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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 VIIl, Division 1

- Manufactured and certified by WILTEW 2650 SCHILLINGER ROAD NORTH SEMMES ALABAMA 36575 USA

{Name and address of Manufacturer)

2. Manufactured for  Mississippi Power Company 2992 West Beach Blvd. Gulfport, MS. 39501
(Name and address of Purchasar)
3. Location of installation Mississippi Power Company 2992 West Beach Blvd. Gulfport, MS. 39501
(Name and address)
4. Type Vertical 3592-1 - 3592 021 2012
(Horizontal or vertical, tank) (Manufacturer’s serial number) {CRN) (Drawing number) (National Board number}) (Year built)
5. The chemical and physical properties of all parts meet the requirements of material specifications of the ASME BOILER AND PRESSURE VESSEL
CODE. The design, construction, and workmanship conform to ASME Rules, Section VIII, Division 1 2010 Edition
Year
to 2011 Addenda NA None
[Addenda (date)] (Code Case numbers) [Special service per UG-120(d)]
6. Shell SA-516 70 .375 0.125 811 1/4" 27'-0" SM/SM
(Material spec. number, grade) (Nominal thickness) (Corr, allow.) (Inner diameter) [Length {overall)]
7. Seams Type 1 Spot 85 NA NA Type 1 Spot 85 4
[Long, (welded, dbl., sngl., lap, bult)] [R. T. (spot or 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)Materiat SA-516 70 (b} Material SA-51570
(Spac. no., grade) (Spec. no,, grade)
Location (Top, Minimum Corrosion Crown Knuckle Elliptical Conical Hemispherical Flat Side To Pressure
Bottom, Ends) Thickness Allowance Radius Radius Ratio Apex Angle Radius Diameter (Convex or Concave)
(a) TOP .283 125 - - 21 - - - convex
(b) BOTTOM 319 125 - . 21 . - % convex
If removable, bolts used (describe other fastenings) NA
(Material spec. number, grade, size, number)
9. MAWP 50 = at max. temp. 400 - .
(Internal) {External) {Internal) (External)
Min. design metal temp. 10 at = Hydro., prewx, @xzamtx test pressure 65
10. Mozzles, inspection, and salely valve apenings:
Purpose Diameter Nominal Reinforcement How
(Inlet, Outlet, Drain) | Number or Size Type Material Thickness Material Attached Location
Manway 1 24" RFSO SA-516 70 500 SA-516 70 UW16.1 E
Inlet 1 16" RFWN SA-1068 375 Integral Uw16.1 -
Outlet 1 12" RFWN SA-1068 .500 Integral UW16.1 -
Outlet 1 3" RFWN SA-1068 .500 SA-516 70 Uw16.1 -
Inlet 1 > RFWN SA-106B .300 Integral UW16.1 -
Instrument 2 n RFWN SA-106B 344 Integral UW16.1 -
11. Supports; Skirl No Lugs None Legs 4 Other NA Attached shell / welded
(Yes or no) {Number) (Number) {Describe) (Where and how)

12. Remarks: Manufacturer's Partiat Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following
items of the report: NA

(Name of part, item number, Manufacturer's name and idenlifying stamp)
Materials are exempt from code impacts per UG 20 (f). Pressure relief device provided by others.
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 ? 43 5‘/2

expires /2 f/a f/,{ : }

Date t/ :f z i: g Co.name WILTEW Signed
{Manufaclurer) et (Repraseriative)
CERTIFICATE OF SHOP / FIELD INSPECTION

Vessel constructed by  WILTEW at 2650 SCHILLINGER ROAD NORTH SEMMES, ALABAMA 36575 USA

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and/or the State or Province of
AL and employed by One Beacon America Insurance Company
have inspected the component described in this Manufacturer's Data Report on |~y D =Nl , 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 VIII, Division 1. By Signing this certificate neither the Inspector nor his/her employer makes any warranty, expressed or
implied, concerning the pressure vessel described in this Manufacturer's Data Report. Furthermore, neither the Inspector nor his/her employer
shall be liable in any manner for any personal injury or properly damage ot a loss of any kind arising from or connected with this inspection.
Date -\~ Signed § b \_&' issi R
o\ \\__ Sigl % B . '\J_ Commissions 11289IS,A; AL10233BL
(Authorized [nspactor) [Nalional Board (incl. endorsements), State, Provincs, and number}
CEl - FP03-5B-04358-001 - U1A ExL - Revision 15 - FP 5.0.1

)
\
=
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HYDROSTATIC TEST RECORD

Customer: Southern Company Test Temp: 75F
Serial No: 3592-1 Hold Time: 1hr
Test Pressure: 65psig Test Fluid: Potable Water

Test Gage SN: 109039~/ Calibration Due Date: %+ /2. /_5_’

A.l Acceptance: Q,\ i L; ,._,,_u“?% \L\\\g‘&\_; Date: Y\ ~\ -\
Wiltew Representative Acceptance: M g / Date: Hofd- (A
2D o
Customer Acceptance: \\ b-vw-v—\b Date: ’—) / { Lb/ /2
Comments:
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SPECIALIZING IN SOILS
EXPLORATION, PHYSICAL
TESTING, ENGINEERING AND
NDT EXAMINATION SERVICES

P

CHALLENGE
ENGINEERING & TESTING, INC. e cuauencerestinaenor.com

REPORT OF RADIOGRAPHIC EXAMINATION

REPORTTO: U/rltzw L.L.C
Job® 3592

PROJECT 7AvK Spot X-Ray Fenn Southzan

COM'OAN\/

CLIENT’S NO.:

P.O. Box 91537

4234 HALLS MILL ROAD
MOBILE, ALABAMA 36691
PHONE: (251) 666-1435
FAX: (251) 666-1438

ORDER NO.:AN/2-O T

REPORT NO.:
DATE:

Sl « Slag Inclusion
IP = Incomplete Penetration
RC = Root Concavity

RADIOGRAPHER

Rl « Rounded Indication
SL e Slag Lines
T1 » Tungsten Inclusion

Danicl, Hentheo

The report reflects interpretations within the limitations of radiographic examination only Strength col
applies only to area included in radiograph information herein is not o be used f
obligation of the corporation is limited to furnishing techriicians balieved {o be com

cama snd na linhilil chall attarh #a thie comnratinn for the accuracethereof.

U * Internal Undercut
EU o Externa! Undercut
P e« Porosity

for reproduction exc

Ll ¢ Linear Indication
CR * Crack
IF « Incomplete Fusion

LEVEL _ZL— INTERPRETER

Acceptance Standard: M £ SEc. Hw-S2 (S’Qp -f-v) Date of Examination:  %/.2-/]2
FILM |WELDER |RECOMMENDATIONS it
WELD NO. VIEw | NOS. [ACCEPTIREJECT DENSITY / REMARKS EXPOSURE DATA
cire.-l A-B |59/3| / Infert: 5.2 2.8 |lidum & Curies: ¢ 3
i X-Ray O MA: KV:
eone. =2 A-B |s9fez| S/ 3.07 | Radiographic Proc. As MEE Se. T
! Material Type: %%
érae.-3 A-B |sYje3| ./ o4 Stant T, 3./g | Component: [ PipeQ Plate @ Other 0
) Material Thickness: 35"
éine.- Y A-B |sY93| 5. Gouwal on inside 2 g4) Reinforcement IAs"
¢ £ Tavk Total Thickness: _Soeo"
Cire. -5 A-R Isvk3| «~ 2.9 | Source to Object: /8"
! | Source Side of Obj. to Film: , 534 **
Zama Scam-1 | A-B |s¥fez| 2.43 | Soucesize: /x| [UGZo.02
v ’ i Exposure Time: /. e1,/a) . SC SEc.
longseam-z | A-B IsWf3| ~ 3.08 |1QISize: 47 [MTLS /s
Q1 Type: A SME
lovasiam-3 | A-B |59/93| 2.8 | Sensitvity: 227 [ss.®Fs.Q
% Screen Thickness: F. .pa) B. .60
lomwgsiam-M | A-B |s¥fp3| 2.97 |FimTywe: AGFA D-Y
i Film Size:  JOXAY rser
S. or D. Wall Viewing: S /A !Sﬁ £
Film Per Cassette: | i
Total FilmUsed: 9
Y
LHpur
S o.212
Ry  od AN
T RN
ABBREVIATIONS AND TERMS

!y

Dt b=

5.5
41%] -
LEVEL_E

mposition and properties of the base or weldment materials are not evaluated. Report of radiographic
ept by special permission. In accepting this report or certificate it is agreed that the extent of the
petent and in the making of this report or certificate the technicians are acting on behal of the parson requesting the
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DESIGN DATA

DESIGN CODE: ASME SECTION Vill, DIV 1

A =
B DESIGN CONDITIONS SHELL SIDE
2 e INT, WORKING PRESSURE 50 PSIG
= SUPPORT LEG MAXACLOW, NS
e o MAX. ALLOW. EXT. WORKING PRESSURE NONE
N RH FC L o DESIGN TEMPERATURE 4007
T \r\“\q’ec, p TEST PRESSURE(HYDROSTATIC) 65 PSIG
1 —
324" | i gy CORROSION ALLOWANCE 125
| ‘ RADIOGRAPHY (RT) SPOT
} LIQUID PENETRANT EXAMINATION (PT) N/A
| 292" POST WELD HEAT TREAT N/A
RH FO\3 ! Q\ r STAMP Ut
/S l 286" SURFACE PREP & PAINTING—EXTERIOR: "LATER"
. i :& =
\l\' ~
g N
o@o 65 4: 7 ! ey WEIGHT: 16700 #EMPTY 135601 #FLOODED
L @ S
e {:T r g MATERIALS:
i “ SHELL: SA-516 CR70 BODY FLG'S: 1/A
,?\l 244" NOZ. FLG'S: SA-105 BOLTING: SA-193 B7/SA-194 2H
-t " o
GASKETS: "LATER STIFFENERS: N/A
E' R S ZA0= It SUPPORTS: C.5 HEADS: 9A~5‘\/6 CR70
x, SUPPORT LEG NAMEPLATE ok ==
l ;2 TAILING LUG SUPPORT LEG INTERNALS: N/A
NOTES:
H FC ! 1. PROTECT ALL STAINLESS STEEL SURFACES TO AVOID CARBON
gH | /h CONTAMINATION,
3 2. ALL FLANGE BOLT HOLES TO STRADDLE VESSEL CENTERLINES
LS-2 ! :3 3. PROTECT ALL OPENINGS FOR SHIPMENT
\‘ | ~J 4. ALL REINFORCING PADS TO HAVE A %" NPT TEST TAP.
i 73 5. REMOVE ALL BURRS, WELD SPATTERS, AND SHARP EDGES.
~ X
& o 0D
- 108 |o D
0 ]
=1 | TTEM [Ty, DESCRIPTION MATERIAL | HEAT No
N 1| 2 |HEAD, 3/8" MIN THK X 1087 0.0. W 2" §F, 2.1 ELLPTCAL HEAD SA-5i6 GR70
o X X ! ]
I 1 kA FC 2 | 1_{PL, 3/8° THK X 106" 00, X 324" LONG, SHELL SA-516 GRD
| 3| 1_[NB_NP_ SIANDARD NATIONAL BOARD NAMEPLATE, W/ 3" STAND OFF S
L C,; 4| 1_|\P BRK]. STANDARD NAVEPLATE BRACKET, W/ 3" STAND OFF S
3 i
gH  FC | Ny 180°
1 y SUPPORT LEG
I v LIFTING LUG
LS N}
-3 ! k\L‘;
\,‘\1 ES ANVIEW — NOZZLE ORIENTATION
i SoiAMERCATE T JSCALE: 1 1/2" = 1'-0"
Eenll o O G— 5% D NOTE: TOP INSULATION RING NOT SHOWN
FOR CLARITY
h
L pepn| Eap- A
R | ‘
]' [ B,
s =@
(% 1 RH Fo NATIONAL BD. NO. 021
‘9?’1 5 HE” U CERTFED BY:
W ]
S E 1 N A B NV @ S Bl o
]_ _l SHELL MAWP 50 _PSi AT400'F
18 ) AT
i ) o VRe SERAC W sgr
YEAR BULT
l \\\ ) EQUIPMENT TAGH _UA-DR-0D31_
g FC
| g Weepere D MAP
. Y C'5 N.B. NAMEPLATE
8 SCALE: NTS
. i NOTE: 3" STANDOFF
38 ¢ R
L o 1R PER CUSTOMER COMMENTS GAM
! b @u =]
I N No. DE-TCI};F"QN BY DATE
e + 3 WILTEW
@ NOZZLE SCHEDULE A 2650 SCHILLINGER RD N. 2
THI HEDULE REFAD MATERIAL ROV, SEMMES, AL. 36575 ||
NOZ [ SIZE [OTv] _TYPE_JRATNG| NECK [ FLANGE| _ FRISTUB | REPAD ODMIDTH NECK FLANGE | FRUSTUB | REPAD [ HEATNo_| FROMOD. SERVICE 108" 0.D. IP CONDENSATE DRUM
12" ™ - = P SA-106 GA— = ¥ q 5
SIS A [ ] e 150/( XH{.500%) | XH BORE SA-106 B SA-105 SEE DETAIL JLP STEAM QUTLET ELEVATION, NOZZLE ORIENTATION,
“SCATE: 1 1/2 = 7o B L I6" | 1 RPN | 150 |STD(375")| STO BORE z - S-106 8 | SA-109 - - SEE DETAIL |IP CONDENSATE INLET AND FABRICATION DETAILS
- . ¢ | 3 [n] eewn | 150§ | 8o(.3007 | 80 BORE - - - $4-106 B SA-105 . = 8 |NmAL FILL NLET SOUTHERN COMPANY
D | 8 |[¥| RewN | 150§ | 80(.500") | B0 BORE - 375" 11.625" 01 SA-106 B 54-105 - SA-516 GR70 SEE DETAIL |LP CONDENSATE OUTLET [{oE DRAWINGING, SHEETT = REV,
CORHIDEL L . o u | 2 [0 me | isof [T60(364)] 160 noge = - 2 1068 | A0 ; 3502 4502 1341 1
This drawing is the property of Wiltew The information contained herein ts to be used only for the construction, operation, and maintenance of the project ! n N 8 SCALE DRAWN BY DATE
for which it was prepared. It 1s not to be reproduced in whole or in part, without the expressed written consent of Wiltew [t is not to be used to fusnish w [ 2 o] weww | 150f [160(344)] 160 BoRe = = = SA-1068 | SA-105 - = [ AS NOTED GAM 08/30/2011
wnformation to others. or for any purpose other than work authorized by Wiltew W |2 [T weso | o | s S0 N 75 27" 00 Sh-516 GR70 | sA-105 = SA-516 GRT0 8 [WANWAY W/ HINGED COVER FOUTHERNCOVERNTASY 04 GUA-DR-0091 | MPC10037829

Quality
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oy DESCRIPTION WATERIAL | HEAT No.
3 [PL. 3/8 THK X 7 13/%6° X 8" VORTEX BREAKER sA-36
1 |PL. 3/B" THK X 8" X 16" VORIEN BREAKER 5h-36
1 | BLND FLANGE, 24" 1507 BLUND FLANGE FOR MANWAY COVER SA-105
1 |CASKET, 1/8" THK 24" 1507 FLANGE GASKED GARLOCK
20 |SIUDS, 1 1/4° DI X 7 1/ LONG B NANWAY COVER 5A-193 B7
| 40 |NUIS, 1 1/4" HYY HEX NUTS @ MANWAY COVER SA-194 2H
P’ 1 [BLND FLANGE, 3" 1508 BUND FLANGE FOR MANWAY COVER SA-105
@ 1 [GASKET, 1/8" THK 3" 150} FLANGE CASKET GARLOCK
4 |SIUDS, 5/8" DiA X 47 LONG @ MANWAY COVER SA-193 B7
8 [NUTS, 5/8" HVY HEX NUTS @ WANWAY COVER SA-194 2H

o
]
2
3
4
7
8
9
10
1
12
13
14
15
16
17
18
19
2

7

it

Al 4

& i

: 3 i
© s fH
63 7

R

%" THK LINER

/ MATERIAL = AR400

NOZZLE "8" DETAILS
SCALE: 3" = 1'-0"

NOZZLE "D" & VORTEX BREAKER DETAILS
SCALE: 3" = 10"

/

; NOZZLE "M"” — MANWAY DETAILS

SCALE= 6" = 1'-0"
NOTE: SEE SHEET 3 FOR MANWAY DAVIT DETAILS

WELDER. T D MAP

SCALE: 3" = 1'-0" 108" 0.D. IP CONDENSATE DRUM
NOZZLE FABRICATION DETAILS
AND VORTEX BREAKER DETAILS

SOUTHERN COMPANY

0
| 0 [FoR_ APPROVAL G| 7 |
Mo ﬂEEﬂIF‘mI‘ By DATE
REVISIONS
o WILTEW =
—_— o i1 Tegr 3013 2650 SCHILLINGER RD N. \
NOZZLE "A" DETAILS w SEMMES, AL, 36575 e

NOZZLE "L1" & "L2" DETALS

g 3
SCALE: a0 NOZZLE "C" DETAILS P\T (‘Om JOB No DRAWING No. SHEET REV.

CONFIDENTIAL SCALE: 3 = 1=0" 3. 43 3592 3592 2/3 0

This drawing is the property of Wiltew The information contained herein is to be used only for the construction, operation, and maintenance of the project SGALE DRAWN BY DATE

for which it was prepared [t1s not to be reproduced i whole or in part. without the expressed wntten consent of Wiltew 1t 1s not to be used to furmish AS NOTED GAM 08/50/2011

mfarmation to others, or for any purpose other than work authorized by Wiltew SOUTHERN COMPANY TAGH 01G-UA-DR-0091 ]FU' MPC10037829
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ITEMQTY DESCRIPTION MATERIAL | HEAT No
1| 1 [P, 3787 THK X 1067 1/47 0.0, X 89 1/4" LD. SUPPORT RING SA-36
B[ 1 |PLLT/AT THR X 107 9747 00, % 477 TALL, LNER AR-400
3 | 4 |PL. 3/8° THK X 14" X 18" SUPPORT LEG REPAD SA-36
4 | 4 |BEAM, WBx24 X 105 1/4" LONG SUPPOHT LEGS SA-36
P 5 [ 4 [PL, 3/4° THK X 14" X 14" BASL PUATL SA-36
5- o 6| 1 |PLI/2THCX 37 WIOE X 4 3/4" LONG 5A-36
5 <0 7 | 1 [RB, 5/8” DA X 127 LONG SA-36
4... Pr— \/y 8 | | |EYE-BOLT, 5/8" DIA X 7 1/& LONG A%
7 ) o |1 [re. 5/8 Ok % