UOP RUSSELL LLC

Tulsa, Oklahoma

JOB NO: J-447 DATE: 7/14/11
CLIENT: UOP Russell BY: JRG
SUBJECT: 60 MM Cryo Plant
FILTER / SEPARATOR
TAG NO: F-441
SERVICE: Inlet Filter / Coalescer
DESCRIPTION: Reverse flow coalescer to remove 99.99% of all solid particles and 99.5% of all liquid particles
0.3 microns and larger. Located upstream of Mol Sieve Beds V-442 & V-443
Basis: Nominal
Vapor Liquid
Fluid Inlet Gas Hydrocarbon and/or Compr Lube Oil
Flow Rate, (Lbs/Hr) 139,259 Trace Amounts
Density, Lbs/Ft® 3.236
Viscosity, cP 0.0138
Mol. Wt. 18.38
Operating Pressure / Temperature 964.0 psia 120 °F
Design Pressure / Temperature 1100 psig 150 °F
MDMT @ Pressure -20 @ 1100
Clean Pressure Drop, Max. 2
Corrosion Allowance 0.0625
Code: ASME Section VIII w/Stamp Yes X No
National Board No. Yes X No
Materials of Construction CS
Closure Type Quick Open X Swing Bolt Other
Davited, Hinged, Other Davited X Hinged Other
Internals PN 1 Set of 8 Porous Media Elements - GCA1308L002V
Dimensions 24" OD x 11'- 0" S/S
Radiography / Stress Relieve RT-2 Per Code
Sandblast / Paint SSPC SP-6 TRCo Std ENG - 36¢ System 3 (Note 2)
Insulation Thickness 1"Hw / EHT
Connections Qty Size Rating Face Type
Inlet 1 8 600 RF FLG
Outlet 1 8 600 RF FLG
PDI 2 0.5 6000 CPLG
Filter Vent 1 0.75 6000 CPLG
PI 1 0.5 6000 CPLG
LSHH 2 1 6000 CPLG
Liquid Outlet 2 1 600 RF FLG
LT 4 1.5 6000 CPLG
LG 4 0.75 6000 CPLG
Separator LSHH 2 1 6000 CPLG
Charcoal Dump
Fill
P.O. # Weight (Lb): 5,200
Manufacturer / Model # KMI UltiSep GU2408HO08A
Notes: 1) See attached "Scope of Supply".
2) Use TRCo Painting System 3
3) Duplicate of PO 247-5
4) Wind: ASCE 7-10, V=120 MPH, Exp.C, Cat. Ill
5) Seismic: ASCE 7-10, Site D, 1=1.25, Ss=100%, S1=40%
REVISION 3 4 5 A s
ENGINEER/DATE TKF 10/29/12 TKF 07/11/13 JRG 08/14/13 SHP | 08/19/13
ISSUED FOR Revised Revised Revised Revised

12/19/2017, 2:02 PM, Form-FLTR-SEP




























410 BOYD ROAD

MINERAL WELLS, TEXAS 76067
PHONE: 940-325-7841

FAX: 940-325-3765

SPECIFICATION DATA SHEET

(MECHANICAL DESIGN/FABRICATION/INSPECTION/TESTING DATA)

KMl Project No:

Quote No.: Q160140R1

Equip. Description:

Vertical UltiSep 24" 0.D. x 11'-0" sm-sm @ 1100 psig

Model No.: GU2408HO8A
KMI SERIAL NO.: 165051
Quantity: 1

Tag Number: F-441
Purchaser: UOP Russell LLC

Purchaser P.O. No.:

4500749401

End User:

Unknown (Not Stated)

Project:

J44T7XX

Destination:

1401 RUSSELL WAREHOUSE

CUSTOMER SUPPLIED SPECIFICATIONS:

ASME Section VIII, Div 1
Notes:

1) Use TRCo Painting System 3
2) Include initial set of elements in base cost
3) Include extra set of elements and spare gasket as an added cost
4) Vendor to provide the following fabrication drawings:
- Two (2) electronic copies "For Approval"
- Two (2) electronic copies Certified AFC
- Four (4) Final Hard Copies of As-Built Job Data Book Documentation and
(1) CD with all documents available in electronic format
5) Vendor to submit weld procedures to UOP Russell for approval prior to
start of fabrication
6) Provide two (2) carbon steel lifting lugs
7) External nozzle projections shall be per UOP Russell Standard 13]
8) Vendor shall provide zinc or cadmium plated bolts when design tempeture is 650F
or less. Bolts shall be black (non-plated) for design tempetures above 650F
9) American Piping for Material
10) Spare elements for each vessel.
11) Spare O-rings for each vessel.

REVISION HISTORY

REV DATE BY DESCRIPTION OF CHANGE
0 12/5/2016 MDB |PER PURCHASE ORDER
1
2

Page 1 of 3




PROJECT: J447XX

TAG#: F-441

|CUST. PO#: 4500749401

MECHANICAL DESIGN DATA/CONDITIONS

DESIGN PRESSURE, PSIG: 1,100(DESIGN CODE: ASME SEC VIII Div. 1
DESIGN TEMPERATURE, °F: 150
CORROSION ALLOWANCE: 0.0625|WIND: ASCE 7-10  (120mph, Exp. C, Cat. Ill)
MDMT, °F: -20|sEIsSmiIc: ASCE 7-10 (Site D, 1=1.25, Ss=100%, S1=40%)
CONNECTIONS/OPENINGS
SERVICE MARK QTY. |SIZE (NPS)| TYPE FLG/CPLG RATING
INLET N1 1 8" RF FLG ANSI 600#
OUTLET N2 1 8" RF FLG ANSI 600#
LIQUID OUTLETS N3/4 2 1" RF FLG ANSI 600#
DRAINS C1/C2 2 1" NPT 6000#
LEVEL CONTROLS C3/c4 4 11/2" NPT 6000#
SIGHT GLASSES C5/C6 4 3/4" NPT 6000#
DIFFERENTIAL PRESSURE C7 2 1/2" NPT 6000#
VENT C8 1 3/4" NPT 6000#
LSHH (SUMP) C9 2 1" NPT 6000#
PI C10 1 1/2" NPT 6000#
LSHH (COALESCER) C11 2 1" NPT 6000#
FLANGE FINISH:
MATERIALS

COMPONENT PRESSURE PART NON-PRESSURE ATTACHMENT MATERIALS
FORGINGS SA-105N LIFT LUG: 2 - KMI STANDARDS
PLATE SA-516-70 NAME PLATE BRACKET: SA-992 Beam Material
PIPE SA-106 B/C
FLANGES SA-105
FITTINGS SA-234 WPB
STUDS SA-193 B7 Cad. Plt.
NUTS SA-194 2H Cad. Plt.

FLANGE GASKETS

PTFE

RESTRICTION ON ORIGIN OF MATERIALS: Domestic, Western Europe, Etc.

MATERIAL TEST REPORTS (MTR'S) REQUIREMENTS:

IMPACT TESTING REQUIRED: Not Required

MATERIALS OF CONSTRUCTION - VESSEL INTERNALS

PENTAIR Element Support Riser

|ELEMENT Part No.: GCA1308L002V

CLOSURE TYPE

TYPE: YALE Fig 500 Threaded quick opening closure w/ davit

O-RING: BUNA-N

|O-RING Part No.: H70014

MISCELLANEOUS ATTACHMENTS

DESCRIPTION MATERIAL
NAMEPLATE: 316 SS (Standard KMI)
SKIRT / BASEPLATE: |SA-53 B ERW Welded Pipe / SA-516-70
HINGE PLATE: Not Applicable




PROJECT: J447XX |TAG#: F-441 |CUST. PO#: 4500749401

INSPECTION AND TESTING/NDE

VISUAL EXAMINATION (VT): Per Code

RADIOGRAPHIC TESTING (RT): RT-2 per ASME Code

ULTRASONIC TESTING (UT): None

MAGNETIC PARTICLE TESTING (MT): None

LIQUID PENETRANT TESTING (PT): None

HARDNESS TESTING (HDT): None

PRODUCTION WELD IMPACT TESTING: None

POST WELD HEAT TREATMENT: None

HYDROSTATIC TEST (HYT): 1.3 X MAWP

PHEUMATIC TEST (PNT) OF WEAR PAD: None

WPS/PQR APPROVAL REQUIRED: WELD MAPS REQUIRED: No
NATIONAL BOARD NO.: Yes
INSPECTION BY: CUSTOMER:

INSPECTION AND TESTING NOTES

MT: None

HARDNESS: None

HYDRO: 1.3 X MAWP

CUSTOMER:
SURFACE PREPARATION
INTERNAL: None EXTERNAL: SSPC-SP 6 Commercial Blast
EXTERNAL COATINGS REQUIREMENTS (MFR. OF COATINGS:)

COAT DESCRIPTION DFT (MILS)| COLOR
PRIMER Sherwin Williams Macropoxy 646 (B58-600) 4-6 Not Stated
INTERMEDIATE Sherwin Williams Macropoxy 646 (B58-600) 4-6 Not Stated
TOPCOAT Sherwin Williams Hi-Solids Polyurethan B65 Series/B60V30 3-4 *

NOTES: Total System: DFT 12-16 mils VOC's per 1000 sq. ft. = 28 Ibs
* TOP COAT IS SHERWIN WILLIAMS STRUCTURAL GRAY", SW4031

INTERNAL COATING

None

SHIPPING INFORMATION

EST. EMPTY WT.: 5289 Ibs. EST. TEST WT.: 7304 Ibs. EST. OPERATING WT.: 5690 Ibs.

FLANGE PROTECTORS:

THREADED OPENINGS:

QA NOTES

NO. OF COPIES OF FINAL DATA:

NOTES:




BILL OF MATERIALS
ITEM RQETQ"D DESCRIPTION MATERIAL f
1 1 | SHELL, PIPE, 24" SCH 60 (.969" NOM) SMLS x 11°—0" LG. SA—106—C
2 1| HEAD, 24" OD x 7/8" NOM, 2:1 ELLIP. W/ 2" S.F. (HOT FORMED) SA—516—70-N
3 1 | CLOSURE, 24” OD 600# ANSI (YALE/HUBER FIG. 500 W/ DAVIT) cs
4 1| SKIRT, PIPE, 24" SCH STD x 30" LG. (TRIM TO FIT) SA-53-B
5 2 | FLANGE, 8" 600# RFLWN x 13" LG SA—105—-N
6 2 | PLATE, INSULATION RING, 26” OD x 24 1/4" 1D x 1/4" THK. SA—516—70-N
7 6 | COUP—O-LET, LONG, 1" 6000# NPT x 3" LG. SA—105
8 5 | COUP—O-LET, LONG, 3/4” 6000# NPT x 3" LG. SA—105
9 3 | COUP—O—LET, LONG, 1/2" 6000# NPT x 3" LG. SA—105
10 | 8 | CARTRIDGE, PART NO. GCA1308L002V (BY PENTAIR)
3/ TYP 11 8 | RISER, PART NO. GA5536P422CS x 22" LG. (BY PENTAIR)
12 2 | LIFT LUGS, PHOENIX MODEL 2—899—MLL A105
13 1| PLATE, TUBESHEET, 21 3/4” OD x 1 1/4” THK. (SEE DETAIL) SA—516—70-N
14 | 1 | PIPE, 1”7 SCH 80 (SIPHON TUBE) SA-53-B
@ LIFTING LUG DETAIL 15 1 | PLATE, BASE, 30" OD x 22" ID x 3/4" THK. SA—516—70-N
SCALE: NONE 16 1| NAME PLATE BRACKET, KMl STD T—BEAM x 10 1/2" LG. SA-36
QrY. (2) 17 2 NAME PLATES, ASME CODE (KMl & PENTAIR) SS
18 4 | COUP—O-LET, LONG, 1 1/2" 6000# NPT x 3" LG. SA—105
19 2 | FLANGE, 1" 600# RFLWN x 9" LG SA—105—N
20 | 1 | PIPE, DRAIN, 1" SCH 160 SMLS (CUT TO FIT) SA—106—B
21 1| ELBOW, 1" 3000# 90° SOCKETWELD SA—105
@ 22 | 1 | COUPLING, FULL, 1" 3000# THREADED SA—105

SEE KMI DATA SHEETS FOR NOTES
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@(ﬁ LIFTING
LUGS i

