PE =
(Required cyl. tks. for nozzle attachments at PE, tre = 0.0396

Pressure

0.0 in
0.2739 in
10.0 in

APP.1-1(A)

0.2739 in
0.375 in
Pressure

300 F

0 in

0 in

6 in
0.2656 in
75.2941
28100000 psi
17325
306.8 psi
15 psi

in )
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wumponent: Reinforcement Nozzle B
Reinforcement Required for

ASME Section VIII-1 2004 AO06 UG-37
Shells and Formed Heads

-—— Design Conditions:

Int. design pressure PI = 150 psi Ext. design press. PE
Design temperature T = 300 F Fig.UW-16.1 Sketch (c)
Vessel material: SA-516 K02700 Grd 70 Plate
Inside corr. allow. CAI = 0.0625 in Outside corr.allow.CAO
Vessel design stress Sv = 20000 psi Joint efficiency E
Vessel outside dia Do = 44.0 in Corroded radius OR
Nominal thickness tnom = 0.5 in Reinforcement limit 1p
Req. tks. int.pres. tr = 0.1645 in Req. tks.ext.pres. tre
Corroded thickness t = 0.4375 in Reinf. efficiency El
Attachment Material: SA-53 K03005 Grd E/B Wld. pipe
Inside corr. allow. CAI = 0.0625 in Outside corr.allow.CAO
Nozzle design stress Sn = 14600 psi Joint efficiency E
Nozzle outside dia. Don = 20.0 in Corroded radius OR
Nominal thickness tnom = 0.375 in Reinforcement limit 1n
Req.tks. int.pres. trn = 0.1458 in Req.tks.ext.pres. trne
Corroded thickness tn = 0.3125 in Nozzle Projection h
Reinforcement element material:
Limit of reinf. Dp = 0.0 in Nominal thickness te
Outside diameter = 0.0 in Design stress Se
Minimum weld size tmin = 0.3125 in Leg size(l/2*tmin) (Act)
1/2 * tmin (minimum) = 0.0 in 1/2 * tmin (actual)
Weld tw (minimum) 0.2188 in Weld tw (actual)
Weld tc (minimum) = 0.2188 in Weld tc (actual)
smaller |0.25 in Leg size tw (actual)
N of 10.7 * tmin] Leg size tc (actual)
~ard nozzle weld = 0.3125 in frl = Sn/Sv
outer element weld = 0.0 in fr2 = Sn/Sv
Inward nozzle weld = 0.0 in fr3 = Sn/Sv or Se/Sv
Inward nozzel weld new = 0.0 in fr4 = Se/Sv
Corroded int.proj.thk ti = 0.0 in

Openings in

[N oNel il olle]

U | I T

i

l OO0 OO O OO

15 psi

0
1

22.0 in

.0 in

19.375 in
0.1195 in

1

I

.0

.0 in
.7

0.0 in

.7813
.0396
.0 in

.0 in
psi

.0 in
.0 in
.0 in
.2188
.0 in
.3125
0.73
0.73
0.73

= 1.0

in
in

in

in
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w.rroded inside diameter d = 19.375 in
Vessel wall length available for reinforcement 2*Lp-d = 19.375 in

Plane correction factor (Fig.UG-37) F=1.0

Offset distance from centerline doff = 0.0 in

Reinforcement areas (internal pressure condition) ASME 2004 UG-37
Al = Vessel wall. Larger of:

|(2*Lp—d)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)| = 5.2432 in2
|2*(t+tn)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)| = 0.3634 in2
Al = 5.2432 in2
A2 = Nozzle wall outward | S+ (tn-trn)*fr2*t | = 0.266 in2
Smaller of: | 5% (tn-trn)*fr2*tn | = 0.19 in2
A2 = 0.19 in2
A3 = Nozzle wall inward | 5*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2
A3 = 0.0 in2

A4l = Outward nozzle weld = (L1**2)*fr3 =.0.0713 in2

Ad2 = Outer element weld = (L2**2)*frd4 = 0.0 in2

A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2

A4 = 0.0713 in2

A5 = Reinforcement pad Area = (Dp—d-2*tn)*te*fr4 A5 = 0.0 in2

Aa = Area Available = A1+A2+A3+R4+A5 Aa = 5.5045 in2

A = Area required = (d*tr*F)+2*tn*tr*F*(l—fl) A = 3.2151 in2

ASME VITI-1 2004 A06 Reinforcement areas (external pressure) UG-37{(d)

Al = Vessel wall. Larger of:
|(Z*Lp—d)*(El*t—F*tre)—2*tn*(El*t—F*tre)*(l—frl)| = 6.1076 in2
|2*(t+tn)*(El*t—F*tre)~2*tn*(El*t—F*tre)*(1~fr1)| = 0.4233 in2

Al = 6.1076 in2

-~ = Nozzle wall outward | 5+ (tn-trne) *fr2*t | 0.4357 in2

Smaller of: | 5* (tn—-trne)*fr2*tn | = 0.3112 in2
A2 = 0.3112 in2
A3 = Nozzle wall inward | S*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2

A3 = 0.0 in2

A41 = Outward nozzle weld = (L1**2) *fr3 = 0.0713 in2
A42 = Outer element weld = (L2**2)*frd = 0.0 in2
243 = Inward nozzle weld = (L.3**2)*fr2 = 0.0 in2

A4 = 0.0713 in2
AS5 = Reinforcement pad Area = (Dp-d-2*tn) *te*fr4 A5 = 0.0 in2
Aa = Area Available = A1+A24A3+A4+A5 Da = 6.4901 in2
A = Area required = 0.5*(d*tre*F+2*tn*tre*F*(l—frl)) A = 1.1677 in2
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wozzle attachment weld loads - UG-41 - Strength of reinforcement
ASME - Weld strength calculations not required per UWw-15(b) .

Total weld load (UG-41(b) (2))

W = (A-Al+2*tn*frl(E1*t-F*tr))*Sv W = -
Weld load for strength path 1-1 (UG-41(b) (1)

W(l-1) = (A2+A5+A41+A42)*3v W(l-1) = 5226 1bf
Weld load for strength path 2-2 (UG-41(b) (1)

W(2-2) = (A2+A3+R41+A43+2*tn*t*frl) *Sv W(2-2) = 9218 1bf
Weld load for strength path 3-3 (UG-41 (b) (1) .

W(3-3) = (A2+A3+A5+A41+A42+A43+2*tn*t*frl)*Sv W(3-3) = -
Reinforcing element strength = A5 * Se = -

Nozzle attachment weld loads - ASME 2004 UG-41 - Strength of reinforcement

Unit stresses - UWl5(c)and UG-45(c)
Inner fillet weld shear
Outer fillet weld shear
Groove weld tension
Groove weld shear
Nozzle wall shear

Strength of connection elements
Inner fillet weld shear
Nozzle wall shear
Groove weld tension
Outer fillet weld shear

Possible paths of failure

1-1 98717 + 70199
2-2 70199 + 106015
3-3 -+ -
Welds strong enough if path greater
Path 1-1
168916 1bf
Path 2-2
176214 1bf
Path 3-3

= 7154 psi

10804 psi

= 10220 psi

= 70199 1bf
98717 1bf
106015 1bf

il

I

= 168916 1bf
= 176214 1bf

than the smaller of W or W(path)

> W or W1l

> 5226 1bf OK
> W or W22

> 9218 1bf OK
> W or W33

>_
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Lomponent: Nozzle C

ASME VIII-1 2004 A06 UG-27 Thickness of Cylinders under Internal
——— Calculations --- Cylinder Internal Pressure
Material: SA-312 $30400 Grd TP304 Wld. pipe
Design pressure P = 75 psi Design temperature T =
Radiography = None Joint efficiency E =
Design stress S = 15000 psi
Inside corr.allow. cai = 0.0 in Outside corr. all. cao =
Material tolerance tol = 0.0469 in Minimum thickness tmin =
Outside diameter oD = 18.0 in Corroded radius OR =
— Min. thk. not less than UG-45(a), UG-16(b), UG-45(b):

- UG-45(a) Internal pressure:

t = (P*OR / (S*E+0.4*P))+caitcaot+ttol = 0.111 in
- UG-45(a) external pressure+cai+cao+tol t = 0.085 in

- UG-16 (b)

UG-45(b) Smaller of:

UG-45(b) (4) std pipe*0.875+cai+cao+tol
Greater of:
— UG-45(b) (1)+cai+caottol =
- UG-45(b) (2)+caitcao+tol =
Minimum thickness:
Nominal thickness:
ASME Section VITI-1 2004 A06 UG-28 Thickness of Shells under Ext.

- UG-45(b)

minimum thickness+caitcao+tol

£t = 0.1406 in
t = 0.1265 in
0.375 in
t = 0.1265 in

I

0.1265 in
0.0629 in

tmin =
tnom =

——— Calculations -—— Cylinder External Pressure

Material: SA-312 S30400 Grd TP304 Wld. pipe

Design pressure PE = 15 psi Design temperature T =

Inside corr. allow. CAI = 0 in Corrosion allow. CAO =

Radiography = None Material tol. Tol =
*. outside dia. Do = 18 in Cylinder length EP L =
4inal thickness tnom = 0.375 in (tnom-CAI-CAO-Tol) t =

L/Do ratio Ldo = 0.3333 Do/t Dot =

(2*s) or (0.9%*yield) SE = - Mod. of elasticity ME =

A factor SII-D-FigG A = 0.011908 B factor HA-1 B =

Max allowed external pressure:

Actual external design pressure:

(Required cyl. tks.

for nozzle attachments at PE,

Pa = 4*B /

(3*Dot) =
PE =

tre = 0.0381

Pressure

0.0 in
0.1406 in
9.0 in

APP.1-1(A)

0.1406 in
0.375 in
Pressure

300 F

0 in

0 in

6 in
0.3281 in
54.8571

27000000 psi

11854
288.11 psi
15 psi

in )

=

|
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.-mponent: Reinforcement Nozzle C
Reinforcement Required for

ASME Section VIII-1 2004 AO06 UuG-37
Shells and Formed Heads

--- Design Conditions:

Int. design pressure PI = 75 psi

Ext. design press. PE
Fig.UW-16.1 Sketch (c)

Outside corr.allow.CRO
Joint efficiency E
Corroded radius OR
Reinforcement limit lp
Req. tks.ext.pres. tre
Reinf. efficiency El

312 S30400 Grd TP304 Wld. pipe

Outside corr.allow.CAO
Joint efficiency B
Corroded radius OR
Reinforcement limit 1n
Req.tks.ext.pres. trne
Nozzle Projection h

Nominal thickness te
Pesign stress Se
Leg size(1/2*tmin) (Act)
1/2 * tmin (actual)
Weld tw {actual)
Weld tec (actual)
Leg size tw (actual)
Leg size tec (actual)
frl = Sn/Sv
fr2 = Sn/Sv
fr3 Sn/Sv
fr4 Se/Sv

i

or Se/Sv

Design temperature T = 300 F
Vessel material: SR-240 $30400 Grd 304 Plate
Inside corr. allow. CAI = 0.0 in
Vessel design stress Sv = 15000 psi
Vessel outside dia Do = 32.0 in
Nominal thickness tnom = 0.25 in
Req. tks. int.pres. tr = 0.0797 in
Corroded thickness £ = 0.25 in
Attachment Material: SA-
Inside corr. allow. CAI = 0.0 in
Nozzle design stress Sn = 15000 psi
Nozzle outside dia. Don = 18.0 in
Mominal thickness tnom = 0.375 in
Req.tks. int.pres. trn = 0.0641 in
Corroded thickness tn = 0.375 in
Reinforcement element material:
Limit of reinf. pp = 0.0 in
outside diameter = 0.0 in
Minimum weld size tmin = 0.25 in
1/2 * tmin (minimum) = 0.0 in
Weld tw (minimum) = 0,175 in
Weld tc {minimum) = 0.175 in
smaller 10.25 in |

= of 10.7 * tmin]|

ward nozzle weld L1 = 0.25 in
vuter element weld L2 = 0.0 in
Inward nozzle weld 13 = 0.0 in
Inward nozzel weld new = 0.0 in
Corroded int.proj.thk ti = 0.0 in

Openings in

]

OO Ow oo

I

wonon

il

|l ocoococoooc oo

15 psi

0.0 in

1

16.0 in
17.25 in
0.087 in
1.0

.0 in

L7

.0 in
.625 in
.0381 in
.0 in

.0 in
psi

.0 in
.0 in
.0 in
.175 in
.0 in
.25 in
1.

Il

Il
e
oo oo
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«.rroded inside diameter d =17.25 in
Vessel wall length available for reinforcement 2*Lp-d = 17.25 in

Plane correction factor (Fig.UG-37) F=1.0

Offset distance from centerline doff = 0.0 in

Reinforcement areas (internal pressure condition) ASME 2004 UG-37
Al = Vessel wall. Larger of: .
|(2*Lp—d)*(El*t—F*tr)—2*tn*(El*t—F*tr)*(l—frl)| = 2.9384 in2
|

|2*(t+tn)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl) = 0.2129 in2
Al = 2.9384 in?
A2 = Nozzle wall outward | 5*(tn-trn)*fr2*t | = 0.3886 in2
Smaller of: | 5% (tn-trn)*fr2*tn | = 0.5829 in2
A2 = 0.3886 in2
A3 = Nozzle wall inward | 5*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2
A3 = 0.0 in2

A41 = Outward nozzle weld = (L1**2)*fr3 = 0.-0625 inz2

A42 = Outer element weld = (L2**2)*frd = 0.0 in2

A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2

A4 = 0.0625 in2

A5 = Reinforcement pad Area = (Dp—d—2*tn)*te*fr4 A5 = 0.0 in2

Aa = Area Available = Al+A2+A3+A4+A5 Ra = 3.3895 in2

A = Area required = (d*tr*F)+2*tn*tr*F*(l—fl) A = 1.3741 in2

ASME VIII-1 2004 A06 Reinforcement areas (external pressure) UG-37 (d)

Al = Vessel wall. Larger of:
|(2*Lp—d)*(El*t—F*tre)—Z*tn*(El*t—F*tre)*(l—frl)I = 2.8117 in2
|2*(t+tn)*(El*t—F*tre)—Z*tn*(El*t—F*tre)*(l—frl)| = 0.2037 in2

Al = 2.8117 in2

*~ = Nozzle wall outward | 5*(tn-trne)*fr2*t | 0.4211 in2

Smaller of: | 5* (tn-trne)*fr2*tn | = 0.6316 in2
A2 = 0.4211 in2
A3 = Nozzle wall inward | 5*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2

A3 = 0.0 in2

I

A41 = Outward nozzle weld (L1**2)*fr3 = 0.0625 in2

Ad2 = Outer element weld = (L2**2)*fr4 = 0.0 in2
243 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2

Ad = 0.0625 in2
A5 = Reinforcement pad Area = (Dp~d—2*tn)*te*fr4 A5 = 0,0 in2
Aa = Area Available = Al+A2+A3+A4+A5 Ra = 3.2953 in2
A = Area required = 0.5*(d*tre*F+2*tn*tre*F*(lafrl)) A = 0.7504 in?2
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..ozzle attachment weld loads - UG-41 - Strength of reinforcement
ASME - Weld strength calculations not required per Uw-15(b) .

Total weld load {UG-41l(b) (2))

W = (A-Al+2*tn*frl(E1*t-F*tr))*Sv W= -
Weld load for strength path 1-1 (UG-41(b) (1)

W(l-1) = (A2+A5+A41+A42)*Sv W(l-1) = 6767 1lbf
Weld load for strength path 2-2 (UG-41(b) (1)

W(2-2) = (A2+A3+A41+A43+2*tn*t*frl)*Sv W(2-2) = 9579 1bf
Weld load for strength path 3-3 (UG-41(b) (1) .

W(3-3) = (A2+A3+A5+A41+A42+A43+2*tn*t*frl)*Sv W(3-3) = -
Reinforcing element strength = A5 * Se = -

Nozzle attachment weld loads — ASME 2004 UG-41 -

Unit stresses - UW15(c)and UG-45(c)
Inner fillet weld shear
Outer fillet weld shear
Groove weld tension
Groove weld shear
Nozzle wall shear

Strength of connection elements
Inner fillet weld shear
Nozzle wall shear
Groove weld tension
Outer fillet weld shear

Possible paths of failure

1-1 108956 + 51928
2-2 51928 + 78422
3-3 -+ -
Welds strong enough if path greater
Path 1-1
160884 1lbf
Path 2-2
130350 1bf
Path 3-3

Strength of reinforcement

= 7350 psi

= 11100 psi

= 10500 psi

= 51928 1bf
108956 1bf
78422 1bf

Il

= 160884 1bf
= 130350 1bf

than the smaller of W or W(path)

> W or Wil

> 6767 1bf OK
> W or W22

> 9579 1bf OK
> W or W33

> -
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w.mponent: Nozzle Flange Details

Flange, Gasket and Bolting Details
Dimensional data in

Flg Flg Flg Neck Flg Bolt Gaskets Bolts
Nozzle Type Dia. (*) Rating tks tks Cir. 0.D. Width No Dia.
A ANSI SO 24.0 150 0.6875 1.88 29.5 27.25 1.62 20 1.25
B ANSI SO 20.0 150 0.375 1.69 25.0 23.0 1.5 20 1.125
c ANSI SO 18.0 150 0.375 1.56 22.75 21.0 1.5 16 1.125
* Dia. = Nozzle 0.D. if standard flange

= Flange 0.D. if non-standard flange

73 of 129



Heat Exchanger Mechanical Design

Teams 20.0

File name: E-4201 FINAL Bunge 7793.BJT Date:

«d loads - ANSI/SEI/ASCE 7-02

8/27/2007 Time: 8:08:36 AM

Vessel outside diameter oD OD = 32 in
Vessel effective length EL EL = 487.3125 in
Vessel effective diameter EOD EOD = 48 in
Effective wind area Af Af = EOD*EL = 162.44 ft2
Velocity pressure exposure Kz Kz = 0.85
Topographic factor Kzt Kzt = 1
Directionality factor Kd Kd = 1
Importance factor i I =1
Wind speed, m/h \Y vV = 100
Velocity pressure, dz, 1bf/ft2 = 0.00256*Kz*Kzt*I*V**2 = 21.8
Gust response factor G G = 0.85
Force coefficient Cct ct =1
Wind force F F = qz*G*CE*Af = 3004.4 1bf
Moment arm L L = 20.3 ft
Overturning moment, OM, ft-1bf OM = F*L = 61004
Earthquake Loads - ANSI/SEI/ASCE 7-02 s
Equipment occupancy category - wind/seismic design = ITI
Equipment seismic site class =B
Equipment seismic use group =1
Response modification factor R =3
Seismic importance factor I =1
Mapped maximum spectral response acceleration at short periods Ss = 0.75
Mapped maximum spectral response acceleration at l-sec period S1 = 0.2
Site coefficient Fa — Table 9.4.1.2.4a Fa = 1
Site coefficient Fv - Table 9.4.1.2.4Db Fv = 1
Maximum spectral response acceleration short periods Sms = Fa*Ss = 0.75
Maximum spectral response acceleration at l-sec per. Sml = Fv*Sl = 0.2
arectral response acceleration at short periods Sds = (2/3)*Sms = 0.5

-tral response acceleration at l-sec period Sdl = (2/3)*Sml = 0.13
. .smic response coefficient, Cs = Sds/(R/I) cs = 0.17

CsMin = 0.5*S1/(R/T) CsMin = 0.03

Seismic zone coefficient, Cv Cv = 0.24
Weight of vessel, full W= 19476 1lbf
Total shear at the base, V = Cs * W Vv = 4587.8 1bf
Maximum lateral force, F=yV F = 4587.8 1bf
Overturning moment, OM, ft-1bf OM = 0.5*F*L = 46577
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ad and Seismic Loads - Effect on Lugs
Distance center of vessel to supports
Distance center of gravity to supports
Distance between bolt holes (diametrical)

Projected area of vessel Af =
Wind force F =
Wind load Qw =
Horizontal seismic force Fh =
Vertical seismic force Ev =
Seismic load Qs =

Controlling load,Q = Omax (Qw,Qs)

EOD*EL
Af*CE*G*gz
F*1/B
Cs*W

Cv*W

Fv + Fh * L. / B

o e

0 ft

0 ft

0 ft

0.04 ft2
20000 1bf
6 1bf

15 1bf
300 1bf
4627 1bf

= 0 1lbf
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waights, surface area, Insulation

Shell side Tube side
Volume ft3 56.04 146.53
Avg. fluid density 1b/ft3 0 0
Fluid weight 1b 0 0
Surface area ft2 167.4 172.8
Surface Area 340.2 ft2

Insulation thickness -
Insulation type =
Insulation density -
Insulation weight -
Insulation seals and jackets -
Weight of Accessories -
Weight of piping attached SS nozzles =
Weight of piping attached TS nozzles -
Empty weight 12942 1b

Operating weight 19476 1b
Full weight 19476 1b
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Coumponent: Shell Lifting Lugs
Calculation of Plate-type Lifting Lugs
Lug material: SA-36 K02600 Plate

Pad material: SA-516 K02700 Grd 70 Plate
Basic data:

Thickness tb = 1.0 in Length L = 12.0 in
Outside radius R1 = 3.0 in Radius of hole Rh = 1.5 in
Weld size n = 0.375 in Vessel outside radius R = 16.0 in
Allowable stress Sa = 16600 psi Vessel thickness ta = 0.375 in
Yield stress vessel Sy = 33600 psi Empty weight per lug W = 8115 1bf
Distance vessel surface to lug hole d = 14.0 in
Factor £ £f =0.5 in Number of lugs nl = 4
Calculation of allowable lug load, P (minimum of Pl or P2):

Pl = Sa*tb / ( 0.33/(R1-Rh) + 0.76% (Rl+rh)/ (R1-Rh) **2) = 9540 1bf

P2 = 1.5*Sa*tb*L / ( (10.4*(d+f) /Ly + 1) = 22025 1bf

(P > W) P = 9540 1bf

Component: Shell Lifting Lugs

Calculation of the minimum required weld size, n
n-6.8*wW=*agd/ 1l**2 * sa = 0.3232 in

Calculation of the required vessel thickness to resist lug loads, ts
Equivalent radius of lug, RE = 0.644* (thb*1**2)**(1/3) = 3.3755 in
ts = ( 0.415*SQRT(R)/Sy * | (1.734*W*(d+f)/(RE**2))+O.75*W/RE y )**2/3
ts = 0.9825 in
Minimum reinforcing pad thickness, tp
tp = ts - ta = 0.6075 in

Actual Entered
Reinforcement pad thickness 0.625 in 0.625 in
Pad dimension parallel to the lug: 18.0 in 0.0 in
pad dimension perpendicular to the lug: 9.0 in 0.0 in
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.._&imum Allowable Working Pressures

*:S
Compon

Shell
Front
Front
Front
Front
Rear T
Rear T
Front
Rear H
Tubes
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Front
Rear H
Dist.
Dist.
M-zzle
zle
wozzle

hell Side MAWP
ent

Cylinder

Head Cylinder
Head Cover
Tubesheet
Tubesheet
ubesheet
ubesheet

Head Flng At TS
ead Flng At TS

A

B

C

Flng A

Flng B

Flng C
Reinforcement A
Reinforcement B
Reinforcement C
Hd Bolting At TS
d Bolting At TS
Belt An.ring
Belt An.ring
Flng Bolting A
Flng Bolting B
Flng Bolting C

Side

T unnunASgdnonHHnnEdnnadaasgdadnanaa0G

Tube Side MAWP

--Design conditions--

Tenp
F
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

300
300
300

Stress
psi
20000
15000
15000
15000
15000
15000
15000
15000
15000
16100
14600
14600
15000
20000
20000
15000

25000
25000

25000
25000
25000

MAWP
psi
275.6
165.1

202
231
126
231
126
88.7
100.
2219.
4607.
242.
313.
230
230
205
213
203*
129
81.1
80+
N/C
N/C
230
230
205

W oy o @

—-——- New and cold ---

Temp

F

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

70
70

Stress
psi
20000
20000
20000
20000
20000
20000
20000
20000
20000
17000
14600
14600
20000
20000
20000
20000

25000
25000

25000
25000
25000

MAWP
psi
331.2
220.1
269.4
231*
126
231%
126
88.7
100.
2343.
522.
300.
417.8
285
285
275
242
232
172
81.1
80+
N/C
N/C
285
285
275

= 0 0
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. .nimum Design Metal Temperature for Impact Test Exemption (UCS-66)
* Tndicates the controlling components + Indicates compliance with UG-20 (f)

Component Curve Temp kkkkkkx  [JCS—-66.1  HFIFEEF
F Ratio Reduction Temperature

Shell Cylinder B -20 0.57 43 -63
Nozzle A B 10 + 0.26 140 -130
Nozzle B B -20 0.44 76 -96
Nozzle Flng A - -20 = = =
Nozzle Flng B - -20 = = =

Front Hd Bolting At TS A -55 = - =

Rear Hd Bolting At TS A -55 = - =
Distributor Belt A B -7 + = - - *
Distributor Belt B B -7 + - = - =
Nozzle Flng Bolting A A -55 = = ==
Nozzle Flng Bolting B A -55 = = -

Nozzle Flng Bolting C A ~-55 - - =
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" jrostatic Test Pressure - ASME VIII-1 2004 A06 UG-99 (b) Factor: 1.3

Shell Side: 195 psi Tube Side: 97.5 psi
Design Test Stress
Component Material Side Temp Stress Stress Ratio
F psi psi
Shell Cylinder SA-516 K02700 Grd 70 Plate 300 20000 20000 1
Front Head Cylinder SA-240 S30400 Grd 304 Plat 300 15000 20000 3333
Front Head Cover SA-240 S30400 Grd 304 Plat 300 15000 20000 3333
Front Tubesheet SA-240 S30400 Grd 304 Plat 300 15000 20000 3333
Rear Tubesheet SA-240 S30400 Grd 304 Plat 300 15000 20000

300 15000 20000
300 15000 20000

Front Head Flng At TS SA-240 S30400 Grd 304 Plat
Rear Head Flng At TS SA-240 S$30400 Grd 304 Plat

e e
w
w
w
w

Tubes SA-249 S30400 Grd TP304 Wl 300 16100 17000 0559
Nozzle A SA-53 K03005 Grd E/B Wld. 300 14600 14600 1
Nozzle B SA~53 K03005 Grd E/B Wld. 300 14600 14600 1
Nozzle C SA-312 S30400 Grd TP304 Wl 300 15000 20000 1.3333
Nozzle Flng A - SA-105 K03504 Forgings 300 20000 20000 L
Nozzle Flng B SA-105 K03504 Forgings 300 20000 20000 1
Nozzle Flng C SA-182 S$30400 Grd F304 For 300 15000 20000 1,3333
Front Hd Bolting At TS SA-193 G41400 Grd B7 Bolt({ 300 25000 25000 1
Rear Hd Bolting At TS SA-193 G41400 Grd B7 Bolt( 300 25000 25000
Distributor Belt A SA-516 K02700 Grd 70 Plate 300 20000 20000
Distributor Belt B SA-516 K02700 Grd 70 Plate

300 25000 25000
300 25000 25000
300 25000 25000

Nozzle Flng Bolting A SA-193 G41400 Grd B7 Bolt(
Nozzle Flng Bolting B SA-193 G41400 Grd B7 Bolt(
Nozzle Flng Bolting C SA-193 G41400 Grd B7 Bolt({

HunwnwununaSHdnn=SunnaS3nnadAgn

1
1
300 20000 20000 1
1
1
1
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Design Specifications — Vapor Chamber

TEMA Class Shell Side Tube Side Tubesheets
Design pressure psi 75
\Vacuurn design pressre psi 15
ITest pressure psi 97.5
Design temperature F 300
Average metal temperature F
Corrosion allowance in
Front tubesheet corrosion allow in
Rear tubesheet corrosion allow in
Radiographing None
Number of passes 1
Nozzle flange rating 150
Post weld heat treatment No Program
Code ASME Section VIII Div.1 2004 A06
Weights Empty:3174 Full: 19976 Bundle: Ibf
Cylinders/Covers
Front Head Shell Rear Head Shell Cover Tubes
Cover Cyl Cyl. Cyl. Cover Cyl. Cover
Head type Cone Ellipsoidal
utside diameter inf 72 72 72
alculated thk. in 0.2961 0.2564 0.2107
TEMA minimum thk. in
iAclual thickness in| 0.3125 0.3125 0.5
K-ray None None None
Joint efficiency None None None
Corrosion allowance in
External pressure psii 15 15 15
Length Ext.Press. in 34.125 95
Maximum Ext.Press. psi| 36.716 22.16 56.504
Minimum thk. Ext.Press. inl 0.178 0.269 0.196
Max.length Ext.Press. inl 70 137.5
Nozzles
Nozzle designator E F1 F2 H Front D K
Vessel side Shell Shell Shell Shell Shell  Shell Shell
Outside diameter in 6.625 3.5 3.5 2:375 32 6.625 6.625
Calculated thickness in 0.0721  0.0471 0,0471 0.0337 0.153 0.0531 0.0631
Code minimum thk in 0.2336  0.2171 0.2171 0.162 0.2465 0.2142 0.2142
Actual thickness in 0.432 0.3 0.3 0.218 0.3125 0.28 0.28
Reinf.pad OD in
Reinf.pad thickness in
Corrosion allowance in
Fxternal pressure psi 15 15 15 15 15 15 15
] 1gth ext. press. in 6 6 6 6
Maximum ext. press. psi 935.834 1209.205 1209.205 1271.187 129.813 582.329 582.329

81 of 129




Heat Exchanger Mechanical Design

Teams 20.0

File name: E-4201 FINAL Bunge 7793.BJT Date: 8/27/2007 Time: 8:08:36 AM

lozzle Flanges

Nozzle designator E F1 F2 H TC D K
Flange type Slipon  Slipon Slip on Slip on Slipon Slipon Slipon
Flange rating 150 150 150 150 150 150 150
Flange OD in 11 7.5 7.5 6 41.75 11 1
Bolt circle in 9.5 6 6 4.75 38.5 9.5 9.5
Bolt diameter in 0.75 0.625 0.625 0.625 1.5 0.75 0.75
Bolt number in 8 4 4 4 28 8 8
Gasket OD in 8.5 5 5 3.62 36 8.5 8.5
Gasket width in 0.94 0.75 0.75 0.62 0.94 0.94
Gasket thickness in 0.125 0.125 0.125 0.125 0.125 0.125 0.125
Flange calc. thk. in
Flange actual thk. in 1 0.94 0.94 0.75 2.25 1 1
Lap jnt ring OD in
Hub length in
Hub slope in
Weld height in
Body Flanges
Front Head Shell Rear Head Shell
Cover at ThSh Front Rear at TbSh Cover | Cover
Flange type
Flange OD in
“olt circle in
olt diameter in|
Bolt number
Gasket OD in
Gasket width in
Gasket thk. in
Flange calc. thk. in
Flange overlay in
Recess in
Flange act. thk. in
Lap jntring OD in
Hub length in
Hub slope in
Weld height in
Tubesheets
Front Rear
Tubesheet diameter in
TEMA minimum thickness in
TEMA bending thickness in
TEMA shear thickness in
TEMA flange extension thk in
TEMA effective thickness in
Code thickness in
Corrosion allowance - shell in
srrosion allowance - tube in
\ecess in
Actual thickness in

Clad thickness (not included above) in

82 0f' 129




Teams 20.0

Heat Exchanger Mechanical Design

File name: E-4201 FINAL Bunge 7793.BJT Date: 8/27/2007 Time: 8:08:36 AM

1'ube Details

Tube type

Tube OD

Tube wall thickness
Number of tubes

Tube length

Tube pitch

Tube pattern

Outer tube limit diameter

Materials of Construction

Component
Shell Cylinder

Front Head Cover
Rear Head Cover

Coupling
Coupling
Coupling
Nozzle E
Nozzle F1
Nozzle F2
Nozzle H

'ozzle TC

yzzle D
Nozzle K
Nozzle FIng F1
Nozzle Fing F2
Nozzle FIng H
Nozzle Fing Front
Nozzle Fing D
Nozzle Fing Bolting E
Nozzle Fing Bolting F1
Nozzle FIng Bolting F2
Nozzle FIng Bolting H
Nozzle Fing BoltingFront
Nozzle Fing Bolting D
Nozzle Fig Gasket E
Nozzle Flg Gasket F1
Nozzle Flg Gasket F2
Nozzle Flg Gasket H
Nozzle Flg Gasket Front
Nozzle Fig Gasket D
Shell Side Nozzle Cplgs
Tube Side Nozzle Cplgs

Material
SA-240 S30400 Grd 304 Plate

SA-240 S30400 Grd 304 Plate
SA-240 S30400 Grd 304 Plate

SA-182 $30400 Grd F304 Forgings(<= 5)
SA-182 $30400 Grd F304 Forgings(<= 5)
SA-182 $30400 Grd F304 Forgings(<= 5)
SA-312 S30400 Grd TP304 WId. pipe(G5)
SA-312 S30400 Grd TP304 Wid. pipe(G5)
SA-312 30400 Grd TP304 WId. pipe(G5)
SA-312 $30400 Grd TP304 WId. pipe(G5)
SA-312 S30400 Grd TP304 Wid. pipe
SA-312 $30400 Grd TP304 WId. pipe(G5)
SA-312 $30400 Grd TP304 Wid. pipe(G5)
SA-182 S30400 Grd F304 Forgings(<= 5)
SA-182 S30400 Grd F304 Forgings(<= 5)
SA-182 S30400 Grd F304 Forgings(<= 5)
SA-240 S30400 Grd 304 Plate
SA-182 $30400 Grd F304 Forgings(> 5)
SA-193 G41400 Grd B7 Bolt{<=2 1/2)
SA-193 G41400 Grd B7 Bolt(<=2 1/2)
SA-193 G41400 Grd B7 Bolt(<= 2 1/2)
SA-193 G41400 Grd B7 Bolt(<= 2 1/2)
SA-193 G41400 Grd B7 Bolt(<= 2 1/2)
SA-193 G41400 Grd B7 Bolt{<= 2 1/2)
Solid Teflon 1/8in Thickness
Solid Teflon 1/8in Thickness
Solid Teflon 1/8in Thickness
Solid Teflon 1/8in Thickness
Solid Teflon 1/8in Thickness
Solid Teflon 1/8in Thickness
SA-182 $30400 Grd F304 Forgings(<= 5)
SA-182 $30400 Grd F304 Forgings(<= 5)
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P;rt Component Name Material Qnty Dim1 Dim2 Thks Wght Cost/Unit Mat Cost
in in in Ibf Dollar(US)Dollar(US)
Shell Cylinder SA-240 $30400 Grd 304 Plate 1 2255 i 95 Ig 0.3125 1922 2.55 4907
5  FrHd Cover Conical  SA-240 S30400 Grd 304 Plate 1 197 50 0.3125 884 2.55 2256
Re Hd Cover Ellip. SA-240 $30400 Grd 304 Plate 1.90.6875 Ig 90.688 wi 0.5625 1328 2.55 5236
51 Coupling E SA-182 S30400 Grd F304 Forging 1 0.75 od 0 0 1 9.2
52 Coupling F1 SA-182 $30400 Grd F304 Forging 1 0.5 od 0 0 0 9.2
53 Coupling F2 SA-182 $30400 Grd F304 Forging 1 0.75 od 0 0 1 9.2
61 Nozzle E SA-312 S30400 Grd TP304 WId. p 1 6.625 od 6 Ilg 0432 14 4 58
62 Nozzle F1 SA-312 S30400 Grd TP304 Wid. p 1 35 od 6 Ig 0.3 5 4 21
63 Nozzle F2 SA-312 $30400 Grd TP304 WIid. p 1 3.5 od 6 Ig 0.3 4 21
64 Nozzle H SA-312 $30400 Grd TP304 WId. p 1 2375 od 6 Ilg 0218 4 10
65 Nozzle TC SA-312 S30400 Grd TP304 WId. p 1 32 od 6 Ig 0.3125 54 8.92 478
66 Nozzle D SA-312 $30400 Grd TP304 WId. p 1 6.625 od 6 g 0.28 10 4 38
81 Nozzle FIng E Slip On  SA-182 S30400 Grd F304 Forging 1 150 AN 6.625 di 0 17 9.2 157
82 Nozzle Fing F1 Slip On  SA-182 $30400 Grd F304 Forging 1 150 AN 3.5 di 0 9 9.2 85
83 Nozzle FIng F2 Slip On SA-182 $30400 Grd F304 Forging 1 150 AN 3.5 di 0 9 9.2 85
84 Nozzle Fing H Slip On  SA-182 S30400 Grd F304 Forging 1 150 AN 2.375 di 0 5 9.2 47
Nozzle Fing D Slip On  SA-182 $30400 Grd F304 Forging 1 150 AN 6.625 di 0 17 9.2 157
so Nozzle Fing K Slip On  SA-182 S30400 Grd F304 Forging 1 150 AN 6.625 di 0 17 9.2 157
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wumponent: Shell Cylinder
ASME Section VIII-1 2004 A06 UG-27 Thickness of Shells under Int. Pressure

——— Calculations --- Cylinder Internal Pressure

Material: SA-240 S30400 Grd 304 Plate

Design pressure P =75 psi Design temperature T = 300 F
Radiography = None Joint eff.circ str. B = 0.7
Design stress S = 15000 psi Joint eff.long str. E = 0.7
Design stress, long S = 15000 psi (circum. butt welds)

Inside corr.allow. CAI = 0.0 in outside corr. all. CAO = 0.0-in
Material tolerance Tol = 0.0 in TEMA min. thickness tm = 0.0 in
Outside diameter oD = 72.0 in Corroded radius OR = 36.0 in

Required wall thickness of the cylinder , greater of:
Circumferential stress

t = (P*OR / (S*E+0.4*P) ) +cai+cacttol = 0.2564 in APP.1-1(A)
Longitudinal stress
t = (P*IR / (2*S*E+0.4*P))+caitcao+tol = 0.1273 in UG-27(c) (2)
Actual wall thickness of cylinder: tnom = 0.3125 in
(Required wall tks. for nozzle attachments, E=1 , tri = 0.1796 in )
ASME Section VIII-1 2004 A06 UG-28 Thickness of Shells under Ext. Pressure
——— Calculations --- Cylinder External Pressure
Material: SA-240 S30400 Grd 304 Plate
Design pressure PE = 15 psi Design temperature T = 300 F
Inside corr. allow. CAI = 0 in Corrosion allow. CAO = 0 in
Radiography = None Material tol. Tol = 0 in
Cyl. outside dia. Do = 72 in ¢ylinder length EP L = 95 in
Nominal thickness tnom = 0.3125 in (tnom-CAI-CAO-Tol) t = 0.3125 in
L/Do ratie Ldeo = 1.3194 Do/t Dot = 230.4
(2*S) or (0.9*yield) SE = - Mod. of elasticity ME = 27000000 psi
“actor SIT-D-FigG A = 0.00029 B factor HA-1 B = 3829
allowed external pressure: Pa = 4*B / (3*Dot) = 22.16 psi
actual external design pressure: PE = 15 psi

(Required cyl. tks. for nozzle attachments at PE, tre = 0.269 in )
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.aponent: Front Head Cover
ASME Section VIII-1 2004 A06 UG-32 Formed Heads, and Sections,
Pressure on Concave Side

-—- calculations --- Conical Cover Internal Pressure
Material: SA-240 S30400 Grd 304 Plate
Design pressure P = 75 psi Design temperature T = 300 F
Radiography = None Joint efficiency E = 0.7
Design stress S = 15000 psi TEMA min. thickness tm = 0.0 in
Inside corr.allow. CAIL = 0.0 in Outside corr. all. CAO = 0.0 in
Material tolerance Tol = 0 in
Large outside dia. Do = 72.0 in Large inside dia. ID = 71.375 in
Cone length L = 34.125 in Conical angle Alpha = 30.0 Deg
Required wall thickness of the conical cover:
t = (P*Do/(Z*COS(Alpha)*(S*E+O.4*P))+cai+cao+tol = 0.2961 in App.l-4(e)
Actual wall thickness of cover: ta = 0.3125 in

ASME Section VIII-1 2004 A06 UG-33(f) Formed Heads,
Pressure on Convex Side

—_- calculations —-- Conical Cover External Pressure

Material: SA-240 S30400 Grd 304 Plate

Design pressure PE = 15 psi Design temperature T = 300 F

Inside corr.allow. CAI = 0 in Outside corr. all. CAO = 0 in

Radicgraphy = None Material tolerance Tol = 0 in

Larger outside dia. DL = 72 in Small outside dia. Ds = 32 in

Larger outside dia. DLs = - Small outside dia. Dss = -

Cone length L = 34.125 in Stress UG-33(f) ST = 0 psi

Nominal thickness tnom = 0.3125 in tnom-CAI-CAC-Tol t = 0.3125 in

t*Cos Alpha te = 0.2706 in Length Lc Lc = -

Le = (L/2)*(1+Ds/DL) Le = 24.6458 in

P-dius rl rl = - Radius 1r2 r2 = -

te Dot = 266.0429 psi Mod. of elasticity ME = 27000000 psi

.. cactor SII-D-FigG A = 0.000966 B factor HA-1 B = 7326

Max. allowed ext. design pressure: Pa = 4*B / (3*Dot) = 36.72 psi
Actual external design pressure PE = 15 psi
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aponent: Front Head Cover
ASME Section VIII-1 2004 A06 App.l1-5 Rules for Conical Reducer Sect. and
Conical Heads Under Internal Pressure

-—— Design conditions

Design pressure P = 75 psi Design temperature T = 300 F
Inside cor.allow. CAI = 0.0 in Outside corr.all.CAO = 0.0 in
Large cylinder: Small cylinder:

SA-240 S30400 Grd 304 Plate SA-312 S30400 Grd TP304 Wld. pipe
Design stress Ss = 15000 psi Design stress Ss = 15000 psi
Joint efficiency El1 = 0.7 Joint efficiency E1 = 0.7

Mod. of elasticity Es = 27000000 psi Mod. of elast. Es = 27000000 psi
Min cyl len SQRT(R*t) = 3.3395 in Min cyl len SQRT (R*t)= 2.2141 in
Cone material: SA-240 S30400 Grd 304 Plate

Design stress Sc = 15000 psi Mod. of elast. Ec = 27000000 psi
Joint efficiency E2 = 0.7 Halfapex angle Alpha = 30
Reinforcement ring material: SA-240 530400 Grd 304 Plate

Design stress Sr = 15000 psi Mod. of elasticity Er = 27000000 psi
-~— Calculations: Large cyl. Small cyl.
Axial load (wind+dead loads) f1 = 0 1lbf/in f2 = 0 1bf/in
Cylinder inside radius RL = 35.6875 in RS = 15.6875 in
Cylinder corroded thickness ts = 0.3125 in ts = 0.3125 in
Minimum required thk. of cylinder t = 0.2564 in t = 0.153 in
Nominal thicknes of cone tc = 0.3125 in tc = 0.3125 in
Minimum required thk. of cone tr = 0.2961 in tr = 0.1316 in
(P*RL /2.)+fl & (P*RS/2.)+L2 QL = 1338.3 1lbf/in QS = 588.3 1bf/in
Pressure/stress ratio P/Ss*E1l = 0.0071 P/Ss*E1l = 0.0071

Angle for reinforcement (deg) Deltal = 27.21 DeltaS = 7.29

Reinforcement required when Delta is less than Alpha
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.mponent: Front Head Cover
Cross sectional area requirement cone to large cylinder junction:
Cone to cyl. factor (reinf. ring on cyl.) yL = S1*El yL 0.4050E+12
Reinforcement factor (minimum=1) kL = yL/Sr*Er Calculated kL 1
Minimum kL = 1

il

Area required for reinforcement element:

ArL = (kL*QL*RL/(S1*El))* (1-DeltaL/Alpha)*tan(Alpha) ArL = 0.2439 in2
Excess area available in large cylinder:
AelL = (ts—-t)* (RL*ts)**0.5+(tc-tr)*(RL*tc/Cos Alpha)**0.5 Ael = 0.2462 in2

*** Enough area available - reinforcing not required per area rules ***

Reinforcing element width: W o= -

Reinforcing element thickness: t = -

Reinforcing element area required = ArL - Ael = -

Reinforcing element area: Ar = w * t Ar = -

Reinforcing element within this dist.from junction SQRT (RL*ts) = —

Centroid reinf. elem. within this dist. junction 0.25*SQRT (RL*ts) = -

Cross sectional area requirement cone to small cylinder junction:

Cone to cyl. factor (reinf. ring on cyl.) yS = Ss*Es yS = 0.4050E+12

Reinforcement factor (minimum=1) kS = yS/Sr*Er Calculated kS =1

Minimum kS = 1
Area required for reinforcement element:
ArS = (kS*QS*RS/(Ss*E1l)) * (l-DeltaS/Alpha) * tan (Alpha) ArS = 0.3842 in2
Excess area available in small cylinder:
AeS = 0.78* (RS*ts)**0.5 * ( (ts-t)+(tc—-tr)/Cos Alpha ) ReS = 0.6362 in2

*x* Enough area available - reinforcing not required per area rules ***

Reinforcing element width: W o= -

Reinforcing element thickness: t = -
Reinforcing element area required = ArS - AeS = -
painforcing element area: Ar = w * t Ar = -
nforcing element within this dist.from junction SQRT (Rs*ts) =
__atroid reinf. elem. within this dist. junction 0.25*SQRT (Rs*ts) = -
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gaponent: Front Head Cover
ASME, Section VIII-1 2004 A06 App.1-8 Rules for Reinforcement of
Cone-to-cylinder junction under External Pressure

Design pressure P =15 psi Design temperature T = 300 F
Cone length Lc = SQRT(L**2 + (RL - Rs)**2) Lc = 39.554 in
Equivalent area of cylinder, cone and stiffening ring, AT
ATL = (LL*ts)/2 + (Lc*tc)/2 + As
ATS = (Ls*ts)/2 + (Lc*tc)/2 + As
Large cyl. Small cyl,
Design length LL = 129.125 in Ls = 129.125 in
Equivalante area ATL = 26.3561 in2 ATS = 26.3561 in2
Design stress Ss = 15000 psi Ss = =
Joint efficiency E1 = 0.7 El = -
Ratio P/SsEl P/SsEl = 0.00143 P/SsEl = -
Delta, degress delta = 3.6 delta = -
Stiffening ring area As = 0.0 in2 As = 0.0 in2
Required area of reinforcement at the large end, QL in compression:
ArL = (k*QL*RL*tan(alpha))/(Ss*El)*[1—0.25*((P*RL-QL)/QL)*(delta/alpha)
ArlL = 0.5186 in2 (1)
Effective area of reinforcement:
nel, = 0.55*SQRT (DL*ts) * (ts+tc/cos (alpha)) Ael, = 1.7567 in2 (2)
*+* Enough area available - reinforcing not required per area rules dodok
Reinforcing element area required = ArL - AelL = -
Reinforcing element area: Ar = w * t Ar = -

Reinforcing element width: W = -
Reinforcing element thickness: t = -
Reinforcing element within this dist.from junction SORT (RL*ts)
Centroid reinf. elem. within this dist. junction 0.25*30RT (RL*ts) = -
**%* The cone-to-cylinder junctions are not a line of support R
1ired area of reinforcement at the small end, Os in compression:

+oos = (k*OQs*Rs*tan(alpha))/(Ss*EL) Ars = 0.1056 in2 (3)

Effective area of reinforcement:

Aes = O.55*SQRT(Ds*ts)*[(ts—t)+(tc~tr)/cos(alpha)) Aes = 0.6449 in2 (4)
*+* Enough area available - reinforcing not required per area rules i

Reinforcing element area required = ArL - Ael = -

Reinforcing element area: Ar = w * t Ar = -

Reinforcing element width: w o= -

Reinforcing element thickness: t = -
Reinforcing element within this dist.from junction SOQRT (RL*ts) = -
Centroid reinf. elem. within this dist. junction 0.25*SQRT (RL*ts) = —
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-gumponent: Rear Head Cover
ASME Section VIII-1 2004 A06 UG-32 Formed Heads, and Sections,
Pressure on Concave Side

——— Calculations --- Ellipsoidal Cover Internal Pressure with t/L >= 0.002
Material: SA-240 S30400 Grd 304 Plate
Design pressure P = 75 psi Design temperature T = 300 F
Radiography = None Joint efficiency E = 0.85
Design stress S = 15000 psi TEMA min. thk tm = 0.0 in
Inside corr.all. CAI = 0.0 in Outside corr.all. CAO = 0.0 in
Major/minor rat. D/2h = 2.0 Forming tolerance Tol = 0.0 in
Corroded min. thk t = 0.1792 in Equiv.dish radius L = 63.9 in
Ratio t/L = 0.00782 Material tol. Tol = 0.0 in
Outside diameter oD = 72.0 in Corroded diameter OD = 72.0 in
Proportion factor K = 0.1667*(2+(D/2h)**2) = 1.0002
Required wall thickness of the cover:
t = (P*OD*K / (2*S*E+2*P*(K—O.l)))+cai+cao+tol = 0.2107 in App. 1-4(c)

Actual wall thickness of cover: tnom = 0.5 in

(Required wall tks. for nozzle attachments, E=1 , tri = 0.1792 in )

(If opening & reinf. are within 80% of head diameter, tri = 0.1617 in )
ASME Section VIII-1 2004 A06 UG-33 Formed Heads, Pressure on Convex Side
——— Calculations --- Ellipsoidal Cover External Pressure
Material: SA-240 S30400 Grd 304 Plate
Design pressure PE = 15 psi Design temperature T = 300 F
Inside corr. allow. CAI = 0 in Outside corr. all. CAO = 0 in
Radiography = None Forming tolerance Tol = 0 in

Material tolerance Tol = 0 in

Cover outside dia. Do = 72 in outside sph.radius Ro = 64.8 in
Nominal thickness tnom = 0.5 in tnom-CAI-CRAO-Tol t = 0.5 in
~  factor (UG-33.1) Ko = 0.9 Ro/t ratio Rot = 129.6

33 (a) 210.97/1.67 = 126.33 psi Mod. of elasticity ME = 27000000 psi
n factor = 0.125/Rot = 0.000965 B factor HA-1 B = 7323
Maximum allowed external pressure: Pa = B / Rot = 56.5 psi
Actual external design pressure: PE = 15 psi

(Required cov. tks. for nozzle attachments at PE, tre = 0.196 in )
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aponent: Nozzle E
ASME VIII-1 2004 A06 UG-27 Thickness of Cylinders under Internal
——— calculations --- Cylinder Internal Pressure
Material: SA-312 S30400 Grd TP304 wWld. pipe(G5)
Design pressure P = 75 psi Design temperature T =
Radiography = None Joint efficiency E =
Design stress S = 16100 psi
Inside corr.allow. cai = 0.0 in Outside corr. all. cao =
Material tolerance tol = 0.054 in Minimum thickness tmin =
Outside diameter OD = 6.625 in Corroded radius OR =
— Min. thk. not less than UG-45(a), UG-16(b), UG-45(Db) :
- UG-45(a) Internal pressure:
t = (P*OR / (S*E+0.4*P) )+caitcao+tol = 0.0721 in
- UG-45(a) external pressure+cai+cao+tol t = 0.076 in
- UG-16(b) minimum thickness+cai+caot+tol t = 0.1478 in
UG-45(b) Smaller of: t = 0.2336 in
UG-45(b) (4) std pipe*0.875+cai+cao+tol = 0.299 in
- UG-45(b) Greater of: t = 0.2336 in
— UG-45(b) (1) +cai+cao+tol = 0.2336 in
— UG-45(b) (2)+cai+cao+tol = 0.09 in
Minimum thickness: tmin =
Nominal thickness: tnom =

ASME Section VIII-1 2004 A06 UG-28 Thickness of Shells

under Ext.

