
UOP RUSSELL LLC
Tulsa, Oklahoma

1/17/2019, 7:49 AM,  Form-PRS-VES

JOB NO: TAG NO: DATE:
CLIENT: S.O./P.O. NO: BY:
SUBJECT: SERVICE:

   Type (vertical, horizontal, tower) Operating Pressure  (psia)
Diameter: (inch) Operating Temperature (°F)
S/S Length (ft-inch) Vapor Flow (Lb/Hr)
Skirt Length(ft-inch) Vapor Density (Lb/cf)

Design Pressure (psig) Liquid Flow (Lb/Hr)
Design Temperature (°F) Liquid Density (Lb/cf)

MDMT (°F) @ Pressure (psig) Liquid Residence Time (Min)
Corrosion Allowance (inch)

Radiography Yes 24
PWHT Req'd? 8 6''

Wind / Seismic Code No CS
Wind Code 0.011 316SS

Seismic Code
Insulation Shell SA-
Fireproof Head SA-

Code Nozzle Necks SA-
Code Stamp Req'd Flanges SA-

Sandblast / Paint Couplings SA-
Ladder / Platform Clips Req'd? Studs SA-

Pipe Supports Req'd? Nuts SA-
Skirt / Baseplate SA-

MK QTY
A 1
B 1
C 1
D 2
E 1
F 2
G 1
H 2

PACKING Size (in.) Quantity DOME BOOT
Top Access: (deg)
Middle Stepoff: (deg)
Bottom Other: (Sq.Ft.)

Quantity

NOTES:

JRG 11/29/10 JRG 7/14/2011 BH 11/21/11 KLS 9/18/2017 Qty Catalyst bed Supports:

Mesh Matl:

A

RFQ

1

Revised

0

Purchase

Charcoal Bed Height (ft):2

Revised

No. of Passes

ISSUED FOR

CPLG
30001.5'' Plugged

RT-2

Site D, I=1.25, SS=100% , S1=40%
Cf=0.7, V=120 mph, Exp. C, Cat. III

Grid Matl:

Req'd : 
Overall Thk:
Removable:

syphon
RF FLG

REVISION
ENGINEER/DATE

INTERNALS AND APPURTENANCES

Platepack Length (inch):

FACE & TYPESIZE RATING

150
4" 150

NOZZLE APPURTENANCES
diverter

0.0625

No
ASCE 7-10 / ASCE 7-10

Vertical

6'-0"

265

24" OD

1"-0"

150
-20 @ 265

60 MMscfd Cryo RSV Plant

V-481

PRESSURE VESSELS
PROCESS DESIGN

11/29/2010
JRG

Fuel Gas Scrubber

100

TRJ-488

MECHANICAL DESIGN

Yes
ASME VIII, Div I

Note 2
No

106B
516-70
106B

105

105
3,500

0.2768
----

MIST PAD

   MATERIAL SPECIFICATIONS
Wire Diameter:

Diameter:
Pad Thk:

105

RF FLG

193-B7
194-2H

NOZZLES
SERVICE

Inlet

No
No

----
NA

106-B/516-70

Liquid Outlet CPLG6000
Vapor Outlet /  Inspection 4.''

1.''

SSPC-SP6 / TRCo Std ENG-36c (Note 3)

Qty of Hat Trays:
Qty Break Flg Pairs:

CPLG

CPLG
CPLG

Inspection

6000
6000

LG
TI

Yes

Weir Plate: No
Wave Baffle: No

Nat'l Board Req'd:

with flanges
Length (in):

Diameter (in):

LSHH 6000
30002.''

.75''

.75''
1.''

2) Electric heat trace w/ 1" H to NLL
3) Use TRCo Paint System 3 with a Top Coat

Total Ladder Length (ft):

PLATFORMSType

1) See scope of supply for oversizing mist pads.

LC (future)

TRAYS

Bed Height (ft.)

Weldins by:

CPLG

Angle / Area
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UOP RUSSELL, LLC
Tulsa, Oklahoma

1/17/2019, 7:49 AM

MIST ELIMINATOR SPECIFICATION

   Job Number TRJ-488 Spec. No.: ME-
Spec. By:

   Vessel Tag V-481 Checked By:
Date: 11/29/2010

   Mistpad Installed Diameter: 24 inches

   Mesh Thickness: 6 inches

   Mesh Material: 316SS

   Density Required: 12 lbs/cf

   Wire Diameter: 0.011 inches

   Grid Material: CS

   Grid Diameter: 22.5 inches

   Mistpad Overall Thickness: 8 inches

   Oversize mesh (on all sides): 0.375 inch

   Manway I.D.: 17 inches

   Number of Segments: 4

   Removeable (Yes / No): No

No. of segments Oversize (all sides of each sections)
1 or 2 1/2"
3 or 4 3/8"
More than 4 1/4"

Note 2: Grid diameter shall be 1-1/2" less than the installed diameter shown above.
Note 3: OD of each grid section shall be banded.

FORM #  MST-ELM

REVISION
ENGINEER/DATE

ISSUED FOR

Note 1: Oversized diameter of Mist Extractor shall allow the vessel to be shipped horizontally with the 
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LEWIS INDUSTRIES CORPORATION
816 N. 5TH STREET, COLLINSVILLE, OKLA. 74021

Date Printed: 02/28/18

GUSTOWIER

UOP Russell LLC

7050 South Yale, Ste. 210

Tulsa, Oklahoma 74136

VESSEL LOCATION
UOP Russell LLC

7050 South Yale, Ste 210

Tulsa, Oklahoma 74136

VESSEL DESCRIPTION

24" O.D. X 6'-0" SM/SM VERT. FUEL GAS SCRUBBER

Vessel designed per the ASME Boiler & Pressure Vessel Code,
Section VIII Division 1, 2015 Edition

Vessel is ASME Code Stamped

Job No:

185215

Vessel Number:

TAG #V-481

Purchase Order No.:

4500827189

NAMEPLATE INFORMATION

MAWP: 265 PSI at 150 Peg. F
MDMT -20 Peg. F at 265 PSi
Serial Number(s): 185215

National Board Number(st: 2992

Radiography: RT-2

Postweid Heat Treated: NO
Construction Types: W

Signatures

Quality Control Mgr:. Date: ̂  I §' //

Authorized Inspector: Date. 1 1
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1. U1A
2. Traveler
3. Heat Map
4. Weld Map
5. X-Ray Map
6. Inspection Report
7. Hydrostatic Test Report
8. Name Plate
9. Inspection Test Plan/Release

10. Material Test Reports
11. Design Calculations
12. Drawings

TABLE OF CONTENTS

LEWIS INDUSTRIES

V-481
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National Board Number:
2992

Mfr. Representative: _

Authorized Inspector:.

_Date:

_Date: T'

F0RMU-1A MANUFACTURER'S DATA REPORT FOR PRESSURE VESSELS
,AI«,nrr, Fo-for Singl.Ch.n.b.,,Comple«lvShop or 1

As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VIU, uiv
,  , 1 Irrd, ,«trie<= r.nrnoratlon. 816 North 5th Street, Collinsville, Oklahoma 74021

1. Manufactured and certified by

(Name and address of Manufacturer)

UOP Russell LLC, 7050 South Yale, Ste. #210, Tulsa, Oklahoma 74136
2. Manufactured for (Name and address of Purchaser)

^  Unknown
3. Location of installation

Vertical Tank 185215
4. Type (Horizontal or vertical, tank) (Manufacturer's serial number) (CRN)

'  (Name and address)

SG6-307 A & B

(Drawing number)

2992 2018

(National Board number) (Year built)

5. ASME Code, Section VIII, DIv. 1 [Edition and Addenda, if applicable (date)!

r^7?i .0625

(Code Case number)

24" O.D.

[Special service per UG-120(d)l

6'-0"
SA-106-B [Length (overall)]

(Inner diameter]6. Shell (Corr. allow.)(Nominal thickness)(Material spec, number, grade)

Bodv Flanges on Shells
Boltina

Washer
Washer MaterialBolting Material (OD, ID, thk)Num &SizeLocationHow AttachedMaterialMin Hub ThkFlange Thk

TYPE1

(H.T.temp.) (Time, hr) (Girth (welded, dbl., sngl., lap, butt)) (Eff.. %) (No. of courses)SMLS
7. Seams

[Long, (welded, dbi., sngl., lap, butt)) (R.T. (spot or full)] (Eff., %)
SA-516-70

SA-516-70 (b) Material (Spec, no., grade]8. Heads: (a) Material (Spec, no., grade)
Side to Pressure

(Convex or Concave)
Flat

Diameter

Hemispherical

Radius

Conical

Apex Angle
Elliptical

Ratio

Knuckle

Radius

Crowr

Radius

Corrosion

Allowance

Minimum

Thickness

Location (Top,

Bottom, Ends) Concave

Concave

Bottonn

Body Flanges on Heads
Bolting

Washer
Washer MaterialBolting Material (OD, ID, thk)Num & SizeHow AttachedMaterialMin Hub ThkFlange Thk

Location

at max. temp.
9. MAWP

(Internal)

Min. design metal temp.

Proof test 1

-20 at

(External)

265

(Internal)

. Hydro., pneu., or comb, test pressure

(External)

HYDRO 345

10. Nozzles, inspection, and safety valve openings
Purpose

(Inlet, Outlet,
Drain, etc.)

Inlet

Outlet

Connection

Connections

Connections

Connections

No.

1

Diameter

or Size

4"

1 1/2"

1"

3/4"

Type

RFWN

RFWN

CPLG

GPLG

CPLG

CPLG

Material

Nozzle

SA-106-B

SA-106-B

Flange

SA-105

SA-105

SA-105

SA-105

SA-105

SA-105

Nozzie Thickness

Nom.

.337

.337

GL3000

CL3000

CL6000

CL6000

Corr.

.0625

.0625

.0625

.0625

.0625

.0625

Reinforcement

Material

Attachment Details

Nozzie

UW16.1(c)

UWI 6.1(c)

UW16.1(y)

UW16.1(y)

UW16.1(y)

UW16.1(y)

Flange

Type 1

Type 1

Location

(insp. Open.)

Shell

Head (a)

Shell

Shell

Shell

Shell

Yes Lugs Legs Other Attached
Bottom Head-Welded

11 Ciinnriil-c- Skirt Luas " Legs 1 Utner — — IWhere and how)
(Yes or no) (Number) (Number) rnmmissioned Inspectors have been furnished for the following

12. Remarks: Manufacturer's Partial Data Reports properly identified and signed by Commissioned Inspectors ha
Items of the report:

(Name of part, item number. Manufacturer's name and identifying stamp) .c/htr-Zt
SAFETY VALVE(S) SUPPLIED BY OTHERS PER UG-125(a), IMPACT TESTING EXEMPT PER UCS-66(h)(3)

(04/14)
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National Board Number: .

Mfr. Representative:

Authorized Inspector:

2992

lie
_Date: 3
_Date: 3 (-( ̂

FORM U-1A (Back)

CERTIFICATE OF SHOP/FIELD COMPLIANCE

expires

Date -2

24,989

Co. name Lewis Industries Corporation
(Manufacturer)

Signed
I Rortroo/int"^fI»*rt\

Vessel constructed by
CERTIFICATE OF SHOP/FIELD INSPECTION

Lewis industries Corporation gj
Coiiinsville, Oklahoma, th. u»d.r.lgneA holdigg . g.iid Issued b, th. N..lob.l Board o, Boll.r and Prsssor. V..,.| ;„.„.o,o,s ,„d s„„,o,od bv

OneCIS insurance Company
have inspected the component described in this Manufacturer's Data Report on 3 •

VESSEL CODE^SectTrl^vrDill'ior^^^ By s'iln'injth"'^' has constructed this pressure vessel in accordance with ASME BOILER AND PRESSURE
Implied, concerning the pressure vessel Lcribed in'this M 7' n' ®"iPlover makes any warranty, expressed or
shall be liable In any manner for any "Inal i^^^ or furthermore, neither the Inspector nor his/her employer
D„. Sidbod co„„.«d wjb ,bla l„ap.„,„„.

(Authorized InspectorT"
[National Board (Incl. endorsements)]

(04/14)
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Job No.: 185215

Serial No.: 185215

National Board No.:

Lewis Industries Corporation
Coiiinsviiie, OK

ITP I TRAVELER

.24" P.P. X 6'-0" s^/SM Hydro Press:_345 PSl

PWHT: N/A

Dimensions:

RT.: 2

2992 MAWP:
265 Other NDE:

A. 1. Inspection
A. I. Review Y>-

Date

Customer

Inspector

Q. C.
Initial/Date

A.

Initial/Date

1. Design Calculations

4. Operator QuajjfiedjWPQ) (WPQ).
_5^ : ^
6. Longitudinal Joint Fit-up—
7. Tack Welds

a Out of Roundness
9. Piatp> fnr Conformity.t;. riaic; lui ^

10. Circumferential Joint Fit-up
■\ -j I ayni it Priop to Cuttlnq
1?. Internal Welding
13. No. 1 H(^ad to Shell Fit-up
•^4 r|r^cinq Hpad Fit-up-up
15 Nozzle/Oniiplina Fit-up
16.lU. —

17. Lonqitudinal Weld Seams
18 ,
19. Circumferential Weld Seams

91 Radiographs KXSl
22. Radiographs of Repaired Areas
23. Nnzzle/Coiiplina Welds
24. Air Test Repads,Mil I cat —

25. NDE <'OtherTh^n Radiography)
26
97. Post Weld Heat Treatment

99. Miirlestfeiorti/Certi^^
—Tl TT I -T^rs^30. Hydrostatic Test
31. Code Stamping - Nameplate
32. Nameplate Attached to Vesseljz. iNamcuiai.^ — -

33. Manufacturer's Data Report Signed
34. Vessel File Compiled

9.r/ 3:±K

7.2-/^

7-ZHil

msibii-

dl-JH
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YSPp?.^7/<?9

iieu; QTY DESCRIPTION COMMENTS MATERIAL WEIGHT HEATf
1 2 2:1 EUIP. HEAD 24" O.D. (0.3125" WIN. THK.) WITH 2" Sf HEAD /I 4 /2 SA-516-70 188

2 1 PIPE, 24' SID. (0.375"THK.) x 6'-0" LG. DExBE SHELL SA-IOG-B 570

3 1 PIPE. 24' STO. SMLS. (0.375" THK.) x 8 1/8' LG. PBE SKIRT SA-I06-B 65 L/i 7(^.3 7
4 1 PUTE. 3/8" THK. * 32" O.D. x 21" I.D. W/(4) 7/0" OIA. HOLES x 20 1/2' DIA 8.C. BASE RING SA-516-70 48 '7^773Y-S>

EQUALLY SPACED k STRADDLE NORUAL CEHTERLIHES

5 1 TLANGE, 4" RFWN 150/
A SA-105 16

6 1 fUNGE, 4' RFWN 150/
0 SA-105 IG

7 2 CPLG, I 1/2" 3000/ TOE x 3" LG. HI,H2 .  SA-105 4

8 2 PLUG, 1 1/2" SOUO THRO., ROUND HEAD KI,H2 SA-105 2

9 3 CPLG, r 6000/ TOE x 3" LG. ^ ̂  "7^
C.FI.F2 SA-105 3 J- 7//:>A/T'

10 1 CPLG, 2° 3000/ TOE x 3 3/8' LG. G SA-105 3 J-d. Trr
li 1 PLUG. 2' SOUO THRO., ROUND HEAD

G SA-105 2  , '
12 3 CPLG, 3/4" 6000/ TOE x 3' LG. E,D1,D2 SAtIOS . 3 ' /i dsS
13 2 rUT BAR. 3/8" THK. x 1 1/2" WD. x I'-Il 1/8" LG. MIST PAD SA-36 7

U 4 FLAT BAR, 3/8" THK. x 1 1/2' WD. x 1-4 3/4" LG. WIST PAD 5A-36 II n
15 1 PIPE. SWLS, 4" XS X 6 1/8" LG. BE x PE A SA-lG6-a 8

16 1 PIPE. SULS. 4" XS X 5 3/4"LG. EE x PE a SA-106-9 7 ' /Ayy
17 1 WIRE WESH PAD, 12 PCF. .Oil' WIRE, 6' THK. x 23 1/4' O.D., W/l" GRID (CS) MIST PAD 316SS 24

IS 1 W6xI5 X 4 1/2" LG. (CUT PER DETAIL) NAMEPUTE SA-36 •  3

19 1 PUTE, 1/2" THK. X 8 1/2" WD. x 8 7/8" LG. (CUT PER OQAIL "A") OIVERTER SA-516-70 ri mm f7~£i^
20 1 ANGLE. 6' X 6" X 1/2" x 7 1/2" LG. DIVERTER SA-36 25 /'V
21 2 PIPE. 3/4" XH X 7 3/8" LG. UBE ^ DIVERTER SA-l05-a 7J:
22 1 PIPE, r S/80 X \'-r LG. PExMITER (45 DEC) (BEND PER DETAIL "0") C (SIPHON) 1 SA-106-8 1 5

A .