= (Fs)
180" RELEASED FOR DATE BY CHK
PLAN VIEW | APPROVAL 12/5/16 MDB
FABRICATION '\2/2'\/W6 MDB
FINAL (AS BUILT)| 2/16/17 | MDB
IV. DATA PLATE INFORMATION
0 S
| ) 5 5
%
” | S PENTAIR
7 3/4" R B
@@@ Process Technologies SP EC\ H CA"H ON S
\ 936—788—1000
| 15" www.pentairseparations.com 1. GENERAL
| 1. VESSEL TO BE CONSTRUCTED AND STAMPED PER A.S.M.E.
270 i -—1— :> 90 . ® CODE SECTION VIII, DIVISION 1. 2015
] C1_DRAIN DETAIL UltiSep ®io ro. 2. ADDENDA NONE
/ SCALE: NONE ‘ GU2408H0O8A ‘ 3. JOINT EFFICIENCY (SHELL) _100 =%
4. JOINT EFFICIENCY (HEAD) _100 «
(8) 4 5/8" DIA. HOLES Replacement Element No. 5. DIMENSIONAL TOLERANCES *1/8 INCH UNLESS OTHERWISE NOTED
. GE AND ANCHOR BOLTS TO STRADDLE VESSEL CENTERLINES.
Al _ ¢ NAMEPLATES (FS @ ‘ ‘ 6. FLAN
:"i = GCA1308L002V
I
10 7/8" R 3 o o o I NON DESTRUCTIVE TESTING
ELEMENT DIA. (REF. ONLY) TUBESHEET " j_ @@ 1. RADIOGRAPH RT—2 (SEE _KMI DATA SHEETS)
RADIUS j T
@ TUBESHEET LAYOUT l l (T\@: 5567 2. ULTRASONIC NONE
SCALE: NONE S < I @ WORK LINE Q 3. MAGNETIC PARTICLE NONE
\ ‘/C \@ ~ ALL TAILED CERTIFIED BY 4. DYE PENETRANT NONE
MW1 1 24” 600# ANSI CLOSURE VESSEL ACCESS \@ DIMENSIONS ARE 3 5. STRESS RELIEVE NONE
# 2 D \“ 10 THIS LINE 5!\)IIIB§YI;BR|§|CATORS INC.
3787 /4 i MINERAL WELLS, TX 76067 111 DESIGN
SA1-2 2 | 8" DIA. HOLE x 12 1/4" LG. SKIRT ACCESS In ] ' 2 —
SV1-2 2 1" DIA. HOLE SKIRT VENT Y 1100 |psI AT_ OI'F 1. DESIGN PRESS. 1100 psic AT 150 -,
TUBESHEET R — - - \Wl - 2. HYDROSTATIC TEST AT __ 1430  psiG.
X Q FS) (FS o 3. CORROSION ALLOWANCE _0.0625 INGHES.
: ] SCALE: NONE J () (Fs) [=20]FATLITO0PSI
C11A-B 2 |17 6000# LONG COUP—O-LET LSHH_(COALESCER) - - 3 | 3/8 Sl ry ) MDMT ——
c10 1 [1/2" 80004 LONG COUP—O—LET | PI - - 3 |38 - wpsf_1047A /4" SERIAL NO.TB505] MI KMI FABRICATORS, INC.
C9A-B 2 [1" 6000# LONG COUP—O-LET LSHH (SUMP) - - 3 | 3/8" | - /4 : | 410 BOYD RD.
c8 1 |3/4" 5000# LONG COUP—O—LET | VENT - - 3 |38 - 2" 10, BASE PL [ ] YR BLT. 2017/ A\ MINERAL WELLS, TX 76067
C7A-B 2 |1/2” 6000# LONG COUP—O—LET | DIFFERENTIAL PRESSURE - - 3 |38 - = PHONE: (800) 325-7841
C6A-B 2 |3/4” 8000# LONG COUP—O—LET | SIGHT GLASS (COALESCER) 3 | 3/8 CORR. ALLOWANCE |.0625 FAX: (940) 325-3765
— — = = - 7 24" 0.D. SKIRT o ' . :
C5A—B 2 |3/4" 6000# LONG COUP—O—LET | SIGHT GLASS (SUMP) - - 3 | 3/8"| - 4/3 e EXT.PRESS.@PS\ AT@ F EMAIL: kmi®@kmifab.com
C4A—B 2 [1.1/2" 6000# LONG COUP—O-LET | LEVEL CONTROL (COALESCER) - - 3 | 3/8 | - S 26 3/4" C/C (4) 7/8" DiA, BOLT HOLES [NLET FILTER ‘ Web Site: www.kmifab.com
C3A-B 2 |1.1/2” 8000# LONG COUP—O—LET | LEVEL CONTROL (SUMP) - - 3 |38 - AT 45 135 205 315
c2 1 |17 6000# LONG COUP—O-LET DRAIN (COALESCER) - - 3 [ 380 - 30” 0.D. BASE PLATE ESGALEFSCAE;} } g%ST%%ER: 2ggosfgsfgwu LLC
c1 1 [1” 6000# LONG COUP—O-LET DRAIN (SUMP - - 3 | 3/8" | - : — 0. -
# b 1] 2 3 NO. REQ'D.: ONE (1)
WpsH __1047A wps§___ 1047A wpsf __1047A ELEVATION i
N4 1 |1” 6004 RFLWN FLG LIQUID OUTLET (COALESCER) 7 |mwrwusH| 4 | 3/8" | - . SERIAL NO.: 15625&51“)
N3 1|17 600# RFLWN FLG LIQUID OUTLET (SUMP) 7" - 1 [ 38 - {\/ EMPTY WT.: 5, S
N2 1 8:: 600# RFLWN FLG OUTLET 10"" - 1 3/8” - ‘ ’—45- DESCRIPTION: 247 0D x 11-0" S/S
N I8 600# RFLWN FLG MET 10 - L V2 e | 2 / 1100 PSIG INLET FILTER/COALESCER
uTSs. NS, | wewo | os. | 1S = N CONSIDERATION | OF THE USE OF THS GRAWIG, USER AGREES . .
ITEM QTY SIZE & RATING , TYPE DESCRIPTION DETAIL t THAT IT SHALL BE TREATED AS CONFIDENTIAL MATERIAL. THAT TAG: F—441 JOB NO.: J447XX
PROJECTION DWG. NOJ WELD SIZE 3 IT SHALL BE RETURNED UPON REQUEST, & THAT THE CONTENTS
& "0 veme OTHERWSE DISPOSED OF DIRECTLY OR NOREGILY, NoR SHALL 1_12/16/17] MDB AS BUILT Drawn oo |Date ., .o |Drowing Number Rev.
2‘ IT BE USED FOR ANY PURPOSE OTHER THAN THAT FOR WHICH IT NO. DATE BY CHK. DESCRIPTION / /
SCHEDULE OF OPENINGS R FABRICATORS, NG -0 EXCEPT BY WRITTEN PERMISSION oF VNG Checked Scdle 5 /4n_y_gr 165051-V 1







KMI Fabricators, Inc.

410 Boyd Road

Mineral Wells, Texas 76067

Phone: 940-325-7841

Revision 0

COMPRESS Pressure Vessel Design Calculations

Item:
Vessel No:
Customer:

P.O. No.:
Designer:
Date:

24" Inlet Filter/Coalescer
F-441

UOP Russell LLC
4500749401

Mark Berry

December 5, 2016

KMI Serial No. 165051
UOP Job No.: J447XX



Table of Contents

DETICIENCIES SUMIMIBEY: ...ttt ettt es et st eb st b ek e b £ e e e e b8 h s h £t h £t b e e b e b e b e bbb bbbt e s 1
NOZZIE SUIMIMIBEY: ...tttk h bbbtk ek s e e h b8 81 h £t b b e b e e b e R £ et b bbbt et e 2
NOZZIE SCREAUIE. ...tttk b e e h bbbt E b e b e b e b et b bbbt et e 3
PrESSUIE SUIMMIBEY. ...ttt bbb bbb bbb bbb e b A b0 b b e b e bbbt e b e b bbb e b e b b s bbbttt 4
RAAIOAIADNY SUMIMIBEY. ...ttt b st b ek e b s b s et b8 822 h et h e b e bt e bt e h £ st bbbt bttt et n et 6
MVEIGNT SUMMIAIY. ...ttt etttk ek bt h st eh bt h e b2 b ek e e e b £ 40 E £ e h b £ 4R R e e R et e h et e Rt e bt ekt ekt nn bt nr bt nner e en e anes 7
SEELINGS SUMIMIBEY. ...ttt ettt b bt bt ek e et h s 8 bk E £ E R0 0 b A H £ E Rt bbb bbbt bttt 8
TESE REBIDOIL ... bbb bbb E e e bR E R R E e E e e b e 10
THICKNESS SUMMIMIAIY. ...ttt ettt b et h btk ek bbb bt h b b e e b et e Rt e b e e E et E e bbbt b b e bt e bt e bt bt bttt 12
WMVINA COR ...ttt bbbtk s bt h e h b s bRt h 2 e h e e Rt e e b £ A e e b £ A8 e E e AR h £ e R h e e R et e E et e Rt e bt e btk r bt r bt n e n e 13
SEISITIC COAR. ...ttt bbbtk h e b8 b1 b b E £ E e E £ E R R R R R Rt Rt Rt 17
£ TS | OO TP 22
BOTEOM HEAM. ..ottt bbb bt bt h e s 8 h b8t h bt R e bR R R R R R 26
Straight Flange 0N BOEOM HEAM. ........uiuiiiiiiiiiiec bbbttt 29
ST E oot e e e e e e ee e e e e ee e e e e et ee e e e e e e et s et et et e e e et ee ettt e ettt e ettt et e et e et e ettt ettt r et 33
BASE PIALE. ......c.eceieetiit ettt E bR e h £ E R E R R R R R R R R R R R R bbbt 36
OIEE (N Y .ttt bt btk e ek h e h e E b e e b h £ e b h e AR £ e R e e Rt AR E R e R R R R R Rt Rt Rt Rt bt b 39
L@ 10 13 A A OSSO TSSO TS PSP R PP 42
LiqQuid OULIET (SUMIP) (N3 ... teiteteieiteteie ettt ettt b bbb b e b et e e e s e st e st eh e b £ b e e b £ e b e b o4 H e b e b e e E e eH e bt b e e e s b eh b e s e e bt e b e e b e ebeeb e et e beebenes 45
Liquid OULIEE (COAIESCEI) (INA)......cueeiririiteieeti ettt sttt r et r et bt b ekt e bbbt b bbbt e b st e bt h et eb et e bt e ekt eb e sn et e e r bt nr s e arenea 48
Drain (SUMIP) (CL). .ottt sttt ettt ettt h bt bt h e b e b e s £ 18 eh 8 e 888t b0 b0 b e e b e e s h bbbt b et n et n s 51
INOZZIE PIPE (CL) itttk ettt e st h bbbt b e h e s 8 h b s8R h R R e R R R R R bbbt 54
Drain (COAUIESCEI) (C2).. . . itiiitiietiitettre ettt ettt ettt b et bt b et b e b e h e s 8t h bt e 88t h et h e b £ e b £ et e b st h bt h bbbt 57
Level CONEIOl (SUMIP) (C3A). . ittt ettt sttt r et r et r et h et h et eb et e bt s e b e e b £ e e e E e e b e h e eh s e eh et e Rt e bt e bt eb e e ek e nn et an et e nnenearenea 60
Level Control (SUMP) (C3B) .. .uiiiiiireiireieete ettt r et st r et b e bt b ek e e E e e R b e eh st eh e st e bt eb et e bt e bt neeb e nn et e nr bt nnenearenea 63
Level CoNtrol (COAIESCEE) (CAA) ..o ittt ettt sttt sttt sr et st r et r et h et b et e bbb e b b e e b h e e R b e eh st eh et eh et eb et e bt e ke e eb e nn et e ar b e nnenearenea 66

LeVel CoNtrol (COAIESCEE) (CAB).......cciuieiuiiiieeetee et eteeete et e ettt eete e st e e beestbeeebeesaeeesbeesaeeasbeeaseaebeesbbeaabeesaseesbeeaaeessbessraesnbeestbeenbeesaeeas 69



Table of Contents

SIGNE G1ASS (SUMIP) (CBA) ..ttt etttk e bbb bbb E b b E e h b bR bbbkt R et b et n et b ettt 72
SigNt G1aSS (SUMIP) (COB).... ettt bbbkt E bbbt bRt bbbt bbbt r et b ettt 75
SigNt G1aSS (COAIESCEE) (CBA). ... euveuetiuertiseitestat ettt ettt ese s eae st s b s bbb b bt e bt b s Eeh bbbt bbbt bbbt n et b ettt 78
SigNt G1aSS (COAIESCEE) (CBB)... . ueuetiuerriuiitisietieet ettt ettt b ekt b ekt b bbbt bbbt bbbkt bbbt r et bbb 81
DiffereNtiall PrESSUIE (CTA) ... ittt sttt ettt b etttk e bt e et 8 h b b st h £t h et bt b e e e bttt st et b bbbt et e 84
Differential PreSSUIE (C7B). ..o ittt ettt etttk b et e s bbb bt e b £t b e e bt e b st s bbbt n et e 87
WBNE (C8). ettt ettt ettt h bt b e bt b b h b h e b s e e h £ e R e R e R E R e R £ AR R R R AR R £ 4R R £ R R e Rt R et b etk r et r bt n e 90
LSHH (SUMIPD) (COA ). .ottt ettt b et bbbkt bt 4 H e e £ e e h e e A E e 4 H £ e b £ e s e AR £ eh e b £ 2R b e b £ 22 b e e b e et e e he e bt e b e e e bt e b e e b e e sbenbeenbenbeen 93
LSHH (SUMIP) (COB). .tttk ettt bkt bt 4 h e e E £ e h e ke 4 H e k£ e s e k£ e s e b £ e s b £ b £ 2o b e e b e e bt e he e bt e bt e e bt e he e b e e s b e nbe e s b e nbeen 96
O30 TR TP T PR UPRTRUPPPPROON 99
LSHH (C0IESCEI) (CLIA) .t iutiteiiit ittt ettt ettt ettt ettt e bt r et ah st e b st e bt b et e btk e ek e e b b e b e E e b e e b bt e b bt e b et e bt e bt e bttt et nen e 102
LSHH (C0IESCEI) (CLIB) .. .uiutiteuiireiiireiatere et ete sttt sttt sr et sr et r e st ar st s st ab et bt b et ekt e b e e e b e b b e e b e b e e b e b e e b e bt e b e st e R et e bt e bttt e et 105



Deficiencies Summary

No deficiencies found.



Nozzle Summary

Dimensions

Shell Reinforcement
NozzIE} ROD tn Req tn A1? | A2 FES Corr | AalAr
mark | (n) | (n) (in) (in) (%)
Nomt | Designt | Usert | Width | tpad
(in) (in) (in) (in) (in)
(o5} 225 | 0.4675 | 0.125 | Yes | Yes | 0.75* N/A N/A N/A | 0.0625 | Exempt
C10 15 0.33 0.125 | Yes | Yes | 0.969 N/A N/A N/A ] 0.0625 | Exempt
C11A | 2.25 | 04675 | 0.125 | Yes | Yes | 0.969 N/A N/A N/A ] 0.0625 | Exempt
C11B | 2.25 | 0.4675 | 0.125 | Yes | Yes | 0.969 N/A N/A N/A ] 0.0625 | Exempt
c2 225 | 04675 | 0.125 | Yes | Yes | 0.969 N/A N/A N/A ] 0.0625 | Exempt
C3A 3 0.55 | 0.1432 | Yes | Yes | 0.969 N/A N/A N/A 1 0.0625 | Exempt
C3B 3 0.55 | 0.1433 | Yes | Yes | 0.969 N/A N/A N/A ] 0.0625 | Exempt
C4A 3 0.55 | 0.1432 | Yes | Yes | 0.969 N/A N/A N/A ] 0.0625 | Exempt
c4B 3 0.55 | 0.1432 | Yes | Yes | 0.969 N/A N/A N/A ] 0.0625 | Exempt
C5A 1.75 0.35 0.125 | Yes | Yes | 0.969 N/A N/A N/A | 0.0625 | Exempt
C5B 1.75 0.35 0.125 | Yes | Yes | 0.969 N/A N/A N/A | 0.0625 | Exempt
C6A 1.75 0.35 0.125 | Yes | Yes | 0.969 N/A N/A N/A | 0.0625 | Exempt
C6B 1.75 0.35 0.125 | Yes | Yes | 0.969 N/A N/A N/A | 0.0625 | Exempt
C7A 15 0.33 0.125 | Yes | Yes | 0.969 N/A N/A N/A ] 0.0625 | Exempt
C7B 15 0.33 0.125 | Yes | Yes | 0.969 N/A N/A N/A ] 0.0625 | Exempt
c8 1.75 0.35 0.125 | Yes | Yes | 0.969 N/A N/A N/A 1 0.0625 | Exempt
C9A | 2.25 | 04675 | 0.125 | Yes | Yes | 0.969 N/A N/A N/A 1 0.0625 | Exempt
C9B | 2.25 | 0.4675 | 0.125 | Yes | Yes | 0.969 N/A N/A N/A ] 0.0625 | Exempt
N1 |[10.75| 1.375 | 0.3819 | Yes | Yes | 0.969 | 0.7083 N/A N/A ] 0.0625 | 105.2
N2 [10.75 | 1.375 | 0.3819 | Yes | Yes | 0.969 | 0.7083 N/A N/A ] 0.0625 | 105.2
N3 212 0.56 0.1973 | Yes | Yes | 0.969 N/A N/A N/A | 0.0625 | Exempt
N4 212 0.56 0.1973 | Yes | Yes | 0.969 N/A N/A N/A | 0.0625 | Exempt
*Head minimum thickness after forming
tn Nozzle thickness
Req tn | Nozzle thickness required per UG-45/UG-16
Nomt [ Vessel wall thickness
Design t | Required vessel wall thickness due to pressure + corrosion allowance per UG-37
Usert | 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




Nozzle

Schedule

'\r‘:aZ:II(e Identifier Size Materials I.P;sgg Normalized | Fine Grain Flange Blind
c1 Drain (Sump) NPS 1 Class 6000 - threaded Nozzle SA-105 No No No N/A No
o Nozzle Pipe (C1) NPS 1 Sch 160 Nozzle Piping | SA-106 B Smis pipe No No No N/A No
Cc10 Pl NPS 0.5 Class 6000 - threaded Nozzle SA-105 No No No N/A No

