UOP RUSSELL LLC
Tulsa, Oklahoma

JOB NO: J-447 TAG NO: V-492 DATE: 11/29/2010
CLIENT: UOP Russell S.0./P.0O. NO: BY: JRG
SUBJECT: 60 MMScfd Cryo Plant SERVICE: Cold Drain Tank
PRESSURE VESSELS
MECHANICAL DESIGN PROCESS DESIGN
Type (vertical, horizontal, tower) Horizontal Operating Pressure (psia) 35
Diameter: (inch) 72" ID Operating Temperature (°F) -134
S/S Length (ft-inch) 24'-0" Vapor Flow (Lb/Hr)
CL Vessel Height (ft-inch) 5'-0" Vapor Density (Lb/cf)
Design Pressure (psig) 150 Liquid Flow (Lb/Hr)
Design Temperature (°F) 150 Liquid Density (Lb/cf)
MDMT (°F) @ Pressure (psig) -200 @ 150 Liquid Residence Time (Min)
Corrosion Allowance (inch) 0 MIST PAD
Radiography RT-3 min. Req'd : No Diameter:
PWHT Req'd? No Overall Thk: Pad Thk:
Wind / Seismic Code A ASCE 7-10/ ASCE 7-10 Removable: Grid Matl:
Wind Code A Cf=0.7, V=120 mph, Exp. C, Cat. lll Wire Diameter: Mesh Matl: 316SS
Seismic Code Site D, 1=1.25, Sg=100% , S1=40% MATERIAL SPECIFICATIONS
Insulation None Shell SA- 240-304
Fireproof No Head SA- 240-304
Code ASME VIII, Div | Nozzle Necks SA- 312-TP304
Code Stamp Req'd Yes Flanges SA- 182 F-304
Sandblast / Paint None Couplings SA- 182 F-304
Ladder / Platform Clips Req'd? No Studs SA- 193 Gr. B8
Pipe Supports Req'd? No Nuts SA- 194 Gr. 8
Wear Plate / Saddle SA- 304
NOZZLES
SERVICE MK QTY SIZE RATING FACE & TYPE NOZZLE APPURTENANCES
Inlet A 1 12." 150 RF FLG Diverter
Vapor Out B 1 12" 150 RF FLG
LG C 2 1." 150 RF FLG
Drain D 1 1." 150 RF FLG
Tl E 1 1." 150 RF FLG
Liquid Out F 1 2" 150 RF FLG Vortex Breaker
LSHH G 2 1." 150 RF FLG
INTERNALS AND APPURTENANCES
PACKING Size (in.) Type Bed Height (ft.) |[PLATFORMS Quantity Angle / Area DOME | BOOT
Top Access: (deg) Diameter (in):
Middle Stepoff: (deg) Length (in):
Bottom Other: (Sq.Ft.) with flanges
TRAYS Quantity| No. of Passes Weldins by: Platepack Length (inch): Qty Break Flg Pairs:
Total Ladder Length (ft): Qty of Hat Trays:
NOTES: 1) Duplicate of PO 247-16 Weir Plate: No
Wave Baffle: No
Nat'l Board Req'd: Yes
REVISION A 0 A 1 Charcoal Bed Height (ft):
ENGINEER/DATE JRG 11/29/10 JRG 7114111 BH | 11/21/11 Qty Catalyst bed Supports:
ISSUED FOR RFQ Purchase Revised

12/19/2017, 2:22 PM, Form-PRS-VES




LEWIS INDUSTRIES CORPORATION
816 N. 5TH STREET, COLLINSVILLE, OKLA. 74021

Date Printed: 01/09/17

CUSTOMER
UOP Russell LLC
7050 South Yale, Ste. 210
Tulsa, Oklahoma 74136

VESSEL LOCATION
UOP Russell LLC
7050 South Yale, Ste 210
Tulsa, Oklahoma 74136

VESSEL DESCRIPTION
72" 1.D. X 24'-0" SM/SM HORIZ STAINLESS STEEL COLD DRAIN TANK

Vessel designed per the ASME Boiler & Pressure Vessel Code,
Section VIl Division 1, 2015 Edition
Vessel is ASME Code Stamped

Job No:
175019
Vessel Number:
TAG #V-492
Purchase Order No.:
4500754178

NAMEPLATE INFORMATION

MAWP: 150 PSI at 150 Deg. F
MDMT -200 Deg. F at 150 PSI
Serial Number(s): 175019
National Board Number(s):__2869

Radiography: RT-3
- - Postweld Heat Treated: NO
Construction Types: W

Signatures

Quality Control Mgr: /&L&% EDZJ,LU"; _ ‘ Date: [/ /1 2%1/7
.. ‘Date: S/ /%11

Authorized Inspector:




2869

National Board Number:

) o i
Mfr. Representative: @ Date: 2 / 17‘ / '7
Authorized Inspector: DL Date: _&_' - /P

FORM U-1A MANUFACTURER'S DATA REPORT FOR PRESSURE VESSELS
(Alternative Form for Single Chamber, Completely Shop or Field Fabricated Vessels Only)
As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VIiI, Division 1

Lewis Industries Corporation, 816 North 5th Street, Collinsville, Oklahoma 74021

1. Manufactured and certified by

(Name and address of Manufacturer)

UOP Russell LLC, 7050 South Yale, Ste. #210, Tulsa, Oklahoma 74136

(Name and address of Purchaser)

2. Manufactured for

3. Location of installation Unknown
{Name and address)
4. Type Horizontal Tank 175019 SC6-302A,B,&C 2869 2017
{Horizontal or vertical, tank)  (Manufacturer's serial number) (CRN) {Drawing number) (National Board number) {Year built)
5. ASME Code, Section VIIl, Div. 1 2015
[Edition and Add}enda, if applicable (date)] (Code Case number) [Special service per UG-120(d)]
6. Shell SA-240-304 375 0 72" 24
(Material spec. number, grade) (Nominal thickness) (Corr. allow.) (Inner diameter) {Length (overall)}
Body Flanges on Shells
Bolting
Washer .
No. Type D oD Flange Thk| Min Hub Thk Material How Attached | Location Num & Size | Bolting Material (0D, ID, thk) Washer Material
7. Seams TYPE 1 SPOT 85 - - TYPE 1 SPOT 85 3
[Long. (welded, dbl., sngl., lap, butt)] [R.T. (spotor full)]  (Eff., %) (H.T.temp.)  (Time, hr) [Girth (welded, dbl., sngl., lap, butt}]  [R.T.(spot  (Eff., %) (No. of courses)
or full)]
8. Heads: (a) Material SA-240-304 (b) Material SA-240-304
(Spec. no., grade) - o . . (Spec. no., grade)
Location (Top, Minimum Corrasion Crown Knuckle Elliptical Conical Hemispherical Flat Side to Pressure
Bottom, Ends) Thickness Allowance Radius Radius Ratio Apex Angle Radius Diameter (Convex or Concave)
(a) (L) END .330 0 - - 21 - - - Concave
(b) (R) END .330 0 - - 2:1 - - - Concave
Body Flanges on Heads
Bolting
) Washer
Location | Type D OD | Flange Thk|Min Hub Thk Material How Attached | Num & Size Bolting Material (0D, ID, thk) Washer Material
(a) .
(b)
9. MAWP 150 - at max. temp. 150 -
(Internal) (External) (Internal) (External)
Min. design metal temp. -200 at 150 . Hydro., pneu., or comb. test pressure HYDRO __ 200
Proof test
10. Nozzles, inspection, and safety valve openings:
(ln::ll,r%?.lst‘:et, Diameter Material Nozzle Thickness Reinforcement Attachment Details Location
Drain, etc.) No. or Size Type Nozzle Flange Nom. Corr. Material Nozzle Flange {insp. Open.)
Inlet 1 12" RFWN SA-312-TP304 SA-182-F304 .406 0 SA-312-TP304(W) | UW16.1(c) | TYPE 1 Head
Outlet 1 12" RFWN SA-312-TP304 SA-182-F304 406 0 SA-312-TP304(W)| UW16.1(c)] TYPE 1 Shell
Connection 1 2" RFLWN - SA-182-F304 CL150 0 - UW16.1(c) - Shell
Connections 2 1" RFLWN - SA-182-F304 CL150 0 - UW16.1(c) - Head
Connections 4 1" RFLWN - SA-182-F304 CL150 0 - UW16.1(c) - Shell
11. Supports: Skirt NO Lugs - Legs - Other SADDLES Attached SHELL/WELDED
(Yes or no) (Number) {Number) (Describe) {Where and how)

12. Remarks: Manufacturer's Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following
items of the report: ITEM #6 SHELL: P & M INDUSTRIES, INC., SN: 1701005-1 THRU 3, ITEM #8 HEADS: FORT WORTH F & D HEAD CO., SN.
{Name of part, item number, Manufacturer's name and identifying stamp)

194494-1 & 194494-2, SAFETY VALVE(S) SUPPLIED BY OTHERS PER UG-125(a), IMPACT TESTING EXEMPT PER UHA-51(d)(1)(a)

(04/14)



National Board Number: 2869

Mfr. Representative:ﬁ Date: i/ 7‘/ 7

Authorized Inspector: QC.. Date: 3 -/ ¢'/ ?

FORM U-1A (Back)

CERTIFICATE OF SHOP/FIELD COMPLIANCE

We certify that the statements made in this report are correct and that all details of design, material, construction, and workmanship of this vessel

conform to the ASME BOILER AND PRESSURE VESSEL CODE, Section VIiI, Division 1. “U” Certificate of Authorization Number 24,989
expires 08/03/17
. s
Date ,3/1 [# /7 Co. name Lewis Industries Corporation Signed ﬂ(ﬂwwm
(Manufacturer) 4 (Representative)

CERTIFICATE OF SHOP/FIELD INSPECTION
Vessel constructed by Lewis Industries Corporation at Collinsville, Oklahoma

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by
OneClIS Insurance Company

have inspected the component described in this Manufacturer's Data Report on 3‘/4 - /:?' , and state that,

to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel in accordance with ASME BOILER AND PRESSURE

VESSEL CODE, Section VI, Division 1. By signing this certificate neither the Inspector nor his/her employer makes any warranty, expressed or

implied, concerning the pressure vessel described i j6 Manufacturer's Data Report. Furthermore, neither the Inspector nor hisfher employer

shall be liable in any manner for any 2ersonal injuryiProperty damage or a loss of any kind arising from or connected with this inspection.

Date .&i'& Signed NB 15483A

[National Board (incl. endorsements)}

Commissions

{(Authorized Inspector)

(04/14)




TRAVELER

11] ] 11
Job No.: 175019 Dimensions: 72"I.D. X 24'-0"SM/SM Hydro Press.:__ 200 PSl
N/A
Serial No.: 175019 RT: ° PWHT: Y
National Board No.: 2869 MAW.P.. 150 Other NDE: /A

1. Design Calculation WS AD-17 |w
2. Drawings ////’X 4-17 lp /
3. Welding Procedure Specification (WPS) Qualified N4/ \
4. Welder/Welding Operator Qualified (WPQ) ‘::/ﬁb// ' 4/ 7 oV P
5.
6. Longitudinal Joint Fit-up
7. Tack Welds ] 2. 7-9-77 ~
8. Out of Roundness 5&/f(,é’7¢-~// v 220/ 7R
9. Plate for Nonconformity 4/ =L T W /
10. Circumferential Joint Fit-up ({@L /-7 &~ / g /
11. Layout Prior to Cutting <7< / /\( / 1% )/\
12. Internal Welding {; z //
13. No.1 Head to Shell Fit-up %;L), /=07 I  Z-124/7
14. Closing Head Fit-up Gu 2247 |ac Ve
15. Nozzle/Coupling Fit-up Y 2 R7-/7 o L
16. =
17. Longitudinal Weld Seam
18. k
19. Circumferential Weld Seams Yn3-F -/ 7 e BAt4 D>
20. I A ——
21 Radiograpne A5/ N o2 ) (S I L) U 57 [ zarT
22. Radiographs of Repaired Areas “ L
. i -
23. Nozzle/Coupling Welds //4:;, "71 / -// DC. 3.14-
24. Air Test Repads Yn35-9~/ /
25.NDE (Other Than Radiograph) .
26. — -
27. Post Weld Heat Treatment
28. Final Inspection i/) /Y417 e B.)-/ P
29. Mill Test Reports/Certificates of Compliance jﬁ} 3417 |ne .
30. Hydrostatic Test 02 3177 o i
31. Code Stamping — Nameplate 7 3ASA7 |eC (
32. Nameplate Attached to Vessel Méff} —/4~/7 |po \
33. Manufacturer's Data Report Signed G234 '7 V'S P’
34. Vessel File Compiled 423 ~14-47
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J Jer 75007

W § . DESCRIPTION COMNERTS MATERIAL WEGHT  §
1 T |HEAD 2:1 ELLP. 72° LO. (033" MIN THK) W/2" §F o i " T ¢ sy 5 /
2 T |HDAD 21 DWP. 72° LD. (033" MIN THK) ¥/2° SF HEAD 2 SA-240-304 ™| JP¥eTe 2
3 3 | RaW CYUNDER 72° 1D, x 8'0° LG. (0.375° Tik) BEE SHEW 142,43 SA-200-304 wo | J70 005~/
- A £
3 & [FUNGL, T 150F RIRH £ §° LG, CICLLe® A 102-F-304 w JHID0 77D
5 T [TUMGE, 2 1507 RiWN 2 9° 16, T SA-182-F~304 1§ zy /5
7 2 |FUAKGE, 12° 150f RRWN S/40S A3 SA-182-F-304 240 o902 7,
8 v {PUTE, 3/&" THK. = 12 7/6° 10 x 20 3/4" 0 (FORM 10 MATCH KEAD, HLLSIDE) : A2a-304 ) Tl
s T |PPE, 12" 5/405 x (0 7/8" LG, BBE A SA-312-TP304(¥) 19 /v
10 T [PUATE, 3/6 THK. x 12 7/8° D x 16 3/4° 00 (ROLL T0 36 3/8” iSR) B SA-240-304 10 7D
1 1 |PiPE, 12° 57405 x 6 1/2° LG PEXBE B SA—312-TP304¥) ) W77
12 7 |PUATE, S/6° THK x 66° LG x 7° WD W/(2) HOLES (SCE OETAL ") SADDLE SA-240-304 163 OGO,
13 1 PLATE, 1/2° THK x 77° W x 3'-3 1/16" 16 (BEND & CUT PER DETAL ") SADOLE SA-240-304 853 o?/‘x ﬁ.
" T |PUTE 1/27 THK x 5 1/2° W x V-9 8/16° 6. (cut PER DETAL °C7) SADOLE SA-240-304 7 p?/ ‘1 A~
m T |PATE. 1747 THK x 6700 VORTEX BREAKR SA-240-304 2 OF» "
16 3 [P, 174 THG x 3/4° W x 4716 VORTEX BREAKER SA-240-304 1 i
_/2\ " 2 PLATE, 1/2" THK x 12° W. x 1'=9° LG. (TRIN PER OETAL "8°) INLET DIVERTER SA-240-304 n z .
A 18 T |PIPT. 1" ¥H x 21 7/8" LG BBE (CUT PIR DETAL "8") WLET ONERTER SA-312-TP304K) 9 % % 3Y
19 | |PUATE /4" x 6" £ 6° RAMEPLATE SA-240-304 3 - a2/
20 I |PUTE, 1/4" THK x 2 3/4° 2 67 NAMEPLATE SA-240-304 2 ) DTF@— 7
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LIC #175019

UOP TAG #V-492
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WELD MAP

LIC #175019

UOP TAG #V-492
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X-RAY MAP

LIC #175019

UOP TAG #V-492

A7,



S>-4+7 - 492

AMERI ECTION, INC. CUSTOMER DATA
NaME G L Crus
ADDRESS
(918) 234 AX 34-6301 PHONE ,ATTN:
TECHNIQUE / INSPECTION REPORT | %O #-{250l¥ ro-#
JOB LOCATION €8/yhs Wte
pare_—1&17 oav_bed DESCRIPTIONﬂ/ T L

DEFECT CODE

HB - HOLLOW BEAD

IF — INADEQUATE FUSION

IP — INCOMPLETE PENETRATION
MA - MISALIGNMENT

POR - POROSITY

ABBREVIATED TERMS

SOD = SOURCE TO OBJECT DISTANCE

OFD = SOURCE SIDE OF OBJECT TO FILM DISTANCE

OD = OUTER DIAMETER REP = REPAIR  RET = RETAKE
WT = WELD THICKNESS RES = RESHOOT

WR = WELD REINFORCEMENT BM = BASE MATERIAL

AB - ARC BURN

Al - ALIGNED INDICATION
BT - BURN THROUGH
CON - CONCAVITY

CRACK - CRACK

SLI - SLAG INCLUSION

SLL - SLAG LINE

SURF - SURFACE INDICATION
UCE - UNDERCUT EXTERNAL
UCI - UNDERCUT INTERNAL

WELD/FILM OB NUMBER oD | BM | WR | WT | WITHIN STD's | # FILM soD [oFD| 1q1 | # DEFECT LOCATION
NUMBER ”){l a/ﬁ YES | NO |FILM| SIZE/MFG / TYPE SE | EXP
 KS/ 2 12" %6 s, 531| § [ Jextorx® szl [T -
 RSL |V NN ol A W =
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
7
23
24
25 / / e 47
26 LS ST
27 i
28
29
30
METHOD SOURCE SIZE DIAG. NO. RIES DEV. TIME - | DEV. TEMP DENSITY
Rr 1/Ye T/s2 %9 St 6F~ 27
NO. OF FT. LONG DARDS PERDIEM NO. OF, FILM/ EXPOSURE: DBL WALL Gm 7TMR/R[SCREENS
WELDS 3 SEAMS I&Mf {M FILM& CASSETFEI VIEWING:  DBL WALL @)_ S |lamr
FTRUCK NO. / . REPORT PAGE NO. TECH. ASST. TRAVEL TOTAL MILEAGE
HOP /W fOF / IOF ’ HOURS HOURS HOURS HOURS

‘ILM INTERPRETER W “ 7 ASST. NAME a ﬂ A%EL
"OMPANY REPRESENTATIWE °© NDT TECHNICFAI:IJ- e i &LEVEL
ZSSe ASm

SIGNATURE CERTIFIES TIME & MATERIALS CORRECT SIGNATURE

AMERICAN PIPING INSPECTION, INC. ASSUMES NO RESPONSIBILITY 1 9 7 2 2 ‘i
. 308 FOR LOSSES OF ANY KIND DUE TO INTERPRETATION




J-H7 Y49

CUSTOMER DATA
NAME Lae Lr,"S
e 1 ADDRESS
(918) 234-6300 . FAX (918) 234-6301 PHONE AT
TECHNIQUE / INSPECTION REPORT | VO #-1250/% ‘ Bt
JOB LOCATION Lo/14S W/le, J&
DATE 2’5” I.J DAY Ir/(c// ‘ DESCRIPTION £7~ Toe, -

DEFECT CODE

HB - HOLLOW BEAD

IF - INADEQUATE FUSION

IP - INCOMPLETE PENETRATION
MA - MISALIGNMENT

POR - POROSITY

ABBREVIATED TERMS

SOD = SOURCE TO OBJECT DISTANCE

OFD = SOURCE SIDE OF OBJECT TO FILM DISTANCE

OD = OUTER DIAMETER REP = REPAIR RET = RETAKE
WT = WELD THICKNESS RES = RESHOOT

‘WR = WELD REINFORCEMENT  BM = BASE MATERIAL

AB - ARC BURN
Al — ALIGNED INDICATION
BT - BURN THROUGH
CON - CONCAVITY
CRACK - CRACK

SLI - SLAG INCLUSION

SLL - SLAG LINE

SURF - SURFACE INDICATION
UCE - UNDERCUT EXTERNAL
UCI - UNDERCUT INTERNAL

WELD/FILM OB,NUMBER OD | BM | WR | WT | WITHIN STD'S | # FILM SOD | OFD| IQI | # DEFECT LOCATION
NUMBER )7{&/9 YES NO |FILM| SIZE / MFG / TYPE S-F | EXP

NASEIES 12" 1375 15 |is00 | | S%x/ofsC 192" Sad B | |
2KSYG [V NINEEENER 114 ‘IR
3

4

5

6 <

7

8

9
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(=]
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[S5]
()

a1
=1

N
\

26 r‘é/‘e,;Z’ 7"/"'

28 74
29
30
METHOD R SOURCE SIZE DIAG. ISOTOPE NO. CURIES DEV. TIME DEV. TEMP DENSITY
NO. OF FT. LONG STANDARDS PERDIEM NO. OL, TEILMI__ EXPOSURE: DBLWALL (5. WAEE—> KAR/R|SCREENS
WELDS
D3 (l S Ame S FILM (2 l VIEWING:  DBLWALL __ (S.WALL® 3 loes
TRUCK NO. / REPORT NO. PAGE, NO. TECH. ASST. TRAVEL TOTAL MILEAGE
J— / ﬁ//) o § ? oF | |HOURs HOURS HOURS HOURS
FILM INTERPRETER / ] [ ASST. NAME ASNT LEVEL
: M are, < (et
COMPANY REI’RESEN}K}K/&’ NDT TECHNICIAN AS EL
Q’E.Sf e QA‘} Lt P
SIGNATURE CERTIFIES TIME & MATERIALS CORRECT SIGNATURE
~
AMERICAN PIPING INSPECTION, INC. ASSUMES NO RESPONSIBILITY 207585

Lv. 5/08 FOR LOSSES OF ANY KIND DUE TO INTERPRETATION



LEWIS mousrries corrorarion

816 N. 8™ STREET
COLLINSVILLE, OKLAHOMA 74021 (918) 371-2596

HYDROSTATIC TEST CERTIFICATION

This Vessel was hydrostatic tested with satisfactory results in accordance
with the A.8.M.E. Code, Section VI/l, Division 1, paragraph UG-99.

JOB NUMBER: 175019
72" I,D. X 24'-0" SM/SM HORIZ. STAINLESS STEEL COLD DRAIN TANK

/TEMNQMBER‘ e TaG #V-492
CUSTOMER: UOP RUSSELL LLC
PURCHASE ORDER /VUHBE/?.‘ 4 5607 54178
MAX. ALLOW. WORKING PRESS.:
SHELL S/DE: 150 P.S./.
TUBESIDE: P8/,
TEST PRESSURE:
SHELL SIDE: - 200 o P.S./.
TUBE SIDE: - P.S.1
HOLDING TIME ONE (1) ” HR(S)

TEST GAUGE SERIAL NUMBER —~ “100-1 ~400#

SPEC/AL INSTRUCTIONS: WITH CHART

Quallty Control Manager: A/, . ., ¢ 5  Date 2 h ] D
O S \

Date  3.14-12
Date 3/1'1//7

Authortized Inspector: P

Customer Inspector: ( /m‘[ )
N/ -










Certmed by

~ LEWIS INDUSTRIES CORP.
~ 816 N. FIFTH STREET, COLLINSVILLE, OK.




Certified hy

~__ LEWIS INDUSTRIES CORP.
~ 816 N. FIFTH STREET, COLLINSVILLE, OK.




Rev 1

3-26-15 by JB
A Honeywell Company
Inspection and Test Plan - ITP - Vessel Equipment - New Manufacture UOPR SF-005
Quality Management System
[Job Number: 175019 Equipment Number ; J447/V-492 Date: 01/09/17
ITP Prepared By : ITP Reviewed By Date :
Customer Name: UOP RUSSELL LIC Customer Phone Number : Customer E Mail :
Customer Approval Signature : Date :
Surveillance Action Codes
H-Hold W- Witness M-Monitor V-Verify P-Process D-Documentation N- No Action
1)Hold: Activity is required to be witnessed by UOP Honeywell...designated as on hold, pending formal authorization/approval to proceed further
2)Witness: Activity is required to be witnessed by customer/customer representative(s).In the event they cannot attend, activity may proceed
3)Monitor: Activity may be surveyed by UOP Honeywell at UOP Honeywell's discretion
4)Verify: Results of activity will be verified by UOP Honeywell and/or Customer/Customer Representative
5)Process: Activity is identified as a point of process, preformed by Vendor
6)Documentation: Activity is required to be documented, this shall include all pertinent measured values, by the Vender and submitted to UOPR before proceeding
and upon completion for review/verification
* Note: Location of activity to be preformed at vendor shop unless noted otherwise.
Activity Information Code
No Acceptance Criteria UOP Notes to Fabricator Description uor
1 Pre-Inspection Meeting H
2 UOP QMS/ASME Sec 8 Review Vendor Inspection and Test Plan (ITP)/Traveler v
A PO Advise UOPR Inspector Notification of Job Start M
B PO/ASME Sec 2 Review of MTR's per Bill of Material \Y
C ASME Sec8 & 5 Review Radiographs and Reader Sheet \Y%
D ASME Sec 5 Monitor Liquid Penetrant/Magnetic Particle Examinations M
E ASME Sec 8 Monitor Pneumatic tests of repads Vv
F ASME Sec 8 Head Fit-up(s) Top/Bottom - Inspect for mis-alignment H
G UOPR Drawing Internal Inspection (Final Weld out) H
H ASME Sec 8/ITP Out of Roundness, Code allowable and Internals Vendors Criteria H
| Drawings Final Dimensional Inspection (Before stress) H
J Drawings External Piping Supports Present and Match Drawing if Applicable P
K Drawings Lift and Tailing Lugs Present and Match Drawing if Applicable P H
L Drawings - (After stress) Re-check Nozzle levelness and flange face's TATIERY H
M ASME Sec 8 Hydrostatic/Pneumatic Pressure Test - * Recorder with chart required [ /it }-"uh H
N Drawings Review of Final Documentation package \ A7 H
0 Drawings/ASME Sec 8 Nameplate Stamped with ASME Mark, NB/ CRN Registration Number as Reguiréd H
p ASME Sec 8/Data Sheet Nameplate Stamped with Process Conditions Matching Drawings w




Rev 1

3-26-15 by JB
A ﬂonell c.nmpany
Inspection and Test Plan - ITP  Vessel Equipment - New Manufacture UOPR SF-005
_Quality Management System
Job Number: 175019  Equipment Number : J447/V-492 Date: 01/09/17
Q ASME Sec 8/Data Sheet ASME Data Reports (U-1a or Equivalent) W
R Drawing/Paint Spec Paint Applied Per Drawing ( If Applicable ) H
S PO/Fabricator Spec Final preparation for shipment after paint (If Applicable ) H
A Fabricator Drawings Fit up and weld in of distributors (If Applicable ) H
C Fabricator Drawings Distributor depth, width, hole count & size, levelness after erection (If Applicable ) H
D Drawings Fit up, Weld in and Assembly of Demister (If Applicable ) H
E PO/UOPR Standard Knitted mesh should be oversized to fit snuggly (compressing) (If Applicable ) H
F . Drawings/PO Verify packing type, size and material H
. Verify installation of any internal piping/ Size of piping # of openings if applicable, and size of opening

G Drawings .

(If Applicable ) H
H Drawing Inspect all nozzles, manways, and welded in supports/clips for orientation and elevation. H

* Hold Points require 48 hour notification
* Weekend Inspection and testing Hold Points require 72 hour notification



(Project Document)

Honeywell . Rev. ----
UOPR Bauipment Inspection Release Page 1 of 1
UOPR PROJECT: Name: Number:

LEWIS INIIJS'IRIES CORP. J447

Technical Document(s):

Applicable codes/Drawings/Customer requirements

Equipment Description:

HORTZ. STAINLESS STEEL COLD DRAIN TANK

UOP Primary Contacts:

Position : QA/QC Manager

Name :James Bogue

Phone: 918-370-0932

Email: James.bogue @honeywell.com

UOP Backup Contacts: | Position: Lead CWI
Name: Matthew Hensinger
Phone: 918-314-0010
Email: Matt.hensinger @honeywell.com
UOP CONTRACT Company: Coordinator: Matthew Hensinger
INSPECTION . Inspector: Location: UOPR Tulsa office
Location: Email address:
Email address: Matt.hensinger @honeywell.com
Cell: Phone: 918-314-0010
SUPPLIER: Company: LEWIS INDUSTRIES QA Contact Name:GRORGE LEWIS
Inspection Location: COLLINSVILLE Phone:
Office Phone:  918/371-2596 Email:
UOPRPONo.to | 4544754178
External Supplier:
PO Delivery
Date :
SCOPE OF Inspection of the equipment described per the applicable documents:
INSPECTION:

Date of shop visit:

Applicable Documents:

ITP, Third Party Inspection Report

Communications:

Email communications with UOPR on any items requiring UOPR clarification. Items
requiring immediate resolution, please contact UOPR directly by e-mail. For any items
not in compliance, please notify the supplier directly by email and copy UOPR.

Supplier Test Report Review:

UOPR/Third Party inspector to stamp test reports after review and acceptance by the
supplier and the inspector.

Inspection Report Frequency

and Additional Instructions
Inspection Report distribution UOPR QA/QC-Project Management \)OPI?‘3
to and :
(to and copy) "

C
Issued by: Date:
Reviewed by: Date:
Acknowledged by: Date:

UOPR SF-005-1

05-OCT-2016




FORM U-2A MANUFACTURER’S PARTIAL DATA REPORT (ALTERNATIVE FORM)
A Part of a Pressure Vessel Fabricated by One Manufacturer for Another Manufacturer

As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section Vill, Division 1

1. Manufactured and certified by FORT WORTH F & D HEAD CO. 3040 E. PEDEN ROAD FORT WORTH, TEXAS 76179
. (Name and address of Manufacturer)
2. Manufactured for BUILT FOR STOCK

(Name and address of Purchaser)
UNKNOWN

3. Location of ir ion
(Name and address)
4. Type: 72" ID X .500 ELLIPSOIDAL HEADS 194494-1 & 2 XXX
(Description of vessel part (shell, two-piece head, tube bundie)) . (Manufacturer’s seriai No.) (CRN).
4494 N/A 2017
(National Board Number) (Drawing No.) (Drawing prepared by) (Year built)
5. ASME Code, Section VIil, Div. 1 2015 EDITION XXX N/A
[Edition and Addenda (if applicable) date] (Code Case Number) (Special Service per UG-120(d))
6. Shelk: (a) No. of course(s): (b) Overall length (ft & in.): )
Course(s) Material Thickness Long Joint (Cat. A) Circum, Joint (Cat. A, B & C) Heat Treatment
No.|Diameter, in. | Length (ft. & in.) Spec./Grade or Type Nom. Corr. Type |Full, Spot, None Eff. |Type | Full, Spot, None Eff. Temp. | Time
.
£
Body Flanges on Shells Bolting
No. Type ID OD | Flange Thk | Min Hub Thk Material How Attached Location Num & Size Bolting Material | Washer (OD,ID,th) Washer Material
7. Heads: (a) SA240-304/304L (NO HT) ) -
(Mat'l Spec. No., Grade or Type) (H.T.-Time &Temp) (Mat'l Spec. No., Grade or Type) (H.T.-Time & Temp)
Location (Top, Thickness ' Radius Elliptical Conical Hemispherical Flat Side to Pressure Category A
Bottom, Ends) Min. Corr. Crown Knuckle Ratio Apex Angle Radius Diameter Convex | Concave |Type |Full, Spot, None | Eff.
(a) 330 ) 2:1 1 FULL
) '
Body Flanges on Heads Bolting
l.ocation Type 1.D. | 0.D.] Flange Thk| MinHub Thk Material How Attached | Num & Size Bolting Material Washer (OD,ID, th) Washer Material
(@)
{b)
8. MAWP N/A N/A psi at max. temp N/A N/A oF Min. design metal temp. N/A ok at N/A psiv
(internal) (extemnal) (intemal) (extemal)
9. Impact test NONE at test temperature of N/A  °F.
(Indicate yes or no and the component(s) impact tested)
10. Hydro., pneu., or comb. test press. NONE Proof test N/A
11. Nozzles, inspection, and safety valve openings: .
Purpose (Inlet. (_ Diameter Material Nozzle Thickness Reinforcement Attachment Details Location
Outlet, Drain, etc.) [No.| or Size Type Nozzle Flange Nom. | Corr. Material Nozzle Flange | (Insp, Open)
E \
12. Identification of part(s).
Name of part Quantity | Line No. Mfr's. Identification No. Mfr's. Drawing No. CRN National Board No. Year Built
13. Supports' Skirt L Lugs ﬂ Legs .____XX); Others N/A Attached XXX
(Yes or No) (No.) (No.) (Describe) : (Where and How)

14. Remarks 1. NO DESIGN FUNCTION PERFORMED 2. NO PRESSURE TESTING PERFORMED

¥

CERTIFICATE OF SHOP/FIELD COMPLIANCE
We certify that the statements made in this report are correct and that all details of material, construction, and workmanship of this pressure vessel part conform to the

ASME BOILER AND PRESSURE VESSEL CODE Section VIl Division 1. U Certificate of Authorization No. 10625 Expires 09/07/2017
Date 2/14/11 Name FORT WORTH F & D HEAD CO. Signed /)
(Manufacturer) i (Representative)

CERTIFICATE OF SHOP/FIELD INSPECTION
I, the undersigned, holding a valid commission issued by The National Board of Boiler and Pressure Vessel Inspectors and employed by

OneCIS Insurance Company of Lynn, MA have inspected the

pressure vessel part described in this Manufacturer's Data Report on EB S !Q 1 3'0 } : , and state that, to the best of my knowledge and belief, the

Manufacturer has constructed this pressure vessel part in accordance with ASME BOILER AND PRESSURE VESSEL CODE, Section VIiI, Division 1. By signing
aganty, expressed or implied, concerning the pressure vessel part described in this

this certificate neither the Inspector nor his/her employer makes any wag
Manufacturer's Data Report. Furtherm&ge, neitheg the Inspector nor R ‘, ployer shall be liable in any manner for any personal injury or property damage

Date :! -! !‘2‘1 z Signed 2N A QF N Commissions i\\@ﬁ“l’lsfl
- (Authorized Inspector) ) [National Board (including endorsements)]
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FORM U-2A MANUFACTURER'S PARTIAL DATA REPORT (ALTERNATIVE FORM )
A Part of a Pressure Vessel Fabricated by One Manufacturer for Another Manufacturer

As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VIil, Division 1

1. Manufactured and certified by P & M Industries, Inc. 4450 South Mingo Tulsa OK 74146-4703 USA
(Name and address of Manufacturer)

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

3. Location of installation Unknown

(Name and address)
4. Type Rolled & welded cylinder 1701005-1 thru 3 _ N/A
[Description of vessel part (shell, two-piece: head, tube bundie)] (Manufacturer's serial number) (CRN)
N/A . N/IA P &M Industries, Inc. » v 2017
(National Board number) {Drawing number) (Drawing prepared by) (Y =ar built)
5. ASME dee, Section VIll, Div.1 2015 Edition N/A None
[Edition and Addenda, if applicable (date)) (Code Case number) [Special service per UG-12’0(d)]
6. Shell: (a) Number of course(s) 1 . - (b) Overall length 80" . L
Course(s) Material Thickness . Long. Joint (Cat. A) -_Circum. Joint (Cat. A, B& C) - ; Heat Treatment
No. | Diameter | Length | Spec./Grade or Type | Nom. | Corr... Type:| Full, Spot, None | Eff. [Type [ Full, Spot, None | EF, §: Temp. | Time
1 72" ID 8'-g" SA240-304 I NA L T TR |+ - w T | None. | None
2" - - . - - - - - - - - - 1. - -
Bbdy Flanges on Shells
- Bolting.
Washer

No. | Type | ID | OD |Flange Thk|Min Hub Thk| Material |How Attached| Location Num & Size | Bolting Material | (OD, ID, thk) | Washer Material

7. Heads: (a) None (b) None
(Material spec. number, grade or type) (H. T. - time and temp.) (Material spec. number, grade or type) (H. T. - time and temp.)

Location (Top, | Thickness Radius Elliptical| Conical | Hemispherical Flat Side to Pressure Category A
Bottom, Ends) | Min. | Corr. | Crown | Knuckle | Ratio |Apex Angle Radius Diameter | Convex [Concave [Type| Full, Spot, None | EFf.

@ S N I - - - - - - - |- - -
(b) : - - - - - - - - - - - - -
Body Flanges oh Heads )

Bolting

Washer
Location| Type | ID | OD |Flange Thk{Min Hub Thk Material How Attached | Num & Size | Bolting Material | (OD, ID, thk) [ Washer Material
@j - 1 - 1-1- - - _None | . - - - -
8. MAWP - - at max. temp. - - - Min. design metal temp. - at -
(intemal) {External) (Intemal), (External) -
9. Impacttest No at test temperature of - —
[Indicate yes or no and the component(s) impact tested]

10.  Hydro., preus; or comb- test pressure - . Prooftest -

11. Nozzles, inspection and safety valve openings: . o
Purpose Diameter Material Nozzle Thickness | Reinforcement | Attachment.Datails | Location

(Inlet, Outlet, Drain, etc.)|No.| orSize | Type [ Nozzie Flange | Nom. Corr. Material | Nozzle | Flange |(Insp. Open.)

12. Identification of pari(s) , v
Name of Part | -Quantity | Line No. Mfr's. Identification No. Mfr's. Drawing No. ‘CRN_ | National Board No. | Year Built

13. Supports: Skit No 4Lu_gs None Legs None Other None Attached - , _
(Yes or no) (Number) {(Number). (Describe) (Whére and how)

14. Remarks  No Design Calculations Performed

& ' U2A - Revision 3 - FP 2014.5.0




FORM U-2A (Back)

CERTIFICATE OF SHOP / FIELD COMPLIANCE
We certify that the statements made in this report are correct and that all details of material, construction, and workmanship of this pressure

vessel part conform to the ASME BOILER AND PRESSURE VESSEL CODE, Section VIil, Division 1.
U Certificate of Authorization No. 25978 Expires  11/25/18

pate _ J-f3-/7 Name P & M industries, Inc. Signed
(Manufacturer)

CERTIFICATE OF SHOP / FIELD INSPECTION
1. the undersigned, holding a valfid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by
OneCIS: insurance Co. . _ . of  Lynn, MA
have inspected the pressure vessel part described in this Manufacturer's Data Report on / 13- 20/ 7 ,
and state that, to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel part in accordance with:
ASME BOILER AND PRESSURE VESSEL CODE, Section VIIi, Division 1. By signing this certificate neither the Inspector rior his/her: employer
makes any warranty; expressed or implied;-concemning the pressure vessel part described in this Manufacturer's Data Report. Furthermore, neither
the Inspector rior his/her employer shall be liable in any manner for any. personal injury or property damage. or a loss of any kind arising from or

connected with this inspection,

Date /~/3+20/7 Signed

Commissions JJA ¢//5F O/t Lyc

[National Board {incl: éndorsements))

(Authofized Inspector)




FORM U-4 MANUFACTURER'S DATA REPORT SUPPLEMENTARY SHEET
As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VIii, Division 1

1. Manufactured and certified by P & M Industries, Inc. 4450 South Mingo Tulsa OK 74146-4703 USA
{Name and address of Manufacturer)

2. Manufactured for  UOP Russell, LLC 7050 South Yale  Suite #210 _ Tulsa, OK 74136
’ (Name and address of Purchaser)

3. Location of installation Unknown

(Name and address)

4. Type Rolled & Welded Cylinder Unknown 1701005-1 thru 3
(Horzizontal, vertical, or sphere) (Tank, separator, heat exch., etc.)  (Manufacturer's serial number)
N/A N/A ' N/A 2017
(CRN) (Drawing number) " (National Board Number) (Year builf)
Data R,eport-
Item .Number Remarks
#14 Meets Requirements of ASME Section VIil Div 1, UG-79, UCS-79, UG-80
#14 _ *RT per UW-11(a)
Certificate of Authorization: Type U No. 25978 . Expires  11/25/18

al &

resepfative)

Date le— LZ)"’- 1 7 Name P & M Industries, Inc. - i, Signed , 7

(Rep
Commissions AB 111SE 0L byl

[National Board (incl. endorsements)]

(Manufacturer)

Date _/~43220/7 Name

{Authoriz€d Inspector)

By ' U4 - Revision 2 - FP2014.5.0



[ | 4500751484 | sS447 | | N7M7 ] | [ LN: 34 ] | T0379851-1 | BR1240S04/LX |

MILL TEST REPORT

RM ID NUMBER
131825

SALES ORDER/RLS

BRISTOL METALS, LLC : 0119551 4

CERT ID/REV
00117657 / 01

SOLD TO

INDUSTRIAL PIPING SPECIALISTS
606 N. 145TH EAST AVE
TULSA, OK 74116

USA
CUSTOMER P.O. CUSTOMER PART HEAT NO.
TP448390 N7M7

DESCRIPTION:312004003121200
12" WELDED PIPE SCHED 40S TP304/TP304L (UNS#S30400/S30403) A312 XRAY DOUBLE RANDOM LENGTH

CERTIFICATION REQUIREMENTS

ENGINEERING
ASTM A312-14b ASME SA312-13
HYDRO PRESSURE
900 PSI
HEAT TREAT
Annealed at1900 Deg F. and water quenched to below 800 Deg. F. in less than 3 minutes.
Chemical
c Cr =~ Mn Ni N = Si . s
.0124 18.039 1.7 8.0195 .0848 .0325 .2825 .0102
Mechanical
TEST UNITS RESULTS
Tensile PSI PSI 83950
Yield PSI PsSl _ 516380
Elong % 50.62
Hardness
RB89 .
TEST RESULT
TG Bend - : Pass
NDE
IEST RESULT
100% Radiography Pass

This report shail not be aitered or reproduced, except in full, without the prior written approval of Bristol Metals LLC.

This test report represents the actual attributes of the items furnished and all items were manufactured, sampled, inspected, and tested
in full compliance with applicable specifications and your purchase order. . :
Certification is in accordance with EN10204:2004 type 3.1. .

Chemical content is % by weight. Mechanical test results are in English units (inches and pounds).

No weld-repairs have been performed on the base material. .

Hardness in accordance with NACE MR0175/ISO 15156-3:2009 and MR0103-2012 and material is free of cold work to enhance
mechanical properties.

Pipe is Pickled and Passivated in accordance with ASTM A380.

Bristol Metals has a Quality Management System in place that is in compliance with ISO 9001:2008.

Bristol Metals does not add mercury during any manufacturing process.

NAFTA country of orgin: USA. Pipe/Tube Manufactured in the USA.