?/p//0
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n^/>2j

HEAT MAP

Lie #185215

OOP TAG #V-48^
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3

5

WELD MAP

Lie #185215

OOP TAG #V-481

zf/l/ ̂ //^//^
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1

ni

X - R AY MAP

Lie jyi85215

UOP TAG 'ffV-481

Skid
 2 

rel
oc

ate
d f

rom
 

UOPR Jo
b 4

88
 to

 44
7



American Piping Inspection, Inc.
17110 East Pine

Tulsa, Oklahoma 74116

(918) 234-6300 FAX (918) 234-6301

TECHNIQUE / INSPECTION REPORT

DATE

AB - ARC BURN

AI - ALIGNED INDICATION

BT - BURN THROUGH

CON - CONCAVITY

CRACK - CRACK

i-

- i/-¥s'/ uom
/

CUSTOMER DATA

NAME rS

ADDRRSS

PHONE ATTN:

WO.# PO #

JOB LOCATION

DESCRIPTION
UKTmiALn/>
TYPE:

DEFECT CODE

HB - HOLLOW BEAD

IF - INADEQUATE FUSION
IP - INCOMPLETE PENETRATION

MA-MISALIGNMENT

PGR-POROSITY

SLI - SLAG INCLUSION

SLL - SLAG LINE

SURF - SURFACE INDICATION

UCE - UNDERCUT EXTERNAL

UCI - UNDERCUT INTERNAL

ABBREVIATED TERMS

SOD = SOURCE TO OBJECT DISTANCE
OFD = SOURCE SIDE OF OBJECT TO FILM DISTANCE
OD = OUTER DIAMETER REP = REPAIR RET = RETAKE

WT = WELD THICKNESS RES = RESHOOT

WR = WELD REINFORCEMENT BM = BASE MATERIAL

WELD/FILM
NUMBER

JOB NUMBER OD BM WR WT WITHIN STD'S #

FILM

FILM

SIZE/MFC/TYPE

SOD OFD IQI #

EXP

DEFECT LOCATION

YES NO

1  i-x Lc- vg '/i ) W iyL% \o '/< h 1
2

3

4

5

6

7

8

9

10

11

12

1.3

14

15

16

17

18

19

20

21

22

23

24

25
j
f

26 m
X]

27 X //}( /f
28 /yjl'
29 jf/hl KJ

30

DENSITYDEV. TEMPNO. CURI DEV.TiME

S'oo
METMOD SOURCE SIZE DIAG

/^o
ISOTOPE ^ ^

^/l MX
S. WALLFILM/

CASSE

EXPOSURENO. OP

WELDS

FT. LONG

SEAMS

NO. OFSTANDARDS PERDIEM

Uu)-<a BITWALLV EWING

M LEAGETOTALASST

HOURS

TRAVELTRUCK NO. /

SHOP

REPORT NO.

OF

PAGE NO. TECH.

HOURS HOURSHOURS

ASNT LEVELASST. NAMEF LM NTERPRETER

,-A^^J£VELNDT TECHNICCOMPANY REPRESENTATIVE

SIGNATURE CERTIFIES TIME & MATERIALS CORRECT SIGNATURE

Rev. 5/08

AMERICAN PIPING INSPECTION, INC. ASSUMES NO RESPONSIBILITY
FOR LOSSES OF ANY KIND DUE TO INTERPRETATION

242666
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lEms INDUSTRIES CORPORATION
816N. ̂ STREET
COLLINSVILLE, OKLAHOMA 74021 (918)371-2596

HYDROSTA TIC TEST CERTIFICA TLON

This Vessel Was hydrostatic tested with satisfactory results in accordance
with the A.S.M.E. Code, Section Viii, Division 1, paragraph UG-99.

JOB NUMBER:

ITEM NUMBER: 24" o.D. x 6'-0" ayi/avi vert, fuel gas scrubber tag #v-48l
J-488

UOP RUSSELL LLC/HOSIEYWELLCUSTOMER:

PURCHASE ORDER NUMBER: 4500827189

MAX. ALLOW. WORKING PRESS.:

SHELL SIDE:

TUBESIDE:

TESTPRESSURE:

SHELL SIDE:

TUBESIDE:

HOLDING TIME

265

345

OSIE (1)

TEST GAUGE SERIAL NUMBER L600-1

SPECIAL INSTRUCTIONS: wrm chart

P.S.I.

P.S.i.

P.S.L

P.S.L

HR(S)

600#

Quality ControlManager:

Authorized Inspector:

Customer Inspector:

Date

D.Colvin
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Cj^3|fl^9Q^p/to7fl^Qif4it5X4-03CPLG /
1125 Capitol Avenue
Crowley, LA 70526 CapProdUCtS

Commanding a Higher Siandard,,, ^Certified^Mill^^
Printed: 7/26/2017

Customer

LEE SUPPLY CO

PC BOX 1475

TULSA, OK 7410!

Certified; 05/23/2016

P.O. 17-4104-DS Heat No 166223

Tag Heat Code 74SQ
Phoenix Order # 1300312

Material ASTM AI05-20I4 / ASME SA105-2015 Edition

Part Number

12202015TOE.4L

Chemical Properties

Description

1-1/2" 3M CPLG TOE 4"L0NG

c Mn P s Si Cu Ni Cr C Eq, Long

0.2100 0.9100 0.0070 0.0210 0,2100 0.1700 0.0740 0.1240 0.4143

Mo V Co Al Cb N Pb Sn Ta Ti

0.0230 0.0350 0.0030 0.0003

Additional Chemical Properties

Cr + Cu+ Ni

0.3680

Mechanical Properties

Tensile (PSI) Yield (PSI) Elong. % in 2 in. or 4D Rof A new HBW2

84,700 59,300 26.0% 50.0% 162 162

Charpy Minimum Impact - ft/lbs

Test 1 Test 2 Test 3 Average Test Temp.

N/A N/A N/A N./A N/A

We hereby certify that these parts were manufactured, sampled, tested, and inspected in accordance with the product
specifications stated and were found to meet the requirements.
We further certify that this material was inspected using independent inspectors conforming to the requirements of EN 10204
3.1. These products meet the requirements of the latest editions of N.ACE MR0175, NACE MR0103, and ISO 15156. No weld
repair has been performed on these products. This material was not exposed to mercury or any other metal alloy that is liquid at
ambient temperatures during processing or while in our possession.

Meets ASME SA-181-70 2013 Edition. Manufactured in the USA.

Please purchase PDFStamp Command Line product to remove this watermarl^
nttp://w ww ■ very par xom

) fhttp://vww.vervodf.comf
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Crowley, LA 70526 CapProducts

6'ommanding a Higher Standard,:, Certified Mill Test Report |
Printed: 11/1/2017

Customer

LEE SUPPLY CO

PC BOX 1475

TULSA, OK 74101

Certified: 09/27/2017

P.O. 17-6206 DS

Tag
Heat No 177321

Heat Code 76HF

Phoenix Order # 1324355
Material ASTM A105-2014/ASME SA105-2015 Edition

Part Number

12203515

Chemical Properties

Description

1-1/2" FS RD HDPLUG

c Mn P s Si Cu Ni Cr C Eq. Long

0.2200 0.9400 0.0070 0.0220 0.2100 0.1700 0.0620 0,1000 0.4235

Mo V Co Al Cb N Pb Sn Ta Ti

0.0190 0.0380 0.0020 0.000.3

Additional Chemical Properties

Cr + Cu + Ni

0.3320

Mechanical Properties

Tensile (PSl) Yield (PSI) Elong. % in 2 in. or 4D Rof A HBW HBW2

84,900 62,700 25.0% 49.0% 165 0

Charpy Minimum Impact - ft/lbs

Test 1 Test 2 Test 3 Average Test Temp.

N/A N/A N/A N/A N/A

We hereby certify that these parts were manufactured, sampled, tested, and inspected in accordance with the product
specifications stated and were found to meet the requirements.
We further certify that this material was inspected using independent inspectors conforming to the requirements of EN 10204
3.1. These products meet the requirements of the latest editions ofNACE MR0175, NACE MR0I03, and ISO 15156. No weld
repair has been performed on these products. This material was not exposed to mercury or any other metal alloy that is liquid at
ambient temperatures during processing or while in our possession.

Meets ASME SA-181-70 2013 Edition. Manufactured in the USA.

Please purchase PDFStamp Command Line product to remove this watermark./)
hD (http://wiw.vervpdf.comt ttp ://w w w. very pdf. com
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/ if?fi3^6oe9(j,«ap«qgyaco
Crowley, LA 70526 CapPrOClUCtS

• Commanding a Higher Standards jCertifiedJJ^^
Printed: 4/19/2017

Customer

LEE SUPPLY CO

POBOX 1475

TULSA, OK 74101

Certified: 06/14/2016

P.O. 17-2169-DS

Tag
Heat No 155770

Heat Code 74MJ

Phoenix Order # 127^79
Material ASTM A105-2014 / ASME SA105-2015 Edition

Part Number

12302010.3-3/8L

Chemical Properties

Description

1 •' 6M THRD CPLG 3-3/8"LONG TOE

c Mn P s Si Cu Ni Cr C Eq. Long

0.2100 0.9400 0.0060 0.0310 0.2300 0.1800 0.0680 0.1130 0.4174

Mo V Co Al Cb N Pb Sn Ta Ti

0.0220 0.0360 0.0030 0.0040

Additional Chemical Properties

Cr + Cu + Ni

0.3610

Mechanical Properties

Tensile (PSl) Yield (PSi) Elong. % in 2 in. or 4D Rof A HBW HBW2

83,200 55,700 25.0% 47,0% 169 169

Charpy Minimum Impact - ft/lbs

Test 1 Test 2 Test 3 Average Test Temp.

N/A N/A N/A N/A N/A

We hereby certity that these parts were manufactured, sampled, tested, and inspected in accordance with the product
specifications stated and were found to meet the requirements.
We further certify that this material was inspected using independent inspectors conforming to the requirements of EN 10204
3.1. These products meet the requirements of the latest editions of N ACE MR0175, NACE MR0103, and ISO 15156. No weld
repair has been performed on these products. This material was not exposed to mercury or any other metal alloy that is liquid at
ambient temperatures during processing or while in our possession.

Meets ASME SA-181-70 2013 Edition. Manufactured in the USA.

Please purchase PDFStamp Command Line product to remove this watermar

^■vervndfclt http://www. verypdf.coiTi '3 (http://'w
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Crovvlev, LA 70526 CapProdUCtS

X^ommanding a Higher Standard>m Certified Mill Test Report |
Printed; 5/17/2017

Customer

LEE SUPPLY CO

PC BOX 1475 '

TULSA, OK 74101

Certified: 05/16/2017

P.O. 17-2169-DS

Tag
Heat No C124634

Heat Code 76BA

Phoenix Order # 1276879
Material ASTM A105-2014/ASME SA105-2015 Edition

Part Number

123020I0,3-3/8L

Chemical Properties

Description

1" 6M TURD CPLG 3-3/8"LONG TOE

c Mn P s Si Cu Ni Cr C Eq. Long

0.1900 0.8500 0.0080 0.0380 0.2400 0.0800 0.0700 0.0500 0.3625

Mo V Co A! Cb N Pb Sn Ta Ti

0.0320 0.0220 0.0000 0.0000

Additional Chemfcal Properties

Mechanical Properties

Tensile (PSI) Yield (PSI) Elong. % in 2 in. or 4D RqfA HBW HB,W2

73,100 43,600 36.0% 65.0% 133 144

Charpy Minimum impact - ft/lbs

Test I Test 2 Test 3 Average Test Temp.

N/A N/A N/A N/A N/A

Cr + Cu + Ni

0.2000

We hereby certify that these parts were manufactured, sampled, tested, and inspected in accordance with the product
specifications stated and were found to meet the requirements.
We further certify that this material was inspected using independent inspectors conforming to the requirements of EN 10204
3.1. These products meet the requirements of the latest editions of NACE MR0175, NACE MR0103, and ISO 15156. No weld
repair has been performed on these products. This material was not exposed to mercury or any other metal alloy that is liquid at
ambient temperatures during processing or while in our possession.

Meets ASME SA-i 81-70 2013 Edition. Manufactured in the USA.

Please purchase PDFStamp Command Line product to remove this watermark
—^ -M■w Mtp ://www. verypdt.com) (http;//w .vervDdf.coml
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PMW168 / 2C1J / 2.0X3.33TCPLG / 2 X 3-3/8" 3000# TOE CPLG

^ PeiiinX

TEXAS INcS^
tii NOffTM WAYttOS 0«Vf mxISTON, T* TTtm
I7i3^»?%7iw - PAX irn)

liA€Hili€
Bnce 1931

mmsYivAHiA mmmEWxm. mc.
m JmnSA, AVEMUS ASTM. PA im*
{«10} AAl-Sam PAX {Ai0j^4t7^s

USORCf»FOIIGECO.
P.Q> BOX t31 BOatC m

iWi AOBUAN AOAC WOOIWJCM
fft90)4ft7>o9oo> f»x.am*9t^*m

CERTIFIED MATERIAL TEST R EP O R T

LEE SUPPLY CO.