——— Calculations —--- Cylinder External Pressure
Material: SA-312 $30400 Grd TP304 Wld. pipe(G3)
Design pressure PE = 15 psi Design temperature T =
Inside corr. allow. CAI = 0 in Corrosion allow. CAO =
Radiography = None Material tol. Tol =
~1. outside dia. Do = 6.625 in Cylinder length EP L =
inal thickness tnom = 0.432 in (tnom-CAI-CAO-Tol) t =
-, Do ratio Ldo = 0.9057 Do/t Dot =
(2*8) or (0.9*yield) SE = - Mod. of elasticity ME =
A factor SII-D-FigG A = 0.022471 B factor HA-1 B =
Max allowed external pressure: Pa = 4*B / (3*Dot) =
Actual external design pressure: PE =
(Required cyl. tks. for nozzle attachments at PE, tre = 0.022

Pressure

300 F
0.85

0.0 in
0.2336 in
3.3125 in

APP.1-1(A)

0.2336 in
0.432 in
Pressure

300 F

0 in

0 in

6 in

0.378 in
17.5265
27000000 psi
12301
935.83 psi
15 psi

in )

94 of 129



Heat Exchanger Mechanical Design

Teams 20.0

File name: E-4201 FINAL Bunge 7793.BIT Date: 8/27/2007 Time: 8:08:36 AM

aponent: Reinforcement Nozzle E
Reinforcement Required for

ASME Section VIII-1 2004 AO6 UG-37

Shells and Formed Heads

--- Design Conditions:
Int. design pressure PI = 75 psi
Design temperature T = 300 F

Ext. design press. PE
Fig.UW-16.1 Sketch (c)

Vessel material: SA-240 530400 Grd 304 Plate

Inside corr. allow. CAI = 0.0 in
Vessel design stress Sv = 15000 psi
Vessel outside dia Do = 72.0 in
Nominal thickness tnom 0.3125 in
Req. tks. int.pres. tr = 0.1796 in
Corroded thickness t = 0.3125 in

Outside corr.allow.CAO
Joint efficiency E
Corroded radius OR
Reinforcement limit 1lp
Req. tks.ext.pres. tre
Reinf. efficiency El

Attachment Material: SA-312 S30400 Grd TP304 Wld. pipe (G5S)

Inside corr. allow. CAI = 0.0 in
Nozzle design stress Sn 16100 psi
Nozzle outside dia. Don = 6.625 in
Nominal thickness tnom 0.432 in
Reg.tks. int.pres. trn 0.0181 in
Corroded thickness tn = 0.432 in
Reinforcement element material:
Limit of reinf. Dp = 0.0 in

il

If

Outside diameter = 0.0 in
Minimum weld size tmin = 0.3125 in
1/2 * tmin (minimum) = 0.0 in
Weld tw (minimum) = (0.2188 in
Weld tc (minimuam) = 0.2188 in
smaller |0.25 in |
tc of |0.7 * tmin]
ward nozzle weld Ll = 125 in
_ .cer element weld L2 = in
Inward nozzle weld L3 i

Inward nozzel weld new
Corroded int.proj.thk ti

il

i
[cNeoNeNoNel
cooow

[

jo]

Outside corr.allow.CAO
Joint efficiency E
Corroded radius - OR
Reinforcement limit 1n
Req.tks.ext.pres. trne

Nozzle Projection h
Nominal thickness te
Design stress Se

Leg size(l/2*tmin) (Act)

1/2 * tmin (actual)
Weld tw (actual)
Weld tc (actual)
Leg size tw (actual)
Leg size tc (actual)

frl = Sn/Sv
fr2 = Sn/Sv
fr3 Sn/S8v or Se/Sv
fr4 Se/Sv

Openings in

L T | S T

fcocoocooQ

15 psi

0.0 in

1

36.0 in
.761 in
.269 in
.0

= O W

.0 in
.85
.3125 in
.7813 in
.022 in
.0 in

OO O Woo

.0 in
psi

.0 in

.0 in

.0 in
.2188 in
.0 in
.3125 in
1.0

i

I
=

0
.0
0
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rroded inside diameter d =5.761 in

Vessel wall length available for reinforcement 2*Lp-d = 5.761 in

Plane correction factor (Fig.UG-37) = 1.0

Offset distance from centerline doff = 0.0 in

Reinforcement areas (internal pressure condition) ASME 2004 UG-37

Al = Vessel wall. Larger of:
|(2*Lp—d)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l-frl)| = 0.7654 in2
|2*(t+tn)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)| = 0.1978 in2

Al = 0.7654 in2

A2 = Nozzle wall outward | 5*(tn-trn)*fr2*t | = 0.6467 in2

Smaller of: | 5* (tn-trn)*fr2*tn | = 0.894 inz2
A2 = 0.6467 in2
A3 = Nozzle wall inward | S*t*ti*fr2 | = 0.0 in2
Smallest of: | 5xti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2
A3 = 0.0 in2

A4l = Outward nozzle weld = (L1**2)*fr3 = 0.0977 in2

42 = Outer element weld = (L2**2)*frd = 0.0 in2

A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2

A4 = 0.0977 in2

A5 = Reinforcement pad Area = (Dp-d-2*tn) *te*frd A5 = 0.0 inZ

DNa = Area Available = Al+A2+A3+A4+A5 Aa = 1.5098 in2

A = Area required = (d*tr*F)+2*tn*tr*F* (1-f1) A = 1.0349 in2

ASME VIII~-1 2004 RA06 Reinforcement areas (external pressure) UG-37 (d)

Al = Vessel wall. Larger of:
|(2*Lp—d)*(El*t—F*tre)—2*tn*(El*t—F*tre)*(l—frl)| = 0.2506 in2
|2*(t+tn)*(El*t—F*tre)—Z*tn*(El*t~F*tre)*(l—frl)| = 0.0648 in?

Al = 0.2506 in2

n? = Nozzle wall outward | 5% (tn-trne) *fr2*t ] 0.6406 in2

Smaller of: | 5% (tn-trne) *fr2*tn | = 0.8856 in2
A2 = 0.6406 in2
A3 = Nozzle wall inward | S5*t*ti*fr2 | = 0.0 in2
Smallest of: | B*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2
A3 = 0.0 in2

241 = Outward nozzle weld = (L1**2)*fr3 = 0.0977 in2

nd2 = Outer element weld = (L2**2)*fr4d = 0.0 in2

A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2

A4 = 0.0977 in2

A5 = Reinforcement pad Area = (Dp-d-2*tn) *te*frd A5 = 0.0 in2

Aa = Area Available = AL+A2+A3+A4+A5 Aa = 0.9889 in2

A = Area required = 0.5*(d*tre*F+2*tn*tre*F*(l—frl)) A = 0.7749 in?2
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zzle attachment weld loads - UG-41 - Strength of reinforcement
ASME - Weld strength calculations not required per UW-15(b).
Total weld load (UG-41(b) (2})

W = (A-Al+2*tn*frl(El*t-F*tr))*Sv W = 5764 1bf
Weld load for strength path 1-1 (UG-41(b) (1)

W(l-1) = (A24+A5+A41+RA42)*Sv W(l-1) = 11165 1bf
Weld load for strength path 2-2 (UG-41(b) (1)

W(2-2) = (A2+A3+R41+A43+2*tn*t*frl)*Sv W(2-2) = 15215 1bf
Weld load for strength path 3-3 (UG-41(b) (1)

W(3-3) = (A2+A3+AS5+A41+A42+A43+2*tn*t*frl)*Sv W(3-3) = -

Reinforcing element strength = A5 * Se = -
Nozzle attachment weld loads - ASME 2004 UG-41 - Strength of reinforcement
Unit stresses — UW15(c)and UG-45(c)

Inner fillet weld shear = 7350 psi
Outer fillet weld shear = -

Groove weld tension = 11100 psi
Groove weld shear = -

Nozzle wall shear = 11270 psi

Strength of connection elements

Inner fillet weld shear = 23891 1bf
Nozzle wall shear = 47338 1bf
Groove weld tension = 36080 1bf

Outer fillet weld shear = -
Possible paths of failure

1-1 47338 + 23891 = 71229 1bf
2-2 23891 + 36080 = 59971 1bf
3-3 -+ - = -
Welds strong enough if path greater than the smaller of W oxr W(path)
Path 1-1 > W or W1l
71229 1bf > 5764 1btf OK
Path 2-2 > W or W22
59971 1bf > 5764 1lbf OK
Path 3-3 > W or W33
_.>_
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.mponent: Nozzle F1
ASME VIII-1 2004 A06 UG-27 Thickness of Cylinders under Internal Pressure

—-—- Calculations —--- Cylinder Internal Pressure

Material: SA-312 S30400 Grd TP304 Wld. pipe(G5)

Design pressure P = 75 psi Design temperature T = 300 F
Radiography = None Joint efficiency E = 0.85
Design stress S = 16100 psi

Inside corr.allow. cai = 0.0 in Outside corr. all. cac = 0.0 in
Material tolerance tol = 0.0375 in Minimum thickness tmin = 0.2171 in
Outside diameter oD = 3.5 in Corroded radius OR = 1.75 in

_ Min. thk. not less than UG-45(a), UG-16(b), UG-45 (b) :
- UG-45(a) Internal pressure:

t = (P*OR / (S*E+0.4*P))+cai+cao+tol = 0.0471 1in APP.1-1(A)
- UG-45(a) external pressuret+cai+cao+tol t = 0.053 in
- UG-16(b) minimum thickness+cai+cao+tol t = 0.1312 in
UG-45(b) Smaller of: t = 0.2171 in
UG-45(b) (4) std pipe*0.875+cai+cao+tol = 0.2265 in
- UG-45(b) Greater of: t = 0.2171 in
— UG-45(b) (1)+caitcao+tol = 0.2171 in
— UG-45(b) (2) +cait+cao+tol = 0.0735 in
Minimum thickness: tmin = 0.2171 in
Nominal thickness: tnom = 0.3 in
ASMF Section VITI-1 2004 AO6 UG-28 Thickness of Shells under Ext. Pressure
—-—~ Calculations --- Cylinder External Pressure
Material: SA-312 $30400 Grd TP304 Wld. pipe(G5)
Design pressure PE = 15 psi Design temperature T = 300 F
Tnside corr. allow. CAI = 0 in Corrosion allow. CAO = 0 in
Radiography = None Material tol. Tol = 0 in
~-1. outside dia. Do = 3.5 in Cylinder length EP L = 6 in
inal thickness tnom = 0.3 in (tnom-CAI-CAO-Tol) t = 0.2625 in
w, Do ratio Ldo = 1.7143 Do/t Dot = 13.3333
(2*3) or (0.9*yield) SE = - Mod. of elasticity ME = 27000000 psi
A factor SII-D-FigG A = 0.016749 B factor HA-1 B = 12092
Max allowed external pressure: Pa = 4*B / (3*Dot) = 1209.21 psi
Actual external design pressure: PE = 15 psi

(Required cyl. tks. for nozzle attachments at PE, tre = 0.0155 in )
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" _mponent: Reinforcement Nozzle Fl
Reinforcement Required for

ASME Section VIII-1 2004 A06 UG-3

7

Shells and Formed Heads

--- Design Conditions:
Int. design pressure PI = 75 psi
Design temperature T = 300 F

Ext. design press. PE
Fig.UW-16.1 Sketch (c)

Vessel material: SA-240 S30400 Grd 304 Plate

Inside corr. allow. CAI = 0.0 in
Vessel design stress Sv = 15000 p
Vessel outside dia Do = 72.0 in

si

Qutside corr.allow.CARO
Joint efficiency E
Corroded radius OR
Reinforcement limit lp
Req. tks.ext.pres. tre
Reinf. efficiency El

outside corr.allow.CAO
Joint efficiency E
Corroded radius - OR
Reinforcement limit 1n
Req.tks.ext.pres. trne

Nozzle Projection h
Nominal thickness te
Design stress Se

Leg size(1l/2*tmin) (Act)
1/2 * tmin (actual)
Weld tw (actual)
Weld tc (actual)
Leg size tw (actual)
Leg size tc (actual)
frl = Sn/Sv

fr2 = Sn/Sv

fr3 Sn/Sv or Se/Sv
frd = Se/Sv

I

Nominal thickness tnom = 0.3125 in
Req. tks. int.pres. tr = 0.1796 in
Corroded thickness t = 0.3125 in
Attachment Material: SA-312 $30400 Grd TP304 wld. pipe(G5S)
Inside corr. allow. CAI = 0.0 in
Nozzle design stress Sn = 16100 psi
Nozzle outside dia. Don = 3.5 in
Nominal thickness tnom = 0.3 in
Req.tks. int.pres. trn = 0.0096 in
Corroded thickness tn = 0.3 in
Reinforcement element material:
Limit of reinf. Dp = 0.0 in
OQutside diameter = 0.0 in
Minimum weld size tmin = 0.3 in
1/2 * tmin (minimum) = 0.0 in
Weld tw (minimum) = 0.21 in
Weld tc (minimum) = 0.21 in
smaller 10.25 in |
s of [0.7 * tmin]|

ward nozzle weld L1 = 0.3 in
vater element weld 1.2 = 0.0 in
Inward nozzle weld 1.3 = 0.0 in
Inward nozzel weld new = 0.0 in
Corroded int.proj.thk ti = 0.0 in

Openings in

(]

[N ool ool
~J
w
-
=}

o
[ eNeoNoNolNelNoNeNo)
e
[
[}

15 psi

0.0 in

1

36.0 in
2.9 in
0.269 in
1.0

|
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croded inside diameter d= 2.9 in

Vessel wall length available for reinforcement 2*Lp-d = 2.9 in

Plane correction factor (Fig.UG-37) = 1.0

Offset distance from centerline doff = 0.0 in

Reinforcement areas (internal pressure condition) ASME 2004 UG-37

Al = Vessel wall. Larger of:
|(2*Lp—d)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)I = (0.3853 in2
|2*(t+tn)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)| = 0.1628 in2

Al = 0.3853 in2

A2 = Nozzle wall outward | 5% (tn-trn) *fr2*t | = 0.4538 in2

Smaller of: | 5*%(tn-trn)*fr2*tn | = 0.4356 in2
A2 = 0.4356 in2
A3 = Nozzle wall inward | S*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2
A3 = 0.0 in2

A4l = Outward nozzle weld = (L1**2)*fr3 = 0.09 in2

Ad2 = Outer element weld = (L2**2)*fr4d = 0.0 inZ2

A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2

Ad = 0.09 in2

A5 = Reinforcement pad Area = (Dp-d-2*tn) *te*fr4d A5 = 0.0 in2

Aa = Area Available = AL+A2+A3+A4+A5 Aa = 0.9109 in2

A = Area required = (d*tr*F)+2*tn*tr*F* (1-f1l) A = 0.521 in2

per UG-36(c) (3) (a), this opening does NOT required additional reinforcement

other than the inherent in the construction.

ASME VIII-1 2004 AO6 Reinforcement areas (external pressure) UG-37 (d)

Al = Vessel wall. Larger of:
|(2*Lp—d)*(El*t—F*tre)—Z*tn*(El*t—F*tre)*(l—frl)I = 0.1261 in2
I2*(t+tn)*(El*t—F*tre)—Z*tn*(El*t—F*tre)*(l—frl)| = 0.0533 in2

Al = 0.1261 in2
= Nozzle wall outward | 5*% (tn-trne) *fr2*t | 0.4445 in2
Smallexr of: | 5% (tn-trne)*fr2*tn | = 0.4268 in2
A2 = 0.4268 in2
A3 = Nozzle wall inward | S5*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2
A3 = 0.0 in2

Ad1l = Outward nozzle weld = (L1**2)*fr3 = 0.09 in2

Ad2 = Outer element weld = (L2**2)*frd = 0.0 in?2

Ad3 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2

a4 = 0.09 in2

A5 = Reinforcement pad Area = (Dp—d-2*tn) *te*frd A5 = 0.0 in2

Aa = Area Available = A1+A2+A3+A4+A5 Ba = 0.6429 in2

A = Area required = O.5*(d*tre*F+2*tn*tre*F*(1—fr1)) A 0.3901 in2
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_zle attachment weld loads - UG-41 - Strength of reinforcement
ASME - Weld strength calculations not required per UW-15(b).
Total weld load (UG-41(b) (2))

W = (A-Al+2*tn*frl (E1*t-F*tr))*Sv W = 3231 1bf
Weld load for strength path 1-1 (UG-41(b) (1)

W(l-1) = (A2+A5+A41+A42)*Sv W(l-1) = 7885 1lbf
Weld load for strength path 2-2 (UG-41(b) (1)

W(2-2) = (B2+A3+R41+A43+2*tn*t*frl)*Sv W(2-2) = 10697 1bf
Weld load for strength path 3-3 (UG-41(b) (1)

W(3-3) = (A2+A3+A5+A41+A42+A43+2*tn*t*frl) *Sv W(3-3) = -

Reinforcing element strength = A5 * Se = -
Nozzle attachment weld loads - ASME 2004 UG-41 - Strength of reinforcement
Unit stresses — UWL15(c)and UG-45(c)

Inner fillet weld shear = 7350 psi
outer fillet weld shear = -

Groove weld tension = 11100 psi
Groove weld shear = -

Nozzle wall shear = 11270 psi

Strength of connection elements

Inner fillet weld shear = 12117 1bf
Nozzle wall shear = 16987 1bf
Groove weld tension = 18299 1bf

Outer fillet weld shear = -
Possible paths of failure

1-1 16987 + 12117 = 29104 1bf

2-2 12117 + 18299 = 30416 1bf

3-3 -+ - = -

Welds strong enough if path greater than the smaller of W or W(path)
Path 1-1 > W or W1l
29104 1bf > 3231 1bf OK
Path 2-2 > W or W22
30416 1bf > 3231 1bf OK
Path 3-3 > W or W33
— > -
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mponent: Nozzle F2
ASME VIII-1 2004 A06 UG-27 Thickness of Cylinders under Internal Pressure
——— cCalculations --- Cylinder Internal Pressure
Material: SA-312 S30400 Grd TP304 Wld. pipe (G5S)
Design pressure P = 75 psi Design temperature T = 300 F
Radiography = None Joint efficiency E = 0.85
Design stress 5 = 16100 psi
Inside corr.allow. cai = 0.0 in outside corr. all., cao = 0.0 in
Material tolerance tol = 0.0375 in Minimum thickness tmin = 0.2171 in
Outside diameter oD = 3.5 in Corroded radius OR = 1.75 in
- Min. thk. not less than UG-45(a), UG-16(b), UG-45(b):
- UG-45(a) Internal pressure:
t = (P*OR / (S*E+0.4*P))+Cai+cao+tol = 0.0471 in APP.1-1(A)
— UG-45(a) external pressuretcaitcao+ttol t = 0.053 in
- UG-16(b) minimum thickness+cai+cao+tol t = 0.1312 in
UG-45(b) Smaller of: t = 0.2171 in
UG-45(b) (4) std pipe*0.875+cai+cao+tol = 0.2265 in
-~ UG-45(b) Greater of: t = 0.2171 in
— UG-45(b) (1)+caitcaottol = 0.2171 in
— UG-45(b) (2)+caitcao+tol = 0.0735 in
Minimum thickness: tmin = 0.2171 in
Nominal thickness: tnom = 0.3 in
ASME Section VIII-1 2004 AO6 UG-28 Thickness of Shells under Ext. Pressure
——— Calculations --- Cylinder External Pressure
Material: SA-312 S$30400 Grd TP304 Wld. pipe (G5)
Design pressure PE = 15 psi Design temperature T = 300 F
Inside corr. allow. CAI = 0 in Corrosion allow. CAO = 0 in
Radiography = None Material tol. Tol = 0 in
~], outside dia. Do = 3.5 in Cylinder length EP L = 6 in
inal thickness tnom = 0.3 in (tnom-CAI-CAO-Tol) t = 0.2625 in
_, Do ratio Ldo = 1.7143 Do/t Dot = 13.3333
(2*3) or (0.9*yield) SE = - Mod. of elasticity ME = 27000000 psi
A factor SII-D-FigG A = 0.016749 B factor HA-1 B = 12092
Max allowed external pressure: Pa = 4*B / (3*Dot) = 1209.21 psi
Actual external design pressure: PE = 15 psi
(Required cyl. tks. for nozzle attachments at PE, tre = 0.0155 in )
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aponent: Reinforcement Nozzle F2
Reinforcement Required for Openings in

ASME Section VIII-1 2004 AO6 UuG-37
shells and Formed Heads

--— Design Conditions:

o
cCoor oo

I

I

Il

I

Il oo oo o oo

Int. design pressure PI = 75 psi Ext. design press. FPE
Design temperature T = 300 F Fig.Uw-16.1 Sketch (c)
Vessel material: SA-240 530400 Grd 304 Plate
Inside corr. allow. CAI = 0.0 in Qutside corr.allow.CAQ =
Vessel design stress Sv = 15000 psi Joint efficiency E
Vessel outside dia Do = 72.0 in Corroded radius OR
Nominal thickness tnom = 0.3125 in Reinforcement limit lp
Req. tks. int.pres. tr = 0.1796 in Req. tks.ext.pres. tre
Corroded thickness t = 0.3125 in Reinf. efficiency El =
Attachment Material: SA-312 §30400 Grd TP304 Wid. pipe (G5)
Inside corr. allow. CAI = 0.0 in outside corr.allow.CAQ =
Nozzle design stress Sn = 16100 psi Joint efficiency E
Nozzle outside dia. Don = 3.5 in Corroded radius OR
Nominal thickness tnom = 0.3 in Reinforcement limit ln
Req.tks. int.pres. trn = 0.0086 in Req.tks.ext.pres. trne
Corroded thickness tn = 0.3 in Nozzle Projection h
Reinforcement element material:
Limit of reinf. Dp = 0.0 in Nominal thickness te
Outside diameter = 0.0 in Design stress Se
Minimum weld size tmin = 0.3 in Leg size(1l/2*tmin) (Act)
1/2 * tmin (minimum) = 0.0 in 1/2 * tmin (actual)
Weld tw (minimum) = 0,21 in Weld tw (actual)
Weld tc (minimum) = 0.21 in Weld tc (actual)
smaller |0.25 in | Leg size tw (actual)
tc of 0.7 * tmin] Leg size tc (actual)
ward nozzle weld L1 = 0.3 in frl = Sn/Sv
..cer element weld L2 = 0.0 in fr2 = Sn/Sv
Inward nozzle weld I3 = 0.0 in fr3 = Sn/Sv or Se/Sv
Inward nozzel weld new = 0.0 in frd = Se/Sv
Corroded int.proj.thk ti = 0.0 in

15 psi

0.

1

0 in

36.0 in

2.
0.
1.

W

9 in
269 in
0

.0 in
.85

.75 in
.75 in
L0155 in
.0 in

.0 in

psi

.0 in
.0 in
.0 in
.21 in
.0 in

n

OO O O
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rroded inside diameter

Vessel wall length available for reinforcement 2*Lp-d =

Plane correction factor (Fig.UG-37)

Offset distance from centerline doff =
Reinforcement areas (internal pressure condition) ASME 2004 U

Al = Vessel wall. Larger of:

|(2*Lp—d)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)I =
|2*(t+tn)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)| =
A2 = Nozzle wall outward | 5% (tn-trn) *fr2*t | =
Smaller of: | 5*(tn-trn)*fr2*tn | =
A3 = Nozzle wall inward | 5*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2
A41 = Outward nozzle weld =.(L1**2)*fr3 = 0.09 in2
Ad42 = Quter element weld = (L2**2)*fr4 = 0.0 in2
A43 = Inward nozzle weld = (L.3**2)*fr2 = 0.0 in2
A5 = Reinforcement pad Area = (Dp-d~2*tn) *te*frd
Aa = Area Available = A1+A2+A3+A4+A5
A = Area required = (d*tr*F)+2*tn*tr*F* (1-£1)

0.3853
0.1628

0.4538
0.4356

o =N

in2
in2
Al
in2
in2
A2

A3

A4
AS
Aa

d
9
0
0
G_

in

in
37

il

A =
Per UG-36(c) (3) (a), this opening does NOT required additional reinforcement
other than the inherent in the construction.

2.9 in

S OO

.3853 in2

.4356 in2

.0 in2

.09 in2
.0 in2
.9109 in2
0.