Raw Material Melt Source USA

FAR BAA - Complies, DFARS BAA - Complies, FAR TAA - Complies

ot D

Rick Duncan - Director of Technical Safes / Compliance

QF-576 qic302z (v1.1) Page 1 Date Printed 03/05/2015
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UOP Russell
7050 South Yale
Suite 210

Tulsa OK 74136

COMPRESS Pressure Vessel Design Calculations

Service: Cold Drain Tank
Tag No: V-492
Revision: A
Designer & Date: GAT 11/9/2016

Designed in accordance with UG-22

Reviewed: /fg( 11/9/2016
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Revision History

Revisions

No. Date Operator Notes

0 [6/12/2014 |GAT |New vessel created ASME Section VIII Division 1 [COMPRESS 2014 Build 7400]

1 |3/2/2015 [SHP |General Revision.

2 |8/31/2015 |SHP |Revised nozzle projections on B, D, F.
- Moved location of nozzle F

3 |5/15/2015 |ABM | Moved location of saddles. Now seperated by 20 ft.

4 |5/12/2016 |SHP |- Revised saddle plate thickness.

5 [11/9/2016 |GAT Converted _fr_om ASME Section VIl Division 1, 2013 Edition to ASME Section VIl Division
1, 2015 Edition.

1/103



ZBl-A 805
0.7 ST a1va SNOISIATY 1NAIHIS J17Z0N
A MHA NOWLHIEIT T J0wh —Tody EGICAr] HOS % 37 770N ] L Tard : Hos % 37 120N iy
T AOHAAY HOA LOZELA0l 0 SSE|D WA Tl Selh Otr Y3 L Scib 18jug ol
awsbuely |eJausn) A8 NAAC w863 hAS | BN PR isig F
S8E|T WAl 7L SN [ S) S0 YIS 7L SN g iodes ]
5585 Wi L Sch G0%00 1L 3
BEBIS WA b ESNXO0 G0E o pinbis 4
4 'sg||e 5580 N b Sdb 50*00¢ L# HHE 19
U}.W_.MNcmome%wm?__._, Dﬁm_umw SSE10 WA L Sen =i [w] A HHET £
. : 58815 WA L Sdlh G %0 E L# 57 ]
DF__ MLDHND_-_DNE . _mﬂ.-q 5580 M LS S/M_.IK_MITU_ 207 ol
&
I
LO0bS L0006 _
\ )
oo _ T |
JOE __ 00 &l .0g'98
poddng | mn@ @
((Buopsuel] ! ! M ]
FOE OFEYS As)peay a @
=TT ]
(1581) q1 800'BE 1edQ) a 928 Le IPPES 1UBL e jyBiagy, R g Ee~ | ______1. . R T U R U _
(seL) ql 2018z '0edo) ql BZE'LE (AIPPES Ye| 1E Bl 1IN [il3] W0LT
q eng'zy 484, 9l 96g'E Mg \.® 5
=kl _E_DDB (et =T NN =t . %
bl Sl R | ) v .e9es .
t
SUeH Thingd =7
ElY Audeifoipey
w0 BOUBMO[|y UDIS0ID0 _DD.N_.l.
4. OO0
1, 051 BinjEladwa | _._m_mwn_ oota
150 G100 (doys) einssalg 150 "
1sd 0 BINSS8I WNNIE# 00888
150 [G) BINssaly ubiga
V0 W00 GHE

2/1083



Deficiencies Summary

Warnings Summary

Warnings for Drain (D)
NOTE: Suitable low temperature bolting material is required

Warnings for Inlet (A)
NOTE: Suitable low temperature bolting material is required

Warnings for LG #1 (C1)

NOTE: Suitable low temperature bolting material is required

Warnings for LG #2 (C2)

NOTE: Suitable low temperature bolting material is required

Warnings for Liquid Out (F)

NOTE: Suitable low temperature bolting material is required

Warnings for LSHH #1 (G1

NOTE: Suitable low temperature bolting material is required

Warnings for LSHH #2 (G2)

NOTE: Suitable low temperature bolting material is required

Warnings for Tl (E)
NOTE: Suitable low temperature bolting material is required

Warnings for Vapor Out (B)

NOTE: Suitable low temperature bolting material is required

ASME B16.5 / B16.47 Flange Warnings Summary

Flange Applicable Warnings

Inlet (A) 1,2
Drain (D) 1,2
Vapor Out (B) |1, 2
TI (E) 1,2

Liquid Out (F) |1, 2
LSHH #1 (G1) |1, 2
LSHH #2 (G2) |1, 2
LG#1 (C1) |1,2
LG #2 (C2) |1,2

. (warning)

. (warning)

. (warning)

. (warning)

. (warning)

. (warning)

. (warning)

. (warning)

. (warning)
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1 You have selected a low strength bolt material SA-193 B8 1 Bolt. ASME B16.5 para. 5.4.2 requires gaskets for
low strength bolts to be in accordance with Nonmandatory Appendix B, Table B-1, Group No. la.

For Class 150 flanges, ASME B16.5 para. 5.4.3 recommends gaskets to be in accordance with Nonmandatory
2 ;
Appendix B, Table B1, Group No. I.
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Nozzle Schedule

Specifications

Nozzle . . . Impact . . . .
T Identifier Size Materials Tested Normalized | Fine Grain Flange Blind

A Inlet NPS 12 Sch 40S (Std) Nozzle | SA-312 TP304 WId & smls pipe No No No N\I:VS’\I1:1C82I2a's:%(1)20 No
Pad SA-240 304 No No No

B Vapor Out | NPS 12 Sch 40S (Std) Nozzle | SA-312 TP304 WId & smls pipe No No No N\I/’VS’\I1A21(;I23E2(1)20 No
Pad SA-240 304 No No No

@il LG #1 20D x0.5 Nozzle SA-182 F304 <= 5 No No No T&ISI\RA??;;;SS No

c2 LG #2 20D x0.5 Nozzle SA-182 F304 <=5 No No No T&ik%ff%gg No

D Drain 20D x0.5 Nozzle SA-182 F304 <= 5 No No No T&?ﬂﬁ?gi;gg No

E Tl 20Dx0.5 Nozzle SA-182 F304 <= 5 No No No T&,S,\EA??ZS?:;SS No

E Liquid Out 3.06 OD x 0.53 Nozzle SA-182 F304 <=5 No No No ':\?VSI\IZA?;ZST:;(?E No

NPS 1 Class 150
G1 LSHH #1 20Dx0.5 Nozzle SA-182 F304 <=5 No No No LWN A182 F304 No
G2 | LSHH#2 20Dx0.5 Nozzle SA-182 F304 <= 5 No No No T&ik%ff%gf No
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Nozzle Summary

Reinforcement

Shell Pad
Nozzle [ OD th | Reatn | o 5| a» g Corr | Aal/Ar
~ A A 1? 27 A %
mark | (in) | (in) (in) (in) (%)
Nomt | Designt | Usert | Width tpad
(in) (in) (in) (in) (in)

A 12.75 1 0.375 | 0.3088 | Yes | Yes | 0.33* 0.2702 3.25 0.375 0 1121
B 12.75 1 0.375 | 0.3099 | Yes | Yes | 0.375 0.2712 2 0.375 0 110.7
c1 2 0.5 0.1348 | Yes | Yes | 0.33 N/A N/A N/A 0 Exempt
c2 2 0.5 0.1348 | Yes | Yes | 0.33* N/A N/A N/A 0 Exempt
D 2 0.5 0.1348 | Yes | Yes | 0.375 N/A N/A N/A 0 Exempt
E 2 0.5 | 0.1348 | Yes | Yes | 0.375 N/A N/A N/A 0 Exempt
E 3.06 | 0.53 0.189 | Yes | Yes | 0.375 N/A N/A N/A 0 Exempt
G1 2 0.5 0.1348 | Yes | Yes | 0.375 N/A N/A N/A 0 Exempt
G2 2 0.5 0.1348 | Yes | Yes | 0.375 N/A N/A N/A 0 Exempt

*Head minimum thickness after forming

tn Nozzle thickness
Req tn Nozzle thicknegs required per UG—45/UG—.16 )
Increased for pipe to account for 12.5% pipe thickness tolerance
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
Ay Area required per UG-37, governing condition
Corr Corrosion allowance on nozzle wall
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Component Summary

Pressure Summary

P T
dentier Design | Design | (o | (psi | (-P) | Exemption | Toced
(psi) (°F)
Ellipsoidal Head #1 150 | 150 |[153.96 | 155.69 | -320 Note 1 No
Straight Flange on Ellipsoidal Head #1 150 | 150 |[174.25 |175.98 | -320 Note 2 No
Cylinder #1 150 | 150 |[174.25 |175.98 | -320 Note 2 No
Cylinder #2 150 | 150 |[174.25 |175.98 | -320 Note 2 No
Cylinder #3 150 | 150 |[174.25 |175.98 | -320 Note 2 No
Straight Flange on Ellipsoidal Head #2 150 150 174.25 [ 175.98 | -320 Note 2 No
Ellipsoidal Head #2 150 | 150 |[153.96 | 155.69 | -320 Note 3 No
Saddle #1 150 | 150 [153.96 | NA | NA N/A N/A
Inlet (A) 150 | 150 |158.95 |158.95 | 3o |MNozzle |Noted | No
Pad | Note 2 No
Vapor Out (B) 150 | 150 |157.86 |157.86 | 30 | NozZle|Noted | No
Pad | Note 2 No
LG #1 (C1) 150 | 150 | 2085 | 2035 | -320 Note 2 No
LG #2 (C2) 150 | 150 |[181.59 |183.16 | -320 Note 2 No
Drain (D) 150 | 150 |[205.29 | 207.04 | -320 Note 2 No
ILE) 150 | 150 |[206.61 |207.04 | -320 Note 2 No
Liquid Out (F) 150 | 150 |[205.29 | 207.04 | -320 Note 2 No
LSHH #1 (G1) 150 | 150 |[207.04 | 207.04 | -320 Note 2 No
LSHH #2 (G2) 150 | 150 |[206.66 | 207.04 | -320 Note 2 No

Chamber Summary

Design MDMT -200 °F

Rated MDMT

-320 °F @ 153.96
psi

MAWP hot & corroded

153.96 psi @ 150

MAP cold & new

155.69 psi @ 70
°F

external pressure.

(1) This pressure chamber is not designed for
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Notes for MDMT Rating

Note #

Exemption

Details

1.

Straight Flange governs MDMT

2. | Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F
3. | Straight Flange governs MDMT
4. | Impact test exempt per UHA-51(g) (coincident ratio = 0.1415)
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Settings Summary

COMPRESS 2016 Build 7600

ASME Section VIII Division 1, 2015 Edition

Units U.S. Customary
Datum Line Location 6.00" from right 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 6"
Juncture calculations for o > 30 only Yes
Preheat P-No 1 Materials > 1.25" and <= 1.50" thick No
UG-37(a) shell tr calculation considers longitudinal stress No
Cylindrical shells made from pipe are entered as minimum thickness No
Nozzles made from pipe are entered as minimum thickness No
ASME B16.9 fittings are entered as minimum thickness No
Butt welds epered per Figure
Disallow Appendix 1-5, 1-8 calculations under 15 psi No
Hydro/Pneumatic Test
Shop Hydrotest Pressure 1.3 times vessel MAWP
Test liquid specific gravity 1.00
Maximum stress during test 90% of yield
Required Marking - UG-116
UG-116(e) Radiography RT3
UG-116(f) Postweld heat treatment None
Code Cases\Interpretations
Use Code Case 2547 No
Use Code Case 2695 No
Apply interpretation VIII-1-83-66 Yes
Apply interpretation VIII-1-86-175 Yes
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Apply interpretation VIII-1-01-37 Yes
Apply interpretation VIII-1-01-150 No
Apply interpretation VIII-1-07-50 Yes
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-Z?Z_(b) Weight of the vessel and normal contents under operating or test Yes
conditions
UG-22(c) Superimposed static reactions from weight of attached equipment No
(external loads)
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: No

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

License Information

License Key # 15664

Support Expires | October 22, 2016
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Radiography Summary

UG-116 Radiography

Longitudinal Seam Left Circumferential Seam Right Circumferential Seam
Component Mark
Category Radiography / Joint Category Radiography / Joint Category Radiography / Joint
i Type g Type g Type
UW-3) UW-3) UW-3)
Ellipsoidal Head #1 N/A Seamless No RT N/A N/A B SPOtUW-11(b) /Type | gy
Cvlinder #1 A Spot UW»111 (b) / Type B Spot UW—111 (b) / Type B Spot UW—111(b) / Type RT3
Cvlinder #2 A Spot UW—111 (b) / Type B Spot UW—111 (b) / Type B Spot UW—111 (b) / Type RT3
Cylinder #3 A Spot UW-111 (b) / Type B Spot UW—111 (b) / Type B Spot UW—111(b) / Type RT3
Ellipsoidal Head #2 N/A Seamless No RT B Spot UW'111 (6)/Type N/A N/A RT3
Nozzle Longitudinal Seam Nozzle to Vessel Circumferential Nozzle free end Circumferential
Seam Seam
Inlet (A) N/A Seamless No RT D N/A / Type 7 c Spot UW'111 (b) /Type | prg
Drain (D) N/A Seamless No RT D N/A / Type 7 (¢} N/A N/A
Vapor Out (B) A Welded pipe D N/A / Type 7 ¢ Spot UW'T (0)/Type | prg
TI(E N/A Seamless No RT D N/A / Type 7 C N/A N/A
Liquid Out (F) N/A Seamless No RT D N/A / Type 7 C N/A N/A
LSHH #1 (G1) N/A Seamless No RT D N/A / Type 7 C N/A N/A
LSHH #2 (G2) N/A Seamless No RT D N/A/ Type 7 (¢} N/A N/A
LG #1 (C1) N/A Seamless No RT D N/A [/ Type 7 C N/A N/A
LG #2 (C2) N/A Seamless No RT D N/A/ Type 7 C N/A N/A
Nozzle Flange Longitudinal Seam Flange Face Slebie Flansg:a(;lrcumferentlal
ASME B16.5/16.47 flange attached to Spot UW-11(b) / Type
\nlet (A N/A Seamless No RT N/A N/A / Gasketed C 1 RT3
ASME B16.5/16.47 flange attached to
Drain (D N/A Seamless No RT N/A N/A / Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to N/A Seamless No RT N/A N/A / Gasketed c Spot UW-11(b) / Type RT3
Vapor Out (B) 1
’ '
uAES—O'—ME e = N/A Seamless No RT N/A N/A / Gasketed c N/A N/A
. d
ASMEB 6.5 6.4/ Janag diacicdlo N/A Seamless No RT N/A N/A / Gasketed c N/A N/A
Liquid Out (F)
ASME B16.5/16.47 flan ched
LSHH #1 (G4 N/A Seamless No RT N/A N/A / Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to
LSHH #2 (G2 N/A Seamless No RT N/A N/A / Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to LG
#.(Ch N/A Seamless No RT N/A N/A / Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to LG
# (Co N/A Seamless No RT N/A N/A / Gasketed C N/A N/A

UG-116(e) Required Marking: RT3
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Component Data

Thickness Summary

Component Material Diameter | Length [ Nominal t | Designt | Total Corrosion | Joint [ | -4
Identifier (in) (in) (in) (in) (in) E
Ellipsoidal Head #1 SA-240 304 721D 18.33 0.33* 0.3217 0 0.85 | Internal
Straight Flange on Ellipsoidal Head #1 SA-240 304 721D 2 0.375 0.3231 0 0.85 | Internal
Cylinder #1 SA-240 304 721D 96 0.375 0.3231 0 0.85 | Internal
Cylinder #2 SA-240 304 721D 96 0.375 0.3231 0 0.85 | Internal
Cylinder #3 SA-240 304 721D 96 0.375 0.3231 0 0.85 | Internal
Straight Flange on Ellipsoidal Head #2 SA-240 304 721D 2 0.375 0.3231 0 0.85 | Internal
Ellipsoidal Head #2 SA-240 304 721D 18.33 0.33* 0.3217 0 0.85 | Internal

*Head minimum thickness after forming

governs

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
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Weight Summary

Weight (Ib) Contributed by Vessel Elements

Componnt | Meal | Meta | ,jpqop |Insulstion |, | Piing | OPeraing aud | Test JO__{ surace ares
New | Corroded New | Corroded
Ellipsoidal Head #1 615.3 615.3 0 0 0 0 1,514.6 1,514.6 2,105.5 2,105.5 47
Cylinder #1 2,373.8 | 2,373.8 0 0 0 0 9,992.2 9,992.2 |14,109.1 | 14,109.1 152
Cylinder #2 2,373.4 | 2,373.4 0 0 0 0 9,992.3 9,992.3 |14,109.3 | 14,109.3 152
Cylinder #3 2,358.1 | 2,358.1 0 0 0 0 9,993.2 9,993.2 |14,132.8 | 14,132.8 151
Ellipsoidal Head #2 | 626.9 626.9 0 0 0 0 1,514.8 1,514.8 2,057.9 2,057.9 48
Saddle #1 906 906 0 0 0 0 0 0 0 0 93
TOTAL: 9,253.4 | 9,253.4 0 0 0 0 33,007.1 | 33,007.1 |46,514.5 | 46,514.5 643

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

Weight (Ib) Contributed by Attachments

New | Corroded | New | Corroded
Ellipsoidal Head #1 0 0 164.5 164.5 0 0 0 0 0 6
Cylinder #1 0 0 0 0 0 0 0 0 0 0
Cylinder #2 0 0 7.7 7.7 0 0 0 0 0 0
Cylinder #3 0 0 154.8 154.8 0 0 0 0 0 6
Ellipsoidal H. 2 0 0 15.9 15.9 0 0 0 0 0 1
TOTAL: 0 0 342.9 342.9 0 0 0 0 0 14

Vessel Totals

New | Corroded
Operating Weight (Ib) |42,603 | 42,603
Empty Weight (Ib) 9,596 9,596
Test Weight (Ib) 56,111 | 56,111
Surface Area (ft2) 657 -
Capacity** (US gal) 5,570 5,570
**The vessel capacity does not include
volume of nozzle, piping or other
attachments.

Vessel Lift Weight, New (Ib)

Vessel Lift Condition

9,596

Center of Gravity from Datum (in)

138.6374
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Shell Long Seam
Angles

Component |Seam 1

Cylinder #1 45°

linder #2 0°

Cylinder #3 45°

Shell Plate Lengths

Component it:gr:;ng Plate 1

Cylinder #1 45° 227.3728"
linder #2 0° 227.3728"

Cylinder #3 45° 227.3728"

1) Plate Lengths use the circumference of the vessel based on the mid diameter of the components.

Long Seam Summary
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Hydrostatic Test

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

Gauge pressure at 70°F

1.3*MAWP*LSR

= 1.3*153.96*1
= 200.15 psi

Horizontal shop hydrostatic test

Local test | Test liquid | UG-99(b) | UG-99(b)
Identifier pressure | static head | stress |pressure
(psi) (psi) ratio factor

Ellipsoidal Head #1 (1) 203.119 2.974 1 1.30
Straight Flange on Ellipsoidal Head #1 203.119 2.974 1 1.30
Cylinder #1 203.119 2.974 1 1.30
Cylinder #2 203.119 2.974 1 1.30
Cylinder #3 203.119 2.974 1 1.30
Straight Flange on Ellipsoidal Head #2 203.119 2.974 1 1.30
Ellipsoidal Head #2 203.119 2.974 1 1.30
Drain (D) 203.385 3.24 1 1.30
Inlet (A) 201.17 1.024 1 1.30
LG #1 (C1) 201.224 1.078 1 1.30
LG #2 (C2) 202.979 2.834 1 1.30
LSHH #1 (G1) 201.269 1.124 1 1.30
LSHH #2 (G2) 201.774 1.629 1 1.30
Liquid Out (F) 203.385 3.24 1 1.30
TI (E) 201.837 1.692 1 1.30
Vapor Out (B) 200.506 0.361 1 1.30

(1) Ellipsoidal Head #1 limits the UG-99(b) stress ratio.
(2) The zero degree angular position is assumed to be up, and the test liquid
height is assumed to the top-most flange.

The field test condition has not been investigated.
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Wind Code

Building Code: ASCE 7-10

Elevation of base above grade 3.00 ft
Increase effective outer diameter by 0.00 ft

Wind Force Coefficient, Cf 0.7000

Risk Category (Table 1.5-1) 0

Basic Wind Speed, V 120.0000 mph
Exposure category C

Wind Directionality Factor, Kd 0.9500
Topographic Factor, Kzt 1.0000
Enforce minimum design load of 16 psf per ASCE 29.8: | Yes

Wind Pressure (WP) Calculations

Kz = 2.01 * (Zizg)2"
=2.01 * (15.00 / 900.00)0-2105
= 0.8489

gz =0.00256 * Kz * Kzt * Kd * V?
= 0.00256 * 0.8489 * 1.0000 * 0.9500 * 120.00002
= 29.7286 psf

gz = 0.6 * max ( 29.7286, 16.0000 )
=17.8372 psf

Note: The 0.6 factor is the wind load combination factor from Section 2.4.1.

Table Lookup Values
a = 9.5000, z, = 900.00 ft |[Table 26.9-1, page 256]

Shear calculations are reported in the saddle report.
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Seismic Code

Seismic calculations are reported in the saddle report.
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ASME Section VIII Division 1, 2015 Edition

Location from Center Line (in)

12

Operating Liquid Specific Gravity

1

HLL
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Ellipsoidal Head #1

ASME Section VIII Division 1, 2015 Edition

Component Ellipsoidal Head
Material SA-240 304 (II-D p. 86, In. 44)
Attached To Cylinder #1
e [ wormatzea| Fpecn | pur | Optmesour
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 150 150 -200
Condition P, (psi) H, (in) SG
Operating 1.73 48 1
Test horizontal 2.97 82.375 1

Inner Diameter 72"
Head Ratio 2
Minimum Thickness 0.33"
Corrosion LilaC5 o
Outer 0"
Length L, 2"
Nominal Thickness t; 0.375"

Weight and Capacity

Category A joints

Weight (Ib)! Capacity (US gal)’
New 615.28 246.76
Corroded 615.28 246.76

Radiography

Seamless No RT

Head to shell seam

Spot UW-11(b) Type 1

! includes straight flange
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Results Summary

Governing condition internal pressure
Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (i) 0.3217"

Maximum allowable working pressure (MAWP) | 153.96 psi

Maximum allowable pressure (MAP) 155.69 psi
Straight Flange governs MDMT -320°F

Design thickness for internal pressure, (Corroded at 150 °F) UG-32(c)(1)
t P*D / (2*S*E - 0.2*P) + Corrosion
151.73*72/ (2*20,000%0.85 - 0.2*151.73) + 0
0.3216"

Maximum allowable working pressure, (Corroded at 150 °F) UG-32(c)(1)

P 2*S*E*t/ (D + 0.2*1) - P,
2*20,000%0.85%0.33 / (72 +0.2*0.33) - 1.73

153.96 psi

Maximum allowable pressure, (New at 70 °F) UG-32(c)(1)

P

2*S*E*t/ (D + 0.2*t) - Py
= 2"20,000*0.85*0.33 /(72 +0.2*0.33) - 0
= 155.69 psi

% Forming strain - UHA-44(a)(2)

EFE

(75*t/ R)*(1 - R/ R,)
(75%0.375 / 12.4275)*(1 - 12.4275 / oo)
2.2631%
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Straight Flange on Ellipsoidal Head #1

ASME Section VIII Division 1, 2015 Edition

Static Liquid Head

Component Cylinder
Material SA-240 304 (II-D p. 86, In. 44)
impact | ormataea| TpeSrn | pwnr | otz owT
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 150 150 -200

Condition P, (psi) H, (in) SG
Operating 1.73 48 1
Test horizontal 2.97 82.375 1

Longitudinal seam

Radiography

Seamless No RT

Inner Diameter 72"
Length 2"
Nominal Thickness 0.375"
Corrosion Ll o
Outer 0"
Weight (Ib) Capacity (US gal)
New 49.45 35.25
Corroded 49.45 35.25

Right Circumferential
seam

Spot UW-11(b) Type 1
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Results Summary

Governing condition Internal pressure
Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (i) 0.3231"

Maximum allowable working pressure (MAWP) |174.25 psi

Maximum allowable pressure (MAP) 175.98 psi
Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.

Design thickness, (at 150 °F) UG-27(c)(1)
t P*R/ (S*E - 0.60*P) + Corrosion

151.73*36 / (20,000*0.85 - 0.60*151.73) + 0
= 0.3231"

Maximum allowable working pressure, (at 150 °F) UG-27(c)(1)

P

S*E*t/ (R + 0.60"1) - P,
20,000*0.85*0.375 / (36 + 0.60*0.375) - 1.73
= 174.25 psi

Maximum allowable pressure, (at 70 °F) UG-27(c)(1)
P = S*E*t/ (R + 0.60*)

= 20,000*0.85*0.375/ (36 + 0.60*0.375)

= 175.98 psi
% Forming strain - UHA-44(a)(2)

EFE

(50*t/ R)*(1 - R,/ R,)
(50%0.375 / 36.1875)*(1 - 36.1875 / o)
0.5181%

Allowable Compressive Stress, Hot and Corroded- S ., (table HA-1)

A = 0.125/(R,/t)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,424 psi
S = 20,000/1.00 = 20,000 psi
S.he = min(B, S) = 9,424 psi
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Allowable Compressive Stress, Hot and New- S,

ScHN = ScHC
9,424 psi

Allowable Compressive Stress, Cold and New- S, (table HA-1)

A = 0.125/(R, /1)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,951 psi
S = 20,000/1.00 = 20,000 psi
Scen = min(B, S) = 9,951 psi

Allowable Compressive Stress, Cold and Corroded- S_..

ScCC = ScCN
9,951 psi

Allowable Compressive Stress, Vacuum and Corroded- S, (table

HA-1)
A = 0.125/(R,/t)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,424 psi
S = 20,000/1.00 = 20,000 psi
Sovc = min(B, S) = 9,424 psi
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Cylinder #1

ASME Section VIII Division 1, 2015 Edition

Condition

Static Liquid Head

Component Cylinder
Material SA-240 304 (II-D p. 86, In. 44)
impact | ormataea| TpeSrn | pwnr | otz owT
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 150 150 -200

Dimensions

P, (psi) H, (in) SG
Operating 1.73 48 1
Test horizontal 2.97 82.375 1

Longitudinal seam

Radiography

Inner Diameter 72"
Length 96"
Nominal Thickness 0.375"
Corrosion Ll o
Outer 0"
Weight (Ib) Capacity (US gal)
New 2,373.77 1,692.05
Corroded 2,373.77 1,692.05

Spot UW-11(b) Type 1

Left Circumferential
seam

Spot UW-11(b) Type 1

Right Circumferential
seam

Spot UW-11(b) Type 1
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Results Summary

Governing condition Internal pressure
Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (i) 0.3231"

Maximum allowable working pressure (MAWP) |174.25 psi

Maximum allowable pressure (MAP) 175.98 psi
Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.

Design thickness, (at 150 °F) UG-27(c)(1)
t P*R/ (S*E - 0.60*P) + Corrosion

151.73*36 / (20,000*0.85 - 0.60*151.73) + 0
= 0.3231"

Maximum allowable working pressure, (at 150 °F) UG-27(c)(1)

P

S*E*t/ (R + 0.60"1) - P,
20,000*0.85*0.375 / (36 + 0.60*0.375) - 1.73
= 174.25 psi

Maximum allowable pressure, (at 70 °F) UG-27(c)(1)
P = S*E*t/ (R + 0.60*)

= 20,000*0.85*0.375/ (36 + 0.60*0.375)

= 175.98 psi
% Forming strain - UHA-44(a)(2)

EFE

(50*t/ R)*(1 - R,/ R,)
(50%0.375 / 36.1875)*(1 - 36.1875 / o)
0.5181%

Allowable Compressive Stress, Hot and Corroded- S ., (table HA-1)

A = 0.125/(R,/t)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,424 psi
S = 20,000/1.00 = 20,000 psi
S.he = min(B, S) = 9,424 psi
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Allowable Compressive Stress, Hot and New- S,

ScHN = ScHC
9,424 psi

Allowable Compressive Stress, Cold and New- S, (table HA-1)

A = 0.125/(R, /1)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,951 psi
S = 20,000/1.00 = 20,000 psi
Scen = min(B, S) = 9,951 psi

Allowable Compressive Stress, Cold and Corroded- S_..

ScCC = ScCN
9,951 psi

Allowable Compressive Stress, Vacuum and Corroded- S, (table

HA-1)
A = 0.125/(R,/t)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,424 psi
S = 20,000/1.00 = 20,000 psi
Sovc = min(B, S) = 9,424 psi
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Cylinder #2

ASME Section VIII Division 1, 2015 Edition

Dimensions

Component Cylinder
Material SA-240 304 (II-D p. 86, In. 44)
impact | Nomalzea | FpeSran | puwr | Optmize owT
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 150 150 -200
Condition P, (psi) H, (in) SG
Operating 1.73 48 1
Test horizontal 2.97 82.375 1

Longitudinal seam

Radiography

Inner Diameter 72"
Length 96"
Nominal Thickness 0.375"
Corrosion Ll o
Outer 0"
Weight (Ib) Capacity (US gal)
New 2,373.43 1,692.05
Corroded 2,373.43 1,692.05

Spot UW-11(b) Type 1

Left Circumferential
seam

Spot UW-11(b) Type 1

Right Circumferential
seam

Spot UW-11(b) Type 1
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Results Summary

Governing condition Internal pressure
Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (i) 0.3231"

Maximum allowable working pressure (MAWP) |174.25 psi

Maximum allowable pressure (MAP) 175.98 psi
Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.

Design thickness, (at 150 °F) UG-27(c)(1)
t P*R/ (S*E - 0.60*P) + Corrosion

151.73*36 / (20,000*0.85 - 0.60*151.73) + 0
= 0.3231"

Maximum allowable working pressure, (at 150 °F) UG-27(c)(1)

P

S*E*t/ (R + 0.60"1) - P,
20,000*0.85*0.375 / (36 + 0.60*0.375) - 1.73
= 174.25 psi

Maximum allowable pressure, (at 70 °F) UG-27(c)(1)
P = S*E*t/ (R + 0.60*)

= 20,000*0.85*0.375/ (36 + 0.60*0.375)

= 175.98 psi
% Forming strain - UHA-44(a)(2)

EFE

(50*t/ R)*(1 - R,/ R,)
(50%0.375 / 36.1875)*(1 - 36.1875 / o)
0.5181%

Allowable Compressive Stress, Hot and Corroded- S ., (table HA-1)

A = 0.125/(R,/t)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,424 psi
S = 20,000/1.00 = 20,000 psi
S.he = min(B, S) = 9,424 psi
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Allowable Compressive Stress, Hot and New- S,

ScHN = ScHC
9,424 psi

Allowable Compressive Stress, Cold and New- S, (table HA-1)

A = 0.125/(R, /1)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,951 psi
S = 20,000/1.00 = 20,000 psi
Scen = min(B, S) = 9,951 psi

Allowable Compressive Stress, Cold and Corroded- S_..

ScCC = ScCN
9,951 psi

Allowable Compressive Stress, Vacuum and Corroded- S, (table

HA-1)
A = 0.125/(R,/t)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,424 psi
S = 20,000/1.00 = 20,000 psi
Sovc = min(B, S) = 9,424 psi
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Cylinder #3

ASME Section VIII Division 1, 2015 Edition

Condition

Static Liquid Head

Component Cylinder
Material SA-240 304 (II-D p. 86, In. 44)
impact | ormataea| TpeSrn | pwnr | otz owT
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 150 150 -200

Dimensions

P, (psi) H, (in) SG
Operating 1.73 48 1
Test horizontal 2.97 82.375 1

Longitudinal seam

Radiography

Inner Diameter 72"
Length 96"
Nominal Thickness 0.375"
Corrosion Ll o
Outer 0"
Weight (Ib) Capacity (US gal)
New 2,358.06 1,692.05
Corroded 2,358.06 1,692.05

Spot UW-11(b) Type 1

Left Circumferential
seam

Spot UW-11(b) Type 1

Right Circumferential
seam

Spot UW-11(b) Type 1
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Results Summary

Governing condition Internal pressure
Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (i) 0.3231"

Maximum allowable working pressure (MAWP) |174.25 psi

Maximum allowable pressure (MAP) 175.98 psi
Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.

Design thickness, (at 150 °F) UG-27(c)(1)
t P*R/ (S*E - 0.60*P) + Corrosion

151.73*36 / (20,000*0.85 - 0.60*151.73) + 0
= 0.3231"

Maximum allowable working pressure, (at 150 °F) UG-27(c)(1)

P

S*E*t/ (R + 0.60"1) - P,
20,000*0.85*0.375 / (36 + 0.60*0.375) - 1.73
= 174.25 psi

Maximum allowable pressure, (at 70 °F) UG-27(c)(1)
P = S*E*t/ (R + 0.60*)

= 20,000*0.85*0.375/ (36 + 0.60*0.375)

= 175.98 psi
% Forming strain - UHA-44(a)(2)

EFE

(50*t/ R)*(1 - R,/ R,)
(50%0.375 / 36.1875)*(1 - 36.1875 / o)
0.5181%

Allowable Compressive Stress, Hot and Corroded- S ., (table HA-1)

A = 0.125/(R,/t)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,424 psi
S = 20,000/1.00 = 20,000 psi
S.he = min(B, S) = 9,424 psi
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Allowable Compressive Stress, Hot and New- S,

ScHN = ScHC
9,424 psi

Allowable Compressive Stress, Cold and New- S, (table HA-1)

A = 0.125/(R, /1)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,951 psi
S = 20,000/1.00 = 20,000 psi
Scen = min(B, S) = 9,951 psi

Allowable Compressive Stress, Cold and Corroded- S_..

ScCC = ScCN
9,951 psi

Allowable Compressive Stress, Vacuum and Corroded- S, (table

HA-1)
A = 0.125/(R,/t)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,424 psi
S = 20,000/1.00 = 20,000 psi
Sovc = min(B, S) = 9,424 psi
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Straight Flange on Ellipsoidal Head #2

ASME Section VIII Division 1, 2015 Edition

Static Liquid Head

Component Cylinder
Material SA-240 304 (II-D p. 86, In. 44)
impact | ormataea| TpeSrn | pwnr | otz owT
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 150 150 -200

Condition P, (psi) H, (in) SG
Operating 1.73 48 1
Test horizontal 2.97 82.375 1

Longitudinal seam

Radiography

Seamless No RT

Inner Diameter 72"
Length 2"
Nominal Thickness 0.375"
Corrosion Ll o
Outer 0"
Weight (Ib) Capacity (US gal)
New 49.45 35.25
Corroded 49.45 35.25

Left Circumferential
seam

Spot UW-11(b) Type 1
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Results Summary

Governing condition Internal pressure
Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (i) 0.3231"

Maximum allowable working pressure (MAWP) |174.25 psi

Maximum allowable pressure (MAP) 175.98 psi
Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.

Design thickness, (at 150 °F) UG-27(c)(1)
t P*R/ (S*E - 0.60*P) + Corrosion

151.73*36 / (20,000*0.85 - 0.60*151.73) + 0
= 0.3231"

Maximum allowable working pressure, (at 150 °F) UG-27(c)(1)

P

S*E*t/ (R + 0.60"1) - P,
20,000*0.85*0.375 / (36 + 0.60*0.375) - 1.73
= 174.25 psi

Maximum allowable pressure, (at 70 °F) UG-27(c)(1)
P = S*E*t/ (R + 0.60*)

= 20,000*0.85*0.375/ (36 + 0.60*0.375)

= 175.98 psi
% Forming strain - UHA-44(a)(2)

EFE

(50*t/ R)*(1 - R,/ R,)
(50%0.375 / 36.1875)*(1 - 36.1875 / o)
0.5181%

Allowable Compressive Stress, Hot and Corroded- S ., (table HA-1)

A = 0.125/(R,/t)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,424 psi
S = 20,000/1.00 = 20,000 psi
S.he = min(B, S) = 9,424 psi
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Allowable Compressive Stress, Hot and New- S,

ScHN = ScHC
9,424 psi

Allowable Compressive Stress, Cold and New- S, (table HA-1)

A = 0.125/(R, /1)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,951 psi
S = 20,000/1.00 = 20,000 psi
Scen = min(B, S) = 9,951 psi

Allowable Compressive Stress, Cold and Corroded- S_..

ScCC = ScCN
9,951 psi

Allowable Compressive Stress, Vacuum and Corroded- S, (table

HA-1)
A = 0.125/(R,/t)
= 0.125/(36.375/0.375)
= 0.001289
B = 9,424 psi
S = 20,000/1.00 = 20,000 psi
Sovc = min(B, S) = 9,424 psi
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Ellipsoidal Head #2

ASME Section VIII Division 1, 2015 Edition

Static Liquid Head

Component Ellipsoidal Head
Material SA-240 304 (II-D p. 86, In. 44)

Attached To Cylinder #3

e [ wormatzea| Fpecn | pur | Optmesour
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)

Internal 150 150 -200

Condition P, (psi) H, (in) SG
Operating 1.73 48 1
Test horizontal 2.97 82.375 1

Inner Diameter 72"
Head Ratio 2
Minimum Thickness 0.33"
Corrosion LilaC5 o
Outer 0"
Length L, 2"
Nominal Thickness t; 0.375"

Weight and Capacity

Category A joints

Weight (Ib)! Capacity (US gal)’
New 626.9 246.76
Corroded 626.9 246.76

Radiography

Seamless No RT

Head to shell seam

Spot UW-11(b) Type 1

! includes straight flange
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Results Summary

Governing condition internal pressure
Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (i) 0.3217"

Maximum allowable working pressure (MAWP) | 153.96 psi

Maximum allowable pressure (MAP) 155.69 psi
Straight Flange governs MDMT -320°F

Design thickness for internal pressure, (Corroded at 150 °F) UG-32(c)(1)
t P*D / (2*S*E - 0.2*P) + Corrosion
151.73*72/ (2*20,000%0.85 - 0.2*151.73) + 0
0.3216"

Maximum allowable working pressure, (Corroded at 150 °F) UG-32(c)(1)

P 2*S*E*t/ (D + 0.2*1) - P,
2*20,000%0.85%0.33 / (72 +0.2*0.33) - 1.73

153.96 psi

Maximum allowable pressure, (New at 70 °F) UG-32(c)(1)

P

2*S*E*t/ (D + 0.2*t) - Py
= 2"20,000*0.85*0.33 /(72 +0.2*0.33) - 0
= 155.69 psi

% Forming strain - UHA-44(a)(2)

EFE

(75*t/ R)*(1 - R/ R,)
(75%0.375 / 12.4275)*(1 - 12.4275 / oo)
2.2631%
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Saddle #1

ASME Section VIII Division 1, 2015 Edition

Saddle Material

Saddle Construction

Web at edge of rib

Welded to Vessel Yes
Saddle Allowable Stress, S 20,000 psi
Saddle Yield Stress, Sy 38,000 psi
Foundation Allowable Stress 1,658 psi

PDeSIQ" Left Saddle Right Saddle
ressure
Operating 155.69 psi

Test 203.12 pSl

Right saddle distance to datum 18"
Tangent To Tangent Length, L 292"
Saddle separation, L 240"
Vessel Radius, R 36.375"
Tangent Distance Left, A, 26"
Tangent Distance Right, A, 26"
Saddle Height, H 60"
Saddle Contact Angle, 6 124°
Web Plate Thickness, t, 0.5"
Base Plate Length, E 66"
Base Plate Width, F 7"
Base Plate Thickness, t, 0.625"
Number of Stiffening Ribs, n 4
Largest Stiffening Rib Spacing, d, 21.5417"
Stiffening Rib Thickness, t,, 0.5"
Saddle Width, b 6"

Material Grade 36
Bolt Allowable Shear 15,000 psi
Description 2.25" series 8 threaded
Corrosion on root 0"
Anchor Bolts per Saddle 2
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Base coefficient of friction, n 0.45
Operating,
Corroded Hydrotest
Weight on Left Saddle 20,875 b 27,649 Ib
Weight on Right Saddle 20,823 Ib 27,555 Ib
Weight of Saddle Pair 906 Ib

(1) Saddle calculations are based on the method presented in "Stresses in Large Cylindrical Pressure Vessels on
Two Saddle Supports" by L.P. Zick.
Stress Summary
Bending + pressure between saddles Bending + pressure at the saddle
Load Condition Saddle (psi) (psi)
S allow S allow So allow So allow
(+) (+) () ) (+) (+) ) )
Seismic | Operating | FigntSaddle | g 45, 20,400 | 849 | 11,308 L814 24,000 | 341 | 11,308
Left Saddle 7.814 24000 | 341 | 11,308
Operating | gt Saddle 8.100 20,400 627 11,308 7.782 24,000 | 309 | 11,308
i Left Saddle 7.782 24000 | 309 | 11,308
Test Right Saddle 10.534 22,950 785 11,941 10,159 27,000 409 11,941
Left Saddle 10.159 27,000 | 409 | 11,941
Weight | Operating | NgntSaddle | g5, 17,000 581 9,424 Lr82 20000 | 309 | 9424
Left Saddle 7.782 20,000 309 9,424
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Stress Summary

Tangential Circumferential Stress over - .
. " . Splitting (psi)
Load Condition Saddle shear (psi) stress (psi) saddle (psi)
Sa allow
S3 allow (horns) (+-) S5 allow Se allow
Seismic | Operating Right Saddle | 2,032 | 16,000 | -10.950 | 30,000 | 9.670 | 13,350 | 1,059 [ 13,333
Left Saddle | 2.038 | 16,000 | -10.977 | 30,000 | 9.694 | 13,350 | 1.061 | 13,333
. Right Saddle | 1.424 | 16,000 | -8.086 30,000 | 7140 | 13,350 | 782 13,333
Operating

Wil Left Saddle | 1.428 | 16,000 | -8.,104 | 30,000 | 7.157 | 13,350 | 784 13,333
Test Right Saddle | 1.750 | 21,600 | -10.106 | 27,000 | 8.925 | 27,000 | 977 34,200
Left Saddle | 1.757 | 21,600 | -10.140 | 27,000 | 8.955 | 27,000 | 980 34,200
Weight | Operating Right Saddle | 1.289 | 16,000 | -7.488 30,000 | 6,613 | 13,350 | 724 13,333
Left Saddle | 1.293 [ 16,000 | -7.507 | 30,000 | 6.629 | 13,350 | 726 13,333

Seismic base shear on vessel

Vessel is assumed to be a rigid structure.

Method of seismic analysis

ASCE 7-10 ground supported

Vertical seismic accelerations considered Yes
Importance factor, I, 1.25
Site Class D
Short period spectral response acceleration as percent of g, S, 100
From Table 11.4-1, F, 1.1
Risk Category (Table 1.5-1) 1]

Equations
Sws = Fa"Ss
Sps =(2/3)*Sys
F, =0.3"Spg"W*1,"0.7

Results

Sys = 1.1*1 1.1
Sps=(2/3)*1.1 0.7333
Seismic Design Category (Section 11.6) D
F, =0.3"0.7333"41,698"1.25"0.7 8,026.87 Ib;
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Saddle reactions due to weight + seismic

V, = vertical seismic force acting on the saddle

V = horizontal seismic shear acting on the saddle (worst case if not slotted)

Seismic longitudinal reaction, Q,

Seismic transverse reaction, Q,

Equations
Q=VH, /L +V,
Q,= V*H,/ (R,*Sin(8/2)) + V,
Q=W+max[ Q,, Q]
Results
Q, = 8,026.87*60 / 240 + 0.14*0.7333*20,823 4,144.54 b,
_ Right Saddle Q, = 4,008.43"60 / (36.375*Sin( 124 / 2 )) + 0.14*0.7333*20,823  |9,626.2 Ib;
CirlEing Q =20,823 + max[ 9,626.2 , 4,144.54 ] 30,449.2 Ib;
Q, = 8,026.87*60 / 240 + 0.14*0.7333*20,875 4,149.88 Ib;
Left Saddle Q,=4,018.44"60/ (36.375"Sin( 124 / 2)) + 0.14*0.7333*20,875  |9,650.24 Ib,
Q = 20,875 + max[ 9,650.24 , 4,149.88 ] 30,525.24 Ib;
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Saddle reactions due to weight + wind

Wind longitudinal reaction, Q,

Wind transverse reaction, Q

Wind pressure, P, 17.8372 psf
Equations
Vit = Py G (Cyheny “(Projected shell area) + G446 " (Projected saddle area))
Vive = Py 'G™(Cygneny T'R,2 / 144 + Cy 44 (Projected saddle area))
Q, = Vo 'Hs / (R,*Sin( 6/ 2))
Q= V,."H, /L,
Q=W+max[ Q,, Q]
Results
Vi = 17.84*0.85%(0.7*80.9592 + 2*0.9844) 889.08 Ib;
Right Saddle | Vwe = 17.8470.85%(0.5"1"36.3752 / 144 + 2*13.5623) | 630.08 Ib,
Q, = 889.08*60 / (36.375*Sin( 124 / 2)) 1,660.94 Ib,
Operating Q, = 630.08*60 / 240 157.52 Ib,
Q =20,823 + max[ 1,660.94 , 157.52 ] 22,483.94 Ib;
V,; = 17.84*0.85%(0.7*80.9592 + 2*0.9844) 889.08 Ib;
Left Saddle | Vwe = 17.8470.85*(0.5"1*36.375% / 144 + 213.5623) | 630.08 Ib;
Q, = 889.08*60 / (36.375*Sin( 124 / 2)) 1,660.94 Ib,
Q, =630.08"60 / 240 157.52 Ib;
Q =20,875 + max[ 1,660.94 , 157.52 ] 22,535.94 Ib;
V., = 5.8970.85"(0.7"80.9592 + 2"0.9844) 293.4 Ib;
Right Saddle | Vwe = 5.8970.85%(0.5"n*36.375% / 144 + 2*13.5623) 207.93 Ib;
Q, = 293.4*60 / (36.375*Sin( 124 / 2)) 548.11 lo,
Test Q, = 207.93*60 / 240 51.98 Ib,
Q =27,555 + max| 548.11, 51.98 ] 28,103.11 Ib;
V., = 5.8970.85"(0.7"80.9592 + 2"0.9844) 293.4 Ib;
Left Saddle | Vwe = 5-8970.85%(0.5"1*36.375% / 144 + 2*13.5623) 207.93 Ib;
Q, = 293.4*60 / (36.375*Sin( 124 / 2)) 548.11 lo,
Q, =207.93"60 / 240 51.98 Ib;
Q =27,649 + max| 548.11,51.98 ] 28,197.11 Ib;

Load Case 1: Seismic, Operating

Longitudinal stress between saddles (Seismic, Operating, left saddle loading and geometry govern)
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S, = £ 3*K,*Q*(L / 12) / (*R2*)
= 3*0.588+30,525.24*(292 / 12) / (n*36.18752*0.375)
= 849 psi

S,=P*R/(21)
= 155.69*36 / (2*0.375)
= 7,473 psi

Maximum tensile stress S, = S; + S, = 8.322 psi
Maximum compressive stress (shut down) S, = S, = 849 psi

Tensile stress is acceptable (<=1.2*S*E = 20,400 psi)
Compressive stress is acceptable (<=1.2*S_ = 11,308 psi)

Longitudinal stress at the right saddle (Seismic, Operating)
L, = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
=2"18.33/3 +292 + 2*18.33/ 3

=316.44in

Seismic vertical acceleration coefficient m = 0.5333*0.1925 = 0.1027
w=W>(1+m)/L,=41,698(1 +0.1027) / 316.44 = 145.3 Ib/in
Bending moment at the right saddle:

M, = w*(2"H*A, /3 + A2/2-(R?-H?)/4)

=145.3*(2*18.33"26 / 3 + 262/ 2 - (36.375° - 18.33%) / 4)
=59,418.2 Ibr-in

S, =+ MK,/ (m*R2*t)

=59,418.2*8.8457 / (1*36.1875°*0.375)

= 341 psi

S,=P"R/(2")

= 155.69*36 / (2*0.375)

= 7,473 psi

Maximum tensile stress S, = S, + S, = 7.814 psi
Maximum compressive stress (shut down) S, = S, = 341 psi

Tensile stress is acceptable (<=1.2*S = 24,000 psi)
Compressive stress is acceptable (<=1.2*S_ = 11,308 psi)

Tangential shear stress in the shell (right saddle, Seismic, Operating)
Qqhear = Q-wW*(@a+2"H/ 3)

=30,449.2 - 145.3*(26 + 2*18.33/ 3)

= 24,895.8 Ib,

83 = K2.2*Qshear / (R™t)

=1.1076*24,895.8 / (36.1875*0.375)

= 2,032 psi

Tangential shear stress is acceptable (<= 0.8*S = 16,000 psi)

Circumferential stress at the right saddle horns (Seismic, Operating)
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S, =-Q/ (4*t*(b+1.56*Sqr(R,*))) - 3*"K;*Q/ (2*t?)

=-30,449.2 / (4*0.375*(6+1.56*Sqr(36.375*0.375))) - 3*0.0284*30,449.2 / (2*0.375?)
=-10.950 psi

Circumferential stress at saddle horns is acceptable (<=1.5"S, = 30,000 psi)
Ring compression in shell over right saddle (Seismic, Operating)

S; = K"Q/ (t*(tg + 1.56*Sqr(R,*t,)))

= 0.7457*30,449.2 / (0.375%(0.5 + 1.56*Sqr(36.375*0.375)))

= 9.670 psi

Ring compression in shell is acceptable (<= 0.5*S, = 13,350 psi)

Saddle splitting load (right, Seismic, Operating)

Area resisting splitting force = Web area + wear plate area

A = He'ts + 1"W,,

=12.125"0.5 + 0*0

= 6.0625 in?

Se=Kg"Q/ A,

=0.2108%30,449.2 / 6.0625

= 1.059 psi

Stress in saddle is acceptable (<= (2 /3)*S, = 13,333 psi)

Longitudinal stress at the left saddle (Seismic, Operating)

L, = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3

=2"18.33/3 +292 + 2*18.33/ 3
=316.44 in

Seismic vertical acceleration coefficient m = 0.5333*0.1925 = 0.1027
w=W>(1+m)/L,=41,698(1 +0.1027) / 316.44 = 145.3 Ib/in
Bending moment at the left saddle:

MO| =w*(2*H*A, /3 + A2/ 2- (R?-H?)/4)

=145.3*(2*18.33"26 / 3 + 262/ 2 - (36.375° - 18.332) / 4)
=59,418.2 Ib-in

S,=% Mq*K1' / (n*R2*t)

=59,418.2*8.8457 / (1*36.1875°*0.375)

= 341 psi

Sp =P*R/ (2*)

= 155.69*36 / (2*0.375)

= 7,473 psi

Maximum tensile stress S, = S, + S, = 7.814 psi
Maximum compressive stress (shut down) S, = S, = 341 psi

Tensile stress is acceptable (<=1.2"S = 24,000 psi)
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Compressive stress is acceptable (<=1.2*S_ = 11,308 psi)
Tangential shear stress in the shell (left saddle, Seismic, Operating)
Qqhear = Q-W*(@a+2"H/3)

= 30,525.24 - 145.3*(26 + 2*18.33/ 3)
= 24,971.84 Ib,

83 = K2.2*Qshear /(R*)

=1.1076%24,971.84 / (36.1875*0.375)

= 2.038 psi

Tangential shear stress is acceptable (<= 0.8*S = 16,000 psi)
Circumferential stress at the left saddle horns (Seismic, Operating)
S, =-Q/ (4*t*(b+1.56*Sqr(R,*))) - 3*"K;*Q/ (2*t?)

=-30,525.24 / (4*0.375*(6+1.56*Sqr(36.375*0.375))) - 3*0.0284*30,525.24 / (2*0.375?)
=-10.977 psi

Circumferential stress at saddle horns is acceptable (<=1.5*S, = 30,000 psi)
Ring compression in shell over left saddle (Seismic, Operating)

S; = K"Q/ (t*(tg + 1.56*Sqar(R,*t,)))

= 0.7457*30,525.24 / (0.375*(0.5 + 1.56*Sqr(36.375*0.375)))

= 9.694 psi

Ring compression in shell is acceptable (<= 0.5*S, = 13,350 psi)
Saddle splitting load (left, Seismic, Operating)

Area resisting splitting force = Web area + wear plate area

A = H'ts + 1*W,,

=12.125"0.5 + 0*0

= 6.0625 in?

Se=Kg"Q/ A,

= 0.2108*30,525.24 / 6.0625

= 1.061 psi

Stress in saddle is acceptable (<= (2 /3)*S = 13,333 psi)

Load Case 2: Wind, Operating

Longitudinal stress between saddles (Wind, Operating, left saddle loading and geometry govern)
S, =+ 3*K,*Q*(L / 12) / (1*R?*)

= 3*0.588*22,535.94%(292 / 12) / (1*36.1875%*0.375)

= 627 psi

S,=P*"R/(2")

= 155.69*36 / (2*0.375)

= 7,473 psi

Maximum tensile stress S, = S, + S, = 8.100 psi
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Maximum compressive stress (shut down) S, = S, = 627 psi

Tensile stress is acceptable (<=1.2*"S*E = 20,400 psi)
Compressive stress is acceptable (<=1.2*S_ = 11,308 psi)

Longitudinal stress at the right saddle (Wind, Operating)

L, = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
=2"18.33/3 +292 + 2*18.33/ 3
=316.44in

w=W, /L, =41,698/316.44 = 131.77 Ib/in
Bending moment at the right saddle:

M, =w"(2"H*A /3 + A2/ 2- (R?- H?) / 4)
=131.77*(2*18.33*26 / 3 + 262/ 2 - (36.375% - 18.33?%) / 4)
=53,885.9 Ib-in

S, =+t MK,/ (n"R?")

= 53,885.9*8.8457 / (1*36.1875%*0.375)

= 309 psi

S,=P"R/(2")

= 155.69"36 / (2*0.375)

= 7,473 psi

Maximum tensile stress S, = S, + S, = 7.782 psi
Maximum compressive stress (shut down) S, = S, = 309 psi

Tensile stress is acceptable (<=1.2*S = 24,000 psi)
Compressive stress is acceptable (<=1.2*S_ = 11,308 psi)

Tangential shear stress in the shell (right saddle, Wind, Operating)

Qoo = Q- WH@ + 2*H/ 3)
= 22,483.94 - 131.77%(26 + 2*18.33/ 3)
= 17,4476 Ib,

83 = K2.2*Qshear / (R™t)

=1.1076*17,447.6 / (36.1875*0.375)

= 1.424 psi

Tangential shear stress is acceptable (<= 0.8*S = 16,000 psi)

Circumferential stress at the right saddle horns (Wind, Operating)

S, =-Q/ (4*t*(b+1.56*Sqr(R,*))) - 3*"K;*Q/ (2*t?)

=-22,483.94 / (4*0.375*(6+1.56*Sqr(36.375*0.375))) - 3*0.0284*22,483.94 / (2*0.375?)
=-8.086 psi

Circumferential stress at saddle horns is acceptable (<=1.5*S, = 30,000 psi)

Ring compression in shell over right saddle (Wind, Operating)

S, = K*Q/ (t*(t, + 1.56*Sqr(R,*.))
= 0.745722,483.94 / (0.375*(0.5 + 1.56*Sqr(36.375*0.375)))
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= 7,140 psi

Ring compression in shell is acceptable (<= 0.5*S, = 13,350 psi)

Saddle splitting load (right, Wind, Operating)
Area resisting splitting force = Web area + wear plate area

Aq = Hog'ty + 1" W,
=12.125*0.5 + 0*0
= 6.0625 in?

Ss =Ky Q/ A,
= 0.210822,483.94 / 6.0625
= 782 psi

Stress in saddle is acceptable (<= (2 /3)*S, = 13,333 psi)
Longitudinal stress at the left saddle (Wind, Operating)
L, = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
=2"18.33/3 + 292 + 2*18.33/ 3

=316.44in

w=W, /L, =41,698/316.44 = 131.77 Ib/in

Bending moment at the left saddle:

M, = W' (2*H"A /3 + A2/ 2 - (R2 - H?) / 4)
= 131.77*(2*18.33*26 / 3 + 262/ 2 - (36.3752 - 18.332) / 4)
= 53,885.9 Ib-in

S, =+ MK,/ (m*R2*)
= 53,885.9*8.8457 / (1*36.1875°*0.375)
= 309 psi

S,=P*R/(21)
= 155.69*36 / (2*0.375)
= 7,473 psi

Maximum tensile stress S, = S, + S, = 7.782 psi
Maximum compressive stress (shut down) S, = S, = 309 psi

Tensile stress is acceptable (<=1.2"S = 24,000 psi)
Compressive stress is acceptable (<=1.2*S_ = 11,308 psi)

Tangential shear stress in the shell (left saddle, Wind, Operating)

Qqon = Q-WH(a +2*H/3)
= 22,535.94 - 131.77%(26 + 2*18.33/ 3)
= 17,499.6 Ib,

83 = K2.2*Qshear / (R*)
=1.1076%17,499.6 / (36.1875*0.375)
= 1.428 psi

Tangential shear stress is acceptable (<= 0.8*S = 16,000 psi)
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Circumferential stress at the left saddle horns (Wind, Operating)

S, =-Q/ (4*t*(b+1.56*Sqr(R,*))) - 3*"K;*Q/ (2*t?)

=-22,535.94 / (4*0.375*(6+1.56*Sqr(36.375*0.375))) - 3*0.0284*22,535.94 / (2*0.375?)
=-8,104 psi

Circumferential stress at saddle horns is acceptable (<=1.5*S, = 30,000 psi)
Ring compression in shell over left saddle (Wind, Operating)

S; = K"Q/ (t*(tg + 1.56*Sqr(R,*t,)))

= 0.7457*22,535.94 / (0.375*(0.5 + 1.56*Sqr(36.375*0.375)))

= 7,157 psi

Ring compression in shell is acceptable (<= 0.5*S, = 13,350 psi)

Saddle splitting load (left, Wind, Operating)

Area resisting splitting force = Web area + wear plate area

A = H'ts + 1*W,,

=12.125"0.5 + 0*0

= 6.0625 in?

Se=Kg"Q/ A,

=0.2108*22,535.94 / 6.0625

= 784 psi

Stress in saddle is acceptable (<= (2 /3)*S, = 13,333 psi)

Load Case 3: Wind, Test

Longitudinal stress between saddles (Wind, Test, left saddle loading and geometry govern)

S, =+ 3*K,*Q*(L/ 12) / (1*R?*)
= 3"0.588*28,197.11%(292 / 12) / (n*36.1875%*0.375)
=785 psi

S,=P*R/(2")
=203.12*36 / (2*0.375)
= 9,750 psi

Maximum tensile stress S, = S; + S, = 10.534 psi
Maximum compressive stress (shut down) S, = S, = 785 psi

Tensile stress is acceptable (<= 0.9"S,*E = 22,950 psi)
Compressive stress is acceptable (<=1.2*S_ = 11,941 psi)

Longitudinal stress at the right saddle (Wind, Test)

L, = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
=2"18.33/3 +292 + 2*18.33/ 3

=316.44in

w=W,/L,=55204/316.44 = 174.45 Ib/in
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Bending moment at the right saddle:

M, =w*(2"H*A /3 + A2/ 2- (R?- H?) / 4)

= 174.45*(2*18.33*26 / 3 + 262/ 2 - (36.375% - 18.33?%) / 4)
=71,339.5 Ibr-in

S, =+t MK,/ (n"R?")

= 71,339.5*8.8457 / (1*36.1875°*0.375)

= 409 psi

S,=P*R/(2")

=203.12*36 / (2*0.375)

= 9,750 psi

Maximum tensile stress S, = S, + S, = 10.159 psi
Maximum compressive stress (shut down) S, = S, = 409 psi

Tensile stress is acceptable (<= 0.9"S, = 27,000 psi)
Compressive stress is acceptable (<=1.2*S_ = 11,941 psi)

Tangential shear stress in the shell (right saddle, Wind, Test)
Qghear = Q-W*(@+2"H/ 3)

=28,103.11 - 174.45*(26 + 2*18.33 / 3)

=21,435.5 Ib;

83 = K2.2*Qshear / (R™t)

=1.1076%21,435.5 / (36.1875*0.375)

= 1.750 psi

Tangential shear stress is acceptable (<= 0.8%(0.9*S,) = 21,600 psi)
Circumferential stress at the right saddle horns (Wind, Test)
S, =-Q/ (4*t*(b+1.56*Sqr(R,*))) - 3*"K;*Q/ (2*t?)
=-28,103.11/(4*0.375*(6+1.56*Sqr(36.375*0.375))) - 3*0.0284*28,103.11 / (2*0.375?)
=-10.106 psi

Circumferential stress at saddle horns is acceptable (<= 0.9*S, = 27,000 psi)
Ring compression in shell over right saddle (Wind, Test)

Sy = K"Q/ (t*(tg + 1.56*Sqar(R,*t,)))

= 0.7457*28,103.11 / (0.375*(0.5 + 1.56*Sqr(36.375*0.375)))

= 8.925 psi

Ring compression in shell is acceptable (<= 0.9*S, = 27,000 psi)
Saddle splitting load (right, Wind, Test)

Area resisting splitting force = Web area + wear plate area

Ae = He'ts + 1*W,,

=12.125"0.5 + 0*0

= 6.0625 in?

Sg=Kg'Q/ A,
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- 0.2108"28,103.11 / 6.0625
= 977 psi

Stress in saddle is acceptable (<= 0.9"S, = 34,200 psi)
Longitudinal stress at the left saddle (Wind, Test)

L, = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
=2"18.33/3 +292 + 2*18.33/ 3
=316.44in

w=W,/L, =55,204/316.44 = 174.45 Ib/in
Bending moment at the left saddle:

M, = W' (2*H*A /3 + A2/ 2 - (R2 - H?) / 4)
= 174.45%(2*18.33"26 / 3 + 262/ 2 - (36.3752 - 18.33?) / 4)
= 71,339.5 Ib-in

S, =+ MK,/ (m*R2*t)

= 71,339.5*8.8457 / (1*36.1875°*0.375)
= 409 psi

S, =P*R/(2")

=203.12*36 / (2*0.375)

= 9,750 psi

Maximum tensile stress S, = S, + S, = 10.159 psi
Maximum compressive stress (shut down) S, = S, = 409 psi

Tensile stress is acceptable (<= 0.9"S, = 27,000 psi)
Compressive stress is acceptable (<=1.2*S_ = 11,941 psi)

Tangential shear stress in the shell (left saddle, Wind, Test)

Qoo = Q-WH(a +2*H/3)
= 28,197.11 - 174.45%(26 + 2*18.33/ 3)
= 21,529.5 Ib,

83 = K2.2*Qshear / (R™t)

=1.1076%21,529.5 / (36.1875*0.375)

= 1.757 psi

Tangential shear stress is acceptable (<= 0.8%(0.9*S,) = 21,600 psi)

Circumferential stress at the left saddle horns (Wind, Test)

S, =-Q/ (4*t*(b+1.56*Sqr(R,*))) - 3*K;*Q/ (2*t?)

=-28,197.11/ (4*0.375*(6+1.56*Sqr(36.375*0.375))) - 3*0.0284*28,197.11 / (2*0.375?)
=-10,140 psi

Circumferential stress at saddle horns is acceptable (<= 0.9*S, = 27,000 psi)

Ring compression in shell over left saddle (Wind, Test)

Se = K" Q / (t*(t, + 1.56*Sqr(R,*t)))
= 0.7457*28,197.11 / (0.375*(0.5 + 1.56*Sqr(36.375*0.375)))
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= 8.955 psi

Ring compression in shell is acceptable (<= 0.9*S, = 27,000 psi)
Saddle splitting load (left, Wind, Test)

Area resisting splitting force = Web area + wear plate area

A = Ho'ts + 1"W,,

=12.125"0.5 + 0*0

= 6.0625 in?