P.O. BOX 1475

TULSA, OK 74101

2X 3-3/8 3MTD HFCP A105

HEAT CODE; 2C1J
SPECIFICATION: A105
DNS NUMBER: K03S04

P.O. 132938KB

ORDER # 03 230105
6/27/13

C
.260

«N
.860

P

.010
s

.023

QTY:

MATERIAL: A105
SPEC. YEAR: 11

CHHMICAL ANALYSIS
SI NI
-250 .070 .120

184

SPEC. REV:

MO CU V
.030 .150 .002

PHYSICAL ANALYSIS
YS TS %BL 4D %RA HARDNESS PMI
(PSl) (PSI) % (HB)
49350 84230 31.50 60.50 187 OK

C.E=

.45

Sitii Mid
mHii^ MROlM-io07^ HYDKOSTATIC TEST CQmKVlBUB WITH THE RATING OF TTffi FINISHED FITTIl^

DIRECT CONTACT WITH MERCDRY
DEVICE THAT EMPLOYED A SINGLE BOONDARY OF CONTArNMKHT.

MB BSBBBT OSStTXFY THAT THl

BBCCSBDS OF THE OOSPORATZON.

\0k)^
«4ES«tEC»CMC aSHAniUt
JMABS a. FRIANT

aaM.3?nr kaiiagkr

MANUFACTURERS OF Pisnn

FiGinuss ARE cassmyr as oomtaxkbd m the

PIPE FiniNSS

QUAtiTY . SERVICE • PARTNERSHIP
www.o«nnusax»m

Please purchase PDFStamp Command Line product to remove this waterman
http://www.verypdf.com3 ThttD://vyilwv.vervD(ti.com)

y/d.-* /^^^X/3
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l<&iiit.5i6BiG/a2tC«iE)HDPLUGD /
1 125 Capitol Avenue

Crowley, LA 70526

Commanding a Higher Standard,,

CapProducts

Certified Mill Test Report |
Printed: 7/26/2017

Customer

LEE SUPPLY CO

PC BOX 1475

TULSA, OK 74101

Certified: 07/06/2017

P.O. 17-4104-DS

Tag

Heat No 76RG(74RG)

Heat Code 76RG

Phoenix Order # 1300312
Material ASTM A105-2014/ASME SA105-2015 Edition

Part Number

12203520

Chemical Properties

Description

2" FSRDHDPLUG

c Mn P s Si Cu Ni Cr C Eq. Long

0.2000 0.9600 0.0100 0.0250 0.2300 0.1800 0.0560 0.1180 0.4101

Mo V Co A1 Cb N Pb Sn Ta Ti

0.0170 0.0370 0.0030 0.0040

Additional Chemical Properties

Cr-f Cu + Ni

0.3540

Mechanical Properties

Tensile (PSI) Yield (PSI) Elong. % in 2 in. or 4D Rof A HBW HBW2

81,700 55,000 28.0% 59.0% 165 165

Charpy Minimum Impact - ft/lbs

Test 1 Test 2 Test 3 Average Test Temp.

N/A N/A N/A N/A N/A

We hereby certify that these parts were manufactured, sampled, tested, and inspected in accordance with the product
specifications stated and were found to meet the reqtiirements.
We further certify' that this material was inspected using independent inspectors conforming to the requirements of EN 10204
3.1. These products meet the requirements of the latest editions of NACE MROl 75, NACE MR0103, and ISO 15156. No weld
repair has been performed on these products. This material was not exposed to mercury or any other metal alloy that is liquid at
ambient temperatures during processing or while in our possession.

Meets ASME SA-181-70 2013 Edition. Manufactured in the USA.

Please purchase PDFStamp Command Line product to remove this watermark
http ://w w w. very pdf. com ^ ^

) (httD://ww.vervpdf.coml
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TEST REPORT
1% )(.%! SfH-jJ.

5315 MICHIGAN SEAMLESS TUBE SOUTH LYQN,
/92S

MICHIGAN 48178

SHIPMENT

OOl
OMien NUMBER 1 CimOMEHaBDEfl NUMBER ore COM iWW OR SIS us PMK

06517& 1214171 10/06/14 21 oo 15 05 oi 06587000000 2ME 1

COLL/O-T/TARPEDTFOB S LYCW MiyGBOYD@SPECIAU4ETALSIM:,COM

flrtK

OIST PU

.imv^ iuMM tmm
1026

SEAMLESS

ROJND COLD DRAt«l NORl^IZED 10/31/14

A1
wsgpsrr
L05/A519 CD CARBON ̂mSS'hANICAL " loysiTrf

MAX.CHEM/PHYS ASTM A105/ASME SA105.MUST MEET NACE

MRO 175-97,NACE MRQ 1O3-2O10 SEC 2.1.1-2.1-7,ISO 15156-2 A.2 &
EN 10204 SEC 3-1,3.2,4.1,4.2-MK; W/MST,SIZE,GR,CUST NAME,P0»,SPEC
& HT»- T/R to INCL complete CHEMCINCL UNSPECIFIED ELEMENrS)PHYS,
HBW & GRAIN SIZE- GUARANTEED FINISH BORE SIZE 0.921".

ITEM QU«WfTY 0J>. lA. WALL LEHOTH WIIFT WENJHT

1.750 -467 6-399 i3r46s46

AVG 02/04/15

ITM BALE —BALE- ITM PART

NUM NUM PCS FTG HEAT NO. LENGTH STATUS NUMBER

1 1 2 42 633 OOA145044 RAND 12'-17' COM 705787

1 5 2 42 636 00A145044 RAND 12'-17' COM 7057B7

1 2 2 44 665 00A145042 RAND 12-17' COM 705787

1 3 2 44 667 OOAl45042 RAND 12'-17' COM 705707

1 4 2 44 667 OCA145042 RAND 12'-17' COM 705787

MEAT HO c Mn p s Si Mt c/ UO Cu M REMARKS

OOAl45044

OOAl45042

.240

-240

.750

,750

.007

-0O7

-015

-017

.210

.250

.06O

.060

.140

-130

.020

.050

-120

.130

-019

-017

EF SI>I

GS 7

EF SDI

GS 7

MEAT NO OLT.SriH.PS? Tieuj.pa HAROtKte HrORO TCSTPSi UtTRA some H EDOVCURREKT EXPANSfOr^

00A145044

00A145042

73,266
73,574

-V 9N—

45,942
50,5O5

-NB 3£rJ

34.4

34-4

—AS—

HRB 78-81

HRB 79-81

l^i ' O'J 3'y Kf

OK

0Cf4O FIAITCN FLARt HCV.OATTtN FLA^KiE

.0O2A145042 .002 .009 -COO

A145044 -O02 .009 -OOO -0O2 -OOftCAT/^nrUT
MELTED AND MANUFACTURED IN USA nCrtI LrVUC:
MTR REVISED 2/4/X5

flMluctkmofaraa HTA14S042 5534%

-  " - A14S044 57.69%

MTft Rcvicad S/12/701S

004. X Jj J(^f-

We hereby the reporled data are
correct accoromg to Michigan Seamless Tube
tests and those of its suppliers.
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PER385 /■.4F5672 / .75A106XHF / 3/4 XH A106B SMLS PIPE

EN 10204-3.1 QUALITY CERTIFICATE JVs 1127/14
SeHer (Exporter)

Joint-Stock Company "Pervonralsk New Pipe Piant"

Buyer (Address, country)

Freight car Ws

Made fa Russia

ContractMb 27-03/13-OI/ICLF on 27.03.2013

Order-NariadJ«9,S-l

Export Licence

Order Jtl 2205198/14
Pescription of goods

Seamless Carbon Steel Pipe for High-
Temperature Service

Standard
ASTM AI 06CI4)NDE/ASME
SAi06/ASTM A53(12yASME

SA53/ASME B3d,10M

Type of pack

in bundles

Quantity

ItemN) Noi. of
Heab

No«. of
Lots

Grades of
steel

Dtmensions

Metrage Number
ofpes.

Mast (tons)
Diameter,

laches
Will,
laches

Lenglh,
feet Grots Net

i 4FS672 31400 Gr.B/Gr.C 1.050 0.154 20-21 1020 162 223
2 n 31418 it 1.050 0.154 « 1046 168 222
3 •1 31408 ft 1.050 0.154 K 713 115 1.54
4 u 31394 » 1.050 0.154 It 1020 163 2.10
5 it 31320 n 1.050 0.IS4 » 615 99 !.345
6 It 31355 a 1.050 0.154 R 1039 163 2.215
7 4F567I 31377 ft 1.050 0.154 W 1076 169 2.30S

Total:
It is hereby certified that the quality of goods mentioned in this Quality Certificate is in oonf

and specifications. Visual and dimtmsional contrt)!; no remarks.

Quality characteristics of goods

ormity with standards

Compositions {%)

Item 3ft
C Mn SJ S P Cr Nl Co V Mo

l-d 0.25 0.77 0.28 0.007 0.005 0.14 0.21 0.20 0.01 0,02
7 0.25 0.77 0.25 0.012 O.OOS 0.07 0.14 0.21 0.01 0.02

Mecitanlcsl Properties

Item
Ks

Tensile strength,
psi Yield strength, psi EtongaUon (%}

! 85000 51000 26
2 82000 55000 22
3 79000 51000 25

4 92000 60000 26

■  5 78000 49000 27 11 '
6 89000 62000 24 |l
7 90000 72000 21 S

NOTE: Pipes have been tested by non-destructive method with
satisftctory result Pipes are prodtseed Bngaivanized, thteadiess. The
present retjuiremcnts are correspond to NACE MR 0175(2009),

0«t»: 27/10/2014

satisfactory
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PER385 r-4V5(,12 / .75A106XHF / 3/4 XH A106B SMLS PIPE

. ■ EN 10204-3.1 QUALITY CERTIFICATE JVfi 1127/14 s„«,2sh...a

Seller (Exporter) Made In Russia

Joint-Stock Company "Pervouralsk New Pipe Plant"

Buyer (Address, country) ContractNi 27-03/13-01/KLF on 27.03.2013

Order-Nariad Jft 9,S-1

n  . „ Export Licence
Freight car Xs ^

Order Mt 2205198/14

Description of goods Standard Type of pack Quantity

Seamless Carbon Steel Pipe for High-
Temperature Service

ASTM A106(14)NDE/ASME
SA106/ASTM A53(12)/ASMB

SA53/ASME B36.10M
in bundies

Item Xt
Nos. of

Heats

Nos. of

Lots

Grades of

steel

Dimensions

Met rage
Number

of pcs.

Mass (fans)

Diameter,

inches
Wall,
Inches

Length,
feet

Gross Net

8 4F5671 31366 Gr.B/Gr.C 1.050 0.154 20-21 907 144 2.03

9 47524 31388
It 1.050 0.154 408 65 0.87

1

: Total: 7844 1248 17.333 16.955

It is hereby certified that the quality of goods mentioned in this Quality Certificate is in conformity with standards
and specifications. Visual and dimensional control: no remarks.

Quality characteristics of goods
'

Compositions (%)

Item Xi
C Mn Si S P Cr Ni Cu V Mo

8 0.25 0.77 0.25 0.012 0.005 0.07 0.14 0.21 0.01 0.02

9 0.25 0.80 0.27 0.005 0,007 0.04 0,03 0.06 0.026 0.031

I

m

Item

JNi

Tensile strength,
psi

81000

79000

Yield strength, psi

51000

50000

Elongation (Vo)

29

26

NOTE: Pipes have been tested by non-destructive method with
satisfactory result. Pipes arc produced ungalvanized, threadless. The
present requirements are correspond to NACE MR 0175(2009).

its of the order

Date: 27/10/2014

5 (http://w

test is satisfactory

g: is ma equire

gnatuW^
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PER4Q2 / 4F5671 / .75A106XHF / 3/4 XH A106B SMLS PIPE

EN 10204-3.1 QUALITY CERTIFICATE JVs 1138/14 Sheet 1 Sheets!

Seller (Exporter)

Joint-Stock Company "Pervouralsk New Pipe Plant"

Buyer (Address, country)

Frei|hl carXj

Made in Russia

Contr8ctJ& 27-fl3/13-01/KLF on 27.03.2013

Ordcr-Nariad Jti 9,S-I

Export Licence

Order /ft 2205198/14

Description of goods

Seamless Carbon Steel Pipe for High-
Temperature Service

Item /ft
Noi. of

Heats

4F5672

4FS671

Nof.or

Lots

31501

31496

31504

31503

31521

Standard

ASTM A106(I4)NDE/ASME
SA106/ASTM A33(12)/ASMB

SA53/ASME B36.10M

Type of pack

In bundles

Grades of

stce)

Gr.B/Gr.C

Dimeaslons

Diameter,
laches.

1.050

1.050

1.050

1.050

1.050

Wall,
inches

0.154

0.154

0.154

0.154

0.154

Length,
feet

20-21

Total!

Metrage

1022

1032

1008

995

1048

5105

Quantity

Number

of pcs.

167

167

163

161

168

826

Mass (tons)

Gross

11.545

Net

2.30

2.31

2.24

2.205

2.28

11.335
It is hereby certiflal that the quality of goods mentioned in this Quality Certificate is in conformity with standards

and specifications. Visual and dimensional control: no remarks.

Quality characteristics of goods

Item /ft

1-4 0.25

0.25

Mn

0.77

0.77

Compositions (%)

Si

0.28

0.25

0.007

0.012

0.005

0.005

Cr

0.14

0.07

N1

0.21

0.14

Cu

0.20

0.21

0.01

0.01

Mo

0.02

0.02

Mechanical Properties

Item

/ft

Tensile strength,
pti

Yield strength, pel Etongntlon (%)

1 90000 59000 28

2 76000 51000 29

3 90000 57000 28

4 90000 57000 32

5 82000 52000 27
ture$|_^

'i

Please purchase PDFStamp ComrnaiiU Line piuduCTiu remove this vvaiermark

NOTE! Pipes have been tested by non-deslrvctive method with
satisfactory result. Pipes are produced ungaivsnted. threadless. The
present requitements are correspond to NACE MR 0175(2009).

Bend test is sstisltectory.

i  "TwrqcquiremenES ly we oraei

Date: 31/10/2014
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COMPRESS Pressure Vessel Design Calculations

Item:  Fuel Gas Scrubber

Vessel No:  V-481

Job & Customer:  J-488 SC6 RSV

Revision:  0

Designer & Date:  ABM 11/16/2017

Designed in accordance with UG-22
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General Arrangement Drawing
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Deficiencies Summary

No deficiencies found.

Warnings Summary

Warnings for BTM HEAD
UCS-79: The extreme fiber elongation exceeds 5 percent. Heat treatment per UCS-56 may be required. See
UCS-79(d)(4) or (5). (warning)

Warnings for Inlet (A)
The attached ASME B16.5 flange limits the nozzle MAWP. (warning)
The attached ASME B16.5 flange limits the nozzle MAP. (warning)

Warnings for TOP HEAD
UCS-79: The extreme fiber elongation exceeds 5 percent. Heat treatment per UCS-56 may be required. See
UCS-79(d)(4) or (5). (warning)

Warnings for Vapor Out/Inspection (B)
The attached ASME B16.5 flange limits the nozzle MAWP. (warning)
The attached ASME B16.5 flange limits the nozzle MAP. (warning)

Warnings for Vessel
Changes to steelmaking practices have increased the risk of brittle fracture at temperatures higher than the ASME
impact test exemption temperatures. It is highly recommended that the following supplemental requirements be
applied for SA-105, SA-106 B, SA-53 seamless, and SA-234: material composition should have a minimum Mn:C
ratio of 5, and SA-105 flanges should require a grain size of 7 or finer. (warning)

ASME B16.5 / B16.47 Flange Warnings Summary

Flange Applicable
Warnings

Vapor Out/Inspection (B) 1

Inlet (A) 1

No. Warning

1 For Class 150 flanges, ASME B16.5 para. 5.4.3 recommends gaskets to be in accordance with Nonmandatory
Appendix B, Table B1, Group No. I.
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Nozzle Schedule

Specifications

Nozzle
mark Identifier Size Materials Impact

Tested Normalized Fine Grain Flange Blind

A Inlet NPS 4 Sch 80 (XS) Nozzle SA-106 B Smls pipe No No No NPS 4 Class 150
WN A105 No

B Vapor Out/Inspection NPS 4 Sch 80 (XS) Nozzle SA-106 B Smls pipe No No No NPS 4 Class 150
WN A105 No

C Liquid Out NPS 1 Class 6000 - threaded Nozzle SA-105 No No No N/A No

D1 LG NPS 0.75 Class 6000 - threaded Nozzle SA-105 No No No N/A No

D2 LG NPS 0.75 Class 6000 - threaded Nozzle SA-105 No No No N/A No

E TI NPS 0.75 Class 6000 - threaded Nozzle SA-105 No No No N/A No

F1 LSHH NPS 1 Class 6000 - threaded Nozzle SA-105 No No No N/A No

F2 LSHH NPS 1 Class 6000 - threaded Nozzle SA-105 No No No N/A No

G Inspection NPS 2 Class 3000 - threaded Nozzle SA-105 No No No N/A No

H1 LC (Future) NPS 1.5 Class 3000 - threaded Nozzle SA-105 No No No N/A No

H2 LC (Future) NPS 1.5 Class 3000 - threaded Nozzle SA-105 No No No N/A No
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Nozzle Summary

Dimensions

Nozzle
mark

OD
(in)

tn
(in)

Req tn
(in) A1? A2?

Shell Reinforcement
Pad Corr

(in)
Aa/Ar
(%)

Nom t
(in)

Design t
(in)

User t
(in)

Width
(in)

tpad
(in)

A 4.5 0.337 0.2826 Yes Yes 0.375 0.2473 N/A N/A 0.0625 107.3

B 4.5 0.337 0.2497 Yes Yes 0.3125* 0.2041 N/A N/A 0.0625 140.2

C 2.25 0.4675 0.125 Yes Yes 0.375 N/A N/A N/A 0.0625 Exempt

D1 1.75 0.35 0.125 Yes Yes 0.375 N/A N/A N/A 0.0625 Exempt

D2 1.75 0.35 0.125 Yes Yes 0.375 N/A N/A N/A 0.0625 Exempt

E 1.75 0.35 0.125 Yes Yes 0.375 N/A N/A N/A 0.0625 Exempt

F1 2.25 0.4675 0.125 Yes Yes 0.375 N/A N/A N/A 0.0625 Exempt

F2 2.25 0.4675 0.125 Yes Yes 0.375 N/A N/A N/A 0.0625 Exempt

G 3 0.3125 0.125 Yes Yes 0.375 N/A N/A N/A 0.0625 Exempt

H1 2.5 0.3 0.125 Yes Yes 0.375 N/A N/A N/A 0.0625 Exempt

H2 2.5 0.3 0.125 Yes Yes 0.375 N/A N/A N/A 0.0625 Exempt

*Head minimum thickness after forming

Definitions

tn Nozzle thickness

Req tn Nozzle thickness required per UG-45/UG-16
Increased for pipe to account for 12.5% pipe thickness tolerance

Nom t Vessel wall thickness

Design t Required vessel wall thickness due to pressure + corrosion allowance per UG-37

User t Local vessel wall thickness (near opening)

Aa Area available per UG-37, governing condition

Ar Area required per UG-37, governing condition

Corr Corrosion allowance on nozzle wall
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Pressure Summary

Component Summary

Identifier
P

Design
(psi)

T

Design
(°F)

MAWP
(psi)

MAP
(psi)

MDMT
(°F)

MDMT
Exemption

Impact
Tested

TOP HEAD 265 150 427.63 533.33 -155 Note 1 No

Straight Flange on TOP HEAD 265 150 526.32 632.91 -155 Note 2 No

SHELL #1 265 150 381.41 472.75 -55 Note 3 No

Straight Flange on BTM HEAD 265 150 525.79 632.91 -155 Note 5 No

BTM HEAD 265 150 427 533.33 -155 Note 4 No

Inlet (A) 265 150 272.5 285 -55 Note 6 No

Vapor Out/Inspection (B) 265 150 272.5 285 -55 Note 6 No

Liquid Out (C) 265 150 381.42 472.71 -55 Note 7 No

LG (D1) 265 150 381.87 472.71 -55 Note 8 No

LG (D2) 265 150 381.48 472.71 -55 Note 9 No

TI (E) 265 150 381.58 472.71 -55 Note 10 No

LSHH (F1) 265 150 381.87 472.71 -55 Note 8 No

LSHH (F2) 265 150 381.68 472.71 -55 Note 11 No

Inspection (G) 265 150 381.41 472.71 -155 Note 12 No

LC (Future) (H1) 265 150 381.87 472.71 -155 Note 13 No

LC (Future) (H2) 265 150 381.61 472.71 -155 Note 14 No

Chamber Summary

Design MDMT -20 °F

Rated MDMT -55 °F @ 150 psi

MAWP hot & corroded 150 psi @ 150 °F

MAP cold & new 285 psi @ 70 °F

(1) The MAWP is limited due to the MAWP
limit set in the Calculations tab of the Set
Mode dialog.
(2) This pressure chamber is not designed
for external pressure.
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Notes for MDMT Rating

Note # Exemption Details

1. Straight Flange governs MDMT

2. Material is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.2871)

3.
Material impact test exemption temperature from Fig UCS-66 Curve B = -20°F
Fig UCS-66.1 MDMT reduction = 95.7°F, (coincident ratio = 0.3962)
Rated MDMT of -115.7°F is limited to -55°F by UCS-66(b)(2)

UCS-66 governing thickness = 0.3281 in

4. Straight Flange governs MDMT

5. Material is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.2881)

6.
Flange rating governs:
Flange rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5263)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

7.
Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20°F
Fig UCS-66.1 MDMT reduction = 95.7°F, (coincident ratio = 0.3961)
Rated MDMT of -115.7°F is limited to -55°F by UCS-66(b)(2)

UCS-66 governing thickness = 0.3281 in.

8.
Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20°F
Fig UCS-66.1 MDMT reduction = 96.6°F, (coincident ratio = 0.395)
Rated MDMT of -116.6°F is limited to -55°F by UCS-66(b)(2)

UCS-66 governing thickness = 0.3281 in.

9.
Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20°F
Fig UCS-66.1 MDMT reduction = 95.8°F, (coincident ratio = 0.396)
Rated MDMT of -115.8°F is limited to -55°F by UCS-66(b)(2)

UCS-66 governing thickness = 0.3281 in.

10.
Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20°F
Fig UCS-66.1 MDMT reduction = 96°F, (coincident ratio = 0.3957)
Rated MDMT of -116°F is limited to -55°F by UCS-66(b)(2)

UCS-66 governing thickness = 0.3281 in.

11.
Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20°F
Fig UCS-66.1 MDMT reduction = 96.2°F, (coincident ratio = 0.3954)
Rated MDMT of -116.2°F is limited to -55°F by UCS-66(b)(2)

UCS-66 governing thickness = 0.3281 in.

12. Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.0378).

13. Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.0321).

14. Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.0322).
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Revision History

Revisions

No. Date Operator Notes

0 10/25/2007 Bill New vessel created ASME Section VIII Division 1 [Build 6254]

1 7/ 1/2008 Bill

Converted from ASME Section VIII Division 1, 2004 Edition, A06 Addenda to ASME
Section VIII Division 1, 2007 Edition. Default Forging Material Changed to A 105. During
the conversion, changes may have been made to your vessel (some may be listed above).
Please check your vessel carefully.

2 9/29/2010 Bill

Converted from ASME Section VIII Division 1, 2007 Edition to ASME Section VIII Division
1, 2007 Edition, A09 Addenda. Default Forging Material Changed to A 105. During the
conversion, changes may have been made to your vessel (some may be listed above).
Please check your vessel carefully.

3 11/ 9/2011 Bill
Converted from ASME Section VIII Division 1, 2007 Edition, A09 Addenda to ASME
Section VIII Division 1, 2010 Edition. During the conversion, changes may have been made
to your vessel (some may be listed above). Please check your vessel carefully.

4 5/21/2012 Bill

Converted from ASME Section VIII Division 1, 2010 Edition to ASME Section VIII Division
1, 2010 Edition, A11 Addenda. Default Forging Material Changed to A 105. During the
conversion, changes may have been made to your vessel (some may be listed above).
Please check your vessel carefully.

5 2/11/2015 SHP

Revised
- Code year
- Removed split shell and applied insulation over full shell
- Add mist pad
- Adjusted nozzle orientations to match fab drawing.

6 11/ 9/2016 GAT Converted from ASME Section VIII Division 1, 2013 Edition to ASME Section VIII Division
1, 2015 Edition.
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Settings Summary

COMPRESS 2017 Build 7710

ASME Section VIII Division 1, 2015 Edition

Units U.S. Customary

Datum Line Location 6.00" from bottom seam

Vessel Design Mode Design Mode

Minimum thickness 0.0625" per UG-16(b)

Design for cold shut down only No

Design for lethal service (full radiography required) No

User has limited MAWP to 150 psi

Design nozzles for Design P only

Corrosion weight loss 100% of theoretical loss

UG-23 Stress Increase 1.20

Skirt/legs stress increase 1.0

Minimum nozzle projection 1"

Juncture calculations for α > 30 only No

Preheat P-No 1 Materials > 1.25" and <= 1.50" thick No

UG-37(a) shell tr calculation considers longitudinal stress No

Cylindrical shells made from pipe are entered as minimum thickness No

Nozzles made from pipe are entered as minimum thickness No

ASME B16.9 fittings are entered as minimum thickness No

Butt welds Tapered per Figure
UCS-66.3(a)

Disallow Appendix 1-5, 1-8 calculations under 15 psi No

Hydro/Pneumatic Test

Shop Hydrotest Pressure 1.3 times vessel MAWP

Test liquid specific gravity 1.00

Maximum stress during test 90% of yield

Required Marking - UG-116

UG-116(e) Radiography RT2

UG-116(f) Postweld heat treatment None

Code Cases\Interpretations

Use Code Case 2547 No

Use Code Case 2695 No

Apply interpretation VIII-1-83-66 Yes
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Apply interpretation VIII-1-86-175 Yes

Apply interpretation VIII-1-01-37 Yes

Apply interpretation VIII-1-01-150 No

Apply interpretation VIII-1-07-50 No

Apply interpretation VIII-1-16-85 No

No UCS-66.1 MDMT reduction No

No UCS-68(c) MDMT reduction No

Disallow UG-20(f) exemptions No

UG-22 Loadings

UG-22(a) Internal or External Design Pressure Yes

UG-22(b) Weight of the vessel and normal contents under operating or test
conditions Yes

UG-22(c) Superimposed static reactions from weight of attached equipment
(external loads) No

UG-22(d)(2) Vessel supports such as lugs, rings, skirts, saddles and legs Yes

UG-22(f) Wind reactions Yes

UG-22(f) Seismic reactions Yes

UG-22(j) Test pressure and coincident static head acting during the test: Yes

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

License Information

Company Name Callidus
Technologies, Inc.

License Commercial

License Key ID 30164

Support Expires July 28, 2018
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Radiography Summary

UG-116 Radiography

Component

Longitudinal Seam Top Circumferential Seam Bottom Circumferential Seam

MarkCategory
(Fig
UW-3)

Radiography / Joint
Type

Category
(Fig
UW-3)

Radiography / Joint
Type

Category
(Fig
UW-3)

Radiography / Joint
Type

TOP HEAD N/A Seamless No RT N/A N/A B Spot UW-11(a)(5)(b) /
Type 1 RT2

SHELL #1 N/A Seamless No RT B Spot UW-11(a)(5)(b) /
Type 1 B Spot UW-11(a)(5)(b) /

Type 1 RT2

BTM HEAD N/A Seamless No RT B Spot UW-11(a)(5)(b) /
Type 1 N/A N/A RT2

Nozzle Longitudinal Seam Nozzle to Vessel Circumferential
Seam

Nozzle free end Circumferential
Seam

Vapor Out/Inspection (B) N/A Seamless No RT D N/A / Type 7 C UW-11(a)(4) exempt /
Type 1 N/A

Liquid Out (C) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

TI (E) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

LG (D2) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

LSHH (F2) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

LC (Future) (H2) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

Inspection (G) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

LG (D1) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

LSHH (F1) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

LC (Future) (H1) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

Inlet (A) N/A Seamless No RT D N/A / Type 7 C UW-11(a)(4) exempt /
Type 1 N/A

Nozzle Flange Longitudinal Seam Flange Face Nozzle to Flange Circumferential
Seam

ASME B16.5/16.47 flange attached to
Vapor Out/Inspection (B) N/A Seamless No RT N/A N/A / Gasketed C UW-11(a)(4) exempt /

Type 1 N/A

ASME B16.5/16.47 flange attached to Inlet
(A) N/A Seamless No RT N/A N/A / Gasketed C UW-11(a)(4) exempt /

Type 1 N/A

UG-116(e) Required Marking: RT2
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Thickness Summary

Component Data

Component
Identifier

Material Diameter
(in)

Length
(in)

Nominal t
(in)

Design t
(in)

Total Corrosion
(in)

Joint
E

Load

TOP HEAD SA-516 70 24 OD 6.1563 0.3125* 0.2186 0.0625 1.00 Internal

Straight Flange on TOP HEAD SA-516 70 24 OD 2 0.375 0.2207 0.0625 1.00 Internal

SHELL #1 SA-106 B Smls pipe 24 OD 72 0.375 0.2477 0.0625 1.00 Internal

Straight Flange on BTM HEAD SA-516 70 24 OD 2 0.375 0.221 0.0625 1.00 Internal

BTM HEAD SA-516 70 24 OD 6.1563 0.3125* 0.219 0.0625 1.00 Internal

SKIRT SA-106 B Smls pipe 24 OD 8.5 0.375 0.0031 0 0.55 Seismic

*Head minimum thickness after forming

Definitions

Nominal t Vessel wall nominal thickness

Design t Required vessel thickness due to governing loading + corrosion

Joint E Longitudinal seam joint efficiency

Load

Internal Circumferential stress due to internal pressure governs

External External pressure governs

Wind Combined longitudinal stress of pressure + weight + wind
governs

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

Weight (lb) Contributed by Vessel Elements

Component Metal
New*

Metal
Corroded Insulation Insulation

Supports Lining Piping
+ Liquid

Operating Liquid Test Liquid Surface Area
ft2New Corroded New Corroded

TOP HEAD 71.9 58.4 0 0 0 0 0 0 93 94.8 6

SHELL #1 561.6 469.3 73.6 0 0 0 207.7 210 1,106 1,118.1 37

BTM HEAD 73.3 59.5 10.9 0 0 0 45.5 46.3 91 92.6 6

SKIRT 64 64 8.7 0 0 0 0 0 0 0 9

BASE RING 48 48 0 0 0 0 0 0 0 0 7

TOTAL: 818.8 699.1 93.2 0 0 0 253.2 256.3 1,290 1,305.5 65

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

Weight (lb) Contributed by Attachments

Component Body Flanges Nozzles &
Flanges Packed

Beds
Ladders &
Platforms

Trays Tray
Supports

Rings &
Clips

Vertical
Loads

Surface
Area
ft2

New Corroded New Corroded

TOP HEAD 0 0 21.6 20.4 0 0 0 0 0 0 1

SHELL #1 0 0 31.3 28.4 23.6 0 0 0 0 0 2

BTM HEAD 0 0 0 0 0 0 0 0 0 0 0

SKIRT 0 0 0 0 0 0 0 0 0 0 0

TOTAL: 0 0 52.8 48.8 23.6 0 0 0 0 0 3

Vessel Totals

New Corroded

Operating Weight (lb) 1,242 1,121

Empty Weight (lb) 988 865

Test Weight (lb) 2,278 2,170

Surface Area (ft2) 68 -

Capacity** (US gal) 154 156

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

Vessel Lift Condition

Vessel Lift Weight, New (lb) 895

Center of Gravity from Datum (in) 26.1049

Note: Vessel lift weight includes weight of
insulation supports as they are assumed to
be shop installed.
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Hydrostatic Test

Horizontal shop hydrostatic test based on MAWP per UG-99(b)

Gauge pressure at 70°F =
1.3*MAWP*LSR
= 1.3*150*1
= 195 psi

Horizontal shop hydrostatic test

Identifier
Local test
pressure
(psi)

Test liquid
static head

(psi)

UG-99(b)
stress
ratio

UG-99(b)
pressure
factor

Stress
during test

(psi)

Allowable
test stress

(psi)

Stress
excessive?

TOP HEAD (1) 195.909 0.909 1 1.30 6,594 34,200 No

Straight Flange on TOP HEAD 195.907 0.907 1 1.30 6,171 34,200 No

SHELL #1 195.907 0.907 1 1.30 7,038 31,500 No

Straight Flange on BTM HEAD 195.907 0.907 1 1.30 6,171 34,200 No

BTM HEAD 195.909 0.909 1 1.30 6,594 34,200 No

Inlet (A) 195.556 0.556 1 1.30 10,372 47,250 No

Inspection (G) 195.53 0.53 1 1.30 8,429 47,250 No

LC (Future) (H1) 195.975 0.975 1 1.30 7,820 47,250 No

LC (Future) (H2) 195.975 0.975 1 1.30 7,820 47,250 No

LG (D1) 195.845 0.845 1 1.30 6,939 47,250 No

LG (D2) 195.845 0.845 1 1.30 6,939 47,250 No

LSHH (F1) 195.511 0.511 1 1.30 6,927 47,250 No

LSHH (F2) 195.511 0.511 1 1.30 6,927 47,250 No

Liquid Out (C) 195.198 0.198 1 1.30 6,916 47,250 No

TI (E) 195.054 0.054 1 1.30 6,911 47,250 No

Vapor Out/Inspection (B) 195.556 0.556 1 1.30 8,940 51,300 No

(1) TOP HEAD limits the UG-99(b) stress ratio.
(2) PL stresses at nozzle openings have been estimated using the method described in PVP-Vol. 399, pages
77-82.
(3) 1.5*0.9*Sy used as the basis for the maximum local primary membrane stress at the nozzle intersection PL.
(4) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top-most
flange.

The field test condition has not been investigated.

The test temperature of 70 °F is warmer than the minimum recommended temperature of -25 °F so the brittle fracture
provision of UG-99(h) has been met.
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Seismic Code

Building Code: ASCE 7-10 ground supported

Site Class D

Importance Factor, Ie 1.2500

Spectral Response Acceleration at short
period (% g), Ss

100.00%

Spectral Response Acceleration at period of
1 sec (% g), S1

40.00%

Response Modification Coeficient from
Table 15.4-2, R 3.0000

Acceleration-based Site Coefficient, Fa 1.1000

Velocity-based Site Coefficient, Fv 1.6000

Long-period Transition Period, TL 12.0000

Redundancy factor, ρ 1.0000

Risk Category (Table 1.5-1) III

User Defined Vertical Accelerations
Considered No

Hazardous, toxic, or explosive contents No

Vessel Characteristics

Height 7.6795 ft

Weight Operating, Corroded 1,121 lb

Empty, Corroded 865 lb

Period of Vibration Calculation

Fundamental Period, T Operating, Corroded 0.011 sec (f = 95.0 Hz)

Empty, Corroded 0.010 sec (f = 96.2 Hz)

The fundamental period of vibration T (above) is calculated using the Rayleigh method of approximation

T = 2 * PI * Sqr( {Sum(Wi * yi2 )} / {g * Sum(Wi * yi )} ), where

Wi is the weight of the ith lumped mass, and
yi is its deflection when the system is treated as a cantilever beam.
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12.4.2.3 Basic Load Combinations for Allowable Stress Design

Load combinations considered in accordance with ASCE section
2.4.1:

5. D + P + Ps + 0.7E = (1.0 + 0.14SDS)D + P + Ps + 0.7ρQE

8. 0.6D + P + Ps + 0.7E = (0.6 - 0.14SDS)D + P + Ps + 0.7ρQE

Parameter description

D = Dead load

P = Internal or external pressure load

Ps = Static head load

E = Seismic load = Eh +/- Ev = ρQE +/- 0.2SDSD

Seismic Shear Reports:

Operating, Corroded
Empty, Corroded
Base Shear Calculations

Seismic Shear Report: Operating, Corroded

Component Elevation of Bottom
above Base (in)

Elastic Modulus E
(106 psi)

Inertia I
(ft4)

Seismic Shear at
Bottom (lbf)

Bending Moment at
Bottom (lbf-ft)

TOP HEAD 83.9982 29.0 * 35 15

SHELL #1 11.9982 29.0 0.0787 208 850

BTM HEAD (top) 8.5 29.0 * 211 911

SKIRT 0 29.0 0.09367 216 1,063

*Moment of Inertia I varies over the length of the component

Seismic Shear Report: Empty, Corroded

Component Elevation of Bottom
above Base (in)

Elastic Modulus E
(106 psi)

Inertia I
(ft4)

Seismic Shear at
Bottom (lbf)

Bending Moment at
Bottom (lbf-ft)

TOP HEAD 83.9982 29.4 * 31 13

SHELL #1 11.9982 29.4 0.0787 162 729

BTM HEAD (top) 8.5 29.4 * 163 776

SKIRT 0 29.4 0.09367 166 893

*Moment of Inertia I varies over the length of the component

11.4.3: Maximum considered earthquake spectral response acceleration

The maximum considered earthquake spectral response acceleration at short period, SMS
SMS = Fa * Ss = 1.1000 * 100.00 / 100 = 1.1000
The maximum considered earthquake spectral response acceleration at 1 s period, SM1
SM1 = Fv * S1 = 1.6000 * 40.00 / 100 = 0.6400

11.4.4: Design spectral response acceleration parameters

Design earthquake spectral response acceleration at short period, SDS
SDS = 2 / 3 * SMS = 2 / 3 * 1.1000 = 0.7333
Design earthquake spectral response acceleration at 1 s period, SD1
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SD1 = 2 / 3 * SM1 = 2 / 3 * 0.6400 = 0.4267

11.6 Seismic Design Category

The Risk Category is III.
From Table 11.6-1, the Seismic Design Category based on SDs = 0.7333 is D.
From Table 11.6-2, the Seismic Design Category based on SD1 = 0.4267 is D.
This vessel is assigned to Seismic Design Category D.

12.4.2.3: Seismic Load Combinations: Vertical Term

Factor is applied to dead load.

Compressive Side: = 1.0 + 0.14 * SDS
= 1.0 + 0.14 * 0.7333
= 1.1027

Tensile Side: = 0.6 - 0.14 * SDS
= 0.6 - 0.14 * 0.7333
= 0.4973

Base Shear Calculations

Operating, Corroded
Empty, Corroded

Base Shear Calculations: Operating, Corroded

Paragraph 15.4.2: T < 0.06, so:
V = 0.30 * SDS * W * Ie
= 0.30 * 0.7333 * 1,120.9539 * 1.2500
= 308.26 lb

12.4.2.1 Seismic Load Combinations: Horizontal Seismic Load Effect, Eh
QE = V
Eh = 0.7 * ρ * QE (Only 70% of seismic load considered as per Section 2.4.1)

= 0.7 * 1.0000 * 308.26
= 215.78 lb

Base Shear Calculations: Empty, Corroded

Paragraph 15.4.2: T < 0.06, so:
V = 0.30 * SDS * W * Ie
= 0.30 * 0.7333 * 864.6769 * 1.2500
= 237.79 lb

12.4.2.1 Seismic Load Combinations: Horizontal Seismic Load Effect, Eh
QE = V
Eh = 0.7 * ρ * QE (Only 70% of seismic load considered as per Section 2.4.1)

= 0.7 * 1.0000 * 237.79
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= 166.45 lb
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Wind Code

Building Code: ASCE 7-10

Elevation of base above grade 1.00 ft

Increase effective outer diameter by 1.50 ft 

Wind Force Coefficient, Cf 0.7000 

Risk Category (Table 1.5-1) III

Basic Wind Speed, V 120.00 mph 

Exposure Category C

Wind Directionality Factor, Kd 0.9500

Topographic Factor, Kzt 1.0000

Enforce min. loading of 16 psf Yes

Hazardous, toxic, or explosive contents No

Vessel Characteristics

Height, h 7.6795 ft

Minimum Diameter, b Operating, Corroded 2.1667 ft

Empty, Corroded 2.1667 ft

Fundamental Frequency, n1
Operating, Corroded 95.0043 Hz

Empty, Corroded 96.2270 Hz 

Damping coefficient, β Operating, Corroded 0.0259

Empty, Corroded 0.0209

Table Lookup Values

2.4.1 Basic Load Combinations for Allowable Stress Design

Load combinations considered in accordance with ASCE
section 2.4.1:

5. D + P + Ps + 0.6W

7. 0.6D + P + Ps + 0.6W

Parameter Description

D = Dead load

P = Internal or external pressure load

Ps = Static head load

W = Wind load
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Wind Deflection Reports:

Operating, Corroded
Empty, Corroded
Wind Pressure Calculations

Wind Deflection Report: Operating, Corroded

Component
Elevation of
Bottom above

Base (in)

Effective OD
(ft)

Elastic Modulus
E (106 psi)

Inertia
I (ft4)

Platform
Wind Shear at
Bottom (lbf)

Total Wind
Shear at

Bottom (lbf)

Bending
Moment at

Bottom (lbf-ft)

Deflection
at Top (in)

TOP HEAD 83.9982 3.50 29.0 * 0 25 8 0.0006

SHELL #1 11.9982 3.67 29.0 0.07867 0 275 933 0.0006

BTM HEAD (top) 8.5 3.67 29.0 * 0 287 1,014 0

SKIRT 0 3.67 29.0 0.09367 0 315 1,228 0

*Moment of Inertia I varies over the length of the component

Wind Deflection Report: Empty, Corroded

Component
Elevation of
Bottom above

Base (in)

Effective OD
(ft)

Elastic Modulus
E (106 psi)

Inertia
I (ft4)

Platform
Wind Shear at
Bottom (lbf)

Total Wind
Shear at

Bottom (lbf)

Bending
Moment at

Bottom (lbf-ft)

Deflection
at Top (in)

TOP HEAD 83.9982 3.50 29.4 * 0 25 8 0.0006

SHELL #1 11.9982 3.67 29.4 0.07867 0 275 933 0.0006

BTM HEAD (top) 8.5 3.67 29.4 * 0 287 1,014 0

SKIRT 0 3.67 29.4 0.09367 0 315 1,228 0

*Moment of Inertia I varies over the length of the component

Wind Pressure (WP) Calculations

Gust Factor (G¯) Calculations

Kz = 2.01 * (Z/Zg)2/α

= 2.01 * (Z/900.00)0.2105

qz = 0.00256 * Kz * Kzt * Kd * V2

= 0.00256 * Kz * 1.0000 * 0.9500 * 120.00002

= 35.0208 * Kz
WP = 0.6 * max[ qz * G * Cf, 16 lb/ft2 ]

= 0.6 * max[ qz * G * 0.7000, 16 lb/ft2 ]

19/77

Skid
 2 

rel
oc

ate
d f

rom
 

UOPR Jo
b 4

88
 to

 44
7



Design Wind Pressures

Height Z
(') Kz qz

(psf)
WP (psf)

Operating Empty Hydrotest New Hydrotest Corroded Vacuum

15.0 0.8489 29.73 11.37 11.37 N.A. N.A. N.A.

Design Wind Force determined from: F = Pressure * Af , where Af is the projected area.

Gust Factor Calculations

Operating, Corroded
Empty, Corroded

Gust Factor Calculations: Operating, Corroded

Vessel is considered a rigid structure as n1 = 95.0043 Hz ≥ 1 Hz.

z¯ = max[ 0.60 * h , zmin ]
= max[ 0.60 * 7.6795 , 15.0000 ]
= 15.0000

Iz¯ = c * (33 / z¯)1/6

= 0.2000 * (33 / 15.0000)1/6

= 0.2281
Lz¯ = l * (z¯ / 33)ep

= 500.0000 * (15.0000 / 33)0.2000

= 427.0566
Q = Sqr(1 / (1 + 0.63 * ((b + h) / Lz¯)0.63))

= Sqr(1 / (1 + 0.63 * ((2.1667 + 7.6795) / 427.0566)0.63))
= 0.9719

G = 0.925 * (1 + 1.7 * gQ * Iz¯ * Q) / (1 + 1.7 * gv * Iz¯)
= 0.925 * (1 + 1.7 * 3.40* 0.2281 * 0.9719) / (1 + 1.7 * 3.40 * 0.2281)
= 0.9102

Gust Factor Calculations: Empty, Corroded

Vessel is considered a rigid structure as n1 = 96.2270 Hz ≥ 1 Hz.

z¯ = max[ 0.60 * h , zmin ]
= max[ 0.60 * 7.6795 , 15.0000 ]
= 15.0000

Iz¯ = c * (33 / z¯)1/6

= 0.2000 * (33 / 15.0000)1/6

= 0.2281
Lz¯ = l * (z¯ / 33)ep

= 500.0000 * (15.0000 / 33)0.2000

= 427.0566
Q = Sqr(1 / (1 + 0.63 * ((b + h) / Lz¯)0.63))

= Sqr(1 / (1 + 0.63 * ((2.1667 + 7.6795) / 427.0566)0.63))
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= 0.9719
G = 0.925 * (1 + 1.7 * gQ * Iz¯ * Q) / (1 + 1.7 * gv * Iz¯)

= 0.925 * (1 + 1.7 * 3.40* 0.2281 * 0.9719) / (1 + 1.7 * 3.40 * 0.2281)
= 0.9102

Table Lookup Values

α = 9.5000, zg = 900.00 ft
[Table 26.9-1, page
256]

c = 0.2000, l = 500.0000, ep = 0.2000 [Table 26.9-1, page
256]

a¯ = 0.1538, b¯ = 0.6500 [Table 26.9-1, page
256]

zmin = 15.0000 ft
[Table 26.9-1, page
256]

gQ = 3.40 [26.9.4 page 254]

gv = 3.40 [26.9.4 page 254]
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NLL

ASME Section VIII Division 1, 2015 Edition

Location from Datum (in) 21

Operating Liquid Specific Gravity 0.5

22/77

Skid
 2 

rel
oc

ate
d f

rom
 

UOPR Jo
b 4

88
 to

 44
7



TOP HEAD

ASME Section VIII Division 1, 2015 Edition

Component Ellipsoidal Head

Material SA-516 70 (II-D p. 18, ln. 37)

Attached To SHELL #1

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

No No No No No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 265 150 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 0.91 25.1875 1

Dimensions

Outer Diameter 24"

Head Ratio 2

Minimum Thickness 0.3125"

Corrosion Inner 0.0625"

Outer 0"

Length Lsf 2"

Nominal Thickness tsf 0.375"

Weight and Capacity

Weight (lb)1 Capacity (US gal)1

New 71.89 10.91

Corroded 58.37 11.11

Radiography

Category A joints Seamless No RT

Head to shell seam Spot UW-11(a)(5)(b) Type 1
1 includes straight flange

23/77

Skid
 2 

rel
oc

ate
d f

rom
 

UOPR Jo
b 4

88
 to

 44
7



Results Summary

Governing condition internal pressure

Minimum thickness per UG-16 0.0625" + 0.0625" = 0.125"

Design thickness due to internal pressure (t) 0.2186"

Maximum allowable working pressure (MAWP) 427.63 psi

Maximum allowable pressure (MAP) 533.33 psi

Straight Flange governs MDMT -155°F

Factor K

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

Corroded K = (1/6)*[2 + (23.5 / (2*5.9063))2] 0.993

New K = (1/6)*[2 + (23.375 / (2*5.8438))2] 1

Design thickness for internal pressure, (Corroded at 150 °F) Appendix 1-4(c)

t = P*Do*K / (2*S*E + 2*P*(K - 0.1)) + Corrosion
= 265*24*0.992964 / (2*20,000*1 + 2*265*(0.992964 - 0.1)) + 0.0625
= 0.2185"

Maximum allowable working pressure, (Corroded at 150 °F) Appendix 1-4(c)

P = 2*S*E*t / (K*Do - 2*t*(K - 0.1)) - Ps
= 2*20,000*1*0.25 / (0.992964*24 - 2*0.25*(0.992964 - 0.1)) - 0
= 427.63 psi

Maximum allowable pressure, (New at 70 °F) Appendix 1-4(c)

P = 2*S*E*t / (K*Do - 2*t*(K - 0.1)) - Ps
= 2*20,000*1*0.3125 / (1*24 - 2*0.3125*(1 - 0.1)) - 0
= 533.33 psi

% Extreme fiber elongation - UCS-79(d)

EFE = (75*t / Rf)*(1 - Rf / Ro)
= (75*0.375 / 4.1613)*(1 - 4.1613 / ∞)
= 6.7588%

The extreme fiber elongation exceeds 5 percent. Heat treatment per UCS-56 may be required. See UCS-79(d)(4) or
(5).
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Straight Flange on TOP HEAD

ASME Section VIII Division 1, 2015 Edition

Component Cylinder

Material SA-516 70 (II-D p. 18, ln. 37)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

No No No No No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 265 150 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 0.91 25.125 1

Dimensions

Outer Diameter 24"

Length 2"

Nominal Thickness 0.375"

Corrosion Inner 0.0625"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 15.75 3.68

Corroded 13.16 3.72

Radiography

Longitudinal seam Seamless No RT

Bottom Circumferential
seam Spot UW-11(a)(5)(b) Type 1
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Results Summary

Governing condition Internal pressure

Minimum thickness per UG-16 0.0625" + 0.0625" = 0.125"

Design thickness due to internal pressure (t) 0.2207"

Design thickness due to combined loadings + corrosion 0.1382"

Maximum allowable working pressure (MAWP) 526.32 psi

Maximum allowable pressure (MAP) 632.91 psi

Rated MDMT -155 °F

UCS-66 Material Toughness Requirements

tr = 150*12 / (20,000*1 + 0.4*150) = 0.0897"

Stress ratio = tr*E* / (tn - c) = 0.0897*1 / (0.375 - 0.0625) = 0.2871

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 150 °F) Appendix 1-1

t = P*Ro / (S*E + 0.40*P) + Corrosion
= 265*12 / (20,000*1.00 + 0.40*265) + 0.0625
= 0.2207"

Maximum allowable working pressure, (at 150 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t) - Ps
= 20,000*1.00*0.3125 / (12 - 0.40*0.3125) - 0
= 526.32 psi

Maximum allowable pressure, (at 70 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t)
= 20,000*1.00*0.375 / (12 - 0.40*0.375)
= 632.91 psi

% Extreme fiber elongation - UCS-79(d)

EFE = (50*t / Rf)*(1 - Rf / Ro)
= (50*0.375 / 11.8125)*(1 - 11.8125 / ∞)
= 1.5873%

The extreme fiber elongation does not exceed 5%.
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Thickness Required Due to Pressure + External Loads

Condition Pressure P (
psi)

Allowable
Stress Before
UG-23 Stress
Increase ( psi)

Temperature (
°F)

Corrosion C
(in) Load Req'd Thk Due to

Tension (in)
Req'd Thk Due to
Compression (in)

St Sc

Operating, Hot & Corroded 265 20,000 16,368 150 0.0625 Wind 0.0757 0.0757

Seismic 0.0757 0.0756

Operating, Hot & New 265 20,000 16,750 150 0 Wind 0.0753 0.0752

Seismic 0.0753 0.0752

Hot Shut Down, Corroded 0 20,000 16,368 150 0.0625 Wind 0 0.0001

Seismic 0 0.0001

Hot Shut Down, New 0 20,000 16,750 150 0 Wind 0 0.0001

Seismic 0 0.0001

Empty, Corroded 0 20,000 16,368 70 0.0625 Wind 0 0.0001

Seismic 0 0.0001

Empty, New 0 20,000 16,750 70 0 Wind 0 0.0001

Seismic 0 0.0001

Hot Shut Down, Corroded, Weight
& Eccentric Moments Only 0 20,000 16,368 150 0.0625 Weight 0.0001 0.0001
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SHELL #1

ASME Section VIII Division 1, 2015 Edition

Component Cylinder

Material SA-106 B Smls pipe (II-D p. 14, ln. 15)

Pipe NPS and
Schedule NPS 24 Sch 20 (Std)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

No No No No No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 265 150 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 0.49 27 0.5

Test horizontal 0.91 25.125 1

Dimensions

Outer Diameter 24"

Length 72"

Pipe Nominal
Thickness 0.375"

Pipe Minimum
Thickness1 0.3281"

Corrosion Inner 0.0625"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 561.6 132.33

Corroded 469.25 133.76

Insulation

Thickness (in) Density (lb/ft3) Weight (lb)

Insulation 1 22.5 73.63

Spacing(in) Individual Weight (lb) Total Weight (lb)

Insulation
Supports 0 0 0

Radiography

Longitudinal seam Seamless No RT
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Top Circumferential
seam Spot UW-11(a)(5)(b) Type 1

Bottom Circumferential
seam Spot UW-11(a)(5)(b) Type 1

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.

Results Summary

Governing condition Internal pressure

Minimum thickness per UG-16 0.0625" + 0.0625" = 0.125"

Design thickness due to internal pressure (t) 0.2477"

Design thickness due to combined loadings + corrosion 0.1522"

Maximum allowable working pressure (MAWP) 381.41 psi

Maximum allowable pressure (MAP) 472.75 psi

Rated MDMT -55 °F

UCS-66 Material Toughness Requirements

Governing thickness, tg = 0.3281"

Exemption temperature from Fig UCS-66 Curve B = -20°F

tr = 150.49*12 / (17,100*1 + 0.4*150.49) = 0.1052"

Stress ratio = tr*E* / (tn - c) = 0.1052*1 / (0.3281 - 0.0625) = 0.3962

Reduction in MDMT, TR from Fig UCS-66.1 = 95.7°F

MDMT = max[ MDMT - TR, -55] = max[ -20 - 95.7 , -55] = -55°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 150 °F) Appendix 1-1

t = P*Ro / (S*E + 0.40*P) + Corrosion
= 265.49*12 / (17,100*1.00 + 0.40*265.49) + 0.0625
= 0.2477"

Maximum allowable working pressure, (at 150 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t) - Ps
= 17,100*1.00*(0.375*0.875 - 0.0625) / (12 - 0.40*(0.375*0.875 - 0.0625)) - 0.49
= 381.41 psi

Maximum allowable pressure, (at 70 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t)
= 17,100*1.00*(0.375*0.875) / (12 - 0.40*(0.375*0.875))
= 472.75 psi
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Thickness Required Due to Pressure + External Loads

Condition Pressure P (
psi)

Allowable
Stress Before
UG-23 Stress
Increase ( psi)

Temperature (
°F)

Corrosion C
(in) Load Req'd Thk Due to

Tension (in)
Req'd Thk Due to
Compression (in)

St Sc

Operating, Hot & Corroded 265 17,100 15,953 150 0.0625 Wind 0.0897 0.0865

Seismic 0.0896 0.0866

Operating, Hot & New 265 17,100 16,469 150 0 Wind 0.0891 0.086

Seismic 0.0892 0.0859

Hot Shut Down, Corroded 0 17,100 15,953 150 0.0625 Wind 0.0011 0.0018

Seismic 0.0011 0.0017

Hot Shut Down, New 0 17,100 16,469 150 0 Wind 0.0011 0.0018

Seismic 0.0012 0.0019

Empty, Corroded 0 17,100 15,953 70 0.0625 Wind 0.0011 0.0018

Seismic 0.0009 0.0016

Empty, New 0 17,100 16,469 70 0 Wind 0.0011 0.0018

Seismic 0.001 0.0017

Hot Shut Down, Corroded, Weight
& Eccentric Moments Only 0 17,100 15,953 150 0.0625 Weight 0.0005 0.0006
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Straight Flange on BTM HEAD

ASME Section VIII Division 1, 2015 Edition

Component Cylinder

Material SA-516 70 (II-D p. 18, ln. 37)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

No No No No No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 265 150 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 0.52 29 0.5

Test horizontal 0.91 25.125 1

Dimensions

Outer Diameter 24"

Length 2"

Nominal Thickness 0.375"

Corrosion Inner 0.0625"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 15.75 3.68

Corroded 13.16 3.72

Insulation

Thickness (in) Density (lb/ft3) Weight (lb)

Insulation 1 22.5 0

Spacing(in) Individual Weight (lb) Total Weight (lb)

Insulation
Supports 0 0 0

Radiography

Longitudinal seam Seamless No RT

Top Circumferential
seam Spot UW-11(a)(5)(b) Type 1
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Results Summary

Governing condition Internal pressure

Minimum thickness per UG-16 0.0625" + 0.0625" = 0.125"

Design thickness due to internal pressure (t) 0.221"

Design thickness due to combined loadings + corrosion 0.1393"

Maximum allowable working pressure (MAWP) 525.79 psi

Maximum allowable pressure (MAP) 632.91 psi

Rated MDMT -155 °F

UCS-66 Material Toughness Requirements

tr = 150.52*12 / (20,000*1 + 0.4*150.52) = 0.09"

Stress ratio = tr*E* / (tn - c) = 0.09*1 / (0.375 - 0.0625) = 0.2881

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 150 °F) Appendix 1-1

t = P*Ro / (S*E + 0.40*P) + Corrosion
= 265.52*12 / (20,000*1.00 + 0.40*265.52) + 0.0625
= 0.221"

Maximum allowable working pressure, (at 150 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t) - Ps
= 20,000*1.00*0.3125 / (12 - 0.40*0.3125) - 0.52
= 525.79 psi

Maximum allowable pressure, (at 70 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t)
= 20,000*1.00*0.375 / (12 - 0.40*0.375)
= 632.91 psi

% Extreme fiber elongation - UCS-79(d)

EFE = (50*t / Rf)*(1 - Rf / Ro)
= (50*0.375 / 11.8125)*(1 - 11.8125 / ∞)
= 1.5873%

The extreme fiber elongation does not exceed 5%.
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Thickness Required Due to Pressure + External Loads

Condition Pressure P (
psi)

Allowable
Stress Before
UG-23 Stress
Increase ( psi)

Temperature (
°F)

Corrosion C
(in) Load Req'd Thk Due to

Tension (in)
Req'd Thk Due to
Compression (in)

St Sc

Operating, Hot & Corroded 265 20,000 16,368 150 0.0625 Wind 0.0768 0.074

Seismic 0.0767 0.074

Operating, Hot & New 265 20,000 16,750 150 0 Wind 0.0763 0.0735

Seismic 0.0764 0.0734

Hot Shut Down, Corroded 0 20,000 16,368 150 0.0625 Wind 0.001 0.0018

Seismic 0.001 0.0017

Hot Shut Down, New 0 20,000 16,750 150 0 Wind 0.001 0.0019

Seismic 0.0011 0.0019

Empty, Corroded 0 20,000 16,368 70 0.0625 Wind 0.001 0.0018

Seismic 0.0008 0.0016

Empty, New 0 20,000 16,750 70 0 Wind 0.001 0.0019

Seismic 0.0009 0.0018

Hot Shut Down, Corroded, Weight
& Eccentric Moments Only 0 20,000 16,368 150 0.0625 Weight 0.0005 0.0006
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BTM HEAD

ASME Section VIII Division 1, 2015 Edition

Component Ellipsoidal Head

Material SA-516 70 (II-D p. 18, ln. 37)

Attached To SHELL #1

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

No No No No No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 265 150 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 0.63 34.9063 0.5

Test horizontal 0.91 25.1875 1

Dimensions

Outer Diameter 24"

Head Ratio 2

Minimum Thickness 0.3125"

Corrosion Inner 0.0625"

Outer 0"

Length Lsf 2"

Nominal Thickness tsf 0.375"

Weight and Capacity

Weight (lb)1 Capacity (US gal)1

New 73.3 10.91

Corroded 59.5 11.11

Insulation

Thickness (in) Density (lb/ft3) Weight (lb)

Insulation 1 22.5 10.85

Spacing(in) Individual Weight (lb) Total Weight (lb)

Insulation
Supports 0 0 0

Radiography

Category A joints Seamless No RT

Head to shell seam Spot UW-11(a)(5)(b) Type 1
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1 includes straight flange

Results Summary

Governing condition internal pressure

Minimum thickness per UG-16 0.0625" + 0.0625" = 0.125"

Design thickness due to internal pressure (t) 0.219"

Maximum allowable working pressure (MAWP) 427 psi

Maximum allowable pressure (MAP) 533.33 psi

Straight Flange governs MDMT -155°F

Factor K

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

Corroded K = (1/6)*[2 + (23.5 / (2*5.9063))2] 0.993

New K = (1/6)*[2 + (23.375 / (2*5.8438))2] 1

Design thickness for internal pressure, (Corroded at 150 °F) Appendix 1-4(c)

t = P*Do*K / (2*S*E + 2*P*(K - 0.1)) + Corrosion
= 265.63*24*0.992964 / (2*20,000*1 + 2*265.63*(0.992964 - 0.1)) + 0.0625
= 0.2189"

Maximum allowable working pressure, (Corroded at 150 °F) Appendix 1-4(c)

P = 2*S*E*t / (K*Do - 2*t*(K - 0.1)) - Ps
= 2*20,000*1*0.25 / (0.992964*24 - 2*0.25*(0.992964 - 0.1)) - 0.63
= 427 psi

Maximum allowable pressure, (New at 70 °F) Appendix 1-4(c)

P = 2*S*E*t / (K*Do - 2*t*(K - 0.1)) - Ps
= 2*20,000*1*0.3125 / (1*24 - 2*0.3125*(1 - 0.1)) - 0
= 533.33 psi

% Extreme fiber elongation - UCS-79(d)

EFE = (75*t / Rf)*(1 - Rf / Ro)
= (75*0.375 / 4.1613)*(1 - 4.1613 / ∞)
= 6.7588%

The extreme fiber elongation exceeds 5 percent. Heat treatment per UCS-56 may be required. See UCS-79(d)(4) or
(5).