521 in2

ASME VIIT-1 2004 A06 Reinforcement areas (external pressure) UG-37 (d)

Al = Vessel wall. Larger of:
|(2*Lp—d)*(El*t—F*tre)—Z*tn*(El*t—F*tre)*(l—frl)l = 0.1261 in?
I2*(t+tn)*(El*t—F*tre)—2*tn*(El*t—F*tre)*(l—frl)| = 0.0533 in2

Al = 0.1261 in2
—~ Nozzle wall outward | 5% (tn—-trne) *fr2*t | = 0.4445 in2
Smaller of: | 5% (tn-trne)*fr2*tn | = 0.4268 in2
A2 = 0.4268 in?2
A3 = Nozzle wall inward | 5*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2
A3 = 0.0 inZ2
nd1l = Outward nozzle weld = (L1**2)*fr3 = 0.09 in2
A42 = Outer element weld = (L2**2)y*fr4 = 0.0 in2
A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2
A4 = 0.09 in2

A5 = Reinforcement pad Area = (Dp—-d-2*tn) *te*frd A5 = 0.0 in2

Aa = Area Available = AL+A2+A3+A4+AS Da = 0.6429 in2

A = Area required = O.5*(d*tre*F+2*tn*tre*F*(1—frl)) A = 0.3901 in2
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' szle attachment weld loads - UG-41 - Strength of reinforcement

ASME - Weld strength calculations not required per
Total weld load (UG-41(b) (2))

W = (A-Al1+2*tn*frl1 (E1l*t-F*tr))*sv

Weld load for strength path 1-1 (UG-41(b) (1)
W(l-1) = (A2+A5+R41+A42)*Sv

Weld load for strength path 2-2 (UG-41(b) (1)
W(2-2) = (A2+A3+A41+A43+2*tn*t*frl) *Sv

Weld load for strength path 3-3 (UG-41 (b) (1),
W(3-3) = (A2+A3+A5+A41+A42+A43+2*tn*t*frl) *Sv

Reinforcing element strength = A5 * Se

Nozzle attachment weld loads - ASME 2004 UG-41 - Strength of re

Unit stresses - UW15(c)and UG-45(c)

Inner fillet weld shear = 7350 psi
Outer fillet weld shear = -

Groove weld tension = 11100 psi
Groove weld shear = -

Nozzle wall shear = 11270 psi

Strength of connection elements

Inner fillet weld shear = 12117 1bf
Nozzle wall shear = 16987 1bf

Groove weld tension = 18299 1bf
Outer fillet weld shear = -
Possible paths of failure

UW-15 (b) .
W

W(l-1)
W(2-2)

W(3-3)

1l

3231 1bf

7885 1lbf

10697 1bf

inforcement

OK

OK

1-1 16987 + 12117 = 29104 1bt
2-2 12117 + 18299 = 30416 lbf
3-3 -+ - = -
Welds strong enough if path greater than the smaller of W or W(path)
Path 1-1 > W or W1l
29104 1bf > 3231 1bf
Path 2-2 > W or W22
30416 1bf > 3231 1bf
Path 3-3 > W or W33
_>__
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.mponent: Nozzle H
ASME VIII-1 2004 A06 UG-27 Thickness of Cylinders under Internal Pressure
—--- Calculations --- Cylinder Internal Pressure
Material: SA-312 S30400 Grd TP304 Wld. pipe(G5)
Design pressure P = 75 psi Design temperature T = 300 F
Radiography = None Joint efficiency E = 0.85
Design stress S = 16100 psi
Inside corr.allow. cai = 0.0 in Outside corr. all. cao = 0.0 in
Material tolerance tol = 0.0272 in Minimum thickness tmin = 0.162 in
Outside diameter oD = 2.375 in Corroded radius OR = 1.1875 in
— Min. thk. not less than UG-45(a), UG-16(b), UG-45(b) :
- UG-45(a) Internal pressure:
t = (P*OR / (S*E+0.4*P))+caitcao+tol = 0.0337 in APP.1-1(A)
- UG-45(a) external pressuretcaitcao+tol t = 0.039 in
- UG-16(b) minimum thickness+cai+cao+tol t = 0.121 in
UG-45(b) Smaller of: t = 0.162 in
UG~45 (b) (4) std pipe*0.875+cai+cao+tol = 0.162 in
- UG-45(b) Greater of: t = 0.2069 in
- UG-45(b) (1)+caitcao+tol = 0.2069 in
— UG-45 (b) (2) +tcai+cao+tol = 0.0632 in
Minimum thickness: tmin = 0.162 in
Nominal thickness: tnom = 0.218 in
ASME Section VIII-1 2004 A06 UG-28 Thickness of Shells under Ext. Pressure
—-—— Calculations —-—-— Cylinder External Pressure
Material: SA-312 830400 Grd TP304 Wld. pipe(G5)
Design pressure PE = 15 psi Design temperature T = 300 F
Inside corr. allow. CAI = 0 in Corrosion allow. CAO = 0 in
Radiography = None Material tol. Tol = 0 in
m:1, outside dia. Do = 2.375 in Cylinder length EP L = 6 in
inal thickness tnom = 0.218 in (tnom-CAI-CAO-Tol) t = 0.1908 in
.. Do ratio Ldo = 2.5263 Do/t Dot = 12.4509
(2*S) or (0.9*yield) SE = - Mod. of elasticity ME = 27000000 psi
A factor SII-D-FigG A = 0.012203 B factor HA-1 B = 11871
Max allowed external pressure: Pa = 4*B / (3*Dot) = 1271.19 psi
Actual external design pressure: PE = 15 psi
(Required cyl. tks. for nozzle attachments at PE, tre = 0.0118 in )
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. .mponent: Reinforcement Nozzle H
ASME Section VIII-1 2004 A06 UG-37 Reinforcement Required for Openings in
Shells and Formed Heads

-—— Design Conditions:

Int. design pressure PI = 75 psi Ext. design press. PE = 15 psi
Design temperature T =300 F Fig.UW-16.1 Sketch (c)
Vessel material: SA-240 530400 Grd 304 Plate
Inside corr. allow. GAT = 0.0 in Outside corr.allow.CAO = 0.0 in
Vessel design stress Sv = 15000 psi Joint efficiency E=1
Vessel outside dia Do = 72.0 in Corroded radius OR = 36.0 in
Nominal thickness tnom = 0.3125 in Reinforcement limit 1lp = 1.939 in
Req. tks. int.pres. tr = 0.1796 in Req. tks.ext.pres. tre = 0.269 in
Corroded thickness t = 0.3125 in Reinf. efficiency El = 1.0
Attachment Material: SA-312 S30400 Grd TP304 Wld. pipe (G5)
Inside corr. allow. CAI = 0.0 in Outside corr.allow.CAO = 0.0 in
Nozzle design stress Sn = 16100 psi Joint efficiency E = 0.85
Nozzle outside dia. Don = 2.375 in Corroded radius OR-= 1.1875 in
Nominal thickness tnom = 0.218 in Reinforcement limit In = 0.545 in
Req.tks. int.pres. trn = 0.0065 in Req.tks.ext.pres. trne = 0.0118 in
Corroded thickness tn = 0.218 in Nozzle Projection h = 0.0 in
Reinforcement element material:
Limit of reinf. Dp = 0.0 in Nominal thickness te = 0.0 in
Outside diameter = 0.0 in Design stress Se = 0 psi
Minimum weld size tmin 0.218 in Leg size(1l/2*tmin) (Act)= 0.0 in
1/2 * tmin (minimum) = 0.0 in 1/2 * tmin (actual) = 0.0 in
Weld tw (minimum) = (0.1526 in Weld tw (actual) = 0.0 in
Weld tc (minimum) = 0.1526 in Weld tc (actual) = 0.1526 in
smaller |0.25 in | Leg size tw (actual) = 0.0 in
s} of |0.7 * tmin] Leg size tc (actual) = 0.218 in
ward nozzle weld L1 = 0.218 in frl = Sn/Sv = 1.0
cuter element weld 12 = 0.0 in fr2 = Sn/Sv = 1.0
Inward nozzle weld L3 = 0.0 in fr3 = Sn/Sv or Se/Sv = 1.0
Inward nozzel weld new = 0.0 in fr4 = Se/Sv = 1.0
Corroded int.proj.thk ti = 0.0 in
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rroded inside diameter d =1.939 in
Vessel wall length available for reinforcement 2*Lp-d = 1.939 in
Plane correction factor (Fig.UG-37) F=1.0
Offset distance from centerline doff = 0.0 in

Reinforcement areas {(internal pressure condition) ASME 2004 UG-37
Al = Vessel wall. Larger of:

|(2*Lp—d)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)| = 0.2576 in2
| 2% (t+tn) * (E1*t-F*tr)-2*tn* (E1*t-F*tr) * (1-frl)| = 0.141 in2
Al = 0.2576 in2
A2 = Nozzle wall outward | 5*(tn-trn)*fr2*t | = 0.3305 in2
Smaller of: | 5% (tn-trn)*fr2*tn | = 0.2305 in2
A2 = 0.2305 in2
A3 = Nozzle wall inward | 5*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2
A3 = 0.0 in2
A41 = Outward nozzle weld = (L1**2)*fr3 = 0.0475 in2
A42 = Outer element weld = (L2**2)*fr4d = 0.0 in2
A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 inZ2
A4 = 0.0475 in2
A5 = Reinforcement pad Area = (Dp-d-2*tn)*te*frd A5 = 0.0 in2
Aa = Area Available = AI1+A2+A3+A4+A5 Aa = 0.5357 in2
A = Area required = (d*tr*F)+2*tn*tr*F* (1-£f1) A = 0.3483 in2

Per UG-36(c) (3) (a), this opening does NOT required additional reinforcement
other than the inherent in the construction.

ASME VIII-1 2004 A06 Reinforcement areas (external pressure) UG-37(d)

Al = Vessel wall. Larger of:

|(2*Lp—d)*(El*t—F*tre)—Z*tn*(El*t—F*tre)*(l—frl)| = 0.0843 inZ2
12% (t+tn) * (E1*t-F*tre)~2*tn* (E1*t-F*tre) * (1-frl) | = 0.0462 in2
Al = 0.0843 in2
_ = Nozzle wall outward | 5% (tn—-trne) *fr2*t | 0.3223 in2
Smaller of: | 5% (tn-trne)*fr2*tn | = 0.2248 in2
A2 = 0.2248 in2
A3 = Nozzle wall inward | 5*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2

A3 = 0.0 in2

D41 = Outward nozzle weld (L1**2)*fr3 = 0.0475 in2

Ad?2 = Quter element weld = (L2**2)y*frd4 = 0.0 in2
A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2

A4 = 0.0475 in2
A5 = Reinforcement pad Area = (Dp-d-2*tn) *te*frd A5 = 0.0 in2
Aa = Area Available = Al+A2+A3+A4+A5 ha = 0.3567 in2
A = Area required = 0.5* (d*tre*F+2*tn*tre*F* (1-frl)) A = 0.2608 in2
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_zzle attachment weld loads - UG-41 - Strength of reinforcement
ASME - Weld strength calculations not required per UW-15(b) .
Total weld load (UG-41(Db) (2})

W = (A-Al+2*tn*frl(E1*t-F*tr))*Sv W = 2230 1bf
Weld load for strength path 1-1 (UG-41(b) (1)

W(l-1) = (A2+A5+A41+A42)*Sv W(l-1) = 4171 1bf
Weld load for strength path 2-2 (UG-41(b) (1

W(2-2) = (A2+A3+A41+A43+2*tn*t*frl)*Sv W(2-2) = 6215 1bf
Weld load for strength path 3-3 (UG-41(b) (1) |

W(3-3) = (A2+A3+AS+A41+A42+A43+2*tn*t*frl)*Sv W(3-3) = -

Reinforcing element strength = A5 * Se s 1=
Nozzle attachment weld loads - ASME 2004 UG-41 - Strength of reinforcement
Unit stresses — UW15(c)and UG-45(c)

Inner fillet weld shear = 7350 psi
Outer fillet weld shear = =

Groove weld tension = 11100 psi
Groove weld shear =

Nozzle wall shear = 11270 psi

Strength of connection elements

Inner fillet weld shear = 5975 1bf
Nozzle wall shear = 8321 1bf
Groove weld tension = 9023 1bf

Outer fillet weld shear = =
Possible paths of failure

1-1 8321 + 5975 14296 1lbf

252 5975 + 9023 = 14998 1bf

3-3 -+ = = -

Welds strong enough if path greater than the smaller of W or W(path)
Path 1-1 > W or Wil
14296 1bf > 2230 1bf OK
Path 2-2 > W or W22
14998 1bf > 2230 1bf OK
Path 3-3 > W or W33
->_
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sponent: Nozzle Front
ASME VIII-1 2004 A06 UG-27 Thickness of Cylinders under Internal

-—- Calculations --- Cylinder Internal Pressure

Material: SA-312 S30400 Grd TP304 Wld. pipe

Design pressure P = 75 psi Design temperature T =
Radiography = None Joint efficiency E =
Design stress S = 15000 psi

Inside corr.allow. cai = 0.0 in Outside corr. all. cao =
Material tolerance tol = 0.0391 in Minimum thickness tmin =
Outside diameter oD = 32.0 in Corroded radius OR =

- Min. thk. not less than UG-45(a), UG-16(b), UG-45(b):
- UG-45(a) Internal pressure:

t = (P*OR / (S*E+0.4*P))+cai+caottol = 0.153 in
- UG-45(a) external pressuretcaitcao+tol t = 0.097 in
- UG-16(b) minimum thickness+cai+cao+tol t = 0.1016 in
UG~-45(b) Smaller of: t = 0.2465 in
UG-45(b) (4) std pipe*0.875+caitcaottel = 0.3672 in
- UG-45(b) Greater of: t = 0.2465 in
— UG-45(b) (1) +cai+caot+tol = 0.2465 in
— UG-45(b) (2)+cai+cao+tol = 0.0806 in
Minimum thickness: tmin =
Nominal thickness: tnom =
ASME Section VIII-1 2004 A06 UG-28 Thickness of Shells under Ext.
-—— Calculations --- Cylinder External Pressure
Material: SA-312 530400 Grd TP304 Wld. pipe
Design pressure PE = 15 psi Design temperature T =
Inside corr. allow. CAI = 0 in Corrosion allow. CAO =
Radiography = None Material tol. Tol =
Cvl. outside dia. Do = 32 in Cylinder length EP L =
inal thickness tnom = 0.3125 in (tnom-CAI-CAO-Tol) t =
bo ratio Ldo = 0.1875 Do/t Dot =
(2*S) or (0.9*yield) SE = - Mod. of elasticity ME =
A factor SII-D-FigG A = 0.007165 B factor HA-1 B =
Max allowed external pressure: Pa = 4*B / (3*Dot) =
Actual external design pressure: PE =

Pressure

0.0 in
0.2465 in
16.0 in

APP.1-1(A)

0.2465 in
0.3125 in
Pressure

300 F

0 in

0 in

6 in

0.2734 in
117.0286
27000000 psi
11394

129.81 psi
15 psi

(Required cyl. tks. for nozzle attachments at PE, tre = 0.0579 in )
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aponent: Nozzle D
ASME VITI-1 2004 A06 UG-27 Thickness of Cylinders under Internal Pressure

—-—-- Calculations --- Cylinder Internal Pressure

Material: SA-312 S30400 Grd TP304 Wld. pipe(G5)

Design pressure P = 75 psi Design temperature T = 300 F
Radiography = None Joint efficiency E = 0.85
Design stress S = 16100 psi

Inside corr.allow. cai = 0.0 in Outside corr. all. cao = 0.0 in
Material tolerance tol = 0.035 in Minimum thickness tmin = 0.2142 in
Outside diameter oD = 6,625 in Corroded radius OR = 3.3125 in

- Min. thk. not less than UG-45(a), UG-16(b), UG-45(b):
- UG-45(a) Internal pressure:
t = (P*OR / (S*E+0.4*P))+cai+cao+tol = 0.0531 in APP.1-1(A)

- JG-45(a) external pressuretcaitcaottol t = 0.057 in
- UG-16(b) minimum thickness+caitcao+tol t = 0.0975 in
UG-45(b) Smaller of: t = 0.2142 in
UG-45(b) (4) std pipe*0.875+cai+caottol = 0.28 in -
- UG-45(b) Greater of: t = 0.2142 in
— UG-45(b) (1) +caitcaoc+tol = 0.2142 in
- UG-45(b) (2)+cai+cao+tol = 0.071 in
Minimum thickness: tmin = 0.2142 in
Neminal thickness: tnom = 0.28 in
ASME Section VIII-1 2004 A06 UG-28 Thickness of Shells under Ext. Pressure
——- Calculations --- Cylinder External Pressure
Material: SA-312 $30400 Grd TP304 Wld. pipe(G5)
Design pressure PE = 15 psi Pesign temperature T = 300 F
Inside corr. allow. CAT = 0 in Corrosion allow. CAO = 0 in
Radiegraphy = None Material tol. Tol = 0 in
mul. outside dia. Do = 6.625 in Cylinder length EP L = 6 in
inal thickness tnom = 0.28 in (tnom-CAI-CAO-Tol) t = 0.245 in
Jo ratio Ldo = 0.92057 Do/t Dot = 27.0408
(2*5) or (0.9%*yield) SE = - Mod. of elasticity ME = 27000000 psi
A factor SII-D-FigG A= 0.01118 B factor HA-1 B = 11810
Max allowed external pressure: Pa = 4*B / (3*Dot) = 582.33 psi
Actual external design pressure: PE = 15 psi

(Required cyl. tks. for nozzle attachments at PE, tre = 0.022 in )
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mponent: Reinforcement Nozzle D
Reinforcement Required for

ASME Section VIII-1 2004 A06 UG-37
Shells and Formed Heads

--— Design Conditions:

Int. design pressure PI
Design temperature T
Vessel material: SA-240
Inside corr. allow. CAI
Vessel design stress Sv

Vessel outside dia Do
Nominal thickness tnom
Reqg. tks. int.pres. tr
Corroded thickness t
Attachment Material: SA-
Inside corr. allow. CAI

75 psi
300 F

Ext. design press. PE
Fig.UW-16.1 Sketch (c)

S30400 Grd 304 Plate

il

312

Nozzle design stress Sn =

Nozzle outside dia. Don
Nominal thickness tnom
Req.tks. int.pres. trn
Corroded thickness tn

il

0.0 in
15000 psi
72.0 in
0.5 in
0.1617 in
0.5 in

0.0 in
16100 psi
6.625-1in
0.28 in
0.0181 in
0.28 in

Reinforcement element material:

Limit of reinf.
Outside diameter
Minimum weld size tmin

1/2 * tmin (minimum)
Weld tw (minimum)
Weld tc (minimum)
smaller [0.25 in |
tc of |0.7 * tmin]
ward nozzle weld L1
__.cer element weld L2
Inward nozzle weld

Inward nozzel weld new
Corroded int.proj.thk ti

Dp =

I

It

I

[oNeNeNelNe)

L3 =

i

0.0 in
0.0 in
0.28 in
0.0 in
0.196 in
0.196 in

in
in
in
in

OO O ON

Outside corr.allow.CAO
Joint efficiency E
Corroded radius OR
Reinforcement limit 1p
Reg. tks.ext.pres. tre
Reinf. efficiency El

S$30400 Grd TP304 Wld. pipe(G5)

Outside corr.allow.CAO
Joint efficiency E
Corroded radius OR
Reinforcement limit 1n

Req.tks.ext.pres. trne
Nozzle Projection h
Nominal thickness te
Design stress Se

Leg size(l/2*tmin) (Act)

1/2 * tmin (actual)
Weld tw (actual)
Weld tc (actual)
Leg size tw (actual)
Leg size tc (actual)
frl = Sn/Sv
fr2 = Sn/Sv
fr3 = Sn/Sv or Se/Sv
fr4 = Se/Sv

Openings in

I

OO O WwWoo

[NeNeNeNoNoNoNoRol

15 psi

0.

1

0 in

36.0 in

= O o

Il

e

.065 in
.196 in
.0

.0 in
.85
.3125 in
.7 in
.022 in
.0 in

.0 in

psi

.0 in
.0 in
.0 in
.196 in
.0 in
.28 in

o O o O
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rroded inside diameter d = 6.065 in
Vessel wall length available for reinforcement 2*Lp-d = 6.065 in
Plane correction factor (Fig.UG-37) F=1.0
Offset distance from centerline doff = 0.0 in

Reinforcement areas (internal pressure condition) ASME 2004 UG-37
Al = Vessel wall. Larger of:

|(2*Lp—d)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)| = 2.0519 in2
]2*(t+tn)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)| = 0.5278 inZ2
Al = 2.0519 in2
A2 = Nozzle wall outward | 5*(tn-trn)*fr2*t | = 0.6547 in2
Smaller of: | 5* (tn—trn)*fr2*tn | = 0.3666 in2
A2 = 0.3666 in2
A3 = Nozzle wall inward | S5*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 inZ2
A3 = 0.0 in2

.A41l = Outward nozzle weld = (L1**2)*fr3 = 0.0784 in2

A2 = Outer element weld = (L2**2)*frd = 0.0 in2

A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2

Ad = 0.0784 in2

A5 = Reinforcement pad Area = (Dp-d-2*tn)*te*frd A5 = 0.0 in2

Aa = Area Available = A1+A2+A3+A4+A5 Da = 2.497 in2

A = Area required = (d*tr*F)+2*tn*tr*F* (1-f1) A = 0.9806 in2

ASME, VIII-1 2004 AO6 Reinforcement areas (external pressure) UG-37(d)

Al = Vessel wall. Larger of:
|(2*Lp—d)*(El*t~F*tre)—2*tn*(El*t—F*tre)*(l*frl)] = 1.8438 in2
l2*(t+tn)*(El*t—F*tre)—2*tn*(El*t-F*tre)*(l—frl)| = 0.4742 inZ2

Al = 1.8438 in2

A? = Nozzle wall outward | 5* (tn-trne) *fr2*t | = 0.645 in2

Smaller of: | 5% (tn-trne)*fr2*tn | = 0.3612 inZ2
A2 = 0.3612 in2
A3 = Nozzle wall inward | S*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2
A3 = 0.0 in2

A4l = Outward nozzle weld = (L1**2)*fr3 = 0.0784 in2

A42 = Outer element weld = (L2**2)*frd = 0.0 in2

Ad43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2

A4 = 0.0784 inz2

A5 = Reinforcement pad Area = (Dp-d-2*tn) *te*fr4 A5 = 0.0 in2

Aa = Area Available = A1+A2+A3+A4+A5 Ba = 2.2834 in2

L = Area required = 0.5* (d*tre*F+2*tn*tre*F* (1-frl)) A = 0.5944 in2
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_zle attachment weld loads - UG-41 - Strength of reinforcement
ASME - Weld strength calculations not required per UW-15(b).
Total weld load (UG-41(b) (2))

W = (A-Al+2*tn*frl (ELl*t-F*tx))*Sv W= -
Weld load for strength path 1-1 (UG-41(b) (1)

W(l-1) = (A2+A5+R41+A42)*Sv W(l-1) = 6676 1lbf
Weld load for strength path 2-2 (UG-41(b) (1)

W(2-2) = (A2+A3+A41+A43+2%tn*t*frl)*Sv W(2-2) = 10876 1lbf
Weld load for strength path 3-3 (UG-41 (b) (1)

W(3-3) = (A2+A3+A5+A41+A42+A43+2*tn*t*frl)*Sv W(3-3) = -

Reinforcing element strength = A5 * Se = -
Nozzle attachment weld loads - ASME 2004 UG-41 - Strength of reinforcement
Unit stresses - UW15(c)and UG-45(c)
Inner fillet weld shear = 7350 psi
Outer fillet weld shear

il

Groove weld tension = 11100 psi
Groove weld shear = =
Nozzle wall shear = 11270 psi
Strength of connection elements
Inner fillet weld shear = 21406 1bf
Nozzle wall shear = 31435 1lbf
Groove weld tension = 32328 1bt
Outer fillet weld shear = -
Possible paths of failure
1-1 31435 + 21406 = 52841 1bf
2-2 21406 + 32328 = 53734 1bf
3-3 -+ = - -
Welds strong enough if path greater than the smaller of W or W{(path)
Path 1-1 > W or Wil
52841 1bf > 6676 1lbf OK
Path 2-2 > W or W22
53734 1bf > 10876 1bf OK
Path 3-3 > W or W33
_>._
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mponent: Nozzle E
Method: Local Stresses in Cylindrical Shell Due to External Loadings per

Heat Exchange Institute (HEI 'Std For Power Plant Hx', First Edition)
Vessel: Shell Cylinder SA-240 S30400 Grd 304 Plate
Design pressure Pr = 75 psi Design temperature T = 300 F
Joint efficiency E = 1.00
Vessel design stress S = 15000 psi Vessel yield stress Sy = 22400 psi
Inside corr. allow. CAI = 0.0 in Outside corr. all. CAO = 0.0 in
Vessel outside dia. oD = 72.0 in Vessel mean radius Rm = 35.8438 in
Vessel thickness tnom = 0.3125 in
Nozzle:
Nozzle outside dia. ODn = 6.625 in Nozzle outside rad. ro = 3.3125 in
Reinf. pad:
Pad thickness Prtk = 0.0 in Vessel + pad tks. T = 0.3125 in
Shape factors and Coefficients:
Gamma = Rm/T = 114.7 Beta = 0.875*ro/Rm = 0.0809
Alpha = = 8546.78 Sigma = 7376.00 Delta = 4368.71
Conversion factor ct =1
Maximum load & moment
IS = 2*pr* (Rm-T/2)/t = 17130 psi
Sa = shell allowable stress = 15000 psi
Sig = minimum of S & Sa = 15000 psi
Frrf = Rm*Rm* (sy-sig)/alpha = 1112 1bf
Mrcm = Rm*Rm*ro*sy*cf/sigma = 12924 1lbf*in
Mrlm = Rm*Rm*ro* (sy-sig)*cf/delta = 7209 lbf*in
Frf = maximum resultant force = 1112 1bf
Mrm = maximum resultant moment = 7209 lbf*in
| Interaction diagram:
| Applied loads:
| Radial load P = 0 1lbf
FRE-+ Circ. moment Mc = 0 1lbf*in
1112 | Long. moment M1 = 0 1bf*in
| Maximum allowable loads:
| Radial Load P,Mc = 1112 1bf
| Radial Load P,M1 = 1112 1bf
| Mc or M1 (from P)= 7209 1lbf*in
+
| Note: Couples (P,Mc) & (P,M1)
| must be located within
| the triangle limited by
| 0, FRF, MRM.
|
—-—_—— e ———— — + _________ +____
0 MRM
7209
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aponent: Nozzle F1
Method: Local Stresses in Cylindrical Shell Due to External Loadings per
Heat Exchange Institute (HEI 'Std For Power Plant Hx', First Edition)

Vessel: Shell Cylinder SA-240 S30400 Grd 304 Plate
Design pressure Pr = 75 psi Design temperature T = 300 F
Joint efficiency E =1.00
Vessel design stress S = 15000 psi Vessel yield stress Sy = 22400 psi
Inside corr. allow. CAI = 0.0 in Outside corr. all. CAO = 0.0 in
Vessel outside dia. OD = 72.0 in Vessel mean radius Rm = 35.8438 in
Vessel thickness tnom = 0.3125 in
Nozzle:
Nozzle outside dia. ODn = 3.5 in Nozzle outside rad. ro = 1.75 in
Reinf. pad:
Pad thickness Prtk = 0.0 in Vessel + pad tks. T = 0.3125 in
Shape factors and Coefficilents:
Gamma = Rm/T = 114.7 Beta = 0.875*ro/Rm = 0.0427
Alpha = = 13911.63 Sigma-= 8457.67 Delta = 5626.43
Conversion factor cf =1
Maximum load & moment
S = 2%pr* (Rm-T/2)/t = 17130 psi
Sa = shell allowable stress = 15000 psi
Sig = minimum of S & Sa = 15000 psi
Frrf = Rm*Rm* (sy-sig)/alpha = 683 1lbf
Mrcm = Rm*Rm*ro*sy*cf/sigma = 5955 1lbf*in
Mrlm = Rm*Rm*ro* (sy-sig)*cf/delta = 2957 lbf*in
Frf = maximum resultant force = 683 1bf
Mrm = maximum resultant moment = 2957 1bf*in

| Interaction diagram:

| Applied loads:

I Radial load P = 0 lbf

FRE-+ Circ. moment Mc = 0 lbf*in
683 | Long. moment M1 = 0 1lbf*in

Maximum allowable loads:
Radial Load P,Mc = 683 1bf
Radial Load P,Ml1 = 683 lbf
Mc or M1 (from P)= 2957 1lbf*in

must be located within
the triangle limited by

|

|

|

|

+

| Note: Couples (P,Mc) & (P,Ml)
|

|

| 0, FRF, MRM.

|
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aponent: Nozzle F2
Method: Local Stresses in Cylindrical Shell Due to External Loadings per
Heat Exchange Institute (HEI 'Std For Power Plant HBx', First Edition)

Vessel: Shell Cylinder SA-240 S30400 Grd 304 Plate

Design pressure Pr = 75 psi Design temperature T = 300 F
Joint efficiency E =1.00
Vessel design stress S = 15000 psi Vessel yield stress Sy = 22400 psi
Inside corr. allow. CAI = 0.0 in Outside corr. all. CAO = 0.0 in
Vessel outside dia. oD = 72.0 in Vessel mean radius Rm = 35.8438 in
Vessel thickness tnom = 0.3125 in
Nozzle:
Nozzle outside dia. ODn = 3.5 in Nozzle outside rad. ro = 1.75 in
Reinf. pad:

Pad thickness Prtk = 0.0 in Vessel + pad tks. T = 0.3125 in
Shape factors and Coefficients:

Gamma = Rm/T = 114.7 Beta = 0.875*ro/Rm = 0.0427

Alpha = = 13911.63 Sigma = 8457.67 Delta = 5626.43
Conversion factor ct =1
Maximum load & moment

S = 2%pr* (Rm-T/2)/t = 17130 psi

Sa = shell allowable stress = 15000 psi

Sig = minimum of S & Sa = 15000 psi

Frrf = Rm*Rm* (sy-sig)/alpha = 683 1lbf

Mrcm = Rm*Rm*ro*sy*cf/sigma = 5955 lbf*in

Mrlm = Rm*Rm*ro* (sy-sig)*cf/delta = 2957 1bf*in

Frf = maximum resultant force = 683 1lbf

Mrm = maximum resultant moment = 2957 1bf*in

| Interaction diagram:
| Applied loads:

| Radial load P = 0 1bf
FRE-+ Circ. moment Mc = 0 lbf*in
683 | Long. moment Ml = 0 lbf*in
| Maximum allowable loads:
| Radial Load P,Mc = 683 1bf
| Radial Load P,M1 = 683 1lbf
| Mc or M1 (from P)= 2957 lbf*in
+
| Note: Couples (P,Mc) & (P,Ml)
| must be located within
| the triangle limited by
| 0, FRF, MRM.
|
—— e e —_—— + _________ +____
0 MRM
2957
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" mponent: Nozzle H
Method: Local Stresses in Cylindrical Shell Due to External Loadings per
Heat Exchange Institute (HEI 'Std For Power Plant Hx', First Edition)

Vessel: Shell Cylinder SA-240 S30400 Grd 304 Plate

Design pressure Pr = 75 psi Design temperature T = 300 F
Joint efficiency E =1.00

Vessel design stress S = 15000 psi Vessel yield stress Sy = 22400 psi
Inside corr. allow. CAI = 0.0 in OQutside corr. all. CAO = 0.0 in
Vessel outside dia. oD = 72.0 in Vessel mean radius Rm = 35.8438 in
Vessel thickness tnom = 0.3125 in
Nozzle:
Nozzle outside dia. ODn = 2.375 in Nozzle outside rad. ro = 1.1875 in
Reinf. pad:

Pad thickness Prtk = 0.0 in Vessel + pad tks. T = 0.3125 in
Shape factors and Coefficients:

Gamma = Rm/T = 114.7 Beta = 0.875*ro/Rm = 0.029

Alpha = = 18704.78 Sigma = 9191.07 Delta = 6561.56
Conversion factor Ct =1

Maximum load & moment

S = 2*pr* (Rm-T/2)/t = 17130 psi

Sa = shell allowable stress = 15000 psi

Sig = minimum of S & Sa = 15000 psi

Frrf = Rm*Rm* (sy-sig)/alpha = 508 1lbf

Mrcm = Rm*Rm*ro*sy*cf/sigma = 3718 1bf*in

Mrlm = Rm*Rm*ro* (sy-sig)*cf/delta = 1721 1bf*in

Frf = maximum resultant force = 508 1bf

Mrm = maximum resultant moment = 1721 1bf*in

| Interaction diagram:
| Applied loads:

| Radial load P = 0 1bf
FRE—+ Circ. moment Mc = 0 1lbf*in
508 | Long. moment M1 = 0 lbf*in
[ Maximum allowable loads:
| Radial Load P,Mc = 508 1lbf
| Radial Load P,M1 = 508 1lbf
| Mc or M1 (from P)= 1721 1lbf*in
+
| Note: Couples (P,Mc) & (P,M1)
| must be located within
| the triangle limited by
| 0, FRF, MRM.
|
——— e ———— + _________ +_._.__
0 MRM
1721
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~

™

\

~ Jponent: Nozzle Flange Details
Flange, Gasket and Bolting Details
Dimensional data in

Flg Flg Flg Neck Flg Bolt Gaskets Bolts
Nozzle Type Dia.(*) Rating tks tks Cir. O.D. Width No Dia.
E ANSI SO 6.625 150 0.432 1.0 9.5 8.5 0.94 8 0.75
Fl ANSTI S0 3.5 150 0.3 0.94 6.0 5.0 0.75 4 0.625
F2 ANSI SO 3.5 150 0.3 0.94 6.0 5.0 0.75 4 0.625
H ANSI SO 2.375 150 0.218 0.75 4.75 3.62 0.62 4 0.625
TC ANSI SO 32.0 150 0.3125 2.25 38.5 36.0 0.0 28 1.5
D ANSI SO 6.625 150 0.28 1.0 9.5 8.5 0.94 8 0.75

* Dia. = Nozzle 0.D. if standard flange
Flange 0.D. if non-standard flange
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.mponent: Nozzle K
ASME VITII-1 2004 A06 UG-27 Thickness of Cylinders under Internal
-—— Calculations --- Cylinder Internal Pressure
Material: SA-312 S30400 Grd TP304 Wld. pipe (G5)
Design pressure P = 75 psi Design temperature T =
Radiography = None Joint efficiency E
Design stress S = 16100 psi
Inside corr.allow. cai = 0.0 in Outside corr. all. cao
Material tolerance tol = 0.035 in Minimum thickness tmin
Outside diameter OD = 6.625 in Corroded radius OR =
— Min. thk. not less than UG-45(a), UG-16(b), UG-45(Db):
- UG-45(a) Internal pressure:
t = (P*¥OR / (S*E+0.4*P))+cai+caottol = 0.0531 in
- UG-45(a) external pressure+cai+cao+tol t = 0.057 in
- UG-16(b) minimum thickness+tcai+cao+tol t = 0.0975 in
UG-45(b) Smaller of: t = 0.2142 in
UG-45 (b) (4) std pipe*0.875+cait+caoc+tol = 0.28 in
- UG-45(b) Greater of: t = 0.2142 in
- UG-45(b) (1)+cai+cao+tol = 0.2142 in
- UG-45(b) (2} +cai+cao+tol = 0.071 in
Minimum thickness: tmin
Nominal thickness: tnom

ASME Section VITI-1 2004 A06 UG-28 Thickness of Shells
——— Calculations --- Cylinder External Pressure

under Ext.

2

Material: SA-312 530400 Grd TP304 Wld. pipe(G5)
Design pressure PE = 15 psi Design temperature T =
Inside corr. allow. CAI = 0 in Corrosion allow. CAO
Radiography = None Material tol. Tol
~1. outside dia. Do = 6.625 in Cylinder length EP L
1inal thickness tnom = 0.28 in (tnom—-CAI-CAO-Tol) t =
_, Do ratio Ldo = 0.9057 Do/t Dot
(2*S8) or (0.9*yield) SE = - Mod. of elasticity ME
A factor SII-D-FigG A = 0.01118 B factor HA-1 B
Max allowed external pressure: Pa = 4*B / (3*Dot)
Actual external design pressure: PE
(Required cyl. tks. for nozzle attachments at PE, tre = 0.02

Pressure

300 F
0.85

0.0 in
0.2142 in
3.3125 in

APP.1-1(A)

0.2142 in
0.28 in
Pressure

300 F

0 in

0 in

6 in

0.245 in
27.0408
27000000 psi
11810
582.33 psi
15 psi

in )

120 of 129



Heat Exchanger Mechanical Design

Teams 20.0

File name: E-4201 FINAL Bunge 7793.BJT Date: 8/27/2007 Time: 8:08:36 AM

.mponent: Reinforcement Nozzle K
Reinforcement Required for Openings in

ASME Section VIII-1 2004 AO6 UG-37
Shells and Formed Heads

—-— Design Conditions:

Int. design pressure PI = 75 psi Ext. design press. PE
Design temperature T = 300 F Fig.UW-16.1 Sketch (c)
Vessel material: SA-240 S30400 Grd 304 Plate
Inside corr. allow. CAI = 0.0 in Outside corr.allow.CAO
Vessel design stress Sv = 15000 psi Joint efficiency E
Vessel outside dia Do = 72.0 in Corroded radius OR
Nominal thickness tnom = 0.5 in Reinforcement limit 1p
Req. tks. int.pres. tr = 0.1617 in Req. tks.ext.pres. tre
Corroded thickness t = 0.5 in Reinf. efficiency El
Attachment Material: SA-312 S30400 Grd TP304 Wld. pipe(G5)
Inside corr. allow. CAI = 0.0 in Outside corr.allow.CAO
Nozzle design stress Sn = 16100 psi Joint efficiency E
Nozzle outside dia. Don = 6.625 in Corroded radius OR
Nominal thickness tnom = 0.28 in Reinforcement limit 1n
Reg.tks. int.pres. trn = 0.0181 in Req.tks.ext.pres. trne
Corroded thickness tn = 0.28 in Nozzle Projection h
Reinforcement element material:
Limit of reinf. Dp = 0.0 in Nominal thickness te
Outside diameter = 0.0 in Design stress Se
Minimum weld size tmin = 0.28 in Leg size(1l/2*tmin) (Act)
1/2 * tmin (minimum) = 0.0 in 1/2 * tmin (actual)
Weld tw (minimum) = 0.196 in Weld tw (actual)
Weld tc (minimum) = 0.196 in Weld tc (actual)
smaller |0.25 in | Leg size tw (actual)
tc of [0.7 * tmin]| Leg size tc (actual)
-:ward nozzle weld Ll = 0.28 in frl = Sn/Sv
ater element weld L2 = 0.0 in fr2 = Sn/Sv
Inward nozzle weld L3 = 0.0 in fr3 = Sn/Sv or Se/Sv
Inward nozzel weld new = 0.0 in fr4 = Se/Sv
Corroded int.proj.thk ti = 0.0 in

i I
COOWoOOo

15 psi

0.0 in

1

36.0 in
.065 in
.196 in
.0

= oo

.0 in
.85
.3125 in
.7 in
.022 in
.0 in

.0 in
psi

.0 in
.0 in
.0 in
.196 in
.0 in
.28 in

[ eNelelNelNelNe ool

Il
e e
cooo
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crroded inside diameter

Vessel wall length available for reinforcement 2*Lp-d =

Plane correction factor (Fig.UG-37)

Offset distance from centerline doff =
Reinforcement areas (internal pressure condition) ASME 2004 UG-37

Al = Vessel wall. Larger of:

|(2*Lp—d)*(El*t—F*tr)—Z*tn*(El*t—F*tr)*(l—frl)| = 2.0519 in2
|2*(t+tn)*(El*t—F*tr)—2*tn*(El*t—F*tr)*(l—frl)[ = 0.5278 in2
Al =
A2 = Nozzle wall outward | 5* (tn-trn)*fr2*t | = 0.6547 in2
Smallexr of: | 5* (tn-trn)*fr2*tn | = 0.3666 in2
A2 =
A3 = Nozzle wall inward | S*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 inZ2
A3 =
A4l = Outward nozzle weld = (L1**2)*fr3 = 0.0784 in2
Ad2 = Outer element weld = (L2**2)*frd = 0.0 in2
A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2
A4 =
A5 = Reinforcement pad Area = (Dp—d-2*tn) *te*frd A5 =
Aa = Area Available = A1+A2+A3+A4+A5 Aa
A = Area required = (d*tr*F)+2*tn*tr*F* (1-£1) A =
ASME VIII-1 2004 A06 Reinforcement areas (external pressure) UG-3
Al = Vessel wall. Larger of:
|(Z*Lp—d)*(El*t—F*tre)—Z*tn*(El*t—F*tre)*(l—frl)| = 1.8438 in2
12*(t+tn)*(El*t—F*tre)—Z*tn*(El*t—F*tre)*(l—frl)| = 0.4742 in2
Al =
nY — Nozzle wall outward | 5* (tn-trne)*fr2*t | = 0.645 in2
Smaller of: | 5* (tn-trne)*fr2*tn | = 0.3612 in2
A2 =
A3 = Nozzle wall inward | S5*t*ti*fr2 | = 0.0 in2
Smallest of: | 5*ti*ti*fr2 | = 0.0 in2
| 2*h*ti*fr2 | = 0.0 in2
A3 =
A4l = Outward nozzle weld = (L1**2)*fr3 = 0.0784 in2
Ad2 = Outer element weld = (L2**2)*fr4d = 0.0 in2
A43 = Inward nozzle weld = (L3**2)*fr2 = 0.0 in2
A =
A5 = Reinforcement pad Area = (Dp-d-2*tn)*te*frd AS =
Aa = Area Available = Al+A2+A3+A4+AS5 Aa =
A = Area required = 0.5*% (d*tre*F+2*tn*tre*F* (1-frl)) A =

O P o

in

6.065 in

0
0
= 2.
0
7

oN OO

.0519 in2

.3666 in2

.0 in2

.0784 inZ2
.0 in2
497 in2
.9806 inZ2
(d)

.8438 in2

.3612 in2

.0 in2

.0784 in2
.0 in2

.2834 in2
.5944 in2
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szle attachment weld loads - UG-41 - Strength of reinforcement
ASME - Weld strength calculations not required per UW-15(b).
Total weld load (UG-41(b) (2))

W = (A-Al+2*tn*frl1(E1*t-F*tr))*Sv W= -
Weld load for strength path 1-1 (UG-41(b) (1)

W(l-1) = (A2+A5+A41+A42)*3v W(l-1) = 6676 1lbf
Weld load for strength path 2-2 (UG-41(b) (1)

W(2-2) = (A2+A3+A41+A43+2%tn*t*frl)*Sv W(2-2) = 10876 1bf
Weld load for strength path 3-3 (UG-41(b) (1)

W(3-3) = (A2+A3+A5+A41+A42+A43+2%tn*t*frl) *Sv W(3-3) = -

Reinforcing element strength = A5 * Se =
Nozzle attachment weld loads - ASME 2004 UG-41 - Strength of reinforcement
Unit stresses - UW15(c)and UG-45(c)

Inner fillet weld shear = 7350 psi
Outer fillet weld shear = =

Groove weld tension = 11100 psi
Groove weld shear = -

Nozzle wall shear = 11270 psi

Strength of connection elements

Inner fillet weld shear = 21406 1bf
Nozzle wall shear = 31435 1bf
Groove weld tension = 32328 1bf

Outer fillet weld shear = =
Possible paths of failure

1-1 31435 + 21406 = 52841 1bf

2-2 21406 + 32328 - 53734 1bf

3-3 -+ - = -

Welds strong enough if path greater than the smaller of W or W(path)
Path 1-1 > W or W11l
52841 1bf > 6676 1lbf OK
Path 2-2 > W or W22
53734 1bf > 10876 1bf OK
Path 3-3 > W or W33
.—>-
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4 loads ~ ANSI/SEI/ASCE 7-02

sel outside diameter oD oD = 72 in
Vessel effective length EL EL = 149.375 in
Vessel effective diameter EOD EOD = 92.16 in
Effective wind area Af Af = EOD*EL = 95.6 ft2
Velocity pressure exposure Kz Kz = 0.85
Topographic factor Kzt Kzt =1
Directionality factor Kd Kd = 1
Importance factor I I =1
Wind speed, m/h v v = 100
Velocity pressure, dz, 1bf/ft2 = 0.00256*Kz*Kzt*I*V**2 = 21.8
Gust response factor G G = 0.85
Force coefficient ct ct =1
Wind force F F = qz*G*Cf*Af = 1768.2 1bf
Moment arm L L = 6.22 ft
Overturning moment, OM, ft-1bf OM = F*L = 11005
Earthquake Loads — ANSI/SEI/ASCE 7-02
Equipment occupancy category - wind/seismic design = 1II
Equipment seismic site class =B
Equipment seismic use group =T
Response modification factor R =3
Seismic importance factor I =1
Mapped maximum spectral response acceleration at short periods Ss = 0.75
Mapped maximum spectral response acceleration at l-sec period S1 = 0.2
Site coefficient Fa - Table 9.4:1.2.4a Fa = 1
Site coefficient Fv - Table 9.4.1.2.4Db Fv = 1
Maximum spectral response acceleration short periods Sms = Fa*Ss = 0.75
Maximum spectral response acceleration at l-sec per. Sml = Fv*Sl = 0.2
Spectral response acceleration at short periods Sds = (2/3)*Sms = 0.5
Spectral response acceleration at l-sec period sdl = (2/3)*Sml = 0.13

smic response coefficient, Cs = Sds/(R/I) Cs = 0.17

CsMin = 0.5*3S1/(R/I) CsMin = 0.03

Seismic zone coefficient, Cv Cv = 0.24
Weight of wvessel, full W = 21859 lbf
Total shear at the base, V = Cs * W YV = 3643.1 1bf
Maximum lateral force, F =V F = 3643.1 1bf
Overturning moment, OM, ft-1bf OM = 0.5*F*L = 11337
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2 and Seismic Loads - Effect on Lugs
pistance center of vessel to supports
Distance center of gravity to supports
Distance between bolt holes (diametrical)

Projected area of vessel Af
Wind force F
Wind load Qw
Horizontal seismic force Fh
Vertical seismic force Fv
Seismic load Qs

Controlling load,Q = Qmax (Qw,Qs)

EOD*EL
Af*CE*G*qgz
F*1/B

Cs*W

Cv*W

Fv + Fh * L / B

0 ft

0 ft

0 ft

0.02 ft2
17000 1bf
6 1bf

15 1bt
300 1bf
1181 1bf
0 1bf
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sights, surface area, Insulation

Shell side Tube side
Volume ft3 219.97 68.81
Avg. fluid density 1b/ft3 0 0
Fluid weight 1b 0 0
Surface area ft2 149.2 82.3
Surface Area 231.5 ft2

Insulation thickness N
Insulation type X -
Insulation density -
Insulation weight N
Insulation seals and jackets -
Weight of Accessories -
Weight of piping attached SS nozzles .
Weight of piping attached TS nozzles -

Empty weight 3844 1b
Operating weight 21859 1b
Full weight 21859 1b
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<imum Allowable Working Pressures
Tube Side MAWP

* = Shell Side MAWP

Component

Shell Cylinder
Front Head Cover
Rear Head Cover

Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle

tzle

zzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle

E
F1
F2
H

Front

D

K

Flng
Flng
Flng
Flng
Flng
Flng
Flng

Reinforcement
Reinforcement
Reinforcement
Reinforcement
Reinforcement
Reinforcement
Reinforcement

Flng
Flng
Flng
Flng
Flng
Flng
Flng

E

Fl

F2

H
Front
D

K

Bolting
Bolting
Bolting
Bolting
Bolting
Bolting
Bolting

+

Fl
F2

Front

F1
F2

Front

--Design conditions—-
Side Temp

F
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

Stress
psi
15000
15000
15000
16100
16100
16100
16100
15000
16100
16100
15000
15000
15000
15000
15000
15000
15000

MAWP
psi
91.
79.
179.
158.
109.
109.
2349.
180.
102.
102.
205
205
205
205
205
205
205
90
N/C
N/C
N/C
N/C
118
118
205
205
205
205
205
205
205

*

SN N NN W N O

~J

Tenmp

F

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70

psi
20000
20000
20000
17000
17000
17000
17000
20000
17000
17000
20000
20000
20000
20000
20000
20000
20000

———- New and cold ---
Stress

MAWP
psi

122
105.6%
239.
210.
146.
l46.
2480.
240.
136.
136.
275
275
275
275
275
275
275
120
N/C
N/C
N/C
N/C
157
157
275
275
275
275
275
275
275

W w U W Wk

Ne)
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SN
N
\

_.nimum Design Metal Temperature for Impact Test Exemption (UCS-66)
components + Indicates compliance with UG-20(f)

* Indicates the controlling
Curve

Component

Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle
Nozzle

Flng
Flng
Fing
Flng
Flng
Flng
Flng

Bolting
Bolting
Bolting
Bolting
Bolting
Bolting
Bolting

Fl
F2

Front

e

Temp Fkkhkkkk UCS-66.1 ok hkkkk

F Ratio Reduction Temperature

-55 - = -
-55 - — —
-55 - - —
-55 - - —
-55 . — —
-558 - - —
-55 — — =

*

* % k% %

128 of 129



Heat Exchanger Mechanical Design Teams 20.0
File name: E-4201 FINAL Bunge 7793.BJT Date: 8/27/2007 Time: 8:08:36 AM

drostatic Test Pressure - ASME VIII-1 2004 A06 UG-99(b) Factor: 1.3
Shell Side: 97.5 psi Tube Side: -

Design Test Stress
Component Material Side Temp Stress Stress Ratio

F psi psi
Shell Cylinder SA-240 S30400 Grd 304 Plat S 300 15000 20000 1.3333
Front Head Cover SA-240 S30400 Grd 304 Plat S 300 15000 20000 1.3333
Rear Head Cover SA-240 S30400 Grd 304 Plat S 300 15000 20000 1.3333
Nozzle E SA-312 S$30400 Grd TP304 W1 S 300 16100 17000 1.0559
Nozzle F1 SA-312 S30400 Grd TP304 Wl s 300 16100 17000 1.0559
Nozzle F2 SA-312 S30400 Grd TP304 Wl s 300 16100 17000 1.0559
Nozzle H SA-312 S30400 Grd TP304 Wl S 300 16100 17000 1.0559
Nozzle Front SA-312 S30400 Grd TP304 Wl s 300 15000 20000 1.3333
Nozzle D SA-312 S30400 Grd TP304 W1 S 300 16100 17000 1.0559
Nozzle K SA-312 S30400 Grd TP304 Wl S 300 16100 17000 1.0559
Nozzle Flng E SA-182 S30400 Grd F304 For S 300 15000 20000 1.3333
Nozzle-Flng F1l SA-182 S$30400 Grd F304 For S 300 15000 20000 1.3333
Nozzle Flng F2 SA-182 S30400 Grd F304 For S 300 15000 20000 1.3333
Nozzle Flng H SA-182 S30400 Grd F304 For S 300 15000 20000 1.3333
Nozzle Flng Front SA-240 S30400 Grd 304 Plat S 300 15000 20000 1.3333
Nozzle Flng D SA-182 S30400 Grd F304 For S 300 15000 20000 1.3333
Nozzle Flng K SA-182 S30400 Grd F304 For S 300 15000 20000 1.3333
Nozzle Flng Bolting E SA-193 G41400 Grd B7 Bolt({ S 300 25000 25000 1
Nozzle Flng Bolting F1 SA-193 G41400 Grd B7 Bolt( S 300 25000 25000 1
Nozzle Flng Bolting F2 SA-193 G41400 Grd B7 Bolt({ S 300 25000 25000 1
Nozzle Flng Bolting H SA-193 G41400 Grd B7 Bolt( S 300 25000 25000 1
Nozzle Flng Bolting FrtSA-193 G41400 Grd B7 Bolt( S 300 25000 25000 1
Nozzle Flng Bolting D SA-193 G41400 Grd B7 Bolt( S 300 25000 25000 1
Nozzle Flng Bolting K SA-193 G41400 Grd B7 Bolt( S 300 25000 25000 1
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HT/DcR Engineering, Inc.
2830 Parkway Street Lakeland, FL 33811
Date Printed: 9/6/2007

CUSTOMER

DELTA-T CORPORATION
133 WALLER MILL ROAD
WILLILAMSBURG, VA 23185

VESSEL LOCATION
BUNGE-ERGON

VICKSBURG, MISSISSIPPI

VESSEL DESCRIPTION
REFLUX CONDENSER

Vessel designed per the ASME Boiler & Pressure Vessel Code,
Section VIII, Division 1,2004 Edition, 2006 Addenda
with Advanced Pressure Vessel, Version: 9.2.4
Vessel is ASME Code Stamped

Job No: 1494F
Vessel Number: 7793-E4201 SKIRT

NAMEPLATE INFORMATION

Vessel MAWP: 150.00 PSI and Full Vacuum at 300 °F
MDMT: -20 °F at 150.00 PSI
Serial Number(s): 7793-4201 SKIRT

National Board Number(s):
Year Built: 2007
Radiography: NONE
Postweld Heat Treated: NONE
Construction Type: W
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HT/DcR Engineering, Inc.

Skirt 1
Customer: DELTA-T CORPORATION
Job No: 1494F Vessel Number: 7793-E4201 SKIRT
Number: 1 Mark Number; SK1

Date Printed: 9/6/2007

Cylindrical Skirt Design Information

Design Temperature: 300 °F Joint Efficiency: 45 %
Skirt Material: SA-516 Gr 70 Factor B Chart: CS-2
Material Stress(hot): 20000 PSI
Skirt Length: 84.0000 in. Material Stress(cold): 20000 PS}
Corrosion Allowance: 0.0000 in. Yield Strength: 33600 PSI
Outside Diameter: 72.0000 in. Modulus of Elasticity: 28.3 10%6 PSi
Density:  0.2830 Ib/in.*3

Surface Area: 131.9469 Sq. Ft. Weight:  2005.91 1b.

Long. Factor A: 0.0013021 Long. Factor B: 13405 PSI

Nominal Skirt Thickness Selected = 0.3750 in.

Advanced Pressure Vessel version: 9.2.4 ©Computer Engineering, Inc Page 1 of 32 Section VIII, Division 1, 2004 Edition, 2006 Addenda




Customer: DELTA-T CORPORATION
Job No: 1494F
Number: 2

HT/DcR Engineering, Inc.

Skirt 2

Date Printed: 9/6/2007

Vessel Number: 7793-E4201 SKIRT
Mark Number: SK2

Design Temperature:
Skirt Material:

Skirt Length:
Corrosion Allowance:
Outside Diameter:

Surface Area:
Long. Factor A:

Cylindrical Skirt Design Information

300 °F
SA-516 Gr 70

84.0000 in.
0.0000 in.
72.0000 in.

131.9469 Sgq. Ft.
0.0013021

Joint Efficiency:
Factor B Chart:
Material Stress(hot):
Material Stress(cold):
Yield Strength:
Modulus of Elasticity:
Density:

Weight:

Long. Factor B:

45

CS-2
20000
20000
33600
28.3
0.2830
2005.91
13405

%

PSI

PSI

PSI

106 PS!
Ib/in.A3
Ib.

PSI

Nominal Skirt Thickness Selected = 0.3750 in.

Advanced Pressure Vessel version: 9.2.4 ©Computer Engineering, Inc. Page 2 of 32

Section VIII, Division 1, 2004 Edition, 2006 Addenda




HT/DcR Engineering, Inc.
Base Plate 1

Customer: DELTA-T CORPORATION
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Mark Number: BP1

Date Printed: 9/6/2007

Base Ring with gussets and complete top ring Design Information

Design Temperature: 300 °F
Base Ring Material: SA-516 Gr 70 Yield Strength: 33600 PSI
Density:  0.2830 Ib/in.A3
Base Plate Thickness (Tp): 1.0000 in. Skirt OD at Bottom (Dgk):  72.0000 in.
Base Plate OD (ODp): 84.0000 in. Base Plate ID (IDp):  68.0000 in.
Base Plate Width (Wp): 8.0000 in. Width Outside of Skirt (Wpo):  6.0000 in.
Anchor Bolt Information
Anchor Bolt Material: SA-36 Material Stress(hot): 16600 PSI
- Material Stress(cold): 16600 PSI
Bolt Size: 1" in. Density:  0.2830 Ib/in.A3
Bolt Circle (BC): 78.0000 in. Number of Bolts (Np): 8
Nominal Diameter (Dp): 1.0000 in. Bolt Hole Diameter (Dpp): ~ 1.1250 in.
Root Area (Ap): 0.5510 sq.in. Distance across Flats of Bolting Nut: ~ 1.6250 in.
Threads Per Inch (thd): 8.00 Ultimate 28 Day Concrete Strength: 3000 PSI
Gusset Information
Gusset Thickness (Tg): 0.5000 in. Max.Distance between Gussets (Cy):  24.0000 in.
Gusset Depth (Wg): 5.5000 in. Max. Dist. between Gussets Straddling Bolts (Cp): ~ 6.0000 in.
Gusset Height (Hg): 8.0000 in. Number of Gussets (Ng): 16
Compression Plate Information
Top Ring OD, (ODy): 84.0000 in. Top Ring thickness, (Ty): ~ 1.0000 in.

Base Support Analysis - Operating Pressurized Condition - Ocassional Loads - Seismic Case 5

Total Weight of Tower as adjusted by load case combinations W = 38089 Ib.

Maximum total moment at base of tower M = 573379 in.-lb.

Base Ring Calculations - Operating Pressurized Condition - Ocassional Loads - Seismic Case 5

T
Base ring area, Ag = ( 1 ) * (ODy? - IDp?) = (—Z ) * (84.00007 - 68.00007 ) A =1910.09 in?
. T ODp* - IDp* n 84.0000* - 68.0000* .
Base ring modulus,Zc=<—) *(——) = (——) *( ) Z2.=33199in2
32 ODp 32 84.0000
Base ring-gusset geometry coefficient, ky ky = 0.4460
X ) W M 38089 573379
Base ring bearing pressure, P = ( — ) + (— ) = ( ) + ( ) P =37 PSI
E e 1910.09 33199
Mp =ky * P*Wp* = 0.4460 * 37 * 6.0000* Mp = 597 Ib.
. 6 * Mp 6 * 597
Base ring stress, Sp = = Sp = 3585 PSI
T2 1.00002

Advanced Pressure Vessel version: 9.2.4 ©Computer Engineering, Inc Page 3 of 32 Section V!il, Division 1, 2004 Edition, 2006 Addenda



HT/DcR Engineering, Inc.

Base Plate 1
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Mark Number: BP1
Date Printed: 9/6/2007

Anchor Bolt and Concrete Stresses - Operating Pressurized Condition - Ocassional Loads - Seismic Case 5

. M* Ac W 573379 * 1910.09 38089
Recommended min. preload, Fj = (———) -(—) = ( ) -( ) Fi=01b.
Np * Z¢ Nb 8 * 33199 8
Fi* (1 + (thd * D 0* (1 +(8.00 * 1.0000
Torque required, Tj = A b) = (1+( ) Ti=0in.-lb.
2*n *thd 2*n*8.00
Maximum bolt force, Mp=1.25*F; = 1.25* 0 Mps=01lb.
Anchor bolt stress, S i . Sport = 0 PS|
chor bolt stress, =— = — =
™ bolt Ap 0.5510 bolt
Np * Fi W M 8*0 38089 573379
Concretestress,Sc=(——) +(——)+(——) = ( ) +( )+( ) Sc =37 PSI
Ac Ac Ze 1910.09 1910.09 33199

Gusset Calculations - Operating Pressurized Condition - Ocassional Loads - Seismic Case 5

M 0
Gusset buckling stress, Sgp = bf = Sgb = 0 PSI
2*Wg*Tg 2 *5.5000 * 0.5000

Top Ring Calculations - Operating Pressurized Condition - Ocassional Loads - Seismic Case 5

Top Ring-gusset geometry coefficient, ki ki = 0.3500
*(BC-ID

2% Wi * sin( _T[(_*_t.)_ ]

Mmax = ——]*[(1.3*Ln( ))+(1-kt)] =
4*n T*e
_{ = *(78.0000 - 72.0000)
2 *6.0000 * sm( )
0 2 *6.0000
* 1.3*Ln( )) +(1-0.3500 M =0lb.
[ 4*n} [( n*0.8125 ( ) max
6*M 6*0
Top Ring stress, St = mex - S;{=0PSI
Tt 1.0000?

Base Support Allowable Stresses - Operating Pressurized Condition - Ocassional Loads - Seismic Case 5

Base support material yield strength, Sy Sy = 33600 PSI
Base ring allowable stress, Spg = 1.0*0.6 * Sy = 1.0* 0.6 * 33600 Spa = 20160 PS!
Anchor bolt allowable stress, Spolta Sholta = 16600 PS!
Concrete safe bearing load, S, = 0.3 * 28 day concrete strength = 0.3 * 3000.00 Sca =900 PSI

X 1.0 * 18000 1.0 * 18000
Gusset buckling allowable stress, Sgpa = = Sgba = 15376 PSI

Hg? 8.00007

14| —m— ) + ( _——— )
1500 * Tg* 1500 * 0.50007

Top Ring allowable stress, Stz =1.0%0.6*Sy = 1.070.6 * 33600 Stz = 20160 PSI

Advanced Pressure Vessel version: 9.2.4 ©@Computer Engineering, Inc Page 4 of 32 Section VIiI, Division 1, 2004 Edition, 2006 Addenda




HT/DcR Engineering, Inc.

Base Plate 1
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Mark Number: BP1
Date Printed: 9/6/2007

Base Support Stress Ratios - Operating Pressurized Condition - Ocassional Loads - Seismic Case 5

Base Ring, Rp Rp =0.178
Bolting, Rpolt Rpolt = 0.000
Concrete, R¢ R, =0.041
Gusset-buckling, Rgp Rgp = 0.000
Top Plate, Rt Rt =0.000

* NOTE: Stress ratios greater than 1.0 represent overstressed conditions.

Base Support Analysis - Operating Pressurized Condition - Ocassional Loads - Seismic Case 8

Total Weight of Tower as adjusted by load case combinations W =21086 Ib.

Maximum total moment at base of tower M = 573379 in.-lb.

Base Ring Calculations - Operating Pressurized Condition - Ocassional Loads - Seismic Case 8

T
Base ring area, Ag = (7 ) *(ODp? - IDp?) = (—: ) * (84.0000% - 68.00007) Ac=1910.09in2
. n ODp? - IDp* T 84.0000* - 68.0000* )
Base ring modulus,ZC=(———) *(—————) = (—) *( ) Z:.=33199in3
32 ODy 32 84.0000
Base ring-gusset geometry coefficient, ky ky = 0.4460
) ) w M 21086 573379
Base ring bearing pressure, P =(—— ) + (— ) = ( ) + ( ) P =28 PSI
Ac Zg 1910.09 33199
Mp =ky " P*Wpo" = 0.4460 * 28 * 6.0000? Mp = 455 Ib.
) 6*Mp 6 * 455
Base ring stress, Sp = = Sp =2727 PSI
Tp? 1.0000%

Anchor Bolt and Concrete Stresses - Operating Pressurized Condition - Ocassional Loads - Seismic Case 8

) M* Ag w 573379 * 1910.09 21086
Recommended min. preload, Fj = ( . ) - (—— ) = ( ) -( ) Fj=1488 Ib.
Np * Z¢ Np 8 * 33199 8
Fi*(1+(thd*D 1488 * (1 +(8.00 * 1.0000
Torque required, Tj = A b) = (1 ) T = 266 in.-b.
2*q*thd 2*n*8.00
Maximum bolt force, Mps = 1.25* F; = 1.25* 1488 Mps = 1860 Ib.
Mbf 1860
Anchor bolt stress, Spoit =——— = — -~ Spolt = 3375 PSI
Ap 0.5510
Np * Fi W M 8 * 1488 21086 573379
Concretestress,SC=(———)+(——)+(——) =( )+( )+( ) S;=35PSI
Ac Ac Z¢ 1910.09 1910.09 33199

Advanced Pressure Vessel version: 9.2.4 ©@Computer Engineering, Inc Page 5 of 32 Section VIII, Division 1, 2004 Edition, 2006 Addenda




HT/DcR Engineering, Inc.

Base Plate 1
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Mark Number: BP1
Date Printed: 9/6/2007

Gusset Calculations - Operating Pressurized Condition - Ocassional Loads - Seismic Case 8

Mt 1860

Gusset buckling stress, Sgb = = Sgp = 338 PS|
2*Wg*Tg 2 * 5.5000 * 0.5000

Top Ring Calculations - Operating Pressurized Condition - Ocassional Loads - Seismic Case 8

Top Ring-gusset geometry coefficient, kt k¢ = 0.3500
n*(BC-ID
2*Wt*sin(————-——(‘ ‘)]
be 2 W[
Mmax = .A]*[(1.3*Ln( . ).)+(1-kt.)} = .
4*n n*e
~({ = *(78.0000 - 72.0000)
2 *6.0000* sm( N )
[ 1860]*[(13*1_( il ))+(1 0.3500) My = 394 1
. n -0. = )
4*m n*0.8125 max
_ 6 * Mmax 6* 394
Top Ring stress, St = = Sy = 2364 PSI
Tt 1.0000%

I Base Support Allowable Stresses - Operating Pressurized Condition - Ocassional Loads - Seismic Case 8

Base support material yield strength, Sy Sy = 33600 PSI
Base ring allowable stress, Spa =1.0*0.6 *SQy = 1.0* 0.6 * 33600 Spa = 20160 PSI
Anchor bolt allowable stress, Spolta Sholta = 16600 PSI
Concrete safe bearing load, Sgg = 0.3 * 28 day concrete strength = 0.3 * 3000.00 Sca = 900 PSI

i 1.0 * 18000 1.0 * 18000
Gusset buckling allowable stress, Sgpa = = Sgba = 15376 PSI

Hg? 8.00007

(o) " sroso0 )
1500 * Tg? 1500 * 0.50007

Top Ring allowable stress, Stg = 1.0%06*Sy = 1.0 * 0.6 * 33600 Sig = 20160 PS!

Base Support Stress Ratios - Operating Pressurized Condition - Ocassional Loads - Seismic Case 8

Base Ring, Rp Rp =0.135
Bolting, Rpolt Rpoit = 0.203
Concrete, Re R; =0.038
Gusset-buckling, Rgb Rgb =0.022

Top Plate, Rt R{=0.117

* NOTE: Stress ratios greater than 1.0 represent overstressed conditions.

Base Support Analysis - Operating Pressurized Condition - Ocassional Loads - Wind Case 5

Total Weight of Tower as adjusted by load case combinations W = 36985 Ib.

Maximum total moment at base of tower M = 747867 in.-Ib.

Advanced Pressure Vessel version: 9.2.4 ©Computer Engineering, Inc Page 6 of 32 Section VIII, Division 1, 2004 Edition, 2006 Addenda




HT/DcR Engineering, Inc.

Base Plate 1
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Mark Number: BP1

Date Printed: 9/6/2007

Base Ring Calculations - Operating Pressurized Condition - Ocassional Loads - Wind Case 5

T T
Basering area, Ac = (—4) *(ODp? - IDp?) = (—Z-) * (84.0000% - 68.00007) A;=1910.09in?
. n ODp* - IDp* n 84.0000* - 68.0000" )
Basenngmodulus.zc=(-—) *(———) = (——) *( ) Z;=33199in.2
32 ODy 32 84.0000
Base ring-gusset geometry coefficient, ky ky = 0.4460
. . W M 36985 747867
Base ring bearing pressure, P =(— ) + (——) = ( ) + ( ) P =42PSI
. . Ag Zs 1910.09 33199
Mp =ky * P*Wpo* = 0.4460 * 42 * 6.0000% Mp =673 Ib.
. 6 * Mp 6*673
Base ring stress, Sp = = Sp = 4035 PSI
Tp? 1.0000%

Anchor Bolt and Concrete Stresses - Operating Pressurized Condition - Ocassional Loads - Wind Case 5

) M* Ag W 747867 * 1910.09 36985
Recommended min. preload, Fj = (——— ) . (—— ) = ( ) - ( ) F; =755 Ib.
Np * Z¢ Np 8*33199 8
Fi* (1 +(thd * D 755 * (1 + (8.00 * 1.0000
Torque required, Tj = — (1 b)) (1 ) T, =135 in-Ib.
2*x*thd 2*n*8.00
Maximum bolt force, Mps=1.25* Fj = 1.25* 755 Mps = 944 |b.
Anchor bolt stress, S i i Spott = 1714 PS|
nchor bolt stress, = = =
bolt Ap 0.5510 bolt
Np * Fj W M 8*755 36985 747867
Concretestress,80=(——-—)+(—)+(——) =( )+( )+( ) Sc =45 PS|
Ac Ac Z; 1910.09 1910.09 33199

Gusset Calculations - Operating Pressurized Condition - Ocassional Loads - Wind Case 5

) Mp 944
Gusset buckling stress, Sgp = = Sgp =172 PSI
2*Wg* Ty 2 *5.5000 * 0.5000

Advanced Pressure Vessel version: 9.2.4 ©Computer Engineering, inc. Page 7 of 32 Section VIII, Division 1, 2004 Edition, 2006 Addenda




HT/DcR Engineering, Inc.

Base Plate 1
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Mark Number: BP1

Date Printed: 9/6/2007

Top Ring Calculations - Operating Pressurized Condition - Ocassional Loads - Wind Case 5

Top Ring-gusset geometry coefficient, ke k; = 0.3500

_( w*(BC-IDy
2wy o B8-100
2*W,

[frse i) )] -

Mpf
M= [ 3

_{ = *(78.0000 - 72.0000)
27 6.0000* sm( N )
944 2*6.0000
*1{1.3* Ln( ) ) +(1-0.3500 M =200 Ib.
4% } [( n*0.8125 ( ) max
N 6 * Mmax 6 * 200
Top Ring stress, St = = S;=1200 PSI
Tt? 1.0000?

Base Support Allowable Stresses - Operating Pressurized Condition - Ocassional Loads - Wind Case 5

Base support material yield strength, Sy Sy = 33600 PSI
Base ring allowable stress, Spz =1.2*0.6*Sy = 1.2* 0.6 * 33600 Spg = 24192 PS}
Anchor bolt allowable stress, Spojta Spolta = 16600 PSI
Concrete safe bearing load, Sca = 0.4 * 28 day concrete strength = 0.4 * 3000.00 Scq = 1200 PS!

. 1.2 * 18000 1.2 * 18000
Gusset buckling allowable stress, Sgpa = = Sgba = 18451 PSI

Hg?* 8.0000%

i) )
1500 * Tg? 1500 * 0.50007

Top Ring allowable stress, St =1.2*0.6*Sy = 1.2* 0.6 * 33600 Sia = 24192 PSI

Base Support Stress Ratios - Operating Pressurized Condition - Ocassional Loads - Wind Case 5

Base Ring, Rp Rp = 0.167
Bolting, Rpoit Rpoit =0.103
Concrete, Re R, =0.038
Gusset-buckling, Rgp Rgp = 0.009
Top Plate, Ry R;=0.050

* NOTE: Stress ratios greater than 1.0 represent overstressed conditions.

Advanced Pressure Vessel version: 9.2.4 ©@Computer Engineering, Inc Page 8 of 32 Section VIII, Division 1, 2004 Edition, 2006 Addenda




HT/DcR Engineering, Inc.

Base Plate 1
Job No: 1494F Vessel Number; 7793-E4201 SKIRT

Mark Number: BP1

Date Printed: 9/6/2007

Base Support Analysis - Operating Pressurized Condition - Sustained Loads

Total Weight of Tower as adjusted by load case combinations W = 36985 Ib.

Maximum total moment at base of tower M=20in.-lb.

Base Ring Calculations - Operating Pressurized Condition - Sustained Loads

T T

Base ring area, A¢ = (—Z) *(ODp? - IDp?) = (—4—) * (84.0000% - 68.00007) Ac=1910.09in2
. m ~ODp* - IDp* n 84.0000* - 68.0000* .

Baserlngmodulus,zc=(—) *(—————) = (—) *( ) Z:=33199in3

32 ODp 32 84.0000

Base ring-gusset geometry coefficient, ky ky = 0.4460
. ) w M 36985 0

Base ring bearing pressure, P =(— ) + (— ) = ( ) + ( ) P =19 PSI

Ag Ze 1910.09 33199

Mp =ky * P *Wpo* = 0.4460 *19* 6.0000? My =311 Ib.
. 6* Mp 6*311

Base ring stress, Sp = = Sp = 1865 PSI

Ty? 1.0000?

Anchor Bolt and Concrete Stresses - Operating Pressurized Condition - Sustained Loads

. M* Ag w 0*1910.09 36985
Recommended min. preload, Fj = (—— ) -(-— ) = ( ) - ( ) Fi=0lb.
Np * Z¢ Np 8* 33199 8
Fi*(1+(thd*D 0*(1+(8.00*1.0000
Torque required, Tj = 170+ b)) = (1 ) Ti=0in-lb.
2*n *thd 2*n*8.00
Maximum bolt force, Mpg = 1.25*F; = 1.25*0 Mps =0 Ib.
Anchor bolt stress, S i, 2 St = 0 PS!
nchor bolt stress, =— = =
bolt Ab 0.5510 bolt
Np * Fj W M 8*0 36985 0
Concretestress,SC=(——)+(——)+(—-——) =( )+( )+( ) S, =19 PSI
Ac Aq Zc 1910.09 1910.09 33199
Gusset Calculations - Operating Pressurized Condition - Sustained Loads
. Mpt 0
Gusset buckling stress, Sgp = = Sgb =0 PSI
2*Wg*Tg 2 * 5,5000 * 0.5000

Advanced Pressure Vessel version: 9 2.4 ©Computer Engineering, Inc. Page 9 of 32 Section VIII, Division 1, 2004 Edition, 2006 Addenda




HT/DcR Engineering, Inc.

Base Plate 1
Job No: 1494F Vesse! Number: 7793-E4201 SKIRT

Mark Number: BP1
Date Printed: 9/6/2007

Top Ring Calculations - Operating Pressurized Condition - Sustained Loads

Top Ring-gusset geometry coefficient, k ki = 0.3500
_{ m*(BC-IDy)
2 Wyt sm( — )
Mbf 2°W,
Mmax = ]*[(1.3*Ln( ))+(1-kt)] =
4% n*e

= * (78.0000 - 72.0000) )

2 *6.0000™ sin(
2*6.0000

0
» 1.3*Ln( ))+ 1 -0.3500 Mymax = O Ib.
[ 4*n [( n*0.8125 ( ) max
6% M 6*0 i
Top Ring stress, St = max. - ;=0 PSI
T 1.0000?

Base Support Allowable Stresses - Operating Pressurized Condition - Sustained Loads

Base support material yield strength, Sy Sy = 33600 PSI
Base ring allowable stress, Spa =1.0*0.6 * Sy = 1.0* 0.6 * 33600 Spa = 20160 PSI
Anchor bolt aflowable stress, Spolta Spolta = 16600 PSI
Concrete safe bearing load, Sca = 0.3 * 28 day concrete strength = 0.3 * 3000.00 Sca = 900 PSI
) 1.0 * 18000 1.0 * 18000
Gusset buckling allowable stress, Sgna = = Sgba = 16376 PSI
y ( Hg? ) N 8.00007
1500 * Tg? 1500 * 0.5000%
Top Ring allowable stress, St =1.0*06*S, = 1.0 0.6 * 33600 Siq = 20160 PSI

Base Support Stress Ratios - Operating Pressurized Condition - Sustained Loads

Base Ring, Rp Rp = 0.093
Bolting, Rpolt Rpoit = 0.000
Concrete, Rg Ry =0.022
Gusset-buckling, Rgp Rgp = 0.000
Top Plate, Ry Rt =0.000

* NOTE: Stress ratios greater than 1.0 represent overstressed conditions.

Advanced Pressure Vessel version: 9.2.4 ©Computer Engineering, Inc Page 10 of 32 Section VIII, Division 1, 2004 Edition, 2006 Addenda




HT/DcR Engineering, Inc.

Base Plate 1
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Mark Number: BP1
Date Printed: 9/6/2007

Base Support Analysis - Empty Pressurized Condition - Ocassional Loads - Seismic Case 8

Total Weight of Tower as adjusted by load case combinations W=11413 Ib.

Maximum total moment at base of tower M = 366856 in.-lb.

Base Ring Calculations - Empty Pressurized Condition - Ocassional Loads - Seismic Case 8

T T
Base ring area, A¢ = (7 ) *(ODp? - 1Dp?) = (—4 ) *(84.0000% - 68.0000%) A;=1910.09in.2
) i ODp* - IDp* \. . T 84.0000* - 68.0000* .
Baserlngmodulus,Zc=(—) *(————) = (——) *( ) Z:;=33199in.?
32 ODyp 32 84.0000
Base ring-gusset geometry coefficient, ky ky = 0.4460
. . w M 11413 366856
Base ring bearing pressure, P = ( — ) + (— ) = ( ) + ( ) P =17 PSI
Ac Z 1910.09 33199
Mp =ky * P *Wpo* = 0.4460 " 17 *6.0000* My =273 Ib.
. 6 * Mp 6*273
Base ring stress, Sp = = Sp, = 1640 PSI
Tp? 1.0000?

Anchor Bolt and Concrete Stresses - Empty Pressurized Condition - Ocassional Loads - Seismic Case 8

. M*Ag W 366856 * 1910.09 11413
Recommended min. preload, Fi=(—-—) -(——) = ( ) -( ) Fi=12121b.
Np * Zc Np 8* 33199 8
Fi*(1+({hd*D 1212 * (1 + (8.00 * 1.0000
Torque required, Tj = 17+ b)) = (1 ) T; =217 in-Ib.
2% *thd 2*n*8.00
Maximum bolt force, Mps = 1.25* F; = 1.25* 1212 Mps = 1515 Ib.
Mpf 1515
Anchor bolt stress, Spot =——— = ————— Spolt = 2749 PSI
Ap 0.5510
Np * Fi w M 8*1212 11413 366856
Concretestress,sc=(——-)+(——)+(—) =( )+( )+( ) S, =22 PSI
Ag Ac Zc 1910.09 1910.09 33199
Gusset Calculations - Empty Pressurized Condition - Ocassional Loads - Seismic Case 8
) Mps 1515
Gusset buckling stress, Sgp = - Sgb =275 PSI
2" Wg*Tg 2 *5.5000 * 0.5000
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Base Plate 1
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Mark Number: BP1

Date Printed: 9/6/2007

Top Ring Calculations - Empty Pressurized Condition - Ocassional Loads - Seismic Case 8

Top Ring-gusset geometry coefficient, kt, ¥ ki = 0.3500
" (BC-ID
2* W * sin( —(‘—'ll )
Mynax = | —2— *[(1.3*Ln( ))+(1-kt)] =
4*n n*te
_({ = *(78.0000 - 72.0000)
2*6.0000* sm( )
1515 2 * 6.0000
— *{{1.3" Ln( ) ) +(1-0.3500 M =3211b.
[ 4*n } [( m*0.8125 ( ) s
) 6 * Mmax 6* 321
Top Ring stress, St = = St =1925 PSI
Tt2 1.0000?

Base Support Allowable Stresses - Empty Pressurized Condition - Ocassional Loads - Seismic Case 8

Base support material yield strength, Sy Sy = 33600 PSI
Base ring allowable stress, Spa =1.0* 0.6 * Sy = 1.0 0.6 * 33600 Spa = 20160 PSI
Anchor bolt allowable stress, Spoita Sholta = 16600 PSI
Concrete safe bearing load, Sca = 0.3 * 28 day concrete strength = 0.3 * 3000.00 Sca =900 PSI

. 1.0 * 18000 1.0 * 18000
Gusset buckling allowable stress, Sgpa = = Sgba = 15376 PSI

Hg? 8.00007

() ]
1500 * Tg? 1500 * 0.5000*

Top Ring allowable stress, Sta =1.0*0.6 * Sy = 1.0* 0.6 * 33600 Sia = 20160 PSI

Base Support Stress Ratios - Empty Pressurized Condition - Ocassional Loads - Seismic Case 8

Base Ring, Rp Rp =0.081
Bolting, Rpolt Rpolt = 0.166
Concrete, Re R; =0.025
Gusset-buckling, Rgp Rgp = 0.018
Top Plate, Rt R;=0.095

* NOTE: Stress ratios greater than 1.0 represent overstressed conditions.

Base Support Analysis - Empty Pressurized Condition - Ocassional Loads - Wind Case 7

Total Weight of Tower as adjusted by load case combinations W =12011 Ib.

Maximum total moment at base of tower M = 747867 in.-lb.
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Date Printed: 9/6/2007

Base Ring Calculations - Empty Pressurized Condition - Ocassional Loads - Wind Case 7

T
Base ring area, Ag = ( —4 ) *(ODp? - IDp?) = (—z ) *(84.0000% - 68.0000%) Az =1910.09 in.?
i T ODp* - IDp* n 84.0000* - 68.0000° .
Baserlngmodulus,zc=(—-) *(————) = (—) *( ) Z;,=33199in2
32 ODp 32 84.0000
Base ring-gusset geometry coefficient, ky ky = 0.4460
. . w M 12011 747867
Base ring bearing pressure, P = ( — ) + (—) = ( ) +( ) P =29 PSI
. ¢ Ze 1910.09 33199
Mp =ky * P * Wpo? = 0.4460* 29 * 6.0000% My =463 Ib.
. 6*Mp 6 * 463
Base ring stress, Sp = = Sy = 2776 PSI
Tp? 1.0000?

Anchor Bolt and Concrete Stresses - Empty Pressurized Condition - Ocassional Loads - Wind Case 7

. M* Ag W 747867 * 1910.09 12011
Recommended min. preload, F; =(——-—) -(——) = ( ) -( ) F; =3877 Ib.
Np * Z¢ Np 8 * 33199 8
Fi* (1 +(thd* D 3877 * (1 +(8.00 * 1.0000
Torque required, T = 1+ b)) = (1 ) T; =694 in.-Ib.
2*n *thd 2*n*8.00
Maximum bolt force, Mp; = 1.25* F; = 1.25* 3877 Mps = 4846 Ib.
Mpf 4846
Anchor bolt stress, Spo=——— = —— = Spolt = 8796 PSI
Ap 0.5510
Np * Fi W M 8 * 3877 12011 747867
Concretestress,SC=(———)+(——)+(—) =( )+( )+( ) S =45 PSI
Ac Ac Z; 1910.09 1910.09 33199
Gusset Calculations - Empty Pressurized Condition - Ocassional Loads - Wind Case 7
) Mpf 4846
Gusset buckling stress, Sgp = = Sgp = 881 PSI
2*Wg™ Ty 2 *5.5000 * 0.5000
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Top Ring Calculations - Empty Pressurized Condition - Ocassional Loads - Wind Case 7

Top Ring-gusset geometry coefficient, ki ki = 0.3500
n*(BC-ID
2* Wi * Sin( —{_—-—t}' )
Mbf 2"
R NI )] -
4% n*e
_{ = *(78.0000 - 72.0000)
2 *6.0000* snn( ]
4846 2 *6.0000
* 1A3*Ln( ) ) +(1-0.3500 M =1027 ib.
[ 4% n ] [( n*0.8125 ( ) =
, 6 * Mmax 6 * 1027 ’
Top Ring stress, S; = = S¢=6160 PSI
Tt2 1.0000?

Base Support Allowable Stresses - Empty Pressurized Condition - Ocassional Loads - Wind Case 7

Base support material yield strength, Sy Sy = 33600 PSI
Base ring allowable stress, Spz =1.2*0.6 * Sy = 1.2 0.6 * 33600 Spa = 24192 PSI
Anchor bolt allowable stress, Spolta Spolta = 16600 PSI
Concrete safe bearing load, S¢z = 0.4 * 28 day concrete strength = 0.4 * 3000.00 Sca = 1200 PSI
. 1.2 * 18000 1.2 *18000
Gusset buckling allowable stress, Sgha = = Sgba = 18451 PSI
( Hg? ) . ( 8.0000%
1500 * Tg* 1500 * 0.5000%
Top Ring allowable stress, St =1.2*0.6 * Sy = 1.2* 0.6 * 33600 Sta = 24192 PSI

Base Support Stress Ratios - Empty Pressurized Condition - Ocassional Loads - Wind Case 7

Base Ring, Rp Rp =0.115
Botting, Rpolt Rpolt = 0.530
Concrete, Rg R; =0.038
Gusset-buckling, Rgp Rgpn = 0.048
Top Plate, Ry Ry=0.255

* NOTE: Stress ratios greater than 1.0 represent overstressed conditions.
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Base Support Analysis - Empty Pressurized Condition - Sustained Loads
Total Weight of Tower as adjusted by load case combinations W =12011 Ib.

Maximum total moment at base of tower M =0 in.-lb.

Base Ring Calculations - Empty Pressurized Condition - Sustained Loads

Base ring area, Ac=(—2) *(ODp? - IDp?) = ( ) * (84.00002 - 68.00002) Ac=1910.09in2

NP

. s ODp?* - IDp* .on 84.0000* - 68.00004 .

Basenngmodulus,ZC=(—) *(———) = (—) *( ) Z: =33199in.3
32 ODy 32 84.0000

Base ring-gusset geometry coefficient, ky ky = 0.4460

. . w M 12011 0
Base ring bearing pressure, P = ( o ) + (— ) = ( ) +( ) P =6PSI

Ag Ze 1910.09 33199

Mp =ky * P * Wpo? = 0.4460 * 6 * 6.0000° My, = 101 Ib.

, 6* Mp 6* 101
Base ring stress, Sp = = Sp = 606 PSI

Tp? 1.0000?
Anchor Bolt and Concrete Stresses - Empty Pressurized Condition - Sustained Loads
. M* Ag w 0*1910.09 12011
Recommended min. preload, Fj = (-—-) - (——) = ( ) -( ) Fi=01b.
Np * Z¢ Nb 8 * 33199 8
Fi*(1+(thd*D 0*(1+(8.00*1.0000
Torque required, Tj = 171+ b) = d ) Ti=0in.-lb.
2*n*thd 2*1™*8.00
Maximum bolt force, Mps=1.25*F; = 1.25*0 Mps=0Ib.
Anchor bolt stress, S Myt 0 Spoi = 0 PSI
nchor bolt stress, =— = ———— =
bolt Ab 0.5510 bolt
Np * Fi W M 8*0 12011 0
Concretestress,sc=(———)+(—)+(——) =( )+( )+( ) Sc =6 PSI
Ac Ag Zs 1910.09 1910.09 33199
Gusset Calculations - Empty Pressurized Condition - Sustained Loads
. Mt 0
Gusset buckling stress, Sgp = B Sgp =0 PSI
2*Wg*Tq 2 *5.5000 * 0.5000
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Top Ring Calculations - Empty Pressurized Condition - Sustained Loads

Top Ring-gusset geometry coefficient, kg ki = 0.3500
*(BC - ID
Mmax=[———* ]*[(1.3*Ln( ))+(1-kt)] =
4*q n*e
[ = *(78.0000 - 72.0000)
2 *6.0000* sm( )
0 2 * 6.0000
* 1.3*Ln( )) +(1-0.3500 M =0lb.
[ 4*1':] [( m*0.8125 ( ) max
6*M 6*0
Top Ring stress, St = max = Sy =0PSI
Tt? 1.0000?

Base Support Allowable Stresses - Empty Pressurized Condition - Sustained Loads

Base support material yield strength, Sy 8y = 33600 PSI
Base ring allowable stress, Spa =1.0*0.6* Sy = 1.0*0.6 * 33600 Spa = 20160 PSI
Anchor bolt allowable stress, Spoita Spalta = 16600 PSI
Concrete safe bearing load, Sca = 0.3 * 28 day concrete strength = 0.3 * 3000.00 Sca = 900 PSI

) 1.0 * 18000 1.0 * 18000
Gusset buckling allowable stress, Sgpa = = Sgba = 15376 PSI

Hg? 8.0000%

() lrm——)
1500 * Tg? 1500 * 0.5000?

Top Ring allowable stress, St =1.0*0.6 " Sy = 1.0* 0.6 * 33600 Sia = 20160 PSI

Base Support Stress Ratios - Empty Pressurized Condition - Sustained Loads

Base Ring, Rp Ry = 0.030
Bolting, Rpolt Rpoit = 0.000
Concrete, R¢ R =0.007
Gusset-buckling, Rgp Rgp = 0.000
Top Plate, Ry R{=0.000

* NOTE: Stress ratios greater than 1.0 represent overstressed conditions.
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Customer: DELTA-T CORPORATION

Vessel Number: 7793-E4201 SKIRT

Job No: 1494F
Date Printed: 9/6/2007
Loading Summar
Type Starting Elevation| Ending Elevation Density Thickness Wind Diameter | Wind Pressure
(in.) (in.) (Ib./FtA3) (in.) (in.) (Ih./ft.2)
Liquid 160.0000 285.0000 62.4300 B - -
Insulation 160.0000 570.0000 12.0000 3.0000 - -
Wind 488.0000 570.0000 - - 52.0000 -
Wind 327.0000 488.0000 - - 38.0000 -
Wind 279.0000 327.0000 - - 52.0000 -
Wind 0.0000 279.0000 - - 78.0000 -
Attachment Summary
Attachment No. Elevation Description Attachment Weight | Horizontal Force |Attachment Moment
(in.) (Ib.) (Ib.) (in.-1b.}
1 405.0000 TUBE BUNDLE 7800.00 0 0
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Customer: DELTA-T CORPORATION
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Date Printed: 9/6/2007

Tower Analysis

Operating Pressurized Condition - Ocassional Loads - Seismic Case 5

First Period of Natural Vibration for Operating conditions: 0.2208 seconds/cycle

IBC 2003 Seismic Design Information
0.2 s Spectral Response Accel (Sg): 0.200

1 s Spectral Response Accel. (S1): 0.100 Response Modification Factor (R): 3.000
Seismic Use Group: I Site Class: D
Total seismic shear force at the base (V): 2630 Ib. 2

IBC 2003 Seismic Analysis

Segment |Segment Wi Hi Wi * Hi Segment Shear Moment Seismic
Type No. Weight Mid-Elevation Seismic Force @Top @ Bottom Stress
(Ib.) (in.) (Ft.-1b.) (1b.) (1b.) {Ft.-ib.) (PSI)
Head 1 116.52 563.0626 5467 12 0 4 0
Shell 2 929.77 523.5001 40561 92 12 351 14
Shell 3 117.86 483.5001 4749 11 105 434 18
Shell 4 969.06 442.0001 35694 81 116 1398 58
Attach 5t 7800.00 405.0000 263250 600
Shell 5 340.48 392.0001 11122 25 796 3151 130
Shell 6 680.96 353.0001 20032 46 822 6810 281
Shell 7 550.01 306.0000 14025 32 867 9902 408
Shell 8 244.83 282.0001 5753 13 899 10355 427
Cone 9 0.01 279.0001 0 0 912 10355 324
Cone 10 1906.32 271.0000 43051 98 912 11637 70
Shell 11 16718.43 215.5000 300235 684 1010 22343 160
Head 12t 2598.66 168.0000 36381 83
Skirt 12 2005.91 126.0000 21062 48 1777 34950 279
Skirt 13 2005.91 42.0000 7021 16 1825 47782 381
Total 36984.72 808404
Stress Summary
Segment |Segment Sm Sp Sp Sw Maximum Maximum
Type No. [Attachments With Internal External Weight Stress Tensile Compressive
Wind or Seismic | Pressure Stress | Pressure Stress Stress Stress
(PSI) (PSI) (PSI) (PSI) (PSS {PSl)
Head 1 0 4763 476 5 4758 -481
Shell 2 14 3163 316 29 3148 -360
Shell 3 18 3163 316 32 3148 -366
Shell 4 58 3163 316 59 3161 -433
Shell 5 130 3163 316 284 3008 -730
Shell 6 281 3163 316 303 3140 -900
Shell i 408 3163 316 318 3253 -1042
Shell 8 427 3163 316 320 3269 -1063
Cone 9 324 3746 375 390 3680 -1088
Cone 10 70 8548 855 181 8437 -1106
Shell 11 160 6463 639 167 6455 -966
Skirt 12 279 0 0 427 -148 -706
Skirt 13 381 0 0 451 -70 -833
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Date Printed: 9/6/2007

Positive values represent tensile stress, and negative values represent compressive.
Stress ratios greater than 1.0 represent overstressed conditions.
Stress Comparisons

Segment |Segment| Maximum | Allowable | Maximum | Maximum Allowable | Maximum Critical Critical

Type No. Tensile Stress Tensile |Compressiv Stress  [Compressive] Buckling Buckling
Stress Stress Ratio Stress Stress Ratio Stress Ratio
(PSI) (PS!) (PSI) (PSh (PSI)

Head 1 4758 15876 0.2997 -481 -11098 0.0434 -11200 0.0430
Shell 2 3148 15876 0.1983 -360 -12215 0.0294 -11200 0.0321
Shell 3 3148 15876 0.1983 -366 -12215 0.0300 -11200 0.0327
Sheli 4 3161 15876 0.1991 -433 -12215 0.0354 -11200 0.0386
Shell 5 3008 15876 0.1895 -730 -12215 0.0598 -11200 0.0652
Shell 6 3140 15876 0.1978 -900 -12215 0.0737 -11200 0.0803
Shell 7 3253 15876 0.2049 -1042 -12215 0.0853 -11200 0.0931
Shell 8 3269 15876 0.2059 -1063 -12215 0.0870 -11200 0.0949
Cone 9 3680 15876 0.2318 -1088 -10792 0.1008 -11200 0.0972
Cone 10 8437 15876 0.5314 -1106 -10792 0.1025 -11200 0.0987
Shell 11 6455 15876 0.4066 -966 -10340 0.0934 -11200 0.0862
Skirt 12 -148 -16086 0.0092 -706 -16086 0.0439 -16800 0.0420
Skirt 13 -70 -16086 0.0043 -833 -16086 0.0518 -16800 0.0496
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Operating Pressurized Condition - Ocassional Loads - Seismic Case 8

First Period of Natural Vibration for Operating conditions: 0.2208 seconds/cycle

IBC 2003 Seismic Design Information
0.2 s Spectral Response Accel (Sg): 0.200

1 s Spectral Response Accel. (S1): 0.100 Response Modification Factor (R): 3.000
Seismic Use Group: | Site Class: D
Total seismic shear force at the base (V): 2630 Ib.

1BC 2003 Seismic Analysis

Segment | Segment Wi Hi Wi * Hi Segment Shear Moment Seismic
Type No. Weight Mid-Elevation Seismic Force @ Top @ Bottom Stress
(Ib.) (in.) (Ft.-1b.) {Ib.) (Ib.) (Ft.-Ib.) (PSI)
Head 1 116.52 563.0626 5467 12 0 4 0
Shell 2 929.77 523.5001 40561 92 12 351 14
Shell 3 117.86 483.5001 4749 11 105 434 18
Shell 4 969.06 442.0001 35694 81 116 1398 58
Attach 5t 7800.00 405.0000 263250 600
Shell 5 340.48 392.0001 11122 25 796 3151 130
Shell 6 680.96 353.0001 20032 46 822 6810 281
Shell 7 550.01 306.0000 14025 32 867 9902 408
Shell 8 244.83 282.0001 5753 13 899 10355 427
Cone 9 0.01 279.0001 0 0 912 10355 324
Cone 10 1906.32 271.0000 43051 98 912 11637 70
Shell 11 16718.43 215.5000 300235 684 1010 22343 160
Head 12t 2598.66 168.0000 36381 83
Skirt 12 2005.91 126.0000 21062 48 1777 34950 279
Skirt 13 2005.91 42.0000 7021 16 1825 47782 381
Total 36984.72 808404
Stress Summary
Segment |Segment Sm Sp Sp Sw Maximum Maximum
Type No. [Attachments With Internal External Weight Stress Tensile Compressive
Wind or Seismic | Pressure Stress | Pressure Stress Stress Stress
(PS)) {PS]) (PSI) (PSI) {PSI) (PSI)
Head 1 0 4763 476 3 4760 -479
Shell 2 14 3163 316 16 3161 -347
Shell 3 18 3163 316 18 3163 -352
Shell 4 58 3163 316 33 3187 -406
Shell 5 130 3163 316 157 3135 -603
Shell 6 281 3163 316 168 3276 -765
Shell Z 408 3163 316 176 3395 -900
Shell 8 427 3163 316 177 3412 -920
Cone 9 324 3746 375 216 3854 -914
Cone 10 70 8548 855 100 8518 -1025
Shell 11 160 6431 639 93 6498 -891
Skirt 12 279 0 0 236 43 -515
Skirt 13 381 0 0 250 132 -631
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Positive values represent tensile stress, and negative values represent compressive.
Stress ratios greater than 1.0 represent overstressed conditions.

Stress Comparisons

Segment |Segment| Maximum | Allowable | Maximum | Maximum | Allowable Maximum Critical Critical
Type No. Tensile Stress Tensile |[Compressivel Stress [Compressive] Buckling Buckling
Stress Stress Ratio Stress Stress Ratio| Stress Ratio
(PSI) (PSI) (PShH (PSI) (PSI)
Head 1 4760 15876 0.2998 -479 -11098 0.0432 -11200 0.0428
Shell 2 3161 15876 0.1991 -347 -12215 0.0284 -11200 0.0310
Shell 3 3163 15876 0.1992 -352 -12215 0.0288 -11200 0.0314
Shell 4 3187 15876 0.2008 -406 -12215 0.0333 -11200 0.0363
Shell 5 3135 15876 0.1975 -603 -12215 0.0494 -11200 0.0539
Shell 6 3276 15876 0.2063 -765 -12215 0.0626 -11200 0.0683
Shell 7 3395 15876 0.2138 -900 -12215 0.0737 -11200 0.0804
Shell 8 3412 15876 0.2149 -920 -12215 0.0753 -11200 0.0822
Cone 9 3854 15876 0.2428 -914 -10792 0.0847 -11200 0.0816
Cone 10 8518 15876 0.5365 -1025 -10792 0.0950 -11200 0.0915
Shell 11 6498 15876 0.4093 -891 -10340 0.0862 -11200 0.0796
Skirt 12 43 10800 0.0040 -515 -16086 0.0320 -16800 0.0307
Skirt 13 132 10800 0.0122 -631 -16086 0.0392 -16800 0.0376
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Operating Pressurized Condition - Ocassional Loads - Wind Case §

IBC 2003 Wind Design Information

90 MPH Wind Exposure type: C

Basic Wind Speed (V):

Importance factor (1): 1 Force (shape) coefficient (Cs): 0.7
Gust response Factor (Gy): 0.89 Directionality Factor (Kg): 1.00
Total deflection of top of toweris:  0.0658 in.
Total deflection dist. per 100 ft heightis :  0.1393 in.
First Period of Natural Vibration for Operating conditions: 0.2208 seconds/cycle
IBC 2003 Wind Analysis
Segment |Segment| Segment |Wind Load|Projection (Kz) Wind Wind * Shear Moment Wind
Type No. Height Diameter Area Exposure|Pressure Force @ Top @ Bottom | Stress
(in.) (in.) (Sq. Ft) | Factor | {Ib./ft.>) (Ib.) (Ib.) (Ft.-1b.) (PSI)
Head 1 8.1250 52.0000 2.9340 1.08 14.0 41 0 14 1
Shell 2 71.0001 52.0000 25.6389 1.08 14.0 358 41 1314 54
Shell 3 8.9999 38.0000 2.3750 1.05 13.6 32 399 1625 67
Shell 4 74.0001 38.0000 19.5278 1.04 134 262 431 5091 210
Shell 5 25.9999 38.0000 6.8611 1.01 13.1 90 693 6690 276
Shell 6 52.0001 38.0000 13.7222 0.99 12.8 176 783 10462 431
Shell 7 42.0000 52.0000 15.1667 0.96 12.4 188 958 14145 583
Shell 8 5.9999 52.0000 2.1666 0.94 12.1 26 1146 14725 607
Cone 9 0.0001 52.0000 0.0000 0.93 12.0 0 1173 14725 461
Cone 10 16.0000 78.0000 8.6667 0.93 12.0 104 1173 16358 98
Shell 1 95.0000 78.0000 51.4583 0.92 11.9 612 1277 28888 206
Skirt 12 84.0000 78.0000 45.5000 0.85 11.0 500 1889 43856 350
Skirt 13 84.0000 78.0000 45.5000 0.85 11.0 500 2388 62322 498
Stress Summary
Segment |Segment Sm Sp Sp Sw Maximum Maximum
Type No. |Attachments With Internal External Weight Stress Tensile Compressive
Wind or Seismic | Pressure Stress | Pressure Stress Stress Stress
(PSI) (PS]) (PSI) (PSI) (PSI) (PSI)
Head 1 1 4763 476 5 4759 -482
Shell 2 54 3163 316 28 3189 -398
Shell 3 67 3163 316 31 3198 -414
Shell 4 210 3163 316 57 3315 -583
Shell 5 276 3163 316 276 3162 -868
Shell 6 431 3163 316 294 3300 -1041
Shell 7 583 3163 316 309 3437 -1208
Shell 8 607 3163 316 311 3459 -1234
Cone 9 461 3746 375 378 3828 -1213
Cone 10 98 8548 855 176 8471 -1129
Shell 11 206 6461 639 162 6504 -1008
Skirt 12 350 0 0 415 -64 -765
Skirt 13 498 0 0 438 59 -936
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Positive values represent tensile stress, and negative values represent compressive.
Stress ratios greater than 1.0 represent overstressed conditions.
Stress Comparisons

Segment |Segment| Maximum | Allowable | Maximum | Maximum | Allowable Maximum Critical Critical

Type No. Tensile Stress Tensile |Compressiv Stress |Compressive] Buckling Buckling
Stress Stress Ratio Stress Stress Ratio Stress Ratio
(PSI) (PSI) (PShH (PSI) (PSI)

Head 1 47589 15876 0.2997 -482 -11098 0.0434 -11200 0.0430
Shell 2 3189 15876 0.2008 -398 -12215 0.0326 -11200 0.0356
Shell 3 3198 15876 0.2015 -414 -12215 0.0339 -11200 0.0370
Shell 4 3315 15876 0.2088 -583 -12215 0.0478 -11200 0.0521
Shell 5 3162 15876 0.1992 -868 -12215 0.0710 -11200 0.0775
Shell 6 3300 15876 0.2078 -1041 -12215 0.0853 -11200 0.0930
Shell 7 3437 15876 0.2165. -1208 -12215 0.0989 -11200 0.1079
Shell 8 3459 15876 0.2178 -1234 -12215 0.1010 -11200 0.1102
Cone 9 3828 15876 0.2411 -1213 -10792 0.1124 -11200 0.1083
Cone 10 8471 15876 0.5336 -1129 -10792 0.1046 -11200 0.1008
Shell 11 6504 15876 0.4097 -1008 -10340 0.0975 -11200 0.0900
Skirt 12 -64 -16086 0.0040 -765 -16086 0.0475 -16800 0.0455
Skirt 13 59 10800 0.0055 -936 -16086 0.0582 -16800 0.0557
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HT/DcR Engineering, Inc.
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Date Printed: 9/6/2007

Operating Pressurized Condition - Sustained Loads

First Period of Natural Vibration for Operating conditions: 0.2208 seconds/cycle

Moment Analysis

Segment |Segment Weight Elevation Segment Shear Moment Stress
Type No. Force @ Top @ Bottom
(Ib.) (in.) (Ib.) (Ib.) (Ft.-1b.) (PSI)
Head 1 116.52 563.0626 0 0 0 0
Shell 2 929.77 523.5001 0 0 0 0
Shell 3 117.86 483.5001 0 0 0 0
Shell 4 969.06 442.0001 0 0 0 0
Attach 5t 7800.00 405.0000 0
Shell 5 340.48 392.0001 0 0 0 0
Shell 6 680.96 353.0001 0 0 0 0
Shell 7 550.01 306.0000 0 0 0 0
Shell 8 244.83 282.0001 0 0 0 0
Cone 9 0.01 279.0001 0 0 0 0
Cone 10 1906.32 271.0000 0 0 0 0
Shell 11 16718.43 215.5000 0 0 0 0
Head 12t 2598.66 168.0000 0
Skirt 12 2005.91 126.0000 0 0 0 0
Skirt ilt3; 2005.91 42.0000 0 0 0 0
Total 36984.72
| Stress Summary
Segment |Segment Sm Sp Sp Sw Maximum Maximum
Type No. [Attachments With Internal External Weight Stress Tensile Compressive
Wind or Seismic | Pressure Stress | Pressure Stress Stress Stress
(PSI) (PSI) (PSI) (PSI) (PSI) (PSI)
Head 1 0 4763 476 5 4758 -481
Shell 2 0 3163 316 28 3134 -344
Shell 3 0 3163 316 31 3131 -347
Shelt 4 0 3163 316 57 3105 -374
Shell 5 0 3163 316 276 2887 -592
Shell 6 0 3163 316 294 2868 -610
Shell 7 0 3163 316 309 2854 -625
Shell 8 0 3163 316 311 2852 -627
Cone 9 0 3746 375 378 3367 -753
Cone 10 0 8548 855 176 8372 -1031
Shell 1 0 6461 639 162 6298 -802
Skirt 12 0 0 0 415 -415 -415
Skirt 13 0 0 0 438 -438 -438
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HT/DcR Engineering, Inc.
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Date Printed: 9/6/2007

Positive values represent tensile stress, and negative values represent compressive.
Stress ratios greater than 1.0 represent overstressed conditions.

Stress Comparisons

Segment |Segment| Maximum | Aliowable | Maximum | Maximum | Allowable Maximum Critical Critical
Type No. Tensile Stress Tensile [Compressivel Stress |Compressive] Buckling Buckling
Stress Stress Ratio Stress Stress Ratio Stress Ratio
(PSI) ~_(PShH (PSl) (PSI) (PSI)
Head 1 4758 13230 0.3596 -481 -9248 0.0520 -11200 0.0429
Shell 2 3134 13230 0.2369 -344 -10179 0.0338 -11200 0.0307
Shell 3 3131 13230 0.2367 -347 -10179 0.0341 -11200 0.0310
Shell 4 3105 13230 0.2347 -374 -10179 0.0367 -11200 0.0333
Shell 5 2887 13230 0.2182 -592 -10179 0.0582 -11200 0.0529
Shell 6 2868 13230 0.2168 -610 -10179 0.0600 -11200 0.0545
Shell 7 2854 13230 0.2157 -625 -10179 0.0614 -11200 0.0558
Shell 8 2852 13230 0.2155 -627 -10179 0.0616 -11200 0.0560
Cone 9 3367 13230 0.2545 -753 -8993 0.0837 -11200 0.0672
Cone 10 8372 13230 0.6328 -1031 -8993 0.1146 -11200 0.0920
Shell 11 6298 13230 0.4760 -802 -8617 0.0930 -11200 0.0716
Skirt 12 -415 -13405 0.0309 -415 -13405 0.0309 -16800 0.0247
Skirt 13 -438 -13405 0.0327 -438 -13405 0.0327 -16800 0.0261
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HT/DcR Engineering, Inc.
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Date Printed: 9/6/2007

Empty Pressurized Condition - Ocassional Loads - Seismic Case 8

First Period of Natural Vibration for Empty Pressurized conditions: 0.1913 seconds/cycle

IBC 2003 Seismic Design Information
0.2 s Spectral Response Accel (Sg): 0.200

1 s Spectral Response Accel. (S1): 0.100 Response Modification Factor (R): 3.000
Seismic Use Group: | Site Class: D
Total seismic shear force at the base (V): 1424 \b.

IBC 2003 Seismic Analysis

Segment |Segment Wi Hi Wi * Hi Segment Shear Moment Seismic
Type No. Weight Mid-Elevation Seismic Force @ Top @ Bottom Stress
(Ib.) (in.) (Ft.-1b.) (Ib.) (Ib.) (Ft.-Ib.) (PSI)
Head 1 116.52 563.0626 5467 11 0 4 0
Shell 2 929.77 523.5001 40561 80 11 304 13
Shell 3 117.86 483.5001 4749 9 91 376 15
Shell 4 969.06 442.0001 35694 70 100 1211 50
Attach 5t 7800.00 405.0000 263250 520
Shell 5 340.48 392.0001 11122 22 690 2731 113
Shell 6 680.96 353.0001 20032 40 712 5903 243
Shell 7 550.01 306.0000 14025 28 752 8582 354
Sheil 8 78.57 282.0001 1846 4 779 8973 370
Cone 9 0.00 279.0001 0 0 783 8973 281
Cone 10 692.58 271.0000 15641 31 783 10038 60
Shell 11 3068.36 215.5000 55103 109 814 16912 121
Head 12t 662.00 168.0000 9268 18
Skirt 12 2005.91 126.0000 21062 42 941 23645 189
Skirt 13 2005.91 42.0000 7021 14 983 30571 244
Total 20017.98 504841
Stress Summary
Segment |Segment Sm Sp Sp Sw Maximum Maximum
Type No. Attachments With Internal External Weight Stress Tensile Compressive
Wind or Seismic | Pressure Stress | Pressure Stress Stress Stress
(PSI) (PSI) (PSI) (PSI) (PSI) (PSI1)
Head 1 0 4763 476 3 4760 -479
Shell 2 13 3163 316 16 3159 -345
Shell 3 15 3163 316 18 3160 -350
Shell 4 50 3163 316 33 3180 -399
Shell 5 113 3163 316 157 3118 -586
Shell 6 243 3163 316 168 3238 -727
Shell { 354 3163 316 176 3340 -846
Shell 8 370 3163 316 177 3355 -863
Cone 9 281 3746 375 216 3811 -871
Cone 10 60 8548 855 100 8508 -1015
Shell 11 121 6391 639 93 6419 -853
Skirt 12 189 0 0 122 67 -310
Skirt 13 244 0 0 135 109 -379
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HT/DcR Engineering, Inc.
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Date Printed: 9/6/2007

Positive values represent tensile stress, and negative values represent compressive.

Stress ratios greater than 1.0 represent overstressed conditions.
Stress Comparisons

Segment [Segment| Maximum | Allowable | Maximum [ Maximum Allowable | Maximum Critical Critical

Type No. Tensile Stress Tensile [Compressivel Stress [Compressive] Buckling Buckling
Stress Stress Ratio Stress Stress Ratio Stress Ratio
(PSI) (PS!) (PSh) (PSI) (PSI)

Head 1 4760 15876 0.2998 -479 -11098 0.0432 -11200 0.0428
Shell 2 3159 15876 0.1990 -345 -12215 0.0282 -11200 0.0308
Shell 3 3160 15876 0.1991 -350 -12215 0.0286 -11200 0.0312
Shell 4 3180 15876 0.2003 -399 -12215 0.0327 -11200 0.0356
Shell 5 3118 15876 0.1964 -586 -12215 0.0480 -11200 0.0523
Shell 6 3238 15876 0.2040 -727 -12215 0.0595 -11200 0.0649
Sheli 7 3340 15876 0.2104 . -846 -12215 0.0693 -11200 0.0755
Shell 8 3355 15876 0.2113 -863 -12215 0.0707 -11200 0.0771
Cone 9 3811 15876 0.2400 -871 -10792 0.0807 -11200 0.0778
Cone 10 8508 15876 0.5359 -1015 -10792 0.0941 -11200 0.0907
Shell 11 6419 15876 0.4043 -853 -10340 0.0824 -11200 0.0761
Skirt 12 67 10800 0.0062 -310 -16086 0.0193 -16800 0.0185
Skirt 13 109 10800 0.0101 -379 -16086 0.0236 -16800 0.0226
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HT/DcR Engineering, Inc.

Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Date Printed: 9/6/2007

Empty Pressurized Condition - Ocassional Loads - Wind Case 7

IBC 2003 Wind Design Information

90 MPH Wind Exposure type: C

Basic Wind Speed (V):

Importance factor (I): 1 Force (shape) coefficient (Cy): 0.7
Gust response Factor (Gy): 0.89 Directionality Factor (Kg): 1.00
Total deflection of top of toweris :  0.0658 in.
Total deflection dist. per 100 ft heightis :  0.1393 in.
First Period of Natural Vibration for Empty Pressurized conditions: 0.1913 seconds/cycle
IBC 2003 Wind Analysis
Segment |Segment| Segment |[Wind Load|Projection (Kz) Wind Wind Shear Moment Wind
Type No. Height Diameter Area Exposure|Pressure Force @ Top @ Bottom | Stress
{in.) (in.) (Sa. Ft.) Factor | (lb./ft.2) (Ib.) (Ib.) (Ft.-Ib.) (PSI)
Head 1 8.1250 52.0000 2.9340 1.08 14.0 41 0 14 1
Shell 2 71.0001 52.0000 25.6389 1.08 14.0 358 41 1314 54
Shell 3 8.9999 38.0000 2.3750 1.05 13.6 32 399 1625 67
Shell 4 74.0001 38.0000 19.5278 1.04 13.4 262 431 5091 210
Shell 5 25.9999 38.0000 6.8611 1.01 13.1 90 693 6690 276
Shell 6 52.0001 38.0000 13.7222 0.99 12.8 176 783 10462 431
Shell 7 42.0000 52.0000 15.1667 0.96 12.4 188 958 14145 583
Shell 8 5.9999 52.0000 2.1666 0.94 121 26 1146 14725 607
Cone 9 0.0001 52.0000 0.0000 0.93 12.0 0 1173 14725 461
Cone 10 16.0000 78.0000 8.6667 0.93 12.0 104 1173 16358 98
Shell 11 95.0000 78.0000 51.4583 0.92 11.9 612 1277 28888 206
Skirt 12 84.0000 78.0000 45.5000 0.85 11.0 500 1889 43856 350
Skirt 13 84.0000 78.0000 45.5000 0.85 11.0 500 2388 62322 498
Stress Summary
Segment |Segment Sm Sp Sp Sw Maximum Maximum
Type No. [Attachments With Internal External Weight Stress Tensile Compressive
Wind or Seismic | Pressure Stress | Pressure Stress Stress Stress
(PSI) (PSI) (PSl) (PSI) (PSl) (PSI)
Head 1 1 4763 476 3 4761 -480
Shell 2 54 3163 316 17 3200 -387
Shell % 67 3163 316 19 3211 -402
Shell 4 210 3163 316 34 3338 -560
Shell 5 276 3163 316 165 3273 -757
Shell 6 431 3163 316 176 3417 -924
Shell 7 583 3163 316 185 3560 -1085
Shell 8 607 3163 316 187 3583 -1110
Cone 9 461 3746 375 227 3979 -1062
Cone 10 98 8548 855 105 8541 -1059
Shell 11 206 6391 639 97 6500 -943
Skirt 12 350 0 0 128 222 -478
Skirt ilE3; 498 0 0 142 355 -640
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HT/DcR Engineering, Inc.
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Date Printed: 9/6/2007

Positive values represent tensile stress, and negative values represent compressive.
Stress ratios greater than 1.0 represent overstressed conditions.

Stress Comparisons

Segment |Segment| Maximum | Allowable | Maximum | Maximum | Allowable | Maximum Critical Critical
Type No. Tensile Stress Tensile [Compressive] Stress |[Compressivel Buckling Buckling
Stress Stress Ratio Stress Stress Ratio Stress Ratio
(PSI) (PSh (PS1} (PSI) (PSI])
Head 1 4761 15876 0.2999 -480 -11098 0.0432 -11200 0.0428
Shell 2 3200 15876 0.2016 -387 -12215 0.0317 -11200 0.0346
Shell 3 3211 15876 0.2022 -402 -12215 0.0329 -11200 0.0359
Shel} 4 3338 15876 0.2103 -560 -12215 0.0459 -11200 0.0500
Shell 5 3273 15876 0.2061 -757 -12215 0.0620 -11200 0.0676
Shell 6 3417 15876 0.2152 -924 -12215 0.0756 -11200 0.0825
Shell 7 3560 15876 0.2243 -1085 -12215 0.0888 -11200 0.0968
Shell 8 3583 15876 0.2257 -1110 -12215 0.0908 -11200 0.0991
Cone 9 3979 15876 0.2507 -1062 -10792 0.0984 -11200 0.0948
Cone 10 8541 15876 0.5380 -1059 -10792 0.0981 -11200 0.0945
Shell 11 6500 15876 0.4094 -943 -10340 0.0912 -11200 0.0842
Skirt 12 222 10800 0.0206 -478 -16086 0.0297 -16800 0.0285
Skirt 13 355 10800 0.0329 -640 -16086 0.0398 -16800 0.0381
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HT/DcR Engineering, Inc.
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Date Printed: 9/6/2007

Empty Pressurized Condition - Sustained Loads

First Period of Natural Vibration for Empty Pressurized conditions: 0.1913 seconds/cycle

Moment Analysis

Segment |Segment Weight Elevation Segment Shear Moment Stress
Type No. Force @ Top @ Bottom
{Ib.) {in.) (Ib.) (Ib.) (Ft.-lb.) (PSI)

Head i 116.52 563.0626 0 0 0 0
Shell 2 929.77 523.5001 0 0 0 0
Shell 3 117.86 483.5001 0 0 0 0
Shell 4 969.06 442.0001 0 0 0 0
Attach 5t 7800.00 405.0000 0

Shell 5 340.48 392.0001 0 0 0 0
Shell 6 680.96 353.0001 0 0 0 0
Shell 7 550.01 306.0000 0 0 0 0
Shell 8 78.57 282.0001 0 0 0 0
Cone 9 0.00 279.0001 0 0 0 0
Cone 10 692.58 271.0000 0 0 0 0
Sheli 11 3068.36 215.5000 0 0 0 0
Head 12t 662.00 168.0000 0

Skirt 12 2005.91 126.0000 0 0 0 0
Skirt 13 2005.91 42.0000 0 0 0 0
Total 20017.98

Stress Summary
Segment |Segment Sm Sp Sp Sw Maximum Maximum
Type No. [Attachments With Internal External Weight Stress Tensile Compressive
Wind or Seismic | Pressure Stress | Pressure Stress Stress Stress
(PSl) (PSh) (PSI) (PSh (PSI) (PSI)

Head 1 0 4763 476 3 4760 -479
Shell 2 0 3163 316 17 3146 -333
Shell 3] 0 3163 316 19 3144 -335
Shell 4 0 3163 316 34 3128 -351
Shell 5 0 3163 316 165 2997 -482
Shell 6 0 3163 316 176 2986 -493
Shell 7 0 3163 316 185 2977 -502
Shell 8 0 3163 316 187 2976 -503
Cone 9 0 3746 375 227 3519 -602
Cone 10 0 8548 855 105 8443 -960
Shell 11 0 6391 639 97 6294 -737
Skirt 12 0 0 0 128 -128 -128
Skirt 13 0 0 0 142 -142 -142
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HT/DcR Engineering, Inc.
Job No: 1494F Vessel Number: 7793-E4201 SKIRT

Date Printed: 9/6/2007

Positive values represent tensile stress, and negative values represent compressive.
Stress ratios greater than 1.0 represent overstressed conditions.

Stress Comparisons

Segment |Segment| Maximum | Allowable | Maximum | Maximum | Allowable | Maximum Critical Critical

Type No. Tensile Stress Tensile |Compressiv Stress  [Compressive] Buckling Buckling
Stress Stress Ratio Stress Stress Ratio Stress Ratio
(PSI) (PSI) (PSI) (PSI) (PSI)

Head 1 4760 13230 0.3598 -479 -9248 0.0518 -11200 0.0428
Shell 2 3146 13230 0.2378 -333 -10179 0.0327 -11200 0.0297
Shell 3 3144 13230 0.2376 -335 -10179 0.0329 -11200 0.0299
Shell 4 3128 13230 0.2364 -351 -10179 0.0344 -11200 0.0313
Shell 5 2997 13230 0.2265 -482 -10179 0.0473 -11200 0.0430
Shell 6 2986 13230 0.2257 -493 -10179 0.0484 -11200 0.0440
Shell 7 2977 13230 0.2250 -502 -10179 0.0493 -11200 0.0448
Shell 8 2976 13230 0.2249 -503 -10179 0.0494 -11200 0.0449
Cone 9 3519 13230 0.2660 -602 -8993 0.0669 -11200 0.0537
Cone 10 8443 13230 0.6381 -960 -8993 0.1068 -11200 0.0857
Shell 11 6294 13230 0.4757 -737 -8617 0.0855 -11200 0.0658
Skirt 12 -128 -13405 0.0096 -128 -13405 0.0096 -16800 0.0076
Skirt 13 -142 -13405 0.0106 -142 -13405 0.0106 -16800 0.0085
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HT/DcR Engineering, Inc.

Customer: DELTA-T CORPORATION
Job No: 1494F

Date Printed: 9/6/2007

Vessel Number: 7793-E4201 SKIRT

Summary Information

Dry Weight Flooded Weight
Shell 5627.33 Ib. 27060.21 Ib.
Head 628.77 Ib. 2754.05 Ib.
Conical Reducer 597.36 Ib. 1810.42 Ib.
Skirt 4011.82 Ib. 4011.82 Ib.
Totals 10865.28 Ib. 35636.50 Ib.
Volume
Shell 2565.57 Gal.
Head 254.83 Gal.
Conical Reducer 145.45 Gal.
Totals 2965.85 Gal.
Area
Shell 344.70 Sq. Ft.
Head 49.92 Sq. Ft.
Conical Reducer 29.06 Sq. Ft.
Skirt 263.89 Sq. Ft.
Totals 687.57 Sq. Ft.
Hydrostatic Test Information (UG-99)
Gauge at Top
Component with controlling ratio is : VAPOR BODY SHELL
Component with controlling pressure is : VAPOR BODY SHELL
Cold Stress 20000
Calculated Test Pressure =P * 1.3 * ——— =150.00*1.3* = 206.35 PSI
Hot Stress 18900
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Heat Exchanger Mechanical Design

Prtaeriied T A"

Teams 2006 Page 1

File: E-4201 FINAL small flange.BJT
Bill of Materials - Finished dimensions

Date: 9/5/2007 Time: 5:24:38 PM

Num

1

2
3
—~—p 5
8
9
11
12
-2 17
18
31
32
38
39

40
41

41
61
62
— 63
81
82
—333
101
102
115
116

122

Part

Name

Shell Cylinder

Fr Hd Cylinder

Re Hd Cylinder

Fr Hd Cover Ellip.
Re Hd Cover Ellip.
Shell Lift Lugs
Front TubSh

Rear TubSh

Fr Hd Fing TubSh
Re Hd Fing TubSh
Fr Hd Gskt TubSh
Re Hd Gskt TubSh
Tubes (avg wall)
Baffles

Tie Rods
Spacers

Spacers

Nozzle A

Nozzle B

Nozzle C

Nozzle FIng A Siip On
Nozzle Fing B Slip On
Nozzle Fing C Slip On
Fr Hd Blts TubSh

Re Hd Blts TubSh
Distrib. Belt A

Distrib. Belt B

Dist.Belt An.Rng

Material

SA-516 K02700 Grd
Plate

SA-240 830400 Grd
Plate
SA-240 530400 Grd
Plate
SA-240 S30400 Grd
Plate

SA-240 830400 Grd
Plate

SA-285 K02801 Grd C 3

Plate

SA-240 S30400 Grd
Plate

SA-240 $30400 Grd
Plate

SA-240 530400 Grd
Plate

SA-240 S30400 Grd
Plate

Solid Teflon 1/8in
Thickness

Solid Teflon 1/8in
Thickness

SA-249 S30400 Grd
Wid. t

SA-36 K02600 Plate

SA-36 Bar

SA-214 K01807 Wid.

tube

SA-214 K01807 Wid.

tube

SA-53 K03005 Grd
WId. pipe

SA-53 K03005 Grd
Wid. pipe

SA-312 830400 Grd
wid. p

SA-105 K03504
Forgings

SA-105 K03504
Forgings

SA-182 $30400 Grd
Forging

SA-193 G41400 Grd
Bolt(<= 2

SA-193 G41400 Grd
Bolt(<= 2

SA-516 K02700 Grd
Plate

SA-516 K02700 Grd
Plate

SA-516 K02700 Grd
Plate

Dimensions — — Cost —
Qty Dimi Dim2 Thk. Weight Labor Total
in in in Ibf  Dollar(USPoliar(US)
1 32 od 236.625lg 0.375 2526 869 1992
1 32 od 27.25 g 0.25 196 107 6N
1 32 od 350 g 0.3125 3149 999 9016
1 32 od 2 sf 0.25 125 0 936
1 32 od 2 sf 0.3125 150 0 1052
6.375 od 0 0.75 9 0 4
1 356.25 od 0 1.75 306 2293 3785
1 35,5 od 0 1.75 313 2298 3811
1 35.25 od 32125 id 1.4375 66 172 1478
1 355 od 32.125id 1.1875 59 164 1299
1 33 od 32 id 0.125 0 60 320
1 33.25 od 32.25 id 0.125 0 60 324
821 0.75 od 240 Ig 0.049 6105 1100 14503
16 31.06250d 0 0.3125 309 6829 7324
22 0.5 od 209.5 Ig 0 256 192 287
294 0.75 od 25.25 Ig 0.109 568 181 560
30 0.75 od 12.625 {g 0.109 0 0 0
1 24 od 6 g 0.6875 86 115 175
1 20 od 6 g 0.375 39 85 113
1 18 od 8 g 0.375 36 77 396
1 150 AN 24 di 0 182 0 287
1 150 AN 20 di 0 131 0 206
1 150 AN 18 di 0 104 0 953
24 05 od 55 g 0 7 0 18
24 0.5 od 5 g 0 7 0 17
1 44  od 29 sf 0.5 920 1411 2007
1 44  od 345 of 0.5 1053 1411 2067
4 44 0 0.625 0 0 0



118 Petrerspart 3

LIFTING LUG

X
-

0 —

E- VESSEL D T R H | L [wewp|
R WEIGHT (IN) (IN) (IN) (IN) (IN) (Min)
(LBS) ;

el 12,000 1 va 1 5 o | §_

20,000 1% % 2 6 | 10 | £2

30,000 1% l 2% 6 10 8 2

50,000 1% 1V 24 7 12 ek

70,000 2k Vi 3% 8 12

100,000 2% 1% 4'A 9 16 g .

150,000 3 1% 5 10 16 5 T

200,000 4 2 6 12 18 | AaX

3 250,000 1y 2 6V 13 TR
bt 300,000 4 2%4 7 14 | 20
: Notes: '

I. All dimensions are in inches
2. The design is based on conditions:
a. o« = 45° minimum
b. Minimum tensile strength of lug matetial 70,000 psi.
c. Direction of force is in the plane of lugs.
3. Use wear plate if necessary to eliminate buckling due to normal or sudden
loading.