Se=Kg"Q/ A,

=0.2108*28,197.11 / 6.0625

= 980 psi

Stress in saddle is acceptable (<= 0.9"S, = 34,200 psi)

Load Case 4: Weight, Operating

Longitudinal stress between saddles (Weight, Operating, left saddle loading and geometry govern)

S, =+ 3*K,*Q*(L / 12) / (1*R?*)
= 3*0.588*20,875*(292 / 12) / (*36.18752%0.375)
= 581 psi

S,=P*R/(21)
= 155.69*36 / (2*0.375)
= 7,473 psi

Maximum tensile stress S, = S; + S, = 8.054 psi
Maximum compressive stress (shut down) S, = S, = 581 psi

Tensile stress is acceptable (<=1*S*E = 17,000 psi)
Compressive stress is acceptable (<=1*S; = 9,424 psi)

Longitudinal stress at the right saddle (Weight, Operating)

L, = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
=2"18.33/3 +292 + 2*18.33/ 3
=316.44in

w=W, /L, =41,698/316.44 = 131.77 Ib/in
Bending moment at the right saddle:

My = W' (2*H"A /3 + A2/ 2 - (R2 - H2) / 4)
= 131.77*(2*18.33*26 / 3 + 262/ 2 - (36.3752 - 18.332) / 4)
= 53,885.9 Ib-in

S, =+ MK,/ (T*R2*)
= 53,885.9*8.8457 / (1*36.1875°*0.375)
= 309 psi

S,=P*R/(21)
= 155.69*36 / (2*0.375)
= 7,473 psi
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Maximum tensile stress S, = S, + S, = 7.782 psi
Maximum compressive stress (shut down) S, = S, = 309 psi

Tensile stress is acceptable (<=1*S = 20,000 psi)
Compressive stress is acceptable (<=1*S; = 9,424 psi)

Tangential shear stress in the shell (right saddle, Weight, Operating)

Q. = Q- W@+ 2*H/3)

shear —

= 20,823 - 131.77*(26 + 2*18.33 / 3)
= 15,786.67 Ib,

83 = K2.2*Qshear ! (R™t)

=1.1076%15,786.67 / (36.1875*0.375)

= 1.289 psi

Tangential shear stress is acceptable (<= 0.8*S = 16,000 psi)
Circumferential stress at the right saddle horns (Weight, Operating)
S, =-Q/ (4*t*(b+1.56*Sqr(R,*))) - 3*"K;*Q/ (2*t?)

=-20,823 / (4*0.375%(6+1.56*Sqr(36.375*0.375))) - 3*0.0284*20,823 / (2*0.3752)
= -7.488 psi

Circumferential stress at saddle horns is acceptable (<=1.5*S, = 30,000 psi)
Ring compression in shell over right saddle (Weight, Operating)

S; = K"Q/ (t*(tg + 1.56*Sqar(R,*t,)))

= 0.7457*20,823 / (0.375*(0.5 + 1.56*Sqr(36.375*0.375)))

= 6.613 psi

Ring compression in shell is acceptable (<= 0.5*S, = 13,350 psi)

Saddle splitting load (right, Weight, Operating)

Area resisting splitting force = Web area + wear plate area

A = Ho'ts + 1"W,,

=12.125"0.5 + 0*0

= 6.0625 in?

Se=Kg"Q/ A,

=0.2108%20,823 / 6.0625

= 724 psi

Stress in saddle is acceptable (<= (2 /3)*S, = 13,333 psi)

Longitudinal stress at the left saddle (Weight, Operating)

L, = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3

=2"18.33/3 +292 + 2*18.33/ 3

=316.44in

w=W,/L,=41,698/316.44 = 131.77 Ib/in
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Bending moment at the left saddle:

Mgy =wW*(2°"H*A,/ 3 + A2/2-(R2-H?)/4)
=131.77*(2*18.33*26 / 3 + 262/ 2 - (36.375% - 18.33?%) / 4)
= 53,885.9 Ib-in

S, =+ MK,/ (m*R2*)

= 53,885.9*8.8457 / (1*36.1875°*0.375)

= 309 psi

S, =P™R/(2*)

= 155.69*36 / (2*0.375)

= 7,473 psi

Maximum tensile stress S, = S, + S, = 7.782 psi
Maximum compressive stress (shut down) S, = S, = 309 psi

Tensile stress is acceptable (<=1*S = 20,000 psi)
Compressive stress is acceptable (<=1*S; = 9,424 psi)

Tangential shear stress in the shell (left saddle, Weight, Operating)
Qqhear = Q-W*(@a+2"H/3)

=20,875-131.77*(26 + 2*18.33 / 3)

= 15,838.67 Ib;

83 = K2.2*Qshear / (R*)

=1.1076%15,838.67 / (36.1875*0.375)

= 1,293 psi

Tangential shear stress is acceptable (<= 0.8*S = 16,000 psi)
Circumferential stress at the left saddle horns (Weight, Operating)
S, =-Q/ (4*t*(b+1.56*Sqr(R,*))) - 3*"K;*Q / (2*t?)

=-20,875/ (4*0.375%(6+1.56*Sqr(36.375*0.375))) - 3*0.0284*20,875 / (2*0.3752)
=-7.507 psi

Circumferential stress at saddle horns is acceptable (<=1.5*S, = 30,000 psi)
Ring compression in shell over left saddle (Weight, Operating)

S; = K"Q/ (t*(tg + 1.56*Sqar(R,*t,)))

= 0.7457*20,875 / (0.375*(0.5 + 1.56*Sqr(36.375*0.375)))

= 6.629 psi

Ring compression in shell is acceptable (<= 0.5*S, = 13,350 psi)
Saddle splitting load (left, Weight, Operating)

Area resisting splitting force = Web area + wear plate area

A = Ho'ts + 1*W,,

=12.125"0.5 + 0*0

= 6.0625 in?

Sg=Kg'Q/ A,
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=0.2108*20,875 / 6.0625
= 726 psi

Stress in saddle is acceptable (<= (2 /3)*S, = 13,333 psi)
Shear stress in anchor bolting, one end slotted
Maximum seismic or wind base shear = 8,026.87 Ib,

Thermal expansion base shear = W*u = 21,328%0.45 = 9,597.6 Ib,
Corroded root area for a 2.25" series 8 threaded bolt = 3.423 in? ( 2 per saddle )

Bolt shear stress = 9,597.6 / (3.423*1*2) = 1,402 psi
Anchor bolt stress is acceptable (<= 15,000 psi)
Shear stress in anchor bolting, transverse

Maximum seismic or wind base shear = 8,026.87 Ib,
Corroded root area for a 2.25" series 8 threaded bolt = 3.423 in? ( 2 per saddle )

Bolt shear stress = 8,026.87 / (3.423*2*2) = 586 psi

Anchor bolt stress is acceptable (<= 15,000 psi)

Web plate buckling check (Escoe pg 251)

Allowable compressive stress S, is the lesser of 20,000 or 18,075 psi: (18,075)
S, =Kn?*E/ (12*(1 - 0.32)*(d; / t,)?)

= 1.28*712*29E+06 / (12*(1 - 0.3%)*(21.5417 / 0.5)?)

= 18,075 psi

Allowable compressive load on the saddle

b, =d*,/ (d*t, + 2", (b - 1))
=21.5417*0.5/(21.541770.5 + 2*0.5*(6 - 1))
=0.683

F, = n*(A, + 2*b.*)*S,
= 4*(2.75 + 2*0.683%0.5)*18,075
= 248,196.18 Ib,

Saddle loading of 30,978.24 Ib; is <= F,; satisfactory.

Primary bending + axial stress in the saddle due to end loads (assumes one saddle slotted)
6, =V*(H-x)y/1+Q/A

= 8,026.87*(60 - 29.6803)*4.25 / 77.46 + 30,525.24 / 43.1172

= 14,061 psi

The primary bending + axial stress in the saddle <= 20,000 psi; satisfactory.

Secondary bending + axial stress in the saddle due to end loads (includes thermal expansion, assumes one
saddle slotted)

6, =V*(H-x)y/1+Q/A

= 17,624.47*(60 - 29.6803)*4.25 / 77.46 + 30,525.24 / 43.1172

= 30,028 psi
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The secondary bending + axial stress in the saddle < 2*S = 76,000 psi; satisfactory.

Saddle base plate thickness check (Roark sixth edition, Table 26, case 7a)

where a =21.5417, b =6.5in

t, = (By*q*b? / (1.5*S,))05
= (3*67*6.52 / (1.5*20,000))°5
=0.5323in

The base plate thickness of 0.625 in is adequate.
Foundation bearing check
Si=Q,./ (F'E)

= 30,978.24 / (7766)
= 67 psi

Concrete bearing stress < 1,658 psi ; satisfactory.
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Inlet (A)

ASME Section VIII Division 1, 2015 Edition

— ¢« 3.2500

0.3125—

—0.3750

L 0.3%00

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

Location and Orientation

Located on Ellipsoidal Head #1
Orientation 0°

End of nozzle to datum line 314"

Calculated as hillside Yes

Distance to head center, R 24"

Passes through a Category A joint No

Description NPS 12 Sch 40S (Std)
Access opening No

Material specification SA-312 TP304 WId & smls pipe (lI-D p. 90, In. 9)
Inside diameter, new 12"

Pipe nominal wall thickness 0.375"

Pipe minimum wall thickness' 0.3281"

Corrosion allowance 0"

Opening chord length 13.249"

Projection available outside vessel, Lpr 9.4715"

Projection available outside vessel to flange face, Lf |13.9715"

Local vessel minimum thickness 0.33"

Liquid static head included 0 psi

Longitudinal joint efficiency 0.85

Reinforcing Pad
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Material specification

SA-240 304 (II-D p. 86, In. 44)

Diameter, Dp 20.5569"
Thickness, t, 0.375"
Is split No

Inner fillet, Leg,, 0.375"
Outer fillet, Leg,, 0.3125"
Nozzle to vessel groove weld 0.33"
Pad groove weld 0.375"

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

ASME B16.5-2013 Flange

Description NPS 12 Class 150 WN A182 F304
Bolt Material SA-193 B8 1 Bolt (II-D p. 352, In. 20)
Blind included No

Rated MDMT -320°F

Liquid static head 0 psi

MAWP rating

252.5 psi @ 150°F

MAP rating

275 psi @ 70°F

Hydrotest rating

425 psi@ 70°F

PWHT performed

No

Impact Tested

No

Circumferential joint radiography

Bolts rated MDMT = -320°F

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F

Spot UW-11(b) Type 1

UHA-51 Material Toughness Requirements Nozzle

t = 153.96"6 / (20,000%0.85 - 0.6"153.96) = 0.0546"

Stress ratio =t *E" / (t, - ¢) = 0.0546*0.85 / (0.3281 - 0) = 0.1415

Impact test exempt per UHA-51(g) (coincident ratio = 0.1415)

Rated MDMT =

-320°F

Material is exempt from impact testing at the Design MDMT of -200°F.
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UHA-51 Material Toughness Requirements Pad

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.
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Reinforcement Calculations for Internal Pressure

i : UG-45
UG-37 Area Calculation Summary (in2) .
Summary (in)
For P = 150 psi @ 150 °F The nozzle passes
The opening is adequately reinforced UG-45
A A A
required | available . Az As As welds treq tmin

3.5799 | 4.0123 | 0.7923 | 0.5442 | -- | 2.4375 | 0.2383 | 0.2702 | 0.3281

UG-41 Weld Failure Path Analysis Summary (lb,)

All failure paths are stronger than the applicable weld loads

Weld load | Weld load Path 1-1 Weld load Path 2-2 Weld load Path 3-3
w Wi strength Wa.o strength W3.3 strength

56.648.6 | 64.400 |2 42. 18.646 |282.570.16 | 69.350 | 196.705.34

UW-16 Weld Sizing Summary

Weld description Rell‘i'::gr“';eld A‘;‘;:' (‘il:le)ld Status
Nozzle to pad fillet (Leg41) 0.25 0.2625 weld size is adequate
Pad to shell fillet (Leg42) 0.165 0.2188 weld size is adequate

Calculations for internal pressure 150 psi @ 150 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(d, R, + (t - C,) + (t- C))
MAX(13.249, 6.6245 + (0.375 - 0) + (0.33 - 0))
13.249 in

Outer Normal Limit of reinforcement per UG-40

L,, MIN(2.5*(t - C), 2.5%(t, - C,) +1,)
MIN(2.5%(0.33 - 0), 2.5%(0.375 - 0) + 0.375)
- 0.825in

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

t

P*R,/(S,’E - 0.6*P)
150*6 / (20,000*1 - 0.6*150)
0.0452 in

m

Required thickness t, from UG-37(a)
t P*D / (2*S*E - 0.2*P)

150*72 / (2*20,000%1 - 0.2*150)
0.2702"

r
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Required thickness t, per Interpretation VIlI-1-07-50

t

P*D / (2*S*E - 0.2*P)
150*72 / (2*20,000%0.85 - 0.2*150)
0.3179"

r

Area required per UG-37(c)
Allowable stresses: S, = 20,000, S, = 20,000, S, = 20,000 psi
f,=lesserof 1orS, /S, =1
f,=lesserof 1orS, /S, =1
fa =lesseroff,orS,/S, =1

fy=lesserof1orS,/S, =1

>
1

d"t*F + 2°, ", FH(1 - f,,)
13.249%0.2702"1 + 2°0.375%0.2702*1*(1 - 1)
3.5799 in?

Area available from FIG. UG-37.1
A, = larger of the following= 0.7923 in2
= d*(E;t- F) - 2% 7Bt - Fry)t(1 - 1)

= 13.249*(1*0.33 - 1*0.2702) - 2*0.375%(1*0.33 - 1*0.2702)*(1 - 1)
= 0.7923in?

= 2%(t+t)"(E - P - 20 (B - Fr)Y(1 - fy)
= 2%(0.33 +0.375)*(1*0.33 - 1*0.2702) - 2*0.375*(1*0.33 - 1*0.2702)*(1 - 1)
= 0.0843in?

A, = smaller of the following= 0.5442 in?

= Bt -t )
= 5%(0.375 - 0.0452)*1*0.33
= 0.5442in?

= 2%t -t )"2.5% + ),
= 2*(0.375 - 0.0452)*(2.5%0.375 + 0.375)*1
- 0.8657in2

Ay = Leg¥fy
= 0.375%"1
= 0.1406 in?
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Ap = Leg®f,
= 0.31252*1
= 0.0977in?

As = (Dy-d-21)t,

= (20.5569 - 14.0569)*0.375*1
= 24375in?

Area= A/ +A,+A, +A,L+ A,
= 0.7923 + 0.5442 + 0.1406 + 0.0977 + 2.4375
= 4.0123in2

As Area >= A the reinforcement is adequate.

UW-16(c)(2) Weld Check

Inner fillet: t,, = lesser of 0.75 ort, ort, = 0.375in
tomin = lesserof 0.250r 0.7*;, = 0.25 in
to(actuay = 0-7"Leg = 0.770.375 = 0.2625 in

Outer fillet: t . =lesser of 0.75 ort ,ort=0.33in
tyminy = 0.5, =0.1651n

t ) =0.7"Leg = 0.770.3125 = 0.2188 in

w(actual

UG-45 Nozzle Neck Thickness Check

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

tyueey = P*R,/(S,*E-0.6"P) + Corrosion
= 150*6 / (20,000*0.85 - 0.6*150) + 0
= 0.0532in

t, = max[t,yg27 5 taugez |
- max[0.0532,0]
= 0.0532in

tyy = 0.2702in

'S = max[ty, tugre |
= max[0.2702, 0.0625 ]
= 0.2702 in

t, = min[tg,t,]
= min[0.3281,0.2702]
= 0.2702in
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tUG—45

max[t,,t,]
max[ 0.0532, 0.2702 ]
0.2702in

Available nozzle wall thickness new, t, = 0.875%0.375 = 0.3281 in

The nozzle neck thickness is adequate.

Allowable stresses in joints UG-45 and UW-15(c)

Groove weld in tension: 0.74*20,000 = 14,800 psi
Nozzle wall in shear: 0.7720,000 = 14,000 psi
Inner fillet weld in shear: 0.49*20,000 = 9,800 psi
Outer fillet weld in shear: 0.49*20,000 = 9,800 psi

Upper groove weld in tension: 0.74*20,000 = 14,800 psi
Strength of welded joints:

(1) Inner fillet weld in shear
(m/ 2)*Nozzle OD*Leg*S; = (n / 2)*12.75*0.375*9,800 = 73,601.63 Ib,

(2) Outer fillet weld in shear

(m/2)*Pad OD*Leg*S, = (n / 2)*20.5569*0.3125*9,800 = 98,890.28 Ib;

(3) Nozzle wall in shear

(m/ 2)*Mean nozzle dia*t,*S, = (n / 2)*12.375*0.375*14,000 = 102,052.67 Ib;

(4) Groove weld in tension
(n/2)*Nozzle OD*t,*S, = (n / 2)*12.75%0.33*14,800 = 97,815.06 Ib,

(6) Upper groove weld in tension
(n/2)*Nozzle OD*t,*S, = (n/ 2)*12.75%0.375"14,800 = 111,153.47 lo,

Loading on welds per UG-41(b)(1)

W

(A- A, +2'*,*(E, "t - F*t))*S,

(3.5799 - 0.7923 + 2*0.375*1*(1*0.33 - 1*0.2702))*20,000
56.648.6 Ib,

(A, + Ay + A,y + Ap)'S,
(0.5442 + 2.4375 + 0.1406 + 0.0977)*20,000
64,400 Ib,

(Ay + Ay + Ay + Ay + 271 1,)S,
(0.5442 + 0 + 0.1406 + 0 + 2*0.375%0.33*1)*20,000
18,646 Ib,

A+ A+ Ag+ Ay + Ay + Ay + 271711 ,)*S,

(0.5442 + 0 + 2.4375 + 0.1406 + 0.0977 + 0 + 2*0.375*0.33"1)*20,000
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= 69.350 Ib,

Load for path 1-1 lesser of W or W, _, = 56,648.6 Ib;
Path 1-1 through (2) & (3) = 98,890.28 + 102,052.67 = 200.942.95 Ib;
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W,,_, = 18,646 Ib,
Path 2-2 through (1), (4), (6) = 73,601.63 + 97,815.06 + 111,153.47 = 282.570.16 Ib;
Path 2-2 is stronger than W,,_, so it is acceptable per UG-41(b)(1).

Load for path 3-3 lesser of W or W, ; = 56,648.6 Ib;
Path 3-3 through (2), (4) = 98,890.28 + 97,815.06 = 196.705.34 Ib;
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).
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Vapor Out (B)

ASME Section VIII Division 1, 2015 Edition

— ¢ 2.0000 -
0.3125— k- — 03750
0.3750
0.3750 ) —H|— —Jp — — — 4.3153_ = —— 03750
‘lg_ P E&

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

Location and Orientation

Description

Located on Cylinder #3
Orientation 0°

Nozzle center line offset to datum line 6"

End of nozzle to shell center 46.375"
Passes through a Category A joint No

NPS 12 Sch 40S (Std)

Access opening

No

Material specification

SA-312 TP304 WId & smls pipe (II-D p. 90, In. 9)

Inside diameter, new

12"

Material specification

Pipe nominal wall thickness 0.375"
Pipe minimum wall thickness' 0.3281"
Corrosion allowance 0"
Projection available outside vessel, Lpr 5.5"
Projection available outside vessel to flange face, Lf | 10"
Local vessel minimum thickness 0.375"
Liquid static head included 0 psi
Longitudinal joint efficiency 0.85

Reinforcing Pad

SA-240 304 (II-D p. 86, In. 44)

Diameter, Dp

16.75"
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Thickness, t, 0.375"

Is split No

Inner fillet, Leg,, 0.375"
Outer fillet, Leg,, 0.3125"
Nozzle to vessel groove weld 0.375"
Pad groove weld 0.375"

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

ASME B16.5-2013 Flange

Description NPS 12 Class 150 WN A182 F304

Bolt Material SA-193 B8 1 Bolt (II-D p. 352, In. 20)

Blind included No

Rated MDMT -320°F

Liquid static head 0 psi

MAWP rating 252.5 psi @ 150°F

MAP rating 275 psi @ 70°F

Hydrotest rating 425 psi @ 70°F

PWHT performed No

Impact Tested No

Circumferential joint radiography | Spot UW-11(b) Type 1
e

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F

Bolts rated MDMT = -320°F

UHA-51 Material Toughness Requirements Nozzle
t. = 153.96"6 / (20,000%0.85 - 0.6*153.96) = 0.0546"
Stress ratio = t,*E" / (t,, - ¢) = 0.0546*0.85 / (0.3281 - 0) = 0.1415

Impact test exempt per UHA-51(g) (coincident ratio = 0.1415)
Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.

UHA-51 Material Toughness Requirements Pad

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.
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Reinforcement Calculations for Internal Pressure

. . UG-45
UG-37 Area Calculation Summary (in2) .
Summary (in)
For P = 150 psi @ 150 °F The nozzle passes
The opening is adequately reinforced UG-45
A A A
Aq A2 Az | As welds treq tmin

required | available

3.2546 | 3.6021 | 1.2454 [ 0.6184 | -- [ 1.5]0.2383 | 0.2712 | 0.3281

UG-41 Weld Failure Path Analysis Summary (lb,)

All failure paths are stronger than the applicable weld loads

Weld load | Weld load Path 1-1 Weld load Path 2-2 Weld load Path 3-3
w Wi strength Wa.o strength W3.3 strength
41.741.5| 47,134 [182.629.62 | 20.805 |295.908.57 | 52.759 | 191.730.42

UW-16 Weld Sizing Summary

Required weld | Actual weld

size (in) size (in) SRS

Weld description

Nozzle to pad fillet (Leg41) 0.25 0.2625 weld size is adequate

Pad to shell fillet (Leg42) 0.1875 0.2188 weld size is adequate

Calculations for internal pressure 150 psi @ 150 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(d, R, + (t - C.) + (t- C))
MAX(12, 6 + (0.375 - 0) + (0.375 - 0))
12in

Outer Normal Limit of reinforcement per UG-40

L,, MIN(2.5*(t - C), 2.5%(t, - C,) +1,)
MIN(2.5%(0.375 - 0), 2.5*(0.375 - 0) + 0.375)
- 0.9375in

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

t

P*R,/(S,*E - 0.6*P)
150*6 / (20,000*1 - 0.6*150)
0.0452 in

m

Required thickness t, from UG-37(a)

t P*R/(S*E - 0.6*P)
150*36 / (20,000*1 - 0.6*150)

0.2712in

r
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Required thickness t, per Interpretation VIlI-1-07-50

t P*R/(S*E - 0.6*P)
150*36 / (20,000%0.85 - 0.6*150)

0.3193in

r

Area required per UG-37(c)

Allowable stresses: S, = 20,000, S, = 20,000, S, = 20,000 psi
f,=lesserof 1orS,/S, =1

f,=lesserof 1orS,/S, =1

fs =lesseroff,orS, /S, =1

fy=lesserof1orS, /S, =1

A = dtF+27t )t F(1-f,)

= 12%0.2712*1 + 2*0.375*0.2712*1*(1 - 1)
= 3.2546in?

Area available from FIG. UG-37.1

A, = larger of the following= 1.2454 in2

= d*(E"t- Frt) - 2t KBt - FrE)*(1 - £)
= 12*(1%0.375 - 1*0.2712) - 2*0.375*(1*0.375 - 1*0.2712)*(1 - 1)
= 1.2454in2

= 2Mt+t)*(E,"t- PRt - 2%t *(E M- Fr)Y(1- 1)
= 2%(0.375 + 0.375)*(1*0.375 - 1*0.2712) - 2*0.375*(1*0.375 - 1*0.2712)*(1 - 1)
= 0.1557in2

A, = smaller of the following= 0.6184 in?

= 5%t -t )t
= 5%(0.375-0.0452)*1*0.375
= 0.6184in?

= 2%t -t )*(2.5M, + 1),
= 2%(0.375 - 0.0452)*(2.5*0.375 + 0.375)*1
- 0.8657 in2

Ay = Leg®fy
= 0.375%1
= 0.1406 in?
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Ap = Leg®f,
= 0.31252*1
= 0.0977in?

As = (Dy-d-21)t,

= (16.75-12 - 2*0.375)*0.375*1
= 1.5in2

Area= A/ +A,+A, +A,L+ A,
= 1.2454 + 0.6184 + 0.1406 + 0.0977 + 1.5
= 3.6021in?

As Area >= A the reinforcement is adequate.

UW-16(c)(2) Weld Check

Inner fillet: t ,,  =lesserof 0.750rt, ort,=0.375in
t = lesser of 0.25 or 0.7*t;, = 0.25 in

c(min)

tc(actual) =0.7"Leg = 0.70.375 = 0.2625 in
Outer fillet: t . =lesser of 0.75 ort ort=0.375in
tyming = 0.5y, =0.18751n

t y =0.7"Leg = 0.770.3125 = 0.2188 in

w(actual

UG-45 Nozzle Neck Thickness Check

tyueey = P*R,/(S,*E-0.6"P) + Corrosion
= 150*6 / (20,000*0.85 - 0.6*150) + 0
= 0.0532in

t, = max[t,yg27 5 taugez |
- max[0.0532,0]
= 0.0532in

toq = P*R/(S"E - 0.6*P) + Corrosion
= 150*36/(20,000*1 - 0.6*150) + O
= 0.2712in

'S = max[ty, tugre
= max[ 0.2712, 0.0625 ]
= 0.2712in

t, = min[tg,t,]
= min[0.3281,0.2712]
= 0.2712in
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tieas = max(ty, 1]
max[ 0.0532 , 0.2712 ]
0.2712in

Available nozzle wall thickness new, t, = 0.875%0.375 = 0.3281 in
The nozzle neck thickness is adequate.

Allowable stresses in joints UG-45 and UW-15(c)

Groove weld in tension: 0.74*20,000 = 14,800 psi
Nozzle wall in shear: 0.7720,000 = 14,000 psi
Inner fillet weld in shear: 0.49*20,000 = 9,800 psi
Outer fillet weld in shear: 0.49*20,000 = 9,800 psi

Upper groove weld in tension: 0.74*20,000 = 14,800 psi
Strength of welded joints:

(1) Inner fillet weld in shear
(m/ 2)*Nozzle OD*Leg*S; = (n / 2)*12.75*0.375*9,800 = 73,601.63 Ib,

(2) Outer fillet weld in shear
(m/2)*Pad OD*Leg*S, = (n / 2)*16.75*0.3125"9,800 = 80,576.94 b,

(3) Nozzle wall in shear
(m/ 2)*Mean nozzle dia*t,*S, = (n / 2)*12.375*0.375*14,000 = 102,052.67 Ib;

(4) Groove weld in tension
(n/2)*Nozzle OD*t,*S, = (n/ 2)*12.750.375"14,800 = 111,153.47 lo,

(6) Upper groove weld in tension
(n/2)*Nozzle OD*t,*S, = (n/ 2)*12.750.375"14,800 = 111,153.47 lo,

Loading on welds per UG-41(b)(1)

w (A- A, +2'*,*(E, "t - F*t))*S,

n'r

= (3.2546 - 1.2454 + 2*0.375*1*(1*0.375 - 1*0.2712))*20,000
= 41.74151b,

W, = (Ay+Ag+ Ay +A)'S,
= (0.6184 + 1.5+ 0.1406 + 0.0977)*20,000
= 47.1341b,

Woo= (Ap+Ag+ Ay + Agg + 271 711)"S,
= (0.6184 + 0+ 0.1406 + 0 + 2*0.375*0.375*1)*20,000
= 20,805 Ib,

Woa= A+ A+ A+ A, +A,L+ A, +21,)"S,
= (0.6184 +0+ 1.5+ 0.1406 + 0.0977 + 0 + 2*0.375"0.375*1)*20,000
= 52,759 Ib,
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Load for path 1-1 lesser of Wor W, , = 41,741.5 Ib;
Path 1-1 through (2) & (3) = 80,576.94 + 102,052.67 = 182.629.62 Ib;
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W, _, = 20,805 Ib,
Path 2-2 through (1), (4), (6) = 73,601.63 + 111,153.47 + 111,153.47 = 295.908.57 Ib,
Path 2-2 is stronger than W,,_, so it is acceptable per UG-41(b)(1).

Load for path 3-3 lesser of W or W, ; = 41,741.5 b,

Path 3-3 through (2), (4) = 80,576.94 + 111,153.47 = 191.730.42 Ib;
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).
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LG #1 (C1)

ASME Section VIII Division 1, 2015 Edition

—0.3750

0.3300 U.SSUU\L

T i

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

Location and Orientation

Access opening

Located on Ellipsoidal Head #2
Orientation 0°

End of nozzle to datum line -31"

Calculated as hillside Yes

Distance to head center, R 17"

Passes through a Category A joint No

No

Material specification

SA-182 F304 <=5 (II-D p. 86, In. 34)

Inside diameter, new

1|l

Nominal wall thickness 0.5"
Corrosion allowance 0"
Opening chord length 1.0352"
Projection available outside vessel, Lpr 5.9834"

Projection available outside vessel to flange face, Lf |6.5434"

Local vessel minimum thickness

0.33"

Liquid static head included

0 psi

Longitudinal joint efficiency

Inner fillet, Leg,,

1

0.375"

Nozzle to vessel groove weld

0.33"
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ASME B16.5-2013 Flange

Description NPS 1 Class 150 LWN A182 F304
Bolt Material SA-193 B8 1 Bolt (II-D p. 352, In. 20)

Blind included No
Rated MDMT -320°F

Liquid static head |0 psi

MAWP rating 252.5 psi @ 150°F
MAP rating 275 psi @ 70°F
Hydrotest rating 425 psi @ 70°F
PWHT performed |No

Impact Tested No

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT = -320°F

UHA-51 Material Toughness Requirements Nozzle

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.
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Reinforcement Calculations for Internal Pressure

UG-45
Summary

()]

The nozzle
passes UG-45

UG-37 Area Calculation Summary

(in?)

For P = 150 psi @ 150 °F

A A A

required | available A1 | Az | A3 | As welds treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.1348 | 0.5

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
B E R e throat size (in) | throat size (in) Status
Nozzle to shell fillet (Lega1) 0.231 0.2625 weld size is adequate

Calculations for internal pressure 150 psi @ 150 °F

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t, - C,) + (t - C))
MAX(1.0352, 0.5176 + (0.5 - 0) + (0.33 - 0))

1.3476 in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t, - C,) + t,)

MIN(2.5*(0.33 - 0), 2.5*(0.5- 0) + 0)
= 0.825in

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

t

P*R,/(S,’E - 0.6*P)
150*0.5 / (20,000*1 - 0.6*150)
0.0038 in

m

Required thickness t, from UG-37(a)(c)

t

P*K,*D/ (2*S*E - 0.2*P)
150%0.9*72 / (2*20,000*1 - 0.2*150)
0.2432in

r
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Required thickness t, per Interpretation VIlI-1-07-50

t

r

P*D / (2*S*E - 0.2*P)
150*72 / (2*20,000%0.85 - 0.2*150)

0.3179"

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

UW-16(c) Weld Check

Fillet weld: t
t

tc(actual

c(min

min

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

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

ta uG-27 =

tyc-4s =

P*R,/ (S,*E - 0.6*P) + Corrosion

150*0.5/ (20,0001 - 0.6*150) + O

0.0038 in

max[ t, yg27 > taug-22 |
max[ 0.0038, 0]
0.0038 in

0.2702 in

max[ ty , t ygie |
max[ 0.2702 , 0.0625 ]
0.2702 in

min[ t;, t, ]
min[ 0.1348 , 0.2702 ]
0.1348in

max[t,, t,]
max[ 0.0038 , 0.1348 ]
0.1348in

Available nozzle wall thickness new, t, = 0.5 in

The nozzle neck thickness is adequate.

=lesserof 0.750ort,ort=0.33in
) = lesser of 0.25 or 0.7, = 0.231 in
y=0.7"Leg = 0.770.375 = 0.2625 in
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LG #2 (C2)

ASME Section VIII Division 1, 2015 Edition

—0.3750

0.3300 0.3300
A
\ | y

T i

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

Location and Orientation

Access opening

Located on Ellipsoidal Head #2
Orientation 180°

End of nozzle to datum line -24"

Calculated as hillside Yes

Distance to head center, R 31.625"

Passes through a Category A joint No

No

Material specification

SA-182 F304 <=5 (II-D p. 86, In. 34)

Inside diameter, new

1|l

Nominal wall thickness 0.5"
Corrosion allowance 0"
Opening chord length 1.3517"
Projection available outside vessel, Lpr 5.5791"
Projection available outside vessel to flange face, Lf [6.1391"
Local vessel minimum thickness 0.33"
Liquid static head included 1.57 psi

Longitudinal joint efficiency

Inner fillet, Leg,,

1

0.375"

Nozzle to vessel groove weld

0.33"
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ASME B16.5-2013 Flange

Description NPS 1 Class 150 LWN A182 F304
Bolt Material SA-193 B8 1 Bolt (II-D p. 352, In. 20)
Blind included No

Rated MDMT -320°F

Liquid static head | 1.57 psi

MAWP rating 252.5 psi @ 150°F

MAP rating 275 psi @ 70°F

Hydrotest rating 425 psi @ 70°F

PWHT performed |No

Impact Tested No

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT = -320°F

UHA-51 Material Toughness Requirements Nozzle

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.
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Reinforcement Calculations for Internal Pressure

UG-45
Summary

()]

The nozzle
passes UG-45

UG-37 Area Calculation Summary

(in?)

For P = 151.57 psi @ 150 °F

A A A
required | available A1 | Az | A3 | As welds treq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.1348 1 0.5

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
B E R e throat size (in) | throat size (in) Status
Nozzle to shell fillet (Lega1) 0.231 0.2625 weld size is adequate

Calculations for internal pressure 151.57 psi @ 150 °F

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t, - C,) + (t - C))
MAX(1.3517, 0.6759 + (0.5 - 0) + (0.33 - 0))

1.5059 in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t, - C,) + t,)

MIN(2.5*(0.33 - 0), 2.5*(0.5- 0) + 0)
= 0.825in

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

t P*R_/(S,*E - 0.6*P)
151.5747*0.5 / (20,000*1 - 0.6*151.5747)

0.0038 in

m

Required thickness t, from UG-37(a)

t

r

P*D/ (2*S*E - 0.2*P)

151.57*72/ (2*20,000*1 - 0.2*151.57)
0.273"

Required thickness t, per Interpretation VIlI-1-07-50

t

r

P*D / (2*S*E - 0.2*P)
151.57*72 / (2*20,000%0.85 - 0.2*151.57)
0.3213"
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This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: t
tc(min

tc(actual

min

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

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

ta uG-27 =

tyc-4s =

P*R,/ (S,*E - 0.6*P) + Corrosion

151.5747*0.5/(20,000*1 - 0.6*151.5747) + 0

0.0038 in

max[ t, yg27 > taug-22 |
max[ 0.0038, 0]

0.0038 in

0.273in

max[ ty; , t, yaie |
max[ 0.273, 0.0625 ]

0.273in

min[ t;, t, ]
min[ 0.1348 , 0.273 ]
0.1348 in

max[t,, t,]
max[ 0.0038 , 0.1348 ]
0.1348in

Available nozzle wall thickness new, t, = 0.5 in

The nozzle neck thickness is adequate.

=lesserof 0.750ort,ort=0.33in
) = lesser of 0.25 or 0.7, = 0.231 in
y=0.7"Leg = 0.770.375 = 0.2625 in
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Drain (D)

ASME Section VIII Division 1, 2015 Edition

U.S?EUJL U.S?EU\L

—0.3750

I I I 4

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

Location and Orientation

Access opening

Located on Cylinder #2
Orientation 180°
Nozzle center line offset to datum line 138"

End of nozzle to shell center 43.375"
Passes through a Category A joint No

No

Material specification

SA-182 F304 <=5 (II-D p. 86, In. 34)

Inside diameter, new

1Il

Nominal wall thickness 0.5"
Corrosion allowance 0"
Projection available outside vessel, Lpr 6.44"
Projection available outside vessel to flange face, Lf |7"
Local vessel minimum thickness 0.375"
Liquid static head included 1.75 psi

Longitudinal joint efficiency

Inner fillet, Leg,,

0.375"

Nozzle to vessel groove weld

0.375"
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ASME B16.5-2013 Flange

Description NPS 1 Class 150 LWN A182 F304
Bolt Material SA-193 B8 1 Bolt (II-D p. 352, In. 20)

Blind included No
Rated MDMT -320°F

Liquid static head |2 psi

MAWP rating 252.5 psi @ 150°F
MAP rating 275 psi @ 70°F
Hydrotest rating 425 psi @ 70°F
PWHT performed |No

Impact Tested No

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT = -320°F

UHA-51 Material Toughness Requirements Nozzle

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.
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Reinforcement Calculations for Internal Pressure

UG-45
Summary

()]

The nozzle
passes UG-45

UG-37 Area Calculation Summary

(in?)

For P = 151.75 psi @ 150 °F

A A A

required | available A1 | Az | A3 | As welds treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.1348 | 0.5

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
B E R e throat size (in) | throat size (in) Status
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

Calculations for internal pressure 151.75 psi @ 150 °F

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t, - C,) + (t - C))
MAX(1, 0.5 + (0.5 - 0) + (0.375 - 0))

1.3751n

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t, - C,) + t,)

MIN(2.5*(0.375 - 0), 2.5%(0.5 - 0) + 0)
= 0.9375in

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

t

P*R,/(S,’E - 0.6*P)
151.7462*0.5 / (20,000*1 - 0.6*151.7462)
0.0038 in

m

Required thickness t, from UG-37(a)

t

P*R/(S*E - 0.6*P)
151.7462*36 / (20,000*1 - 0.6*151.7462)
0.2744 in

r
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Required thickness t, per Interpretation VIlI-1-07-50

t P*R/(S*E - 0.6*P)
151.7462*36 / (20,000*0.85 - 0.6*151.7462)

0.3231 in

r

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

UW-16(c) Weld Check

Fillet weld: t.;, = lesser of 0.75 or t, ort=0.375 in
) = lesser of 0.25 or 0.7, = 0.25in

y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min

tc(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

t,ugor = P*R,/(S,"E-0.6"P) + Corrosion
= 151.9989*0.5/(20,000*1 - 0.6*151.9989) + 0
= 0.0038in

t, = max[t,ygo7 > taugez |
= max[ 0.0038,0]

= 0.0038in

toq = P*R/(S*E-0.6"P) + Corrosion
= 151.7462*36 / (20,000*1 - 0.6*151.7462) + 0
= 0.2744in

b1 = max[ty, tyars ]
- max[0.2744 , 0.0625 ]
= 0.2744in

t, = min[tg, t, ]
= min[0.1348 , 0.2744 ]
- 0.1348in

theas = Max(ty, ]
= max[ 0.0038,0.1348 ]
= 0.1348in

Available nozzle wall thickness new, t, = 0.5 in

The nozzle neck thickness is adequate.
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Tl (E)

ASME Section VIII Division 1, 2015 Edition

U.S?EUJL U.S?EU\L

—0.3750

I I I 4

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

Location and Orientation

Access opening

Located on Cylinder #3
Orientation 90°
Nozzle center line offset to datum line 66"

End of nozzle to shell center 43.375"
Passes through a Category A joint No

No

Material specification

SA-182 F304 <=5 (II-D p. 86, In. 34)

Inside diameter, new

1Il

Nominal wall thickness 0.5"
Corrosion allowance 0"
Projection available outside vessel, Lpr 6.44"
Projection available outside vessel to flange face, Lf |7"
Local vessel minimum thickness 0.375"
Liquid static head included 0.43 psi

Longitudinal joint efficiency

Inner fillet, Leg,,

0.375"

Nozzle to vessel groove weld

0.375"
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ASME B16.5-2013 Flange

Description NPS 1 Class 150 LWN A182 F304
Bolt Material SA-193 B8 1 Bolt (II-D p. 352, In. 20)

Blind included No

Rated MDMT -320°F

Liquid static head |0.43 psi

MAWP rating 252.5 psi @ 150°F
MAP rating 275 psi @ 70°F

Hydrotest rating 425 psi @ 70°F
PWHT performed |No

Impact Tested No

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT = -320°F

UHA-51 Material Toughness Requirements Nozzle

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.
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Reinforcement Calculations for Internal Pressure

UG-45
Summary

()]

The nozzle
passes UG-45

UG-37 Area Calculation Summary

(in?)

For P = 150.43 psi @ 150 °F

A A A

required | available A1 | Az | A3 | As welds treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.1348 | 0.5

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
B E R e throat size (in) | throat size (in) Status
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

Calculations for internal pressure 150.43 psi @ 150 °F

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t, - C,) + (t - C))
MAX(1, 0.5 + (0.5 - 0) + (0.375 - 0))

1.3751n

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t, - C,) + t,)

MIN(2.5*(0.375 - 0), 2.5%(0.5 - 0) + 0)
= 0.9375in

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

t

P*R,/(S,’E - 0.6*P)
150.4332*0.5 / (20,000*1 - 0.6*150.4332)
0.0038 in

m

Required thickness t, from UG-37(a)

t

P*R/(S*E - 0.6*P)
150.4332*36 / (20,000*1 - 0.6*150.4332)
0.272in

r
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Required thickness t, per Interpretation VIlI-1-07-50

t P*R/(S*E - 0.6*P)
150.4332*36 / (20,000*0.85 - 0.6*150.4332)

0.3203 in

r

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

UW-16(c) Weld Check

Fillet weld: t.;, = lesser of 0.75 or t, ort=0.375 in
) = lesser of 0.25 or 0.7, = 0.25in

y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min

tc(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

t,ugor = P*R,/(S,"E-0.6"P) + Corrosion
= 150.4332*0.5/(20,000*1 - 0.6*150.4332) + 0
= 0.0038in

t, = max[t,ygo7 > taugez |
= max[ 0.0038,0]

= 0.0038in

toq = P*R/(S*E-0.6"P) + Corrosion
= 150.4332*36/(20,000*1 - 0.6*150.4332) + 0
= 0.272in

b1 = max[ty, tyars ]
- max[0.272,0.0625]
= 0.272in

t, = min[tg, t, ]
-  min[0.1348,0.272]
- 0.1348in

theas = Max(ty, ]
= max[ 0.0038,0.1348 ]
= 0.1348in

Available nozzle wall thickness new, t, = 0.5 in

The nozzle neck thickness is adequate.
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Liquid Out (F)

ASME Section VIII Division 1, 2015 Edition

—0.3750

0.3750 0'3?50>L
jl I A

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

Location and Orientation

Access opening

Located on Cylinder #3
Orientation 180°
Nozzle center line offset to datum line 48"

End of nozzle to shell center 43.375"
Passes through a Category A joint No

No

Material specification

SA-182 F304 <=5 (II-D p. 86, In. 34)

Inside diameter, new

2"

Nominal wall thickness 0.53"
Corrosion allowance 0"
Projection available outside vessel, Lpr 6.25"
Projection available outside vessel to flange face, Lf |7"
Local vessel minimum thickness 0.375"
Liquid static head included 1.75 psi

Longitudinal joint efficiency

Inner fillet, Leg,,

0.375"

Nozzle to vessel groove weld

0.375"
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ASME B16.5-2013 Flange

Description NPS 2 Class 150 LWN A182 F304
Bolt Material SA-193 B8 1 Bolt (II-D p. 352, In. 20)

Blind included No
Rated MDMT -320°F

Liquid static head |2 psi

MAWP rating 252.5 psi @ 150°F
MAP rating 275 psi @ 70°F
Hydrotest rating 425 psi @ 70°F
PWHT performed |No

Impact Tested No

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT = -320°F

UHA-51 Material Toughness Requirements Nozzle

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.
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Reinforcement Calculations for Internal Pressure

UG-45
Summary

()]

The nozzle
passes UG-45

UG-37 Area Calculation Summary

(in?)

For P = 151.75 psi @ 150 °F

A A A
required | available | A1 | A2 [ A3 [ A5 | yeigs | Trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.189 | 0.53

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
B E R e throat size (in) | throat size (in) Status
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

Calculations for internal pressure 151.75 psi @ 150 °F

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t, - C,) + (t - C))
MAX(2, 1 + (0.53 - 0) + (0.375 - 0))

2in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t, - C,) + t,)

MIN(2.5*(0.375 - 0), 2.5%(0.53 - 0) + 0)
= 0.9375in

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

t

P*R,/(S,’E - 0.6*P)
151.7462*1 / (20,000*1 - 0.6*151.7462)
0.0076 in

m

Required thickness t, from UG-37(a)

t

P*R/(S*E - 0.6*P)
151.7462*36 / (20,000*1 - 0.6*151.7462)
0.2744 in

r
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Required thickness t, per Interpretation VIlI-1-07-50

t P*R/(S*E - 0.6*P)
151.7462*36 / (20,000*0.85 - 0.6*151.7462)

0.3231 in

r

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

UW-16(c) Weld Check

Fillet weld: t.;, = lesser of 0.75 or t, ort=0.375 in
) = lesser of 0.25 or 0.7, = 0.25in

y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min

tc(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

toucey = P*R,/(S,"E-0.6*P) + Corrosion
= 151.9989*1/(20,000*1 - 0.6*151.9989) + 0
= 0.0076in
ta = max[t,yge7 s taugee ]
= max[ 0.0076, 0]
= 0.0076in
toq = P*R/(S*E-0.6"P) + Corrosion
= 151.7462*36 / (20,000*1 - 0.6*151.7462) + 0
= 0.2744in
b1 = max[ty, tyars ]
= max[0.2744,0.0625 ]
= 0.2744in
t = min[t,,t,]
= min[0.189,0.2744 ]
= 0.189in
theas = Max(ty, ]
= max[0.0076,0.189 ]
= 0.189in

Available nozzle wall thickness new, t, = 0.53 in

The nozzle neck thickness is adequate.
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LSHH #1 (G1)

ASME Section VIII Division 1, 2015 Edition

U.S?EUJL U.S?EU\L

—0.3750

) I I I I 4

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

Location and Orientation

Access opening

Located on Cylinder #3
Orientation 90°
Nozzle center line offset to datum line 78"

End of nozzle to shell center 39.75"
Offset from center, Lo -15.75"
Passes through a Category A joint No

No

Material specification

SA-182 F304 <=5 (II-D p. 86, In. 34)

Inside diameter, new

1|l

Nominal wall thickness 0.5"
Corrosion allowance 0"
Opening chord length 1.1111"
Projection available outside vessel, Lpr 5.9398"
Projection available outside vessel to flange face, Lf |6.4998"
Local vessel minimum thickness 0.375"
Liquid static head included 0 psi

Longitudinal joint efficiency

Inner fillet, Leg,,

1

0.375"

Nozzle to vessel groove weld

0.375"
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ASME B16.5-2013 Flange

Description NPS 1 Class 150 LWN A182 F304
Bolt Material SA-193 B8 1 Bolt (II-D p. 352, In. 20)

Blind included No
Rated MDMT -320°F

Liquid static head |0 psi

MAWP rating 252.5 psi @ 150°F
MAP rating 275 psi @ 70°F
Hydrotest rating 425 psi @ 70°F
PWHT performed |No

Impact Tested No

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT = -320°F

UHA-51 Material Toughness Requirements Nozzle

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.
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Reinforcement Calculations for Internal Pressure

UG-45
Summary

()]

The nozzle
passes UG-45

UG-37 Area Calculation Summary

(in?)

For P = 150 psi @ 150 °F

A A A

required | available A1 | Az | A3 | As welds treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.1348 | 0.5

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
B E R e throat size (in) | throat size (in) Status
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

Calculations for internal pressure 150 psi @ 150 °F

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t, - C,) + (t - C))
MAX(1.1111, 0.5556 + (0.5 - 0) + (0.375 - 0))

1.4306 in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t, - C,) + t,)

MIN(2.5*(0.375 - 0), 2.5%(0.5 - 0) + 0)
= 0.9375in

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

t

P*R,/(S,’E - 0.6*P)
150*0.5 / (20,000*1 - 0.6*150)
0.0038 in

m

Required thickness t, from UG-37(a)

t

P*R/(S*E - 0.6'P)
150*36 / (20,0001 - 0.6*150)
0.2712iin

r
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Required thickness t, per Interpretation VIlI-1-07-50

t P*R/(S*E - 0.6*P)
150*36 / (20,000%0.85 - 0.6*150)

0.3193in

r

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

UW-16(c) Weld Check

Fillet weld: t.;, = lesser of 0.75 or t, ort=0.375 in
) = lesser of 0.25 or 0.7, = 0.25in

y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min

tc(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

t,ugor = P*R,/(S,"E-0.6"P) + Corrosion
= 150%0.5/(20,000*1 - 0.6*150) + 0
= 0.0038in

t, = max[t,ygo7 > taugez |
= max[ 0.0038,0]

= 0.0038in

toq = P*R/(S*E-0.6"P) + Corrosion
= 150"36/(20,000*1 - 0.6*150) + 0
= 0.2712in

b1 = max[ty, tyars ]
- max[0.2712,0.0625 ]
= 0.2712in

t, = min[tg, t, ]
- min[0.1348,0.2712]
- 0.1348in

theas = Max(ty, ]
= max[ 0.0038,0.1348 ]
= 0.1348in

Available nozzle wall thickness new, t, = 0.5 in

The nozzle neck thickness is adequate.
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Reinforcement check in the plane parallel to the longitudinal axis

Reinforcement Calculations for Internal Pressure

UG-45
Summary

()]

The nozzle
passes UG-45

UG-37 Area Calculation Summary

(in?)

For P = 150 psi @ 150 °F

A A A
required | available A1 | Az | A3 | As welds treq tmin
This nozzle is exempt from area
0.1348 | 0.5

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

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
B E R e throat size (in) | throat size (in) Status
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t, - C,) + (t - C))
MAX(1, 0.5 + (0.5 - 0) + (0.375 - 0))

1.3751n

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t, - C,) + t,)

MIN(2.5*(0.375 - 0), 2.5%(0.5 - 0) + 0)
= 0.9375in

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

t

m

P*R,/(S,’E - 0.6*P)
150*0.5 / (20,000*1 - 0.6*150)
0.0038 in

Required thickness t, from UG-37(a)

t

P*R/(S*E - 0.6'P)
150*36 / (20,0001 - 0.6*150)
0.2712iin

r

96/103



Required thickness t, per Interpretation VIlI-1-07-50

t P*R/(S*E - 0.6*P)
150*36 / (20,000%0.85 - 0.6*150)

0.3193in

r

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

UG-45 Nozzle Neck Thickness Check

t,ugor = P*R,/(S,"E-0.6"P) + Corrosion
= 150%0.5/(20,000*1 - 0.6*150) + 0
= 0.0038in

t, = max[t,ygo7 > taugez |
= max[ 0.0038,0]

= 0.0038in

toq = P*R/(S*E-0.6"P) + Corrosion
= 150*36/(20,000*1 - 0.6*150) + 0
= 0.2712in

b1 = max[ty, tyars ]
- max[0.2712,0.0625 ]
= 0.2712in

t, = min[tg, t, ]
- min[0.1348,0.2712]
- 0.1348in

theas = Max(ty, ;]
—  max]0.0038,0.1348 ]
= 0.1348in

Available nozzle wall thickness new, t, = 0.5 in

The nozzle neck thickness is adequate.
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LSHH #2 (G2)

ASME Section VIII Division 1, 2015 Edition

U.S?EUJL U.S?EU\L

—0.3750

) I I I I 4

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

Location and Orientation

Access opening

Located on Cylinder #3
Orientation 90°
Nozzle center line offset to datum line 78"

End of nozzle to shell center 43.375"
Offset from center, Lo -1.75"
Passes through a Category A joint No

No

Material specification

SA-182 F304 <=5 (II-D p. 86, In. 34)

Inside diameter, new

1|l

Nominal wall thickness 0.5"
Corrosion allowance 0"
Opening chord length 1.0012"
Projection available outside vessel, Lpr 6.4477"
Projection available outside vessel to flange face, Lf |7.0077"
Local vessel minimum thickness 0.375"
Liquid static head included 0.37 psi

Longitudinal joint efficiency

Inner fillet, Leg,,

1

0.375"

Nozzle to vessel groove weld

0.375"
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ASME B16.5-2013 Flange

Description NPS 1 Class 150 LWN A182 F304
Bolt Material SA-193 B8 1 Bolt (II-D p. 352, In. 20)

Blind included No

Rated MDMT -320°F

Liquid static head |0.37 psi

MAWP rating 252.5 psi @ 150°F
MAP rating 275 psi @ 70°F

Hydrotest rating 425 psi @ 70°F
PWHT performed |No

Impact Tested No

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT = -320°F

UHA-51 Material Toughness Requirements Nozzle

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of -200°F.
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Reinforcement Calculations for Internal Pressure

UG-45
Summary

()]

The nozzle
passes UG-45

UG-37 Area Calculation Summary

(in?)

For P = 150.37 psi @ 150 °F

A A A

required | available A1 | Az | A3 | As welds treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.1348 | 0.5

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
B E R e throat size (in) | throat size (in) Status
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

Calculations for internal pressure 150.37 psi @ 150 °F

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t, - C,) + (t - C))
MAX(1.0012, 0.5006 + (0.5 - 0) + (0.375 - 0))

1.3756 in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t, - C,) + t,)

MIN(2.5*(0.375 - 0), 2.5%(0.5 - 0) + 0)
= 0.9375in

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

t

P*R,/(S,’E - 0.6*P)
150.37*0.5 / (20,000*1 - 0.6*150.37)
0.0038 in

m

Required thickness t, from UG-37(a)

t

P*R/(S'E - 0.6°P)
150.37*36 / (20,000*1 - 0.6*150.37)
0.2719in

r
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Required thickness t, per Interpretation VIlI-1-07-50

t P*R/(S*E - 0.6*P)
150.37*36 / (20,000*0.85 - 0.6*150.37)

0.3201 in

r

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

UW-16(c) Weld Check

Fillet weld: t.;, = lesser of 0.75 or t, ort=0.375 in
) = lesser of 0.25 or 0.7, = 0.25in

y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min

tc(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

toucey = P*R,/(S,"E-0.6*P) + Corrosion
= 150.37*0.5/(20,000*1 - 0.6*150.37) + 0
= 0.0038in
ta = max[t,yge7 s taugee ]
= max[ 0.0038,0]
= 0.0038in
toq = P*R/(S*E-0.6"P) + Corrosion
= 150.37*36/(20,000*1 - 0.6150.37) + 0
= 0.2719in
s = max[ty, b ygre |
= max[0.2719, 0.0625 ]
= 0.2719in
t = min[t,,t,]
= min[0.1348,0.2719]
= 0.1348in
theas = Max(ty, ]
= max[ 0.0038, 0.1348 ]
= 0.1348in

Available nozzle wall thickness new, t, = 0.5 in

The nozzle neck thickness is adequate.
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Reinforcement check in the plane parallel to the longitudinal axis

Reinforcement Calculations for Internal Pressure

UG-45
Summary

()]

The nozzle
passes UG-45

UG-37 Area Calculation Summary

(in?)

For P = 150.37 psi @ 150 °F

A A A
required | available A1 | Az | A3 | As welds treq tmin
This nozzle is exempt from area
0.1348 | 0.5

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

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
B E R e throat size (in) | throat size (in) Status
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t, - C,) + (t - C))
MAX(1, 0.5 + (0.5 - 0) + (0.375 - 0))

1.3751n

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t, - C,) + t,)

MIN(2.5*(0.375 - 0), 2.5%(0.5 - 0) + 0)
= 0.9375in

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

t

m

P*R,/(S,’E - 0.6*P)
150.37*0.5 / (20,000*1 - 0.6*150.37)
0.0038 in

Required thickness t, from UG-37(a)

t

P*R/(S'E - 0.6°P)
150.37*36 / (20,000*1 - 0.6*150.37)
0.2719in

r
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Required thickness t, per Interpretation VIlI-1-07-50

t P*R/(S*E - 0.6*P)
150.37*36 / (20,000*0.85 - 0.6*150.37)

0.3201 in

r

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

UG-45 Nozzle Neck Thickness Check

tougoy = P*R,/(S,"E-0.6*P) + Corrosion
= 150.37*0.5/(20,000*1 - 0.6*150.37) + O
= 0.0038in
ty = max[t, ygo7 > taugez ]
= max[ 0.0038,0]
= 0.0038in
toq = P*R/(S*E-0.6"P) + Corrosion
= 150.37*36/(20,000*1 - 0.6*150.37) + 0
= 0.2719in
b1 = max[ty , tyyae
= max[0.2719, 0.0625 ]
= 0.2719in
t = min[t,,t,]
= min[0.1348,0.2719]
= 0.1348in
tgas = max[t,, ty]
= max[0.0038, 0.1348]
= 0.1348in

Available nozzle wall thickness new, t, = 0.5 in

The nozzle neck thickness is adequate.
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TEM § Q. DESCRIPTION COMMENTS WATERIAL WEIGHT HEAT # . ox E
1 1 |HEAD 21 ELLP. 72" 1D, (233" MIN THK) W/2" SF HEAD 1 SA-240-304 754 J958s5u=
2 1 [HEAD 21 ELLP. 727 1D. (033" MIN THK) W/2" SF HEAD #2 SA-240-304 754 ggig EEM
3 3 |Reaw CYUNDER 727 10, x 8'-0" L6, (0.375" THK) BEE SHELL #1.42,43 SA-240-304 6960 sxtfEcs
czEozcs
EESEHE
5 §  |FLANGE, 17 1504 RFLWN x 9" LG. C1,C2.0,E,61,62 SA-182-F-304 “ FESEE4E
6 1 |FLANGE, 2" 150 RFLWN x 9" LG. F SA-182-F-304 16 2822 gzl
7 2 |FLANGE, 12” 1504 RFWN /405 AB SA-182-F-304 240 it £k
=S FEHEE2
8 1 |PLATE, 3/8" THK. x 12 7/8" ID x 20 3/4” OD (FORM TO NATCH HEAD, HILLSIDE) A SA-240-304 23 EEgzessSs
9 1 [eiee, 12" s7405 x 10 7/8" 16. BBE A SA-312-TP304(W) 4 gzz2E R
10 1 [pLATE, 3/8” THK. % 12 7/8” 1D x 16 3/4” 0D (ROLL TO 36 3/8” ISR) B SA-240-304 10 £32p 2 éi%
1 1 [Pire, 12" /405 x 6 172" L6 PEXBE B SA-312-TP304(W) 29 %§Z§ g5ae
LYyFEZ S ag
12 2 |PLATE, 5/8" THK x 667 LG x 77 WD W/(2) HOLES (SEE DETAL "C") SADDLE SA-240-304 163 £8=488=a
13 2 |PLATE, 1/2" THK x 777 W x 3'-3 1/16" LG (BEND & CUT PER DETAL "C") SADDLE SA-240-304 853 z.28= §§§
14 4 |PLATE, 1/2" THK x 5 1/2” W x -9 9/16” L6, (CUT PER DETAL "C") SADDLE SA-240-304 67 %ég; e
15 1 [PLATE, 1/4" THK x 670D VORTEX. BREAKER SA-240-304 2 Ep-fg3ss
16 3 [PLATE, 1/4" THK x 3/4” W x 4" LG VORTEX BREAKER SA-240-304 1 ceiio zgg
P 17 2 |PLATE, 1/2" THK x 12 W. x 1'~8" LG. (TRIM PER DETAL "8") INLET DIVERTER SA-240-304 7 EE ggg
) 18 2 |PIPE, 1" XH x 2'~1 7/8" LG. BBE (CUT PER DETAIL "B") INLET DIVERTER SA-312-TP304(W) 9 22988553
19 1 |PLATE, 1/4” x 6" x 8" NAMEPLATE SA-240-304 3 ole|e
20 1 [puate 14 TR x 2 3747 x 6 NAMEPLATE SA=240-304 2 MR
BN
@ 5
RS
%
elele
» NRELEE
he 3|35
Certified by o (19)
VENDOR 2EEE
|:| VENDOR CODE PLATE
@ ©
= (98]
o ° =z
‘ 150 ‘psw ot‘ 150 F 7 N S
(Max. allowable working pressure) N = %7
< 1 L 2 &
‘ -200 Foat ‘ 150 ‘ psi o M- """ N =
(Min. design metal temperature) g é
o a
| || | -
(Manufacturer's serial number) (Year bult) O 6" @ =|3|°
o35
ZlmlE
VENDOR CODE PLATE NAMEPLATE BRACKET e
SCALE 3" = 1'-0" s|2 8
T|lE|x
o
alg|=
w|lon|w
2|8
~f-lo|E
DESIGN DATA: Bl p— 0T
ST e— 5%
VESSEL TO BE CONSTRUCTED IN STRICT ACCORDANCE WITH THE 2015 EDITION AND S & bt
M NO  ADDENDA OF THE ASME PRESSURE VESSEL CODE: SECTION VIl DIVISION 1, AND S Q) a%
IS TO BE SO STAMPED. : U2 i
NATIONAL BOARD NUMBER REQUIRED HEEYES [CINO m *
3 AM?;X MAWP 150 PSI @ 150 DEG. F. LIMITED BY: DESIGN OF VESSEL 5
) MDMT: —-200 DEG. F. @ 150 PSIG m
TELL-TALE - " FINAL HYDROSTATIC TEST: 200 PSI CHART REQ'D: EEYES [JNO
HOLE 61,62 LSHH 1" | 1504 | RFLWN SEE DWG| D | 3/8 HEAT TREAT: O HRS. O MIN. @ 1150 +/— 50 DEG. F. (CARBON STEEL)
A\ < CORROSION ALLOWANCE: 0"
125750, Y) 7 F LIQUID ouT 2”7 | 150# |RFLWN 7" B | 3/8 VORTEX BREAKER CLIENT INSPECTION REQUIRED: mVES CINO Q—q
3/ SPECIAL WELD PROCEDURES REQ'D.: CJYES EENO 23
£ Tl 17 | 150# | RFLWN 77 D | 3/8 INSULATION REQUIRED: CIYES EENO — TYPE g
J»J MILL TEST REPORTS: Bl STD. PER CODE CJPER SPECS— ] s§
D DRAIN 1” 150# RFLWN 7" B I 3/8 IMPACT REQUIREMENTS: IMPACT TEST EXEMPT PER UHA-51(d)(1)(a) & UHA-51(g) o~ ot
REPAD/NOZZLE W/EXT. & FLUSH EARTHQUAKE: ASCE 7—10 SITE=D, 1=1.25 WIND VELOCITY: ASCE 7—10 120 MPH CAT |||, Exp C,|Ja EH
wps: c1,c2 LG 17 | 150# |RFLWN SEE DWG| D | 3/8 WEIGHT EMPTY: 9596  # FULL OF WATER: 56111 # OPERATING: 42603  # |5 Fe
1] A SPECIFICATIONS: UOPR. ENGINERING STANDARDS
” E . v
g VAPOR OUT 127 | 1504 | RFWN |3/876 341 107 B | mwi]|3s 5/16 SURFACE PREPARATION: NONE o2
PAINT: NONE = N
» 3/87D0 3/4" DIVERTER v
A INLET 12" | 150# | RFWN |3/ /41SEE DWGISEE DWG| 11l,VI | 3/8 5/16 =
5 |
THK. | 0.D. | OUTSIDE | INSIDE | WELD "a” "b” " . —
MARK SERVICE SIZE | RATNG | TYPE REPAD |  PROJECTON | DETAL WELD SIZE CONMENTS NDE REQUIREMENTS: 100% RT1 RT2 RT3 RT4  NONE Q) |,
RADIOGRAPHY: o |
# ;m: NOZZLE SCHEDULE ANSI B16.5 FLANGES / B2.1 NPT CATEGORY A WELDS | ] [ = |33
75 MAX. TS T LONG SEAM (SHELL) FULL LTH.  FULL LTH. FULL LTH.  SPOT = | |9
R s 1y ALL BEVEL ANGLES TO BE 5= ROOT PASS GAP TO BE £ 3/16” 1) ALL NOZZLE REINFORCING PADS TO HAVE 1/4” NPT TELL-TALE HOLE. CATEGORY B WELDS Tk L
2) INTERNAL PROJECTION FOR NOZZLES (IF REQ’D.) TO BE SPECIFIED ALL OTHER PADS TO HAVE A GAP IN THE WELD TO PERMIT VENTING. HEAD TO SHELL FULL LTH.  FULL LTH. SPOT SPOT 2 R B
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