35/77

Skid
 2 

rel
oc

ate
d f

rom
 

UOPR Jo
b 4

88
 to

 44
7



SKIRT

ASME Section VIII Division 1, 2015 Edition

Component Support Skirt

Skirt is Attached To BTM HEAD

Skirt Attachment Offset 3.4982" down from the top seam

Material

SA-106 B Smls pipe (II-D p. 14, ln. 15)

Impact
Tested1 Normalized Fine Grain

Practice

No No No

Design Temperature

Internal 150°F

Dimensions

Inner Diameter Top 23.25"

Botttom 23.25"

Length (includes base
ring thickness) 8.5"

Nominal Thickness 0.375"

Corrosion Inner 0"

Outer 0"

Weight

New 64 lb

Corroded 64 lb

Insulation

Thickness Density Weight

Insulation 1" 22.5 8.69 lb

Spacing Individual Weight Total Weight

Insulation
Supports 0" 0 lb 0 lb

Joint Efficiency

Top 0.55

Bottom 0.8
1Impact testing requirements are not checked for supports

Skirt design thickness, largest of the following + corrosion = 0.0031 in

The governing condition is due to seismic, compressive stress at the base, operating & new.

The skirt thickness of 0.3281 in is adequate.
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Results Summary

Loading Condition
Tensile or

Compressive
Side

Governing
Skirt

Location

Temperature
(°F)

Allowable
Stress
(psi)

Calculated
Stress/E
(psi)

Required
thickness

(in)

Wind

operating, corroded Tensile top 150 17,100 95.44 0.0021

Compressive bottom 16,469.34 128.16 0.0029

operating, new Tensile top 150 17,100 90.88 0.002

Compressive bottom 16,469.34 132.58 0.003

empty, corroded Tensile top 70 17,100 105.49 0.0023

Compressive bottom 16,469.34 118.95 0.0027

empty, new Tensile top 70 17,100 100.8 0.0022

Compressive bottom 16,469.34 123.49 0.0028

Seismic

operating, corroded Tensile top 150 17,100 88.34 0.0019

Compressive bottom 16,469.34 120.09 0.0027

operating, new Tensile top 150 17,100 98.88 0.0022

Compressive bottom 16,469.34 134.02 0.0031

empty, corroded Tensile top 70 17,100 78.82 0.0017

Compressive bottom 16,469.34 97.57 0.0022

empty, new Tensile top 70 17,100 89.17 0.002

Compressive bottom 16,469.34 111.61 0.0025

Loading due to seismic, operating & new

Tensile side

Required thickness, tensile stress at base:

t = -(0.6 - 0.14*SDS)*W / (π*D*St*E) + 48*M / (π*D2*St*E)
= -(0.6 - 0.14*0.7333)*1,193.56 / (π*23.625*17,100*0.8) + 48*1,188.1 / (π*23.6252*17,100*0.8)
= 0.0018 in

Required thickness, tensile stress at the top:

t = -(0.6 - 0.14*SDS)*Wt / (π*Dt*St*E) + 48*Mt / (π*Dt
2*St*E)

= -(0.6 - 0.14*0.7333)*1,120.87 / (π*23.625*17,100*0.55) + 48*1,019.3 / (π*23.6252*17,100*0.55)
= 0.0022 in

Compressive side

Required thickness, compressive stress at base:

t = (1 + 0.14*SDS)*W / (π*D*Sc*Ec) + 48*M / (π*D2*Sc*Ec)
= (1 + 0.14*0.7333)*1,193.56 / (π*23.625*16,469*1) + 48*1,188.1 / (π*23.6252*16,469*1)
= 0.0031 in

Required thickness, compressive stress at the top:

t = (1 + 0.14*SDS)*Wt / (π*Dt*Sc*Ec) + 48*Mt / (π*Dt
2*Sc*Ec)
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= (1 + 0.14*0.7333)*1,120.87 / (π*23.625*16,469*1) + 48*1,019.3 / (π*23.6252*16,469*1)
= 0.0027 in
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Skirt Buckling Check per ASCE 15.7.10.5

4.4.12.2.i Axial Compression, Bending Moment, and Shear

fb = M / S (4.4.119)

fa = F / A (4.4.120)

fv = V*sin[φ] / A (4.4.122)

Ks = 1 - (fv / Fva)2 (4.4.105)

Fe = π2*Ey / (Ku*Lu / rg)2 (4.4.110)

∆ = Cm / (1 - fa*FS / Fe) (4.4.109)

fa / (Ks*Fca) + 8*∆*fb / (9*Ks*Fba) ≤ 1 for fa / (Ks*Fca) ≥ 0.2 (4.4.112)

fa / (2*Ks*Fca) + ∆*fb / (Ks*Fba) ≤ 1 for fa / (Ks*Fca) < 0.2 (4.4.113)

New / Corroded

rg = 0.25*(23.90632 + 23.252)0.5 = 8.3369"

A = π*(23.90632 - 23.252) / 4 = 24.31 in2

S = π*(23.90634 - 23.254) / (32*23.9063) = 141.3285 in3

Operating Hot & Corroded

Seismic ASCE 15.7.10.5

fb = 18,076.4 / 141.3285 = 128 psi

fa = 1,072.95 / 24.31 = 44 psi

fv = 308.26*sin[90] / 24.31 = 13 psi

Ks = 1 - (13 / 19,740)2 = 1

Fe = π2*29.03E+06 / (2.1*92.1545 / 8.3369)2 = 531,740 psi

∆ = 1 / (1 - 44*1 / 531,740) = 1.0001

fa / (Ks*Fca) = 44 / (1*32,160) = 0.0014

44 / (2*1*32,160) + 1.0001*128 / (1*38,151) = 0.004

Combined load check passes.

Operating Hot & New

Seismic ASCE 15.7.10.5

fb = 20,219.1 / 141.3285 = 143 psi

fa = 1,193.56 / 24.31 = 49 psi

fv = 341.43*sin[90] / 24.31 = 14 psi

Ks = 1 - (14 / 19,740)2 = 1

Fe = π2*29.03E+06 / (2.1*92.1545 / 8.3369)2 = 531,740 psi

∆ = 1 / (1 - 49*1 / 531,740) = 1.0001

fa / (Ks*Fca) = 49 / (1*32,160) = 0.0015

49 / (2*1*32,160) + 1.0001*143 / (1*38,151) = 0.0045

Combined load check passes.
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Empty Cold & Corroded

Seismic ASCE 15.7.10.5

fb = 15,172.6 / 141.3285 = 107 psi

fa = 816.68 / 24.31 = 34 psi

fv = 237.79*sin[90] / 24.31 = 10 psi

Ks = 1 - (10 / 21,000)2 = 1

Fe = π2*29.4E+06 / (2.1*92.1545 / 8.3369)2 = 538,503 psi

∆ = 1 / (1 - 34*1 / 538,503) = 1.0001

fa / (Ks*Fca) = 34 / (1*34,161) = 9.8359E-04

34 / (2*1*34,161) + 1.0001*107 / (1*40,162) = 0.0032

Combined load check passes.

Empty Cold & New

Seismic ASCE 15.7.10.5

fb = 17,311.8 / 141.3285 = 122 psi

fa = 940.38 / 24.31 = 39 psi

fv = 271.8*sin[90] / 24.31 = 11 psi

Ks = 1 - (11 / 21,000)2 = 1

Fe = π2*29.4E+06 / (2.1*92.1545 / 8.3369)2 = 538,503 psi

∆ = 1 / (1 - 39*1 / 538,503) = 1.0001

fa / (Ks*Fca) = 39 / (1*34,161) = 0.0011

39 / (2*1*34,161) + 1.0001*122 / (1*40,162) = 0.0036

Combined load check passes.
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BASE RING

Inputs

Base configuration single base plate without gussets

Base plate material SA-516-70

Base plate allowable stress, Sp 20,000 psi

Foundation compressive strength 1,658 psi

Concrete ultimate 28-day strength 3,000 psi

Bolt circle, BC 28.5"

Base plate inner diameter, Di 21"

Base plate outer diameter, Do 32"

Base plate thickness, tb 0.375"

Anchor Bolts

Material CS

Allowable stress, Sb 20,000 psi

Bolt size and type 0.75" coarse threaded

Number of bolts, N 4

Corrosion allowance (applied to root radius) 0"

Anchor bolt clearance 0.125"

Bolt root area (corroded), Ab 0.3 in2

Diameter of anchor bolt holes, db 0.875"

Initial bolt preload 0% (0 psi)

Bolt at 0° No
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Results Summary

Load Vessel
condition

Base V
(lbf)

Base M
(lbf-ft)

W
(lb)

Required
bolt area
(in2)

tr
Base
(in)

Foundation
bearing
stress
(psi)

Wind operating, corroded 314.9 1,227.5 1,121 0.0174 0.1965 16.09

Wind operating, new 314.9 1,228.8 1,241.6 0.0166 0.197 16.18

Wind empty, corroded 314.9 1,227.5 864.7 0.0194 0.1943 15.73

Wind empty, new 314.9 1,228.8 988.4 0.0185 0.1957 15.95

Seismic operating, corroded 215.8 1,062.7 1,121 0.0154 0.1986 16.43

Seismic operating, new 239 1,188.1 1,241.6 0.0173 0.2098 18.34

Seismic empty, corroded 166.5 893.4 864.7 0.0134 0.1807 13.61

Seismic empty, new 190.3 1,018.5 988.4 0.0153 0.193 15.52

Anchor bolt load (governing)

P = -0.6*W / N + 48 * M / (N*BC)
= -0.6*864.68 / 4 + 48 * 1,227.5 / (4*28.5)
= 387.15 lbf

Required area per bolt = P / Sb = 0.0194 in2

The area provided (0.302 in2) by the specified anchor bolt is adequate.

Support calculations (Jawad & Farr chapter 12, governing)

Base plate width, tc: 5.5 in
Average base plate diameter, d: 26.5 in
Base plate elastic modulus, Es: 29.0E+06psi
Base plate yield stress, Sy: 36,000 psi

Ec = 57,000*Sqr(3,000) = 3,122,019 psi

n = Es/Ec = 29.0E+06 / 3,122,019 = 9.2889

ts = (N*Ab) / (π*d)
= (4*0.302) / (π*26.5)
= 0.0145 in

From table 12.4 for k = 0.208063:

K1 = 2.6428, K2 = 1.2437
L1 = 7.7348, L2 = 16.1811, L3 = 4.3835

Total tensile force on bolting

T = (12*M - (0.6 - 0.14*SDS)*W *(L1 + L3)) / (L2 + L3)
= (12*1,188.1 - (0.6 - 0.14*0.7333)*1,241.56 *(7.7348 + 4.3835)) / (16.1811 + 4.3835)
= 329.43 lbf

Tensile stress in bolts use the larger of fs or bolt preload = 0 psi
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fs = T / (ts * (d / 2) * K1)
= 329.43 / (0.0145 * (26.5 / 2) * 2.6428)
= 648 psi

Total compressive load on foundation

Cc = T + (1 + 0.14*SDS)*W + Bolt Preload
= 329.43 + (1 + 0.14*0.7333)*1,241.56 + 0
= 1,698.46 lbf

Foundation bearing stress

fc = Cc / (((tc - ts) + n*ts)*(d / 2)*K2)
= 1,698.46 / (((5.5 - 0.0145) + 9.2889*0.0145)*(26.5 / 2)*1.2437)
= 18 psi

As fc <= 1,658 psi the base plate width is satisfactory.

k = 1 / (1 + fs / (n*fc))
= 1 / (1 + 648 / (9.2889*18))
= 0.208063

Base plate required thickness (governing)

tr = (3*fc*L2 / Sp)0.5
= (3*18*42 / 20,000)0.5
= 0.2098 in

The base plate thickness is satisfactory.
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Inlet (A)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on SHELL #1

Orientation 270°

Nozzle center line offset to datum line 33"

End of nozzle to shell center 19"

Passes through a Category A joint No

Nozzle

Description NPS 4 Sch 80 (XS)

Access opening No

Material specification SA-106 B Smls pipe (II-D p. 14, ln. 15)

Inside diameter, new 3.826"

Pipe nominal wall thickness 0.337"

Pipe minimum wall thickness1 0.2949"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 4"

Projection available outside vessel to flange face, Lf 7"

Local vessel minimum thickness 0.3281"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.375"
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1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.

ASME B16.5-2013 Flange

Description NPS 4 Class 150 WN A105

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p.
344, ln. 31)

Blind included No

Rated MDMT -55°F

Liquid static head 0 psi

MAWP rating 272.5 psi @ 150°F

MAP rating 285 psi @ 70°F

Hydrotest rating 450 psi @ 70°F

PWHT performed No

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Gasket

Description Flexitallic Spiral Wound CG 304
S.S.

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5263)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UCS-66 Material Toughness Requirements Nozzle

tr = 150*1.9755 / (17,100*1 - 0.6*150) = 0.0174"

Stress ratio = tr*E* / (tn - c) = 0.0174*1 / (0.2949 - 0.0625) = 0.075

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The attached ASME B16.5 flange limits the nozzle MAWP.

UG-37 Area Calculation Summary (in2) UG-45
Summary (in)

For P = 272.5 psi @ 150 °F
The opening is adequately reinforced

The nozzle passes
UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin
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0.7508 0.7615 0.2986 0.3223 -- -- 0.1406 0.2525 0.2949

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1859 0.2625 weld size is adequate

Reinforcement Calculations for MAP

The attached ASME B16.5 flange limits the nozzle MAP.

UG-37 Area Calculation Summary (in2) UG-45
Summary (in)

For P = 285 psi @ 70 °F
The opening is adequately reinforced

The nozzle passes
UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

0.7602 1.1358 0.4952 0.5 -- -- 0.1406 0.1987 0.2949

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2297 0.2625 weld size is adequate
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Vapor Out/Inspection (B)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on TOP HEAD

Orientation 0°

End of nozzle to datum line 82"

Calculated as hillside No

Distance to head center, R 0"

Passes through a Category A joint No

Nozzle

Description NPS 4 Sch 80 (XS)

Access opening No

Material specification SA-106 B Smls pipe (II-D p. 14, ln. 15)

Inside diameter, new 3.826"

Pipe nominal wall thickness 0.337"

Pipe minimum wall thickness1 0.2949"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 4.9529"

Projection available outside vessel to flange face, Lf 7.9529"

Local vessel minimum thickness 0.3125"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"
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Nozzle to vessel groove weld 0.3125"
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.

ASME B16.5-2013 Flange

Description NPS 4 Class 150 WN A105

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p.
344, ln. 31)

Blind included No

Rated MDMT -55°F

Liquid static head 0 psi

MAWP rating 272.5 psi @ 150°F

MAP rating 285 psi @ 70°F

Hydrotest rating 450 psi @ 70°F

PWHT performed No

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Gasket

Description Flexitallic Spiral Wound CG 304
S.S.

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5263)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UCS-66 Material Toughness Requirements Nozzle

tr = 150*1.9755 / (17,100*1 - 0.6*150) = 0.0174"

Stress ratio = tr*E* / (tn - c) = 0.0174*1 / (0.2949 - 0.0625) = 0.075

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The attached ASME B16.5 flange limits the nozzle MAWP.

UG-37 Area Calculation Summary (in2) UG-45
Summary (in)

For P = 272.5 psi @ 150 °F
The opening is adequately reinforced

The nozzle passes
UG-45
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A
required

A
available A1 A2 A3 A5

A
welds treq tmin

0.5867 0.7839 0.4043 0.2594 -- -- 0.1202 0.2229 0.2949

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.175 0.2625 weld size is adequate

Reinforcement Calculations for MAP

The attached ASME B16.5 flange limits the nozzle MAP.

UG-37 Area Calculation Summary (in2) UG-45
Summary (in)

For P = 285 psi @ 70 °F
The opening is adequately reinforced

The nozzle passes
UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

0.6004 1.1219 0.5945 0.4072 -- -- 0.1202 0.1688 0.2949

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2188 0.2625 weld size is adequate
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Liquid Out (C)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on SHELL #1

Orientation 45°

Nozzle center line offset to datum line -3"

End of nozzle to shell center 13.5"

Passes through a Category A joint No

Nozzle

Description NPS 1 Class 6000 - threaded

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23)

Inside diameter, new 1.315"

Nominal wall thickness 0.4675"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 1.5"

Local vessel minimum thickness 0.3281"

Liquid static head included 0.45 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.375"
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UCS-66 Material Toughness Requirements Nozzle At Intersection

Governing thickness, tg = 0.3281"

Exemption temperature from Fig UCS-66 Curve B = -20°F

tr = 150.45*12 / (17,100*1 + 0.4*150.45) = 0.1052"

Stress ratio = tr*E* / (tn - c) = 0.1052*1 / (0.3281 - 0.0625) = 0.3961

Reduction in MDMT, TR from Fig UCS-66.1 = 95.7°F

MDMT = max[ MDMT - TR, -55] = max[ -20 - 95.7 , -55] = -55°F

Material is exempt from impact testing at the Design MDMT of -20°F.

UCS-66 Material Toughness Requirements Nozzle

tr = 150.45*0.72 / (20,000*1 - 0.6*150.45) = 0.0054"

Stress ratio = tr*E* / (tn - c) = 0.0054*1 / (0.4675 - 0.0625) = 0.0134

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary (in)

For P = 381.87 psi @ 150 °F The nozzle passes
UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 0.4675

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)
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UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1859 0.2625 weld size is adequate

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

Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary (in)

For P = 472.71 psi @ 70 °F The nozzle passes
UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.0625 0.4675

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2297 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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LG (D1)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on SHELL #1

Orientation 135°

Nozzle center line offset to datum line 27.5"

End of nozzle to shell center 13.5"

Passes through a Category A joint No

Nozzle

Description NPS 0.75 Class 6000 - threaded

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23)

Inside diameter, new 1.05"

Nominal wall thickness 0.35"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 1.5"

Local vessel minimum thickness 0.3281"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.375"
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UCS-66 Material Toughness Requirements Nozzle At Intersection

Governing thickness, tg = 0.3281"

Exemption temperature from Fig UCS-66 Curve B = -20°F

tr = 150*12 / (17,100*1 + 0.4*150) = 0.1049"

Stress ratio = tr*E* / (tn - c) = 0.1049*1 / (0.3281 - 0.0625) = 0.395

Reduction in MDMT, TR from Fig UCS-66.1 = 96.6°F

MDMT = max[ MDMT - TR, -55] = max[ -20 - 96.6 , -55] = -55°F

Material is exempt from impact testing at the Design MDMT of -20°F.

UCS-66 Material Toughness Requirements Nozzle

tr = 150*0.5875 / (20,000*1 - 0.6*150) = 0.0044"

Stress ratio = tr*E* / (tn - c) = 0.0044*1 / (0.35 - 0.0625) = 0.0154

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary

(in)

For P = 381.87 psi @ 150 °F The nozzle
passes UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 0.35

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)
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UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1859 0.2625 weld size is adequate

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

Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary

(in)

For P = 472.71 psi @ 70 °F The nozzle
passes UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.0625 0.35

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2297 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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LG (D2)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on SHELL #1

Orientation 135°

Nozzle center line offset to datum line 0"

End of nozzle to shell center 13.5"

Passes through a Category A joint No

Nozzle

Description NPS 0.75 Class 6000 - threaded

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23)

Inside diameter, new 1.05"

Nominal wall thickness 0.35"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 1.5"

Local vessel minimum thickness 0.3281"

Liquid static head included 0.39 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.375"
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UCS-66 Material Toughness Requirements Nozzle At Intersection

Governing thickness, tg = 0.3281"

Exemption temperature from Fig UCS-66 Curve B = -20°F

tr = 150.39*12 / (17,100*1 + 0.4*150.39) = 0.1052"

Stress ratio = tr*E* / (tn - c) = 0.1052*1 / (0.3281 - 0.0625) = 0.396

Reduction in MDMT, TR from Fig UCS-66.1 = 95.8°F

MDMT = max[ MDMT - TR, -55] = max[ -20 - 95.8 , -55] = -55°F

Material is exempt from impact testing at the Design MDMT of -20°F.

UCS-66 Material Toughness Requirements Nozzle

tr = 150.39*0.5875 / (20,000*1 - 0.6*150.39) = 0.0044"

Stress ratio = tr*E* / (tn - c) = 0.0044*1 / (0.35 - 0.0625) = 0.0154

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary

(in)

For P = 381.87 psi @ 150 °F The nozzle
passes UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 0.35

UG-41 Weld Failure Path Analysis Summary

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

57/77

Skid
 2 

rel
oc

ate
d f

rom
 

UOPR Jo
b 4

88
 to

 44
7



UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1859 0.2625 weld size is adequate

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

Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary

(in)

For P = 472.71 psi @ 70 °F The nozzle
passes UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.0625 0.35

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2297 0.2625 weld size is adequate

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

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on SHELL #1

Orientation 0°

Nozzle center line offset to datum line 6"

End of nozzle to shell center 13.5"

Passes through a Category A joint No

Nozzle

Description NPS 0.75 Class 6000 - threaded

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23)

Inside diameter, new 1.05"

Nominal wall thickness 0.35"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 1.5"

Local vessel minimum thickness 0.3281"

Liquid static head included 0.28 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.375"
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UCS-66 Material Toughness Requirements Nozzle At Intersection

Governing thickness, tg = 0.3281"

Exemption temperature from Fig UCS-66 Curve B = -20°F

tr = 150.28*12 / (17,100*1 + 0.4*150.28) = 0.1051"

Stress ratio = tr*E* / (tn - c) = 0.1051*1 / (0.3281 - 0.0625) = 0.3957

Reduction in MDMT, TR from Fig UCS-66.1 = 96°F

MDMT = max[ MDMT - TR, -55] = max[ -20 - 96 , -55] = -55°F

Material is exempt from impact testing at the Design MDMT of -20°F.

UCS-66 Material Toughness Requirements Nozzle

tr = 150.28*0.5875 / (20,000*1 - 0.6*150.28) = 0.0044"

Stress ratio = tr*E* / (tn - c) = 0.0044*1 / (0.35 - 0.0625) = 0.0154

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary

(in)

For P = 381.86 psi @ 150 °F The nozzle
passes UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 0.35

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)
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UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1859 0.2625 weld size is adequate

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

Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary

(in)

For P = 472.71 psi @ 70 °F The nozzle
passes UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.0625 0.35

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2297 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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LSHH (F1)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on SHELL #1

Orientation 90°

Nozzle center line offset to datum line 25.5"

End of nozzle to shell center 13.5"

Passes through a Category A joint No

Nozzle

Description NPS 1 Class 6000 - threaded

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23)

Inside diameter, new 1.315"

Nominal wall thickness 0.4675"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 1.5"

Local vessel minimum thickness 0.3281"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.375"
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UCS-66 Material Toughness Requirements Nozzle At Intersection

Governing thickness, tg = 0.3281"

Exemption temperature from Fig UCS-66 Curve B = -20°F

tr = 150*12 / (17,100*1 + 0.4*150) = 0.1049"

Stress ratio = tr*E* / (tn - c) = 0.1049*1 / (0.3281 - 0.0625) = 0.395

Reduction in MDMT, TR from Fig UCS-66.1 = 96.6°F

MDMT = max[ MDMT - TR, -55] = max[ -20 - 96.6 , -55] = -55°F

Material is exempt from impact testing at the Design MDMT of -20°F.

UCS-66 Material Toughness Requirements Nozzle

tr = 150*0.72 / (20,000*1 - 0.6*150) = 0.0054"

Stress ratio = tr*E* / (tn - c) = 0.0054*1 / (0.4675 - 0.0625) = 0.0134

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary (in)

For P = 381.87 psi @ 150 °F The nozzle passes
UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 0.4675

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)
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UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1859 0.2625 weld size is adequate

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

Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary (in)

For P = 472.71 psi @ 70 °F The nozzle passes
UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.0625 0.4675

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2297 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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LSHH (F2)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on SHELL #1

Orientation 90°

Nozzle center line offset to datum line 11.5"

End of nozzle to shell center 13.5"

Passes through a Category A joint No

Nozzle

Description NPS 1 Class 6000 - threaded

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23)

Inside diameter, new 1.315"

Nominal wall thickness 0.4675"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 1.5"

Local vessel minimum thickness 0.3281"

Liquid static head included 0.18 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.375"
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UCS-66 Material Toughness Requirements Nozzle At Intersection

Governing thickness, tg = 0.3281"

Exemption temperature from Fig UCS-66 Curve B = -20°F

tr = 150.18*12 / (17,100*1 + 0.4*150.18) = 0.105"

Stress ratio = tr*E* / (tn - c) = 0.105*1 / (0.3281 - 0.0625) = 0.3954

Reduction in MDMT, TR from Fig UCS-66.1 = 96.2°F

MDMT = max[ MDMT - TR, -55] = max[ -20 - 96.2 , -55] = -55°F

Material is exempt from impact testing at the Design MDMT of -20°F.

UCS-66 Material Toughness Requirements Nozzle

tr = 150.18*0.72 / (20,000*1 - 0.6*150.18) = 0.0054"

Stress ratio = tr*E* / (tn - c) = 0.0054*1 / (0.4675 - 0.0625) = 0.0134

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary (in)

For P = 381.86 psi @ 150 °F The nozzle passes
UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 0.4675

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)
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UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1859 0.2625 weld size is adequate

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

Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary (in)

For P = 472.71 psi @ 70 °F The nozzle passes
UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.0625 0.4675

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2297 0.2625 weld size is adequate

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

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on SHELL #1

Orientation 270°

Nozzle center line offset to datum line -3"

End of nozzle to shell center 13.5"

Passes through a Category A joint No

Nozzle

Description NPS 2 Class 3000 - threaded

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23)

Inside diameter, new 2.375"

Nominal wall thickness 0.3125"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 1.5"

Local vessel minimum thickness 0.3281"

Liquid static head included 0.45 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.375"
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UCS-66 Material Toughness Requirements Nozzle

tr = 150.45*1.25 / (20,000*1 - 0.6*150.45) = 0.0094"

Stress ratio = tr*E* / (tn - c) = 0.0094*1 / (0.3125 - 0.0625) = 0.0378

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary (in)

For P = 381.87 psi @ 150 °F The nozzle passes
UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 0.3125

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.175 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary (in)

For P = 472.71 psi @ 70 °F The nozzle passes
UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.0625 0.3125

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2188 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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LC (Future) (H1)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on SHELL #1

Orientation 180°

Nozzle center line offset to datum line 22"

End of nozzle to shell center 13.5"

Passes through a Category A joint No

Nozzle

Description NPS 1.5 Class 3000 - threaded

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23)

Inside diameter, new 1.9"

Nominal wall thickness 0.3"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 1.5"

Local vessel minimum thickness 0.3281"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.375"
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UCS-66 Material Toughness Requirements Nozzle

tr = 150*1.0125 / (20,000*1 - 0.6*150) = 0.0076"

Stress ratio = tr*E* / (tn - c) = 0.0076*1 / (0.3 - 0.0625) = 0.0321

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary

(in)

For P = 381.87 psi @ 150 °F The nozzle
passes UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 0.3

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1662 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary

(in)

For P = 472.71 psi @ 70 °F The nozzle
passes UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.0625 0.3

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.21 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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LC (Future) (H2)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on SHELL #1

Orientation 180°

Nozzle center line offset to datum line 8"

End of nozzle to shell center 13.5"

Passes through a Category A joint No

Nozzle

Description NPS 1.5 Class 3000 - threaded

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23)

Inside diameter, new 1.9"

Nominal wall thickness 0.3"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 1.5"

Local vessel minimum thickness 0.3281"

Liquid static head included 0.25 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.375"
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UCS-66 Material Toughness Requirements Nozzle

tr = 150.25*1.0125 / (20,000*1 - 0.6*150.25) = 0.0076"

Stress ratio = tr*E* / (tn - c) = 0.0076*1 / (0.3 - 0.0625) = 0.0322

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary

(in)

For P = 381.86 psi @ 150 °F The nozzle
passes UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 0.3

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1662 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-44
Summary

(in)

For P = 472.71 psi @ 70 °F The nozzle
passes UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.0625 0.3

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.21 0.2625 weld size is adequate

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

ASME Section VIII Division 1, 2015 Edition

Inputs

Distance from Bottom of Bed to Datum 56"

Bed Depth 8"

Bed Diameter 23.25"

Bed Density 12.00 lb/ft3

Liquid Holdup 2.00% of dry
weight

Weight

Estimated Bed Weight, Empty 23.6 lb

Estimated Bed Weight, Operating 24.1 lb

Loading Conditions

Included in Vessel Lift & Shipping Weight Yes

Present When Vessel is Empty Yes

Present During Test Yes
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