C11A LSHH (Coalescer) NPS 1 Class 6000 - threaded Nozzle SA-105 No No No N/A No

C11B LSHH (Coalescer) NPS 1 Class 6000 - threaded Nozzle SA-105 No No No N/A No
c2 Drain (Coalescer) NPS 1 Class 6000 - threaded Nozzle SA-105 No No No N/A No

C3A Level Control (Sump) NPS 1.5 Class 6000 - threaded Nozzle SA-105 No No No N/A No
c3B Level Control (Sump) NPS 1.5 Class 6000 - threaded Nozzle SA-105 No No No N/A No
C4A | Level Control (Coalescer) NPS 1.5 Class 6000 - threaded Nozzle SA-105 No No No N/A No
C4B | Level Control (Coalescer) NPS 1.5 Class 6000 - threaded Nozzle SA-105 No No No N/A No
C5A Sight Glass (Sump) NPS 0.75 Class 6000 - threaded Nozzle SA-105 No No No N/A No
C5B Sight Glass (Sump) NPS 0.75 Class 6000 - threaded Nozzle SA-105 No No No N/A No
C6A Sight Glass (Coalescer) NPS 0.75 Class 6000 - threaded Nozzle SA-105 No No No N/A No
Cc6B Sight Glass (Coalescer) NPS 0.75 Class 6000 - threaded Nozzle SA-105 No No No N/A No
C7A Differential Pressure NPS 0.5 Class 6000 - threaded Nozzle SA-105 No No No N/A No
c7B Differential Pressure NPS 0.5 Class 6000 - threaded Nozzle SA-105 No No No N/A No
c8 Vent NPS 0.75 Class 6000 - threaded Nozzle SA-105 No No No N/A No
C9A LSHH (Sump) NPS 1 Class 6000 - threaded Nozzle SA-105 No No No N/A No
coB LSHH (Sump) NPS 1 Class 6000 - threaded Nozzle SA-105 No No No N/A No
NL Inlet 10.750D x 1.375 Nozzle SA-105 No Yes Yes le\?vﬁl C;\'ifi—,sﬁo No
N2 Outlet 10.750D x 1.375 Nozzle SA-105 No Yes Yes Nll_:\fVBN 2?%26,30 No
N3 Liquid Outlet (Sump) 2.12 0D x 0.56 Nozzle SA-105 No Yes Yes Nf\i”{lcpﬁzze,go No
N4 Liquid Outlet (Coalescer) 2.120D x 0.56 Nozzle SA-105 No Yes Yes Nf\i/hiizséeﬁo No




Pressure Summary

Component Summary

osin | i | MNP [ 08 [wage | e viowr | wowT | i
es) | B | LT em i

Closure 1,100 150 1,216.96 | 1,324.5 | 571.46 150 -55 Note 1 No
Straight Flange on Closure 1,100 150 ]1,391.86 | 1,502.15 | 614.88 150 -55 Note 2 No
Shell 1,100 150 1,343.32 | 1,454.23 | 584.35 150 -20 Note 3 No
Straight Flange on Bottom Head 1,100 150 1,390.96 | 1,502.15 | 614.88 150 -55 Note 5 No
Bottom Head 1,100 150 1,215.86 | 1,324.5 | 571.46 150 -55 Note 4 No
Drain (Sump) (C1 1,100 150 1,312.73 | 1,428.58 | 571.46 150 -155 Note 6 No
Nozzle Pipe (C1) 1,100 150 N/I N/I N/ 150 N/ N/A No
P1(C10) 1,100 150 1,344.2 | 1,454.28 | 584.35 150 -155 Note 7 No
LSHH (Coalescer) (C11A) 1,100 150 1,344.2 | 1,454.28 | 584.35 150 -155 Note 8 No
LSHH (Coalescer) (C11B) 1,100 150 1,344.2 | 1,454.28 | 584.35 150 -155 Note 8 No
Drain (Coalescer) (C2) 1,100 150 1,344.2 | 1,454.28 | 584.35 150 -155 Note 8 No
Level Control (Sump) (C3A) 1,100 150 | 1,343.95 | 1,454.28 | 584.35 150 -155 Note 9 No
Level Control (Sump) (C3B) 1,100 150 | 1,343.44 | 1,454.28 | 584.35 150 -155 Note 9 No
Level Control (Coalescer) (C4A) 1,100 150 1,344.2 | 1,454.28 | 584.35 150 -155 Note 10 No
Level Control (Coalescer) (C4B) 1,100 150 1,344.2 | 1,454.28 | 584.35 150 -155 Note 10 No
Sight Glass (Sump) (C5A) 1,100 150 1,343.96 | 1,454.28 | 584.35 150 -155 Note 11 No
Sight Glass (Sump) (C5B) 1,100 150 1,343.45 | 1,454.28 | 584.35 150 -155 Note 12 No
Sight Glass (Coalescer) (C6A) 1,100 150 1,344.2 | 1,454.28 | 584.35 150 -155 Note 11 No
Sight Glass (Coalescer) (C6B) 1,100 150 1,344.2 | 1,454.28 | 584.35 150 -155 Note 11 No
Differential Pressure (C7A) 1,100 150 1,344.2 | 1,454.28 | 584.35 150 -155 Note 7 No
Differential Pressure (C7B) 1,100 150 1,3442 | 1,454.28 | 584.35 150 -155 Note 7 No
Vent (C8) 1,100 150 1,344.2 | 1,454.28 | 584.35 150 -155 Note 11 No
LSHH (Sump) (C9A) 1,100 150 1,344.2 | 1,454.28 | 584.35 150 -155 Note 8 No
LSHH (Sump) (C9B) 1,100 150 | 1,343.78 | 1,454.28 | 584.35 150 -155 Note 8 No
Inlet (N1) 1,100 150 1,126.98 | 1,244.48 | 584.35 150 -43.9 Note 13 No
Outlet (N2) 1,100 150 1,126.98 | 1,244.48 | 584.35 150 -43.9 Note 13 No
Liguid Outlet (Sump) (N3 1,100 150 1,343.45 | 1,454.28 | 584.35 150 -43.8 Note 14 No
Liguid Outlet (Coalescer) (N4) 1,100 150 1,344.2 | 1,454.28 | 584.35 150 -43.9 Note 13 No
Design MDMT -20 °F

Rated MDMT -20 °F @ 1,126.98 psi

MAWP hot & corroded 1,126.98 psi @ 150 °F

MAP cold & new 1,244.48 psi @ 60 °F

MAEP 571.46 psi @ 150 °F




Notes for MDMT Rating

Note # Exemption Details

1. | Straight Flange governs MDMT

Material impact test exemption temperature from Fig UCS-66 Curve D = -36.87°F
2. | Fig UCS-66.1 MDMT reduction = 18.6°F, (coincident ratio = 0.8139) UCS-66 governing thickness = 0.8479 in
Rated MDMT of -55.47°F is limited to -55°F by UCS-66(b)(2)

3. | Material is impact test exempt per UG-20(f) UCS-66 governing thickness = 0.8479 in

4. | Straight Flange governs MDMT

Material impact test exemption temperature from Fig UCS-66 Curve D = -36.87°F
5. | Fig UCS-66.1 MDMT reduction = 18.5°F, (coincident ratio = 0.8145) UCS-66 governing thickness = 0.8479 in
Rated MDMT of -55.37°F is limited to -55°F by UCS-66(b)(2)

6. | Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.1038).

7. | Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.1052).

8. | Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.1037).

9. | Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.1212).

10. | Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.1211).

11. | Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.1192).

12. | Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.1193).

LWN rated MDMT per UCS-66(c)(4)
13. | Flange rated MDMT per UCS-66(b)(1)(b) = -43.9°F (Coincident ratio = 0.7615)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

LWN rated MDMT per UCS-66(c)(4)
14. | Flange rated MDMT per UCS-66(b)(1)(b) = -43.8°F (Coincident ratio = 0.762)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F




Radiography Summary

UG-116 Radiography

Longitudinal Seam Top Circumferential Seam Bottom Circumferential Seam
Component Mark
Ca(t'i?;)ry Radiography / Joint Ca;c'i?gry Radiography / Joint Ca(tli?gry Radiography / Joint
UW-3) R UW-3) e UW-3) T
Closure N/A Seamless No RT N/A N/A B Spot UW-L1@G)B) /| gy
ORI Type 1
Shell N/A Seamless No RT B Spot UW-11(a)(5)(b) / B Spot UW-11@E)B) /| 1,
Type 1 Type l
Bottom Head N/A Seamless No RT B Spot Uﬂ;tt(i)@(b)’ N/A N/A RT2
Nozzle Longitudinal Seam Nozzle to Vessse;;l]rcumferentlal Nozzle free end Circumferential Seam
Inlet (N1) N/A Seamless No RT D N/A / Type 7 C N/A N/A
Outlet (N2) N/A Seamless No RT D N/A [ Type 7 C N/A N/A
Drain (Coalescer) (C2 N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
Level Control (Sump) (C3A) N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
Level Control (Sump) (C3B) N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
Level Control (Coalescer) (C4A) N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
Level Control (Coalescer) (C4B) N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
Sight Glass (Sump) (C5A N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
Sight Glass (Sump) (C5B! N/A Seamless No RT D N/A/ Type 7 N/A N/A N/A
Sight Glass (Coalescer) (C6A N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
Sight Glass (Coalescer) (C6B N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
Differential Pressure (C7A) N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
Differential Pressure (C7B) N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
Vent (C8) N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
LSHH (Sump) (C9A) N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
LSHH (Sump) (C9B) N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
P1(C10) N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
LSHH (Coalescer) (C11A N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
LSHH (Coalescer) (C11B) N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
Liguid Outlet (Sump) (N3 N/A Seamless No RT D N/A/ Type 7 C N/A N/A
Liguid Outlet (Coalescer) (N4) N/A Seamless No RT D N/A [ Type 7 C N/A N/A
Drain (Sump) (C1 N/A Seamless No RT D N/A [ Type 7 B UW'll(Ta.))/re) fxempt/ N/A
Nozzle Flange Longitudinal Seam Flange Face ez BT Flang:a(r:T: LT AT
ASME B16.5/16.47 flange attached to Inlet (N1) N/A Seamless No RT N/A N/A | Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to Outlet (N2) N/A Seamless No RT N/A N/A | Gasketed C N/A N/A
ASME BIGS AT Horge atacds fu LIGLE NIA Seamless No RT NIA N/A / Gasketed c N/A N/A
Outlet (Sump) (N3)
.. , i i
LS BLOSHEAL g atacdve in Lita & NIA Seamless No RT NIA N/A / Gasketed c NIA NIA
Outlet (Coalescer) (N4)
UG-116(e) Required Marking: RT2




Weight Summary

Weight (Ib) Contributed by Vessel Elements

Component 'l\\lA:vtvil fo;zle d Insulation Igj;:i;[:f;? Lining fﬂ?{;ﬁ? d OE?;itil;g e el
New [ Corroded | New | Corroded

Closure 170.3 157.5 6.1 10 0 0 0 0 81.9 83.4
Shell 2,549.4 | 2,391.6 75 10 0 0 318.2 321.9 1,851 1,873
Bottom Head | 169.5 156.7 6.1 10 0 0 82.2 83.9 82.2 83.9
Skirt 226.5 226.5 16.8 10 0 0 0 0 0 0
Base Plate 69 69 0 0 0 0 0 0 0 0
TOTAL: 3,184.7 | 3,001.2 104 40 0 0 400.4 405.8 2,015.1 | 2,040.3
*Shells with attached nozzles have weight reduced by material cut out for opening.

Weight (Ib) Contributed by Attachments

Comporen | BoVFE0% | i | Pt | uattrs | 1| T | | Vores
New | Corroded | New | Corroded

Closure 0 0 0 0 0 0 0 0 0 1,239

Shell 0 0 507.8 494.1 0 0 0 0 0 189

Bottom Head 0 0 4.7 3.9 0 0 0 0 0 0

Skirt 0 0 0 0 0 0 0 0 0 20

TOTAL: 0 0 512.4 497.9 0 0 0 0 0 1,448

Vessel Totals

New | Corroded

Operating Weight (Ib) | 5,690 5,497
Empty Weight (Ib) 5289 | 5,001
Test Weight (Ib) 7,304 7,131

Capacity** (US gal) 238 241

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

attachments.
Vessel Lift Condition
Vessel Lift Weight, New (Ib) 5,289

Center of Gravity from Datum (in) 75.6664




Settings Summary

COMPRESS 2016 Build 7600

ASME Section VIII Division 1, 2015 Edition

Units

U.S. Customary

Datum Line Location

3.00" from bottom seam

Vessel Design Mode

Get Thickness from Pressure

Minimum thickness

0.0625" per UG-16(b)

Design for cold shut down only No
Design for lethal service (full radiography required) No
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 o > 30 only No
Preheat P-No 1 Materials > 1.25" and <= 1.50" thick Yes
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 at user defined pressure 1,430 psi
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 VI11-1-83-66 No

Apply interpretation VI111-1-86-175 Yes




Apply interpretation VI11-1-01-37 Yes

Apply interpretation VI11-1-01-150 No
Apply interpretation VI11-1-07-50 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) | Yes

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 () loads only considered when supports are present.

License Information

Company Name | KMI Fabricators

License Commercial

License Key ID | 31538

Support Expires | May 12, 2017




Vertical shop test based on user defined pressure

Gauge pressure at 60°F = 1,430 psi

Vertical shop test

Test Report

Local test | Test liquid Stress Allowable
Identifier pressure | static head | during test | test stress Stre_ss
. . . - excessive?
(psi) (psi) (psi) (psi)
Closure 1,430.275 0.275 19,309 34,200 No
Straight Flange on Closure 1,430.275 0.275 18,891 34,200 No
Shell 1,435.04 5.04 19,379 36,000 No
Straight Flange on Bottom Head 1,435.112 5.112 18,955 34,200 No
Bottom Head 1,435.315 5.315 19,377 34,200 No
Differential Pressure (C7A) 1,430.724 0.724 19,552 54,000 No
Differential Pressure (C7B) 1,433.864 3.864 19,595 54,000 No
Drain (Coalescer) (C2) 1,433.205 3.205 20,081 54,000 No
Drain (Sump) (C1) 1,435.419 5.419 20,623 51,300 No
Inlet (N1) 1,433.993 3.993 23,397 54,000 No
LSHH (Coalescer) (C11A) 1,432.375 2.375 20,069 54,000 No
LSHH (Coalescer) (C11B) 1,432.88 2.88 20,076 54,000 No
LSHH (Sump) (C9A) 1,434.125 4125 20,094 54,000 No
LSHH (Sump) (C9B) 1,434,631 4631 20,101 54,000 No
Level Control (Coalescer) (C4A) 1,432.71 271 20,929 54,000 No
Level Control (Coalescer) (C4B) 1,433.215 3.215 20,936 54,000 No
Level Control (Sump) (C3A) 1,434.461 4.461 20,954 54,000 No
Level Control (Sump) (C3B) 1,434.966 4.966 20,962 54,000 No
Liquid Outlet (Coalescer) (N4) 1,433.199 3.199 18,895 54,000 No
Liquid Outlet (Sump) (N3) 1,434.95 495 18,918 54,000 No
Outlet (N2) 1,430.853 0.853 23,345 54,000 No
PI (C10) 1,432.276 2.276 19,573 54,000 No
Sight Glass (Coalescer) (C6A) 1,432.695 2.695 20,025 54,000 No
Sight Glass (Coalescer) (C6B) 1,433.2 3.2 20,032 54,000 No
Sight Glass (Sump) (C5A) 1,434.445 4.445 20,049 54,000 No
Sight Glass (Sump) (C5B) 1,434,951 4951 20,056 54,000 No
Vent (C8) 1,430.727 0.727 19,997 54,000 No

nozzle intersection P, .

(1) P stresses at nozzle openings have been estimated using the method described in
PVP-Vol. 399, pages 77-82.
2) 1.5*0.9*S, used as the basis for the maximum local primary membrane stress at the

The field test condition has not been investigated.

The test temperature of 60 °F is warmer than the minimum recommended temperature of 10 °F so the brittle fracture provision of

10



UG-99(h) has been met.
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Thickness Summary

Component Data

Component Material Diameter | Length | Nominal t | Designt | Total Corrosion | Joint Load

Identifier (in) (in) (in) (in) (in) E
Closure SA-516 70 240D 6.375 0.75* 0.6871 0.0625 1.00 | Internal
Straight Flange on Closure SA-516 70 240D 2 0.875 0.7083 0.0625 1.00 | Internal
Shell SA-106 C Smls pipe 240D 132 0.969 0.7088 0.0625 1.00 | Internal
Straight Flange on Bottom Head SA-516 70 24 0D 2 0.875 0.7089 0.0625 1.00 | Internal
Bottom Head SA-516 70 240D 6.375 0.75* 0.6877 0.0625 1.00 | Internal
Skirt SA-53 E/B WId pipe 240D 295 0.375 0.0273 0 0.55 | Seismic
*Head minimum thickness after forming

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

12



Wind Code

Building Code: ASCE 7-10

Height, h

Elevation of base above grade 0.00 ft
Increase effective outer diameter by 0.00 ft
Wind Force Coefficient, Cf 0.7000
Risk Category (Table 1.5-1) I

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

Vessel Characteristics

14.4478 ft

Minimum Diameter, b Operating, Corroded

2.1667 ft

Empty, Corroded

2.1667 ft

Operating, Corroded

14.1413 Hz

Fundamental Frequency, n, Empty, Corroded

14.2430 Hz

Vacuum, Corroded

14.1413 Hz

Operating, Corroded

0.0259

Damping coefficient, Empty, Corroded

0.0210

Vacuum, Corroded

0.0259

Table Lookup Values

2.4.1 Basic Load Combinations for Allowable Stress Design

Load combinations considered in accordance with ASCE
section 2.4.1:
51 D+P+P, +0.6W
7. 0.6D + P + P+ 0.6W
Parameter Description
D = Dead load
P = Internal or external pressure load
P, = Static head load
w = Wind load

13



Wind Deflection Reports:

Operating. Corroded

Empty. Corroded
Vacuum, Corroded

Wind Pressure Calculations

Wind Deflection Report: Operating, Corroded

Elevation of | ¢ ive OD | Elastic Modulus | Inertia Platform Total Wind pending Deflection
Component Bottom above . Wind Shear at Shear at Moment at -

. (ft) E (106 psi) 1 (ft4) at Top (in)

Base (in) Bottom (lbf) Bottom (Ibf) | Bottom (Ibs-ft)
Closure 164.9982 217 29.0 * 0 15 4 0.0033
Shell 32.9982 217 28.8 0.2118 0 284 1,695 0.003
Bottom Head (top) 29.5 2.17 29.0 * 0 291 1,779 0.0003
Skirt 0 2.17 29.0 0.09367 0 346 2,561 0.0002
*Moment of Inertia | varies over the length of the component

Wind Deflection Report: Empty, Corroded

Elevation of . . . Platform Total Wind Bending .

Component Bottom above SuEENRED | [HESTE Mody 15 ) e Wind Shear at Shear at Moment at Deflectlgn

. (ft) E (106 psi) 1 (ft4) at Top (in)

Base (in) Bottom (lbf) Bottom (Ibf) | Bottom (Ibs-ft)

Closure 164.9982 217 294 * 0 15 4 0.0032
Shell 32.9982 217 29.2 0.2118 0 284 1,695 0.003
Bottom Head (top) 29.5 2.17 29.4 * 0 291 1,779 0.0003
Skirt 0 2.17 29.4 0.09367 0 346 2,561 0.0002

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

Wind Deflection Report: Vacuum, Corroded

Elevation of . . . Platform Total Wind Bending .

Component Bottom above SiEEDeCD) | [HESTE Mody s | Dz Wind Shear at Shear at Moment at Deflectlgn

. (ft) E (106 psi) I (ft4) at Top (in)

Base (in) Bottom (lbs) Bottom (Ibf) | Bottom (Ibs-ft)
Closure 164.9982 2.17 29.0 * 0 15 4 0.0033
Shell 32.9982 217 28.8 0.2118 0 284 1,695 0.003
Bottom Head (top) 29.5 217 29.0 * 0 291 1,779 0.0003
Skirt 0 217 29.0 0.09367 0 346 2,561 0.0002
*Moment of Inertia | varies over the length of the component

Wind Pressure (WP) Calculations

Gust Factor (G™) Calculations

Kz =2.01* (zZ/Zg)?®
= 2.01 * (2/900.00)02105
gz =0.00256 * Kz * Kzt * Kd * V2
=0.00256 * Kz * 1.0000 * 0.9500 * 120.00002
=35.0208 * Kz
WP =0.6 * gz * G * Cf (Minimum 16 Ib/ft?)
=0.6 * gz * G * 0.7000 (Minimum 16 Ib/ft2)

14



Design Wind Pressures

Height Z gz WP (psf)
O | e
Operating | Empty | Hydrotest New | Hydrotest Corroded | Vacuum
15.0 0.8489(29.73| 11.30 11.30 N.A. N.A. 11.30
Design Wind Force determined from: F = Pressure * Af , where Af is the projected area.

Gust Factor Calculations

Operating. Corroded

Empty. Corroded
Vacuum, Corroded

Gust Factor Calculations: Operating, Corroded

Vessel is considered a rigid structure as n, = 14.1413 Hz = 1 Hz.

z =max (0.60*h,z..)
=max ( 0.60 * 14.4478 , 15.0000 )
=15.0000
l,- =c*(33/2)6
=0.2000 * (33 / 15.0000)/
=0.2281
L, =1*(z /33)
=500.0000 * (15.0000 / 33)0-2000
= 427.0566
Q =Sqr(1/(1+0.63* ((b+h)/L,)*%))
=Sqr(1/ (1 +0.63 * ((2.1667 + 14.4478) | 427.0566)063))
=0.9616
G =0.925*(1+1.7*ge*sz*Q)/(1+1.7*g¥*IZf)
=0.925* (1 +1.7 *3.40* 0.2281 * 0.9616) / (1 + 1.7 * 3.40 *
0.2281)
=0.9048

Gust Factor Calculations: Empty, Corroded

Vessel is considered a rigid structure as n, = 14.2430 Hz > 1 Hz.

z =max (0.60*h,z..)
=max ( 0.60 * 14.4478 , 15.0000 )
=15.0000

- =c*(33/z)16
=0.2000 * (33 / 15.0000)v/6
=0.2281

L- =1*(z /33)®
=500.0000 * (15.0000 / 33)0-2000
= 427.0566
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Q =Sqr(1/(1+0.63* ((b+h) /L))
= Sqr(L/ (1 +0.63 * ((2.1667 + 14.4478) /| 427.0566)0%))
= 0.9616

G =0.925* (1+17%go* I, *Q)/(1+17%g,*1,)
=0.925* (1 + 1.7 * 3.40* 0.2281 * 0.9616) / (1 + 1.7 * 3.40 *
0.2281)
=0.9048

Gust Factor Calculations: Vacuum, Corroded

Vessel is considered a rigid structure as n, = 14.1413 Hz > 1 Hz.

z =max (0.60*h,z..)
=max (0.60 * 14.4478 , 15.0000)
=15.0000
l,- =c*(33/2)\6
=0.2000 * (33 / 15.0000)/6
=0.2281
L, =1*(z /33)
=500.0000 * (15.0000 / 33)0-2000
= 427.0566
Q =Sqr(1/(1+0.63* ((b+h)/L,)*%)
=Sqr(1/ (1 +0.63 * ((2.1667 + 14.4478) | 427.0566)%63))
=0.9616
G =0925* (1+17*gs* 1, *Q)/(1+17*g,* 1)
=0.925* (1 + 1.7 *3.40* 0.2281 *0.9616) / (1 + 1.7 *3.40 *
0.2281)
=0.9048
Table Lookup Values
a = 9.5000, z, = 900.00 ft [Table 26.9-1, page 256]
¢ =0.2000, 1 =500.0000, ep = 0.2000 |[Table 26.9-1, page 256]
a =0.1538,b =0.6500 [Table 26.9-1, page 256]
Z.in = 15.0000 ft [Table 26.9-1, page 256]
gy =3.40 [26.9.4 page 254]
g,=3.40 [26.9.4 page 254]




Building Code: ASCE 7-10 ground supported

Seismic Code

Considered

Height

Site Class D
Importance Factor, I, 1.2500
Spectral Response Acceleration at short 0
period (% g), S, 100.00%
Spectral Response Acceleration at period of 1 40.00%
sec (% g), S;

Response Modification Coeficient from Table

15.4-2 R 3.0000
Acceleration-based Site Coefficient, F, 1.1000
Velocity-based Site Coefficient, F, 1.6000
Long-period Transition Period, T, 12.0000
Redundancy factor, p 1.0000
Risk Category (Table 1.5-1) i

User Defined Vertical Accelerations No

Vessel Characteristics

14.4478 ft

Operating, Corroded

5,497 Ib

Weight Empty, Corroded

5,091 Ib

Vacuum, Corroded

Operating, Corroded

5,497 Ib

Period of Vibration Calculation

0.071 sec (f=14.1 Hz)

Fundamental Period, T Empty, Corroded

0.070 sec (f = 14.2 Hz)

Vacuum, Corroded

0.071 sec (f = 14.1 Hz)

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

T=2*PI™*Sqr( {Sum(W, *y;2)} / {g * Sum(W; *y; )} ), where

W, is the weight of the i lumped mass, and

y; is its deflection when the system is treated as a cantilever beam.

17



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+P,+0.7E =(1.0+0.14S,9)D +P + P, + 0.7pQ,

8. [0.6D+P+P +0.7E [=(0.6-0.14S,))D + P + P, +0.7pQ;

Parameter description

D |= Dead load

P [= Internal or external pressure load

P, | = Static head load

E |= Seismic load =E, +/-E, =pQg +/-0.25,;D

Seismic Shear Reports:

Operating. Corroded

Empty, Corroded
Vacuum, Corroded

Base Shear Calculations

Seismic Shear Report: Operating, Corroded

Component Elevation of Bqttom Elastic Modylus E | Inertial | Seismic Shear at | Bending Moment at
above Base (in) (106 psi) (ft4) Bottom (lbf) Bottom (Ibs-ft)
Closure 164.9982 29.0 * 489 320
Shell 32.9982 28.8 0.2118 1,149 10,074
Bottom Head (top) 29.5 29.0 * 1,157 10,410
Skirt 0 29.0 0.09367 1,174 13,282

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

Seismic Shear Report: Empty, Corroded

Component Elevation of Bo_ttom Elastic Mod_ulus E | Inertial | Seismic Shear at | Bending Moment at
above Base (in) (106 psi) (ft4) Bottom (lbf) Bottom (Ib¢-ft)
Closure 164.9982 294 * 466 305
Shell 32.9982 29.2 0.2118 1,069 9,580
Bottom Head (top) 295 294 * 1,073 9,893
Skirt 0 29.4 0.09367 1,087 12,552

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




Seismic Shear Report: Vacuum, Corroded

Elevation of Bottom

Elastic Modulus E

Inertia I

Seismic Shear at

Bending Moment at

Selikoreht above Base (in) (108 psi) (ft4) Bottom (Ib) Bottom (Ibt-ft)
Closure 164.9982 290 * 489 320
Shell 32.9982 28.8 0.2118 1,149 10,074
Bottom Head (top) 295 29.0 * 1,157 10,410
Skirt 0 29.0 0.09367 1,174 13,282

*Moment of Inertia | 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, S;,q

Sws =E.*S,

=1.1000 * 100.00 / 100

=1.1000

The maximum considered earthquake spectral response acceleration at 1 s period, S,

Smi =By

E,*S,

=1.6000 * 40.00 / 100

= 0.6400

11.4.4: Design spectral response acceleration parameters

Design earthquake spectral response acceleration at short period, Spq
Sps =2/3*Ss =2/3*1.1000 =0.7333
Design earthquake spectral response acceleration at 1 s period, Sy,
Sp; =2/3*S,; =2/3*0.6400 =0.4267

11.6 Seismic Design Category

The Risk Category is 1.
From Table 11.6-1, the Seismic Design Category based on Sg, = 0.7333 is D.
From Table 11.6-2, the Seismic Design Category based on S, = 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 * S¢
=1.0+0.14*0.7333

Tensile Side:

=1.1027

=0.6-0.14 * S
=0.6-0.14 *0.7333

=0.4973

Base Shear Calculations

Operating, Corroded

Empty. Corroded
Vacuum. Corroded
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Base Shear Calculations: Operating, Corroded

Paragraph 15.4.4: Period Determination

Fundamental Period is taken from the Rayleigh method listed previously in this report.
T =0.0707 sec.

12.8.1: Calculation of Seismic Response Coefficient

C, is the value computed below, bounded by C,Min and C,Max:

C.Min is calculated with equation 15.4-1 and shall not be less than 0.03; in addition, if S, >= 0.6g, C,Min shall not be less than
eqgn 15.4-2.

C,Max calculated with 12.8-3 because (T = 0.0707) <= (T, = 12.0000)

C, =S/ (R/1) =0.7333/(3.0000/1.2500) = 0.3056
CMin =max (0.044* Sy *1.,0.03)  =max (0.044*0.7333*1.2500, 0.03)  =0.0403
CMax =S, /(T*(R/L)) =0.4267/(0.0707 *(3.0000/1.2500)) = 2.5140

C, =0.3056
12.8.1: Calculation of Base Shear

V=C*W
=0.3056 * 5,496.9590
=1,679.63 b

12.4.2.1 Seismic Load Combinations: Horizontal Seismic Load Effect, E,,
Qe =V
E, =0.7*p * Qg (Only 70% of seismic load considered as per Section 2.4.1)
=0.70 * 1.0000 * 1,679.63
=1,175.74 b

Base Shear Calculations: Empty, Corroded

Paragraph 15.4.4: Period Determination

Fundamental Period is taken from the Rayleigh method listed previously in this report.
T =0.0702 sec.

12.8.1: Calculation of Seismic Response Coefficient

C, is the value computed below, bounded by C.Min and C_.Max:

C.Min is calculated with equation 15.4-1 and shall not be less than 0.03; in addition, if S, >= 0.6g, C,Min shall not be less than
eqgn 15.4-2.

C.Max calculated with 12.8-3 because (T = 0.0702) <= (T, = 12.0000)

C, =S/ (R/1) =0.7333/(3.0000/1.2500) = 0.3056
CMin =max (0.044* S, *1.,0.03)  =max (0.044*0.7333* 1.2500,0.03) = 0.0403
CMax =S,/ (T*(R/L)) =0.4267/(0.0702 * (3.0000 / 1.2500)) = 2.5321

C, =0.3056

12.8.1: Calculation of Base Shear
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V=C*W
= 0.3056 * 5,091.1558
=1,555.63 Ib

12.4.2.1 Seismic Load Combinations: Horizontal Seismic Load Effect, E,,
Qe =V
E, =0.7*p * Qg (Only 70% of seismic load considered as per Section 2.4.1)
=0.70 * 1.0000 * 1,555.63
=1,088.94 Ib

Base Shear Calculations: Vacuum, Corroded

Paragraph 15.4.4: Period Determination

Fundamental Period is taken from the Rayleigh method listed previously in this report.
T =0.0707 sec.

12.8.1: Calculation of Seismic Response Coefficient

C, is the value computed below, bounded by C,Min and C,Max:

C.Min is calculated with equation 15.4-1 and shall not be less than 0.03; in addition, if S, >= 0.6g, C,Min shall not be less than

egn 15.4-2.
CMax calculated with 12.8-3 because (T = 0.0707) <= (T = 12.0000)

C, =Ss/(R/1) =0.7333/(3.0000/1.2500) = 0.3056
CMin =max (0.044* Sy *1,,0.03)  =max (0.044*0.7333*1.2500, 0.03)  =0.0403
CMax =S, /(T*(R/L)) =0.4267/(0.0707 * (3.0000/1.2500)) = 2.5140

C, =0.3056
12.8.1: Calculation of Base Shear

V=C*W
= 0.3056 * 5,496.9590
=1,679.631b

12.4.2.1 Seismic Load Combinations: Horizontal Seismic Load Effect, E,,
Qe =V
E, =0.7*p * Qg (Only 70% of seismic load considered as per Section 2.4.1)
=0.70 * 1.0000 * 1,679.63
=1,175.741b
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Shell

ASME Section VIII Division 1, 2015 Edition

Component Cylinder
Material SA-106 C Smls pipe (11-D p. 22, In. 1)
Pipe NPS and Schedule NPS 24 Sch 60
Impact . Fine Grain Optimize MDMT/
Tested NEITITEL P Practice PWHT Find MAWP
No No No No No
Design Design Design
Pressure (psi) Temperature (°F) MDMT (°F)
Internal 1,100 150 20
External 15 150

Static Liquid Head

Condition P, (psi) H; (in) SG
Operating 0.83 23 1
Test vertical 5.04 139.625 1
Outer Diameter 24"
Length 132"
TR
ety
Corrosion Inner 0.0625"
Outer 0"

Weight and Capacity

Weight (Ib) Capacity (US gal)
New 2,549.4 218.44
Corroded 2,391.61 220.93
Thickness (in) Density (Ib/ft3) Weight (Ib)
Insulation 1 12.5 74.99

Spacing(in) | Individual Weight (Ib) | Total Weight (Ib)

Insulation

Supports 132 10 10

Radiography



Longitudinal seam Seamless No RT

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) 0.7088"

Design thickness due to external pressure (t,) 0.2257"

Design thickness due to combined loadings + corrosion | 0.371"

Maximum allowable working pressure (MAWP) 1.343.32 psi
Maximum allowable pressure (MAP) 1,454.23 psi
Maximum allowable external pressure (MAEP) 584.35 psi

Rated MDMT -20 °F

Governing thickness, t,= 0.8479"
MDMT = -20°F

Material is exempt from impact testing per UG-20(f) at the Design MDMT of -20°F.

Design thickness, (at 150 °F) Appendix 1-1
t P*R,/ (S*E + 0.40*P) + Corrosion

1,100.83*12 / (20,000*1.00 + 0.40*1,100.83) + 0.0625
0.7088"

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

P S*E*t / (R, - 0.40%t) - P,
20,000%1.00*(0.969*0.875 - 0.0625) / (12 - 0.40%(0.969*0.875 - 0.0625)) - 0.83

1,343.32 psi

Maximum allowable pressure, (at 60 °F) Appendix 1-1
P S*E*t/ (R, - 0.40*t)

20,000*1.00*(0.969*0.875) / (12 - 0.40*(0.969*0.875))
1.454.23 psi

External Pressure, (Corroded & at 150 °F) UG-28(c)

139.7917 / 24
24/0.1632

5.8247
147.0606

L/D,
D,/t
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From table G: A
From table CS-2: B

0.000116
1,654.4236 psi

P

a

4*B/ (3*(D, / t))
4*1,654.42 / (3*(24 1 0.1632))
15 psi

Design thickness for external pressure P, = 15 psi
t = t+Corrosion = 0.1632+0.0625 = 0.2257"

a pAa A

Maximum Allowable External Pressure, (Corroded & at 150 °F) UG-28(c)

L/D, = 139.7917/24 = 5.8247
D,/t = 24/(0.969*0.875-0.0625) = 30.5587
From table G: A = 0.001346
From table CS-2: B = 13,392.8038 psi
P, = 4*B/(3*(D, /1))

= 4*13,392.8/ (3*(24 / (0.969*0.875 - 0.0625)))

584.35 psi

External Pressure + Weight + Wind Loading Check (Bergman, ASME paper 54-A-104)
P W/ (2*t*R,) + M/ (m*R ?)

4,552.3 / (2*n*11.5468) + 20,341 / (n1*11.54682)

111.3098 Ib/in

P,/ (P*D,)

111.3098 / (15*24)

0.3092

2

1.23/(L/D,)?

1.23/(139.7917 / 24)?

0.0363

(NZ-1+m+m*a)/(nN2-1+m)

(22- 1 +0.0363 + 0.0363*0.3092) / (22 - 1 + 0.0363)

1.0037
Ratio P, * P, MAEP

(1.0037 * 15 = 15.06) 584.35
Cylinder design thickness is satisfactory.

\

R

>S5
LI I I I I 1 O A A A |

3

Ratio P,

<
<

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

P

\

(1+0.14%S )*W / (2*T*R ) + M/ (T*R_?)
1.10%4,552.3 / (2*n*11.5468) + 120,886 / (n*11.54682)
357.7955 Ibfin

P,/ (P,*D,)

357.7955 / (15*24)

0.9939

2

1.23/(L/D,)?

1.23/(139.7917 / 24)?

0.0363
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Ratio P, (n-1+m+m*a)/(n2-1+m)

(22 -1 +0.0363 + 0.0363*0.9939) / (22 - 1 + 0.0363)
1.0119

RatioP,*P, < MAEP
(1.0119*15=15.18) < 584.35
Cylinder design thickness is satisfactory.

Thickness Required Due to Pressure + External Loads

Allowable
Stress Before . . ,
Condition Presstsjir)e P( UG-23 Stress Tempf'l;z)iture ( Corr((i):)on (@ Lerd Regréjnl'igﬁ I(D"L:;e to Izeot:nd ;I;r;l:ig]u(eil:;)
P Increase ( psi) P
St Sc

Operating, Hot & Corroded 1,100 20,000 | 17,321 150 0.0625 Wind 0.2964 0.2904

Seismic 0.3085 0.2784
Operating, Hot & New 1,100 | 20000 | 17,340 150 0 Wind 0.2947 0.2886

Seismic 0.3073 0.276
Hot Shut Down, Corroded 0 20,000 | 17,321 150 0.0625 Wind 0.0005 0.0054

Seismic 0.0126 0.0172
Hot Shut Down, New 0 20,000 | 17,340 150 0 Wind 0.0005 0.0085

Seismic 0.0131 0.0178
Empty, Corroded 0 20,000 | 17,321 70 0.0625 Wind 0.0005 0.0054

Seismic 0.0119 0.0165
Empty, New 0 20,000 | 17,340 70 0 Wind 0.0005 0.0055

Seismic 0.0124 0.0172
Vacuum 15 20,000 | 17,321 150 0.0625 Wind 0.0035 0.0094

Seismic 0.0085 0.0212
eI [, Gues 56, W 0 20,000 | 17,321 150 00625 | Weight 0.0035 0.0037
Eccentric Moments Only
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ASME Section VIII Division 1, 2015 Edition

Bottom Head

Component Ellipsoidal Head
Material SA-516 70 (11-D p. 18, In. 37)
Attached To Shell
et |normatisa | RECTAN | pwer | ORtmihOMT
No Yes Yes No No
Design Design Design
Pressure (psi) Temperature (°F) MDMT (°F)
Internal 1,100 150 20
External 15 150
Condition P, (psi) H, (in) SG
Operating 1.11 30.6875 1
Test vertical 5.32 147.25 1

Weight and Capacity

Outer Diameter 24"
Head Ratio 2
Minimum Thickness 0.75"
Corrosion Inner 0.0625"
Outer 0"
Length L 2"
Nominal Thickness t 0.875"

Category A joints

Radiography

Seamless No RT

Weight (Ib)? Capacity (US gal)*

New 169.5 9.82

Corroded 156.7 10
Thickness (in) Density (Ib/ft3) Weight (Ib)
Insulation 1 125 6.11
Spacing(in) [ Individual Weight (Ib) | Total Weight (Ib)

Insulation 132 10 10
Supports
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Head to shell seam Spot UW-11(a)(5)(b) Type 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) 0.6877"

Design thickness due to external pressure (t,) 0.1213"

Maximum allowable working pressure (MAWP) | 1,215.86 psi

Maximum allowable pressure (MAP) 1.324.5 psi

Maximum allowable external pressure (MAEP) | 571.46 psi

Straight Flange governs MDMT -55°F

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

Corroded | K = (1/6)*[2 + (22.625 / (2*5.6875))7] | 0.9927
New K = (1/6)*[2 + (22.5 / (2*5.625))?] 1

Design thickness for internal pressure, (Corroded at 150 °F) Appendix 1-4(c)
t P*D *K /[ (2*S*E + 2*P*(K - 0.1)) + Corrosion

1,101.11%24*0.992694 / (2*20,000*1 + 2*1,101.11*(0.992694 - 0.1)) + 0.0625
0.6876"

Maximum allowable working pressure, (Corroded at 150 °F) Appendix 1-4(c)
P 2*S*E*t/ (K*D, - 2*t*(K - 0.1)) - P,

2*20,000%1*0.6875 / (0.992694*24 - 2*0.6875*(0.992694 - 0.1)) - 1.11
1,215.86 psi

Maximum allowable pressure, (New at 60 °F) Appendix 1-4(c)
P 2*S*E*t/ (K*D, - 2*t*(K - 0.1)) - P,

2%20,000*1*0.75 / (1*24 - 2*0.75*(1 - 0.1)) - 0

1,324.5 psi

Design thickness for external pressure, (Corroded at 150 °F) UG-33(d)

Equivalent outside spherical radius (R,)
R, K, *D,

0.8471*24
20.3294 in

>

0.125/ (R, /1)
0.125 / (20.3294 / 0.058716)
0.000361

From Table B = 5,193.4527
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Cs-2: psi

P, = BI/R,/Y)
= 5,193.4527 / (20.3294 / 0.0587)
= 15psi
t = 0.0587" + Corrosion = 0.0587" + 0.0625" = 0.1212"

Check the external pressure per UG-33(a)(1) Appendix 1-4(c)
t 1.67*P*D,*K / (2*S*E + 2*1.67*P,*(K - 0.1)) + Corrosion
1.67*15*24*0.992694 / (2*20,000*1 + 2*1.67*15%(0.992694 - 0.1)) + 0.0625
0.0774"

The head external pressure design thickness (t,) is 0.1212".
Maximum Allowable External Pressure, (Corroded at 150 °F) UG-33(d)

Equivalent outside spherical radius (R,)

R, = K*D,
= 0.8471*24
= 20.329%in
A = 0125/(R,/1)
= 0.125/(20.3294/ 0.6875)
= 0.004227
From Table B = 16,898.18
CS-2: ~ psi
P, = BI/R,/Y)
= 16,898.18/(20.3294 / 0.6875)
= 571.4625 psi

Check the Maximum External Pressure, UG-33(a)(1) Appendix 1-4(c)
P 2*S*E*t/ (K*D, - 2*t*(K - 0.1))*1.67)

2*20,000%1*0.6875 / ((0.992694*24 - 2*0.6875%(0.992694 - 0.1))*1.67)
728.72 psi

The maximum allowable external pressure (MAEP) is 571.46 psi.
% Extreme fiber elongation - UCS-79(d)

EFE

(75t / R)*(1- R,/ R))
(75*0.875 / 4.2625)*(1 - 4.2625 / o)
15.3959%

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



ASME Section VIII Division 1, 2015 Edition

Straight Flange on Bottom Head

Weight and Capacity

Component Cylinder
Material SA-516 70 (11-D p. 18, In. 37)
Temed | Normalized | T T PwHT | O A
No Yes Yes No No
Design Design Design
Pressure (psi) Temperature (°F) MDMT (°F)
Internal 1,100 150 20
External 15 150
Condition P, (psi) H, (in) SG
Operating 0.9 25 1
Test vertical 5.11 141.625 1
Outer Diameter 24"
Length 2"
Nominal Thickness 0.875"
Corrosion Inner 0.0625"
Outer 0"

Weight (Ib) Capacity (US gal)
New 35.98 3.37
Corroded 335 34

Insulation

Longitudinal seam

Thickness (in) Density (Ib/ft3) Weight (Ib)
Insulation 1 125 0
Spacing(in) | Individual Weight (Ib) | Total Weight (Ib)
Insulation
Supports 0 0 0

Radiography

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) 0.7089"

Design thickness due to external pressure (t,) 0.2257"

Design thickness due to combined loadings + corrosion | 0.3737"

Maximum allowable working pressure (MAWP) 1,390.96 psi
Maximum allowable pressure (MAP) 1.502.15 psi
Maximum allowable external pressure (MAEP) 614.88 psi
Rated MDMT -55°F
Governing thickness, t,= 0.8479"
Exemption temperature from Fig UCS-66 Curve D = -36.87°F
t =1,127.89*12/(20,000*1 + 0.4*1,127.89) = 0.6618"
Stress ratio = t *E* / (t, - ¢) = 0.6618*1 / (0.875 - 0.0625) = 0.8145
Reduction in MDMT, T, from Fig UCS-66.1 = 18.5°F
MDMT = max[ MDMT - T, -55] = max[ -36.87 - 18.5 , -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*R,/ (S*E + 0.40*P) + Corrosion

1,100.9*12 / (20,000*1.00 + 0.40*1,100.9) + 0.0625
0.7089"

Maximum allowable working pressure, (at 150 °F) Appendix 1-1
P S*E*t/ (R, - 0.40*t) - P,
20,000*1.00*0.8125/ (12 - 0.40*0.8125) - 0.9
1,390.96 psi

Maximum allowable pressure, (at 60 °F) Appendix 1-1
P S*E*t/ (R, - 0.40*t)
20,000*1.00*0.875 / (12 - 0.40*0.875)
1,502.15 psi

External Pressure, (Corroded & at 150 °F) UG-28(c)

L/D, = 139.7917/24 = 5.8247
D,/t = 24/0.1632 = 147.0606
From table G: A 0.000116

From table CS-2: B 1,654.4236 psi



4*B/ (3*(D, / 1))
4*1,654.42 / (3*(24 1 0.1632))
15 psi

Design thickness for external pressure P, = 15 psi
t = t+Corrosion = 0.1632+0.0625 = 0.2257"

a pAa A

Maximum Allowable External Pressure, (Corroded & at 150 °F) UG-28(c)

L/D, = 139.7917/24 = 5.8247
D,/t = 24/0.8125 = 29.5385
From table G: A = 0.001428
From table CS-2: B = 13,621.9131 psi
P, = 4*B/(3*(D,/1))
= 4*13,621.91/ (3*(24/0.8125))
= 614.88 psi

% Extreme fiber elongation - UCS-79(d)

EFE

(50%t/ R)*(1- R,/ R,)
(50%0.875 / 11.5625)*(1 - 11.5625 / o)
3.7838%

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

Allowable
Stress Before . . .
Condition Pressu_re P( UG-23 Stress Tempgrature ( Corr(_)snon C Load Req'd T_hk D_ue to Req'd Thk_ Due_ to
psi) : F) (in) Tension (in) Compression (in)
Increase ( psi)
St Se

Operating, Hot & Corroded 1,100 20,000 | 17,330 150 0.0625 Wind 0.299 0.2029

Seismic 0.3112 0.2807
Operating, Hot & New 1,100 20,000 | 17,348 150 0 Wind 0.2973 0.2911

Seismic 0.3099 0.2784
Hot Shut Down, Corroded 0 20,000 | 17,330 150 0.0625 Wind 0.0008 0.0054

Seismic 0.0128 0.0174
Hot Shut Down, New 0 20,000 | 17,348 150 0 Wind 0.0005 0.0056

Seismic 0.0132 0.018
Empty, Corroded 0 20,000 | 17,330 70 0.0625 Wind 0.0006 0.0054

Seismic 0.0121 0.0167
Empty, New 0 20,000 | 17,348 70 0 Wind 0.0005 0.0056

Seismic 0.0125 0.0173
Vacuum -15 20,000 | 17,330 150 0.0625 Wind 0.0035 0.0094

Seismic 0.0087 0.0214
ISl UL D, 00t 6, W 0 20,000 | 17,330 150 00625 | Weight 0.0036 0.0037
Eccentric Moments Only
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Skirt

ASME Section VIII Division 1, 2015 Edition

Component Support Skirt
Material SA-53 E/B WId pipe (11-D p. 14, In. 12)
Skirt is Attached To Bottom Head
Skirt Attachment Offset 3.4982" down from the top seam

Design Temperature

Internal 150°F
External 150°F
Inner Diameter Top 23.25"
Botttom 23.25"
Leng_th (in_cludes base 99.5"
ring thickness)
Nominal Thickness 0.375"
Corrosion Inner 0"
Outer 0"
New 226.45 Ib
Corroded 226.451b
Thickness Density Weight
Insulation 1" 125 16.76 Ib

Spacing [ Individual Weight | Total Weight

Insulation

132" 101b 101b
Supports

Joint Efficiency
Top 0.55

Bottom 0.8
Skirt design thickness, largest of the following + corrosion = 0.0273 in

The governing condition is due to seismic, tensile stress at the top, operating & new.

The skirt thickness of 0.3281 in is adequate.



Results Summary

Tensileor | Governing RS Allowable | Calculated | Required
Loading Condition Compressive Skirt ?"F) Stress Stress/E | thickness
Side Location (psi) (psi) (in)
operating, corroded Tensile bottom 150 17,176.47 87.66 0.0019
Compressive 17,176.47 381.59 0.0083
operating, new Tensile bottom 150 17,176.47 82.61 0.0018
Wind Compressive 17,176.47 388.62 0.0085
empty, corroded Tensile bottom 60 17,176.47 98.6 0.0022
Compressive 17,176.47 367.01 0.008
empty, new Tensile bottom 60 17,176.47 934 0.002
Compressive 17,176.47 374.23 0.0082
test, new Tensile bottom 60 1717647 | 1521 | 00033
Compressive 263.27 0.0057
vacuum, corroded Tensile bottom 150 17,176.47 87.66 0.0019
Compressive 17,176.47 381.59 0.0083
operating, corroded Tensile top 150 17,176.47 1,213.78 0.0265
Compressive bottom 17,176.47 1,184.25 0.0259
. Tensile top 17,176.47 1,248.96 0.0273
Sefife operating, new 150 h—
Compressive bottom 17,176.47 1,222.06 0.0267
empty, corroded Tensile top 60 17,176.47 1,158.33 0.0253
Compressive bottom 17,176.47 1,114.88 0.0243
Tensile top 17,176.47 1,194.7 0.0261
empty, new 60
Compressive bottom 17,176.47 1,153.86 0.0252
vacuum, corroded Tensile top 150 17,176.47 1,213.78 0.0265
Compressive bottom 17,176.47 1,184.25 0.0259

Loading due to seismic, operating & new

Tensile side

Required thickness, tensile stress at base:

~—+
1

-(0.6 - 0.14*S )*W / (T*D*S*E) + 48*M / (1*D?*S*E)
-(0.6 - 0.14*0.7333)*5,610.54 / (1*23.625*17,176*0.8) + 48*13,695.8 / (1*23.6252*17,176*0.8)
0.0245 in

Required thickness, tensile stress at the top:

—
1

-(0.6 - 0.14*S,)*W, / (n*D,*S,*E) + 48*M, / (t*D2*S,*E)

-(0.6 - 0.14*0.7333)*5,347.33 / (n*23.625*17,176*0.55) + 48*10,719 / (1*23.625%*17,176*0.55)
0.0273in

Compressive side



Required thickness, compressive stress at base:

t

(1 +0.14%S )*W / (T*D*S *E,) + 48*M / (1*D?*S *E )
(1 +0.14*0.7333)*5,610.54 / (1*23.625*17,176*1) + 48*13,695.8 / (1*23.6252*17,176*1)
0.0267 in

Required thickness, compressive stress at the top:

t

(1+0.14*S )*W, / (T*D*S_*E,) + 48*M, / (1*D2*S *E,)
(1 +0.14%0.7333)*5,347.33 / (1*23.625*17,176*1) + 48*10,719 / (1*23.6252*17,176*1)
0.0217 in
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Base Plate

Base configuration single base plate without gussets
Base plate material SA-36

Base plate allowable stress, S 16,600 psi
Foundation compressive strength 1,658 psi
Concrete ultimate 28-day strength 3,000 psi

Bolt circle, BC 26.75"

Base plate inner diameter, D, 22"

Base plate outer diameter, D, 30"

Base plate thickness, t, 0.75"
Material CS
Allowable stress, Sy 20,000 psi

Bolt size and type 0.75" series 8 threaded
Number of bolts, N 4
Corrosion allowance (applied to root radius) 0"

Anchor bolt clearance 0.125"

Bolt root area (corroded), A, 0.3in2
Diameter of anchor bolt holes, d, 0.875"

Initial bolt preload 0% (0 psi)

Bolt at 0° No




Results Summary

. Foundation
Required tr bearing

bolt area Base —

(in2) (in) (psi)

Vessel Base V Base M

Load u
condition (Ibg) (Ib¢-ft) (Ib)

Wind  ( operating, corroded [ 346.4 | 2,560.7 [ 5,487 | 0.0163 | 0.2325 33.23

Wind operating, new 346.4 | 2,562.2|5,679.5| 0.0149 | 0.2346 33.83

Wind | empty, corroded 346.4| 2,560.7 | 5,081.2 | 0.0193 | 0.2281 31.98

Wind empty, new 346.4 | 2,562.2]5,279.1| 0.0179 | 0.2303 32.6

Wind test, new 47.2 50.2 | 7,294.6 0 0.1926 22.81

Wind [ vacuum, corroded 346.4 | 2,560.7| 5,487 | 0.0163 | 0.2325 33.23

Seismic | operating, corroded | 1,173.6 | 13,282.3 | 5,487 | 0.2638 | 0.5992 | 220.77

Seismic  operating, new | 1,214.8 | 13,695.8 [ 5,679.5 | 0.2719 | 0.6087 2217.8

Seismic  empty, corroded | 1,086.8 | 12,552.3 | 5,081.2 0.25(0.5815 | 207.88

Seismic empty, new 1,129.1 1 12,978.9 | 5,279.1 | 0.2583 | 0.5915 | 215.13

Seismic | vacuum, corroded | 1,173.6 | 13,282.3 | 5,487 | 0.2638 | 0.5992 | 220.77

Anchor bolt load (governing)

P=-(0.6-0.14*S,)*W /N + 48 * M/ (N*BC)

=-(0.6 - 0.14*0.7333)*5,679.54 / 4 + 48 * 13,695.8 / (4*26.75)
=5,437.77 Ib;

Required area per bolt =P /S, = 0.2719 in?

The area provided (0.302 in2) by the specified anchor bolt is adequate.
Support calculations (Jawad & Farr chapter 12, governing)
Base plate width, t 4 in

Average base plate diameter, d: 26 in

Base plate elastic modulus, E;:  29.0E+06 psi

Base plate yield stress, Sy: 36,000 psi

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

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

t, = (N*A,) / (n*d)

= (4*0.302) / (1*26)

=0.0148in

From table 12.4 for k = 0.148496:

K, =2.7759, K, = 1.0434
L,=9.141, L,=16.9793, L,=3.0733

Total tensile force on bolting

T = (12*M - (0.6 - 0.14*S, )*W *(L, + L)) / (L, + Ly)



= (12*13,695.8 - (0.6 - 0.14*0.7333)*5,679.54 *(9.141 + 3.0733)) / (16.9793 + 3.0733)

=6,475.44 Ib;
Tensile stress in bolts use the larger of f_ or bolt preload = 0 psi

f,=T/(@,*(d/2)*K)
=6,475.44 / (0.0148 * (26 / 2) * 2.7759)
=12,133 psi

Total compressive load on foundation
C.=T+(1+0.14*S)*W + Bolt Preload

=6,475.44 + (1 + 0.14*0.7333)*5,679.54 + 0
=12,738.08 Ib;

Foundation bearing stress

f.= C./ (((t, - t) + n*t)*(d / 2)*K,)
=12,738.08 / (((4 - 0.0148) + 9.2889*0.0148)*(26 / 2)*1.0434)
= 228 psi

As f, <= 1,658 psi the base plate width is satisfactory.
k=1/@1+f/(n*f))
=1/(1+12,133/(9.2889*228))

= 0.148496

Base plate required thickness (governing)

r = (3*f *LZ / Sp)OS

=(3 *228*32 / 16,600)05

= 0.6087 in

The base plate thickness is satisfactory.
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Inlet (N1)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Nozzle

Access opening

Located on Shell
Orientation 270°
Nozzle center line offset to datum line 30"
End of nozzle to shell center 22"
Passes through a Category A joint No

No

Material specification

SA-105 (11-D p. 18, In. 23) (normalized)

Inside diameter, new

8"

Welds

Inner fillet, Leg,,

Nominal wall thickness 1.375"
Corrosion allowance 0.0625"
Projection available outside vessel, Lpr 7.56"
Projection available outside vessel to flange face, Lf | 10"
Local vessel minimum thickness 0.8479"
Liquid static head included 0 psi
Longitudinal joint efficiency 1

0.375"

Nozzle to vessel groove weld

0.969"
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ASME B16.5-2013 Flange

Description NPS 8 Class 600 LWN A105 N

Bolt Material SA-193 B7 Bolt <=2 1/2 (11-D p. 344, In. 31)
Blind included No

Rated MDMT -43.9°F

Liquid static head 0 psi

Consider External Loads on Flange MAWP Rating | No

MAWP rating 1,420 psi @ 150°F
MAP rating 1,480 psi @ 60°F
Hydrotest rating 2,225 psi @ 60°F
PWHT performed No

Impact Tested No

Gasket
Description Flexitallic Spiral Wound CG 304 S.S.

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -43.9°F (Coincident ratio = 0.7615)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(4) = -43.9°F

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

Reinforcement Calculations for Internal Pressure

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

(in)
For P =1,100 psi @ 150 °F The nozzle passes

The opening is adequately reinforced UG-45

A A A
required | available Al A2 A3 AS | yelds treq tmin
5.247 | 5.5216 | 1.1343 | 4.2467 | -- | -- [ 0.1406 | 0.3819 | 1.375

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

. Required weld Actual weld
Vel e e throat size (in) | throat size (in) SHEUD
Nozzle to shell fillet (Legas) 0.25 0.2625 weld size is adequate
WRC 107
Max Allow m g)a(l ﬁgs:ll
(Larr) P Py Mc V¢ ML Vi Mt Comb | Comb e T — Over
(psi) | (bg) | (Ibgin) | (Ibg) | (Ibsin) | (Ibf) [ (Ibg-in) | Stress | Stress ry Y| stressed
(psi) (psi) Stress Stress
(psi) (psi)
Load case 1 1,100 | 2,400 | 49,740 | 2,970 | 74,640 | 2,970 | 119,280 | 23,956 | 60,000 | 21,483 30,000 No
Load case 1 (Hot Shut Down) 0 2,400 | 49,740 | 2,970 | 74,640 | 2,970 | 119,280 | -10,078 | 60,000 -2,897 30,000 No

Reinforcement Calculations for External Pressure

UG-45
UG-37 Area Calculation Summary (in?) Summary
(in)
For Pe = 15 psi @ 150 °F The nozzle passes
The opening is adequately reinforced UG-45
A A A
required | available AL A2 A3 1A | elds treq tmin
0.663 | 10.2114 | 5.0554 | 5.0154 | -- | -- | 0.1406 | 0.125 | 1.375

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

. Required weld Actual weld
Wk @ smigion throat size (in) | throat size (in)

Status

Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate




Outlet (N2)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Nozzle

Access opening

Located on Shell
Orientation 90°
Nozzle center line offset to datum line 117
End of nozzle to shell center 22"
Passes through a Category A joint No

No

Material specification

SA-105 (11-D p. 18, In. 23) (normalized)

Inside diameter, new

8"

Welds

Inner fillet, Leg,,

Nominal wall thickness 1.375"
Corrosion allowance 0.0625"
Projection available outside vessel, Lpr 7.56"
Projection available outside vessel to flange face, Lf | 10"
Local vessel minimum thickness 0.8479"
Liquid static head included 0 psi
Longitudinal joint efficiency 1

0.375"

Nozzle to vessel groove weld

0.969"
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ASME B16.5-2013 Flange

Description NPS 8 Class 600 LWN A105 N

Bolt Material SA-193 B7 Bolt <=2 1/2 (11-D p. 344, In. 31)
Blind included No

Rated MDMT -43.9°F

Liquid static head 0 psi

Consider External Loads on Flange MAWP Rating | No

MAWP rating 1,420 psi @ 150°F
MAP rating 1,480 psi @ 60°F
Hydrotest rating 2,225 psi @ 60°F
PWHT performed No

Impact Tested No

Gasket
Description Flexitallic Spiral Wound CG 304 S.S.

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -43.9°F (Coincident ratio = 0.7615)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(4) = -43.9°F

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

Reinforcement Calculations for Internal Pressure

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

(in)
For P =1,100 psi @ 150 °F The nozzle passes

The opening is adequately reinforced UG-45

A A A
required | available Al A2 A3 AS | yelds treq tmin
5.247 | 5.5216 | 1.1343 | 4.2467 | -- | -- [ 0.1406 | 0.3819 | 1.375

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

. Required weld Actual weld
Vel e e throat size (in) | throat size (in) SHEUD
Nozzle to shell fillet (Legas) 0.25 0.2625 weld size is adequate
WRC 107
Max Allow m g)a(l ﬁgs:ll
(Larr) P Py Mc V¢ ML Vi Mt Comb | Comb e T — Over
(psi) | (bg) | (Ibgin) | (Ibg) | (Ibsin) | (Ibf) [ (Ibg-in) | Stress | Stress ry Y| stressed
(psi) (psi) Stress Stress
(psi) (psi)
Load case 1 1,100 | 2,400 | 49,740 | 2,970 | 74,640 | 2,970 | 119,280 | 23,956 | 60,000 | 21,483 30,000 No
Load case 1 (Hot Shut Down) 0 2,400 | 49,740 | 2,970 | 74,640 | 2,970 | 119,280 | -10,078 | 60,000 -2,897 30,000 No

Reinforcement Calculations for External Pressure

UG-45
UG-37 Area Calculation Summary (in?) Summary
(in)
For Pe = 15 psi @ 150 °F The nozzle passes
The opening is adequately reinforced UG-45
A A A
required | available AL A2 A3 1A | elds treq tmin
0.663 | 10.2114 | 5.0554 | 5.0154 | -- | -- | 0.1406 | 0.125 | 1.375

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

. Required weld Actual weld
Wk @ smigion throat size (in) | throat size (in)

Status

Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate




Liquid Outlet (Sump) (N3)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Nozzle

Access opening

Located on Shell
Orientation 90°
Nozzle center line offset to datum line 0"
End of nozzle to shell center 19"
Passes through a Category A joint No

No

Material specification

SA-105 (11-D p. 18, In. 23) (normalized)

Inside diameter, new

lll

Welds

Inner fillet, Leg,,

Nominal wall thickness 0.56"
Corrosion allowance 0.0625"
Projection available outside vessel, Lpr 6.06"
Projection available outside vessel to flange face, Lf | 7"
Local vessel minimum thickness 0.8479"
Liquid static head included 0.74 psi
Longitudinal joint efficiency 1

0.375"

Nozzle to vessel groove weld

0.969"
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ASME B16.5-2013 Flange

Description NPS 1 Class 600 LWN A105 N

Bolt Material SA-193 B7 Bolt <= 2 1/2 (11-D p. 344, In. 31)
Blind included No

Rated MDMT -43.8°F

Liquid static head 0.72 psi

MAWP rating 1,420 psi @ 150°F
MAP rating 1,480 psi @ 60°F
Hydrotest rating 2,225 psi @ 60°F

PWHT performed No

Impact Tested No
Gasket

Description Flexitallic Spiral Wound CG 304 S.S.
Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -43.8°F (Coincident ratio = 0.762)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(4) = -43.8°F

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

Reinforcement Calculations for Internal Pressure

UG-45

UG-37 Area Calculation Summary Summary

(in) (in)

The nozzle passes

For P =1,100.74 psi @ 150 °F UG-45

A A A

required | available AL A | A3 | As | eds treq Ttmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.1973 1 0.56

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

. Required weld Actual weld
Vel e e throat size (in) | throat size (in) SHEUD
Nozzle to shell fillet (Legas) 0.25 0.2625 weld size is adequate

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

Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary UG-45
o Summary
(in) )
For Pe = 15 psi @ 150 °F VBB
A A A
required | available AL | A2 | A3 | A5 | erds treq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1 0.6

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

. Required weld Actual weld
Wl e e throat size (in) | throat size (in) SHED
Nozzle to shell fillet (Leg4s) 0.25 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Liquid Outlet (Coalescer) (N4)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell
Orientation 90°
Nozzle center line offset to datum line 48.5"
End of nozzle to shell center 19"
Passes through a Category A joint No
Access opening No
Material specification SA-105 (11-D p. 18, In. 23) (normalized)
Inside diameter, new 1"
Nominal wall thickness 0.56"
Corrosion allowance 0.0625"
Projection available outside vessel, Lpr 6.06"

Projection available outside vessel to flange face, Lf | 7"

Local vessel minimum thickness 0.8479"
Liquid static head included 0 psi
Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"

Nozzle to vessel groove weld 0.969"




ASME B16.5-2013 Flange

Description NPS 1 Class 600 LWN A105 N

Bolt Material SA-193 B7 Bolt <= 2 1/2 (11-D p. 344, In. 31)
Blind included No

Rated MDMT -43.9°F

Liquid static head 0 psi

MAWP rating 1,420 psi @ 150°F

MAP rating 1,480 psi @ 60°F

Hydrotest rating 2,225 psi @ 60°F

PWHT performed No

Impact Tested No

Description Flexitallic Spiral Wound CG 304 S.S.

Flange rated MDMT per UCS-66(b)(1)(b) = -43.9°F (Coincident ratio = 0.7615)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(4) = -43.9°F

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

Reinforcement Calculations for Internal Pressure

UG-45

UG-37 Area Calculation Summary Summary

(in) (in)

The nozzle passes

For P =1,100 psi @ 150 °F UG-45

A A A

required | available ALl A | A3 | As | eds treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.1973 1 0.56

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

. Required weld Actual weld
Vel e e throat size (in) | throat size (in) SHEUD
Nozzle to shell fillet (Legas) 0.25 0.2625 weld size is adequate

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

Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary UG-45
o Summary
(in) )
For Pe = 15 psi @ 150 °F VBB
A A A
required | available AL | A2 | A3 | A5 | erds treq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1 0.6

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

. Required weld Actual weld
Wl e e throat size (in) | throat size (in) SHED
Nozzle to shell fillet (Leg4s) 0.25 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Drain (Sump) (C1)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Bottom Head

Orientation 0°

End of nozzle to datum line -13.5"

Calculated as hillside No

Distance to head center, R 0"

Passes through a Category A joint No

Description NPS 1 Class 6000 - threaded
Access opening No

Material specification SA-105 (11-D p. 18, In. 23)
Inside diameter, new 1.315"

Nominal wall thickness 0.4675"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2.1531"

Local vessel minimum thickness 0.75"

Liquid static head included 1.18 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"
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UCS-66 Material Toughness Requirements Nozzle

t =1,128.17*0.72/ (20,000*1 - 0.6*1,128.17) = 0.042"
Stress ratio =t *E” / (t - ¢) = 0.042*1/ (0.4675 - 0.0625) = 0.1038
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 Internal Pressure

UG-37 Area Calculation Summary UG-45
(in?) Summary (in)
_ . o The nozzle passes
For P =1,101.18 psi @ 150 °F UG-45
A A A

required | available AL Az | Al As | aigs | Trea tin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.1250.4675

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

. Required weld Actual weld
Wk @ smigion throat size (in) | throat size (in) Blaus
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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

Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary UG-45
(in?) Summary (in)
For Pe = 15 psi @ 150 °F TSR PR
A A A
required | available AL | A2 | A3 | As | s | trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1 0.4675

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure
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UW-16 Weld Sizing Summary

. Required weld Actual weld
Vel e e throat size (in) | throat size (in) SHEUD
Nozzle to shell fillet (Legas) 0.25 0.2625 weld size is adequate

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



Nozzle Pipe (C1)

ASME Section VIII Division 1, 2015 Edition

Component

Nozzle Pipe

Material

SA-106 B Smls pipe (11-D p. 14, In. 15)

Pipe NPS and Schedule

NPS 1 Sch 160

Attached To Drain (Sump) (C1)
Impact . Fine Grain Optimize MDMT/
Tested NCTIE P Practice PWHT Find MAWP
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 1,100 150 20
External 15 150

Static Liquid Head

Condition P, (psi) H, (in) SG
Operating 1.57 43.5 1
Test vertical 5.89 163.125 1

Outer Diameter 1.315"
Length 13"
Pipe Nominal "
Thickness 0.25
Pipe Minimum "
Thickness? 0.2188
. Inner 0.0625"
Corrosion
Outer o"

Weight and Capacity

Longitudinal seam

Weight (Ib) Capacity (US gal)
New 3.08 0.03
Corroded 2.44 0.04

Radiography

Seamless No RT

Left Circumferential
seam

None UW-11(c) Type 1

Right Circumferential
seam

None UW-11(c) Type 1

lPipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.0625" = 0.125"
Design thickness due to internal pressure (t) 0.1109"

Design thickness due to external pressure (t,) 0.0741"

Maximum allowable working pressure (MAWP) | 3,815.39 psi

Maximum allowable pressure (MAP) 5,879.63 psi

Maximum allowable external pressure (MAEP) | 3.045.24 psi

Rated MDMT -155 °F

UCS-66 Material Toughness Requirements

Impact test exempt per UCS-66(d) (NPS 4 or smaller pipe) = -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*R,/ (S*E + 0.40*P) + Corrosion

1,101.57*0.6575 / (17,100*0.85 + 0.40*1,101.57) + 0.0625
0.1109"

Maximum allowable working pressure, (at 150 °F) Appendix 1-1
P S*E*t/ (R, - 0.40*t) - P

17,100*0.85*(0.25*0.875 - 0.0625) / (0.6575 - 0.40*(0.25*0.875 - 0.0625)) - 1.57
3.815.39 psi

Maximum allowable pressure, (at 60 °F) Appendix 1-2
P S*E*In(R,/ (R, - 1))

17,100*0.85*In(0.6575 / (0.6575 - (0.25*0.875)))
5.879.63 psi

External Pressure, (Corroded & at 150 °F) UG-28(c)

L/D, = 15.1531/1.315 = 115233
D,/t = 1315/0.0116 = 113.0335
From table G: A = 0.000098
From table CS-2: B = 1,404.696 psi
P, = 4*B/(3*(D, /1))
= 4*1,404.7 / (3*(1.315/0.0116))
= 16.57 psi

Design thickness for external pressure P, = 16.57 psi

t = t+Corrosion = 0.0116+0.0625 = 0.0741"

a AL



Maximum Allowable External Pressure, (Corroded & at 150 °F) UG-28(c)

L/D,
D,/t

= 15.1531/1.315 = 11.5233
= 1.315/(0.25*0.875-0.0625) = 8.4160
From table G: A = 0.016230
From table CS-2: B = 17,491.7246 psi

S, = 2*Byg,, = 2*17,600 = 35,200 psi

S, = 2*S, = 2*17,100 = 34,200 psi

S, = 0.90*S, = 0.90*35,200 = 31,680 psi

S = min(S,, S,) = min(34,200, 31,680) = 31,680 psi

P

al

I3{:’12

[2.167/ (D, / t) - 0.08333]*B - Pse
[2.167 / 8.4160 - 0.08333]*17,492 - 1.57
3,045.24 psi

(2*S/(D,/t))*[1 - 1/(D,/1)] - Pse
(2*31,680/8.416)*[1 - 1/8.416] - 1.57
6,632.4 psi

Maximum Allowable External Pressure = min(P,;, P,,) = 3.045.24 psi
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Drain (Coalescer) (C2)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 0°

Nozzle center line offset to datum line 48.5"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 1 Class 6000 - threaded
Access opening No

Material specification SA-105 (11-D p. 18, In. 23)
Inside diameter, new 1.315"

Nominal wall thickness 0.4675"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t =1,126.98*0.72 / (20,000*1 - 0.6*1,126.98) = 0.042"
Stress ratio =t *E” / (t - ¢) = 0.042*1/ (0.4675 - 0.0625) = 0.1037
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 Internal Pressure

UG-37 Area Calculation Summary UG-45
(in?) Summary (in)
_ . o The nozzle passes
For P =1,100 psi @ 150 °F UG-45
A A A

required | available AL Az | Al As | aigs | Trea tin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.125 1 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

. Required weld Actual weld
Wk @ smigion throat size (in) | throat size (in) Blaus
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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

Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary UG-45
(in?) Summary (in)
For Pe = 15 psi @ 150 °F UrBUeAE )
A A A
required | available AL | A2 | A3 | As | s | trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1 0.4675

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure
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UW-16 Weld Sizing Summary

. Required weld Actual weld
Vel e e throat size (in) | throat size (in) SHEUD
Nozzle to shell fillet (Legas) 0.25 0.2625 weld size is adequate

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



Level Control (Sump) (C3A)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 135°

Nozzle center line offset to datum line 14"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 1.5 Class 6000 - threaded
Access opening No

Material specification SA-105 (11-D p. 18, In. 23)
Inside diameter, new 1.9"

Nominal wall thickness 0.55"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0.25 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t =1,127.23*1.0125/ (20,000*1 - 0.6*1,127.23) = 0.0591"

Stress ratio =t *E” / (t, - ¢) = 0.0591*1/ (0.55 - 0.0625) = 0.1212

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 Internal Pressure

UG-37 Area Calculation Summary SAER
s Summary

(in%) (in)
_ . o The nozzle passes

For P =1,100.25 psi @ 150 °F UG-45

A A A
required | available AL A2 | A3 [ As | e treq tin
This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.1432 1 0.55

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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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



Reinforcement Calculations for External Pressure

UG-45
Summary

(in?) (in)

UG-37 Area Calculation Summary

The nozzle passes

For Pe = 15 psi @ 150 °F UG-45

A A A

required | available AL | Az | Az | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.125 1 0.55

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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



Level Control (Sump) (C3B)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 135°

Nozzle center line offset to datum line 0"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 1.5 Class 6000 - threaded
Access opening No

Material specification SA-105 (11-D p. 18, In. 23)
Inside diameter, new 1.9"

Nominal wall thickness 0.55"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0.76 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t =1,127.74*1.0125/ (20,000*1 - 0.6*1,127.74) = 0.0591"

Stress ratio =t *E” / (t, - ¢) = 0.0591*1/ (0.55 - 0.0625) = 0.1212

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 Internal Pressure

UG-37 Area Calculation Summary SAER
s Summary

(in%) (in)
_ . o The nozzle passes

For P =1,100.76 psi @ 150 °F UG-45

A A A
required | available AL A2 | A3 [ As | e treq tin
This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.1433 | 0.55

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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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



Reinforcement Calculations for External Pressure

UG-45
Summary

(in?) (in)

UG-37 Area Calculation Summary

The nozzle passes

For Pe = 15 psi @ 150 °F UG-45

A A A

required | available AL | Az | Az | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.125 1 0.55

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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



Level Control (Coalescer) (C4A)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 135°

Nozzle center line offset to datum line 62.5"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 1.5 Class 6000 - threaded
Access opening No

Material specification SA-105 (11-D p. 18, In. 23)
Inside diameter, new 1.9"

Nominal wall thickness 0.55"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t =1,126.98*1.0125/ (20,000*1 - 0.6*1,126.98) = 0.0591"

Stress ratio =t *E” / (t, - ¢) = 0.0591*1/ (0.55 - 0.0625) = 0.1211

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 Internal Pressure

UG-37 Area Calculation Summary SAER
s Summary
(in%) (in)
For P = 1,100 psi @ 150 °F The ”Széﬁgasses
A A A
required | available AL A2 | A3 [ As | e treq tin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.1432110.55

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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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



Reinforcement Calculations for External Pressure

UG-45
Summary

(in?) (in)

UG-37 Area Calculation Summary

The nozzle passes

For Pe = 15 psi @ 150 °F UG-45

A A A

required | available AL | Az | Az | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.125 1 0.55

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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



Level Control (Coalescer) (C4B)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 135°

Nozzle center line offset to datum line 48.5"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 1.5 Class 6000 - threaded
Access opening No

Material specification SA-105 (11-D p. 18, In. 23)
Inside diameter, new 1.9"

Nominal wall thickness 0.55"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t =1,126.98*1.0125/ (20,000*1 - 0.6*1,126.98) = 0.0591"

Stress ratio =t *E” / (t, - ¢) = 0.0591*1/ (0.55 - 0.0625) = 0.1211

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 Internal Pressure

UG-37 Area Calculation Summary SAER
s Summary
(in%) (in)
For P = 1,100 psi @ 150 °F The ”Széﬁgasses
A A A
required | available AL A2 | A3 [ As | e treq tin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.1432110.55

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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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



Reinforcement Calculations for External Pressure

UG-45
Summary

(in?) (in)

UG-37 Area Calculation Summary

The nozzle passes

For Pe = 15 psi @ 150 °F UG-45

A A A

required | available AL | Az | Az | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.125 1 0.55

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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



Sight Glass (Sump) (C5A)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 180°

Nozzle center line offset to datum line 14"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 0.75 Class 6000 - threaded
Access opening No

Material specification SA-105 (1I-D p. 18, In. 23)
Inside diameter, new 1.05"

Nominal wall thickness 0.35"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0.24 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t =1,127.22*0.5875 / (20,000*1 - 0.6*1,127.22) = 0.0343"

Stress ratio = t *E” / (t, - ¢) = 0.0343*1/ (0.35 - 0.0625) = 0.1192

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 Internal Pressure

UG-37 Area Calculation Summary UG-45
- Summary
(in) )
For P = 1,100.24 psi @ 150 °F L “Szé!igasses
A A A
required | available AL | A2 | A3 [ As | aigs [ trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1035

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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.2012 0.2625 weld size is adequate

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



Reinforcement Calculations for External Pressure

UG-45
Summary

(in?) (in)

UG-37 Area Calculation Summary

The nozzle passes

For Pe = 15 psi @ 150 °F UG-45

A A A

required | available AL | Az | Az | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.12510.35

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.2012 0.2625 weld size is adequate

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



Sight Glass (Sump) (C5B)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 180°

Nozzle center line offset to datum line 0"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 0.75 Class 6000 - threaded
Access opening No

Material specification SA-105 (1I-D p. 18, In. 23)
Inside diameter, new 1.05"

Nominal wall thickness 0.35"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0.74 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t =1,127.72*0.5875 / (20,000*1 - 0.6*1,127.72) = 0.0343"

Stress ratio = t *E” / (t, - ¢) = 0.0343*1/ (0.35 - 0.0625) = 0.1193

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 Internal Pressure

UG-37 Area Calculation Summary UG-45
- Summary
(in) )
For P = 1,100.74 psi @ 150 °F L “Szé!igasses
A A A
required | available AL | A2 | A3 [ As | aigs [ trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1035

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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.2012 0.2625 weld size is adequate

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



Reinforcement Calculations for External Pressure

UG-45
Summary

(in?) (in)

UG-37 Area Calculation Summary

The nozzle passes

For Pe = 15 psi @ 150 °F UG-45

A A A

required | available AL | Az | Az | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.12510.35

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.2012 0.2625 weld size is adequate

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



Sight Glass (Coalescer) (C6A)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 180°

Nozzle center line offset to datum line 62.5"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 0.75 Class 6000 - threaded
Access opening No

Material specification SA-105 (1I-D p. 18, In. 23)
Inside diameter, new 1.05"

Nominal wall thickness 0.35"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t = 1,126.98*0.5875 / (20,000*1 - 0.6*1,126.98) = 0.0343"

Stress ratio = t *E” / (t, - ¢) = 0.0343*1/ (0.35 - 0.0625) = 0.1192

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 Internal Pressure

UG-37 Area Calculation Summary UG-45
- Summary
(in% (in)
For P = 1,100 psi @ 150 °F TSR )
A A A
required | available AL | A2 | A3 [ As | aigs [ trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1 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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.2012 0.2625 weld size is adequate

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



Reinforcement Calculations for External Pressure

UG-45
Summary

(in?) (in)

UG-37 Area Calculation Summary

The nozzle passes

For Pe = 15 psi @ 150 °F UG-45

A A A

required | available AL | Az | Az | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.12510.35

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.2012 0.2625 weld size is adequate

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



Sight Glass (Coalescer) (C6B)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 180°

Nozzle center line offset to datum line 48.5"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 0.75 Class 6000 - threaded
Access opening No

Material specification SA-105 (1I-D p. 18, In. 23)
Inside diameter, new 1.05"

Nominal wall thickness 0.35"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t = 1,126.98*0.5875 / (20,000*1 - 0.6*1,126.98) = 0.0343"

Stress ratio = t *E” / (t, - ¢) = 0.0343*1/ (0.35 - 0.0625) = 0.1192

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 Internal Pressure

UG-37 Area Calculation Summary UG-45
- Summary
(in% (in)
For P = 1,100 psi @ 150 °F TSR )
A A A
required | available AL | A2 | A3 [ As | aigs [ trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1 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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.2012 0.2625 weld size is adequate

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



Reinforcement Calculations for External Pressure

UG-45
Summary

(in?) (in)

UG-37 Area Calculation Summary

The nozzle passes

For Pe = 15 psi @ 150 °F UG-45

A A A

required | available AL | Az | Az | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.12510.35

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.2012 0.2625 weld size is adequate

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



Differential Pressure (C7A)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 180°

Nozzle center line offset to datum line 117

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 0.5 Class 6000 - threaded
Access opening No

Material specification SA-105 (11-D p. 18, In. 23)
Inside diameter, new 0.84"

Nominal wall thickness 0.33"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t = 1,126.98*0.4825 / (20,000*1 - 0.6*1,126.98) = 0.0281"

Stress ratio = t *E” / (t, - ¢) = 0.0281*1/ (0.33 - 0.0625) = 0.1052

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 Internal Pressure

UG-37 Area Calculation Summary UG-45
- Summary
(in% (in)
For P = 1,100 psi @ 150 °F TSR )
A A A
required | available AL | A2 | A3 [ As | aigs [ trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1033

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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.1872 0.2625 weld size is adequate

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



Reinforcement Calculations for External Pressure

UG-45
Summary

(in?) (in)

UG-37 Area Calculation Summary

The nozzle passes

For Pe = 15 psi @ 150 °F UG-45

A A A

required | available AL | Az | Az | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 01251033

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.1872 0.2625 weld size is adequate

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



Differential Pressure (C7B)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 180°

Nozzle center line offset to datum line 30"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 0.5 Class 6000 - threaded
Access opening No

Material specification SA-105 (11-D p. 18, In. 23)
Inside diameter, new 0.84"

Nominal wall thickness 0.33"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t = 1,126.98*0.4825 / (20,000*1 - 0.6*1,126.98) = 0.0281"

Stress ratio = t *E” / (t, - ¢) = 0.0281*1/ (0.33 - 0.0625) = 0.1052

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 Internal Pressure

UG-37 Area Calculation Summary UG-45
- Summary
(in% (in)
For P = 1,100 psi @ 150 °F TSR )
A A A
required | available AL | A2 | A3 [ As | aigs [ trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1033

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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.1872 0.2625 weld size is adequate

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



Reinforcement Calculations for External Pressure

UG-45
Summary

(in?) (in)

UG-37 Area Calculation Summary

The nozzle passes

For Pe = 15 psi @ 150 °F UG-45

A A A

required | available AL | Az | Az | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 01251033

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.1872 0.2625 weld size is adequate

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



Vent (C8)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 0°

Nozzle center line offset to datum line 117

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 0.75 Class 6000 - threaded
Access opening No

Material specification SA-105 (1I-D p. 18, In. 23)
Inside diameter, new 1.05"

Nominal wall thickness 0.35"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t = 1,126.98*0.5875 / (20,000*1 - 0.6*1,126.98) = 0.0343"

Stress ratio = t *E” / (t, - ¢) = 0.0343*1/ (0.35 - 0.0625) = 0.1192

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 Internal Pressure

UG-37 Area Calculation Summary UG-45
- Summary
(in% (in)
For P = 1,100 psi @ 150 °F TSR )
A A A
required | available AL | A2 | A3 [ As | aigs [ trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1 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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.2012 0.2625 weld size is adequate

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



Reinforcement Calculations for External Pressure

UG-45
Summary

(in?) (in)

UG-37 Area Calculation Summary

The nozzle passes

For Pe = 15 psi @ 150 °F UG-45

A A A

required | available AL | Az | Az | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.12510.35

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.2012 0.2625 weld size is adequate

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



LSHH (Sump) (C9A)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 225°

Nozzle center line offset to datum line 23"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 1 Class 6000 - threaded
Access opening No

Material specification SA-105 (11-D p. 18, In. 23)
Inside diameter, new 1.315"

Nominal wall thickness 0.4675"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t =1,126.98*0.72 / (20,000*1 - 0.6*1,126.98) = 0.042"
Stress ratio =t *E” / (t - ¢) = 0.042*1/ (0.4675 - 0.0625) = 0.1037
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 Internal Pressure

UG-37 Area Calculation Summary UG-45
(in?) Summary (in)
_ . o The nozzle passes
For P =1,100 psi @ 150 °F UG-45
A A A

required | available AL Az | Al As | aigs | Trea tin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.125 1 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

. Required weld Actual weld
Wk @ smigion throat size (in) | throat size (in) Blaus
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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

Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary UG-45
(in?) Summary (in)
For Pe = 15 psi @ 150 °F UrBUeAE )
A A A
required | available AL | A2 | A3 | As | s | trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1 0.4675

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure
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UW-16 Weld Sizing Summary

. Required weld Actual weld
Vel e e throat size (in) | throat size (in) SHEUD
Nozzle to shell fillet (Legas) 0.25 0.2625 weld size is adequate

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



LSHH (Sump) (C9B)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 225°

Nozzle center line offset to datum line 9"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 1 Class 6000 - threaded
Access opening No

Material specification SA-105 (11-D p. 18, In. 23)
Inside diameter, new 1.315"

Nominal wall thickness 0.4675"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0.42 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t =1,127.4*0.72/ (20,000*1 - 0.6*1,127.4) = 0.042"
Stress ratio =t *E” / (t - ¢) = 0.042*1/ (0.4675 - 0.0625) = 0.1037
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 Internal Pressure

UG-37 Area Calculation Summary UG-45
(10 Summary (in)
_ . o The nozzle passes
For P =1,100.42 psi @ 150 °F UG-45
A A A

required | available AL Az | Al As | aigs | Trea tin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.125 1 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

. Required weld Actual weld
Wk @ smigion throat size (in) | throat size (in) Blaus
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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

Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary UG-45
(in?) Summary (in)
For Pe = 15 psi @ 150 °F UrBUeAE )
A A A
required | available AL | A2 | A3 | As | s | trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1 0.4675

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure
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UW-16 Weld Sizing Summary

. Required weld Actual weld
Vel e e throat size (in) | throat size (in) SHEUD
Nozzle to shell fillet (Legas) 0.25 0.2625 weld size is adequate

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



Pl (C10)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Located on Shell

Orientation 0°

Nozzle center line offset to datum line 74"

End of nozzle to shell center 14"

Passes through a Category A joint No

Description NPS 0.5 Class 6000 - threaded
Access opening No

Material specification SA-105 (11-D p. 18, In. 23)
Inside diameter, new 0.84"

Nominal wall thickness 0.33"

Corrosion allowance 0.0625"

Projection available outside vessel, Lpr 2"

Local vessel minimum thickness 0.8479"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg,, 0.375"




UCS-66 Material Toughness Requirements Nozzle

t = 1,126.98*0.4825 / (20,000*1 - 0.6*1,126.98) = 0.0281"

Stress ratio = t *E” / (t, - ¢) = 0.0281*1/ (0.33 - 0.0625) = 0.1052

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 Internal Pressure

UG-37 Area Calculation Summary UG-45
- Summary
(in% (in)
For P = 1,100 psi @ 150 °F TSR )
A A A
required | available AL | A2 | A3 [ As | aigs [ trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1033

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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.1872 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 External Pressure

UG-45
Summary

(in?) (in)

UG-37 Area Calculation Summary

The nozzle passes

For Pe = 15 psi @ 150 °F UG-45

A A A

required | available AL | Az | Az | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 01251033

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.1872 0.2625 weld size is adequate

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

101



LSHH (Coalescer) (C11A)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Nozzle

Description

Located on Shell
Orientation 225°
Nozzle center line offset to datum line 715"
End of nozzle to shell center 14"
Passes through a Category A joint No

NPS 1 Class 6000 - threaded

Access opening

No

Material specification

SA-105 (11-D p. 18, In. 23)

Inside diameter, new

1.315"

Welds

Inner fillet, Leg,,

Nominal wall thickness 0.4675"
Corrosion allowance 0.0625"
Projection available outside vessel, Lpr 2"
Local vessel minimum thickness 0.8479"
Liquid static head included 0 psi
Longitudinal joint efficiency 1

0.375"
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UCS-66 Material Toughness Requirements Nozzle

t.=1,126.98*0.72 / (20,000*1 - 0.6*1,126.98) = 0.042"

Stress ratio =t *E” / (t - ¢) = 0.042*1/ (0.4675 - 0.0625) = 0.1037

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 Internal Pressure

UG-37 Area Calculation Summary UG-45
(in?) Summary (in)
_ . o The nozzle passes
For P =1,100 psi @ 150 °F UG-45
A A A

required | available AL Az | Al As | aigs | Trea tin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.125 1 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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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

Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary UG-45
(in?) Summary (in)
For Pe = 15 psi @ 150 °F UrBUeAE )
A A A
required | available AL | A2 | A3 | As | s | trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1 0.4675

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure
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UW-16 Weld Sizing Summary

. Required weld Actual weld
Vel e e throat size (in) | throat size (in) SHEUD
Nozzle to shell fillet (Legas) 0.25 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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LSHH (Coalescer) (C11B)

ASME Section VIII Division 1, 2015 Edition

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

Location and Orientation

Nozzle

Description

Located on Shell
Orientation 225°
Nozzle center line offset to datum line 57.5"
End of nozzle to shell center 14"
Passes through a Category A joint No

NPS 1 Class 6000 - threaded

Access opening

No

Material specification

SA-105 (11-D p. 18, In. 23)

Inside diameter, new

1.315"

Welds

Inner fillet, Leg,,

Nominal wall thickness 0.4675"
Corrosion allowance 0.0625"
Projection available outside vessel, Lpr 2"
Local vessel minimum thickness 0.8479"
Liquid static head included 0 psi
Longitudinal joint efficiency 1

0.375"
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UCS-66 Material Toughness Requirements Nozzle

t.=1,126.98*0.72 / (20,000*1 - 0.6*1,126.98) = 0.042"

Stress ratio =t *E” / (t - ¢) = 0.042*1/ (0.4675 - 0.0625) = 0.1037

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 Internal Pressure

UG-37 Area Calculation Summary UG-45
(in?) Summary (in)
_ . o The nozzle passes
For P =1,100 psi @ 150 °F UG-45
A A A

required | available AL Az | Al As | aigs | Trea tin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.125 1 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

Required weld Actual weld
throat size (in) | throat size (in)

Weld description Status

Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

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

Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary UG-45
(in?) Summary (in)
For Pe = 15 psi @ 150 °F UrBUeAE )
A A A
required | available AL | A2 | A3 | As | s | trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.125 1 0.4675

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

106



UW-16 Weld Sizing Summary

. Required weld Actual weld
Vel e e throat size (in) | throat size (in) SHEUD
Nozzle to shell fillet (Legas) 0.25 0.2625 weld size is adequate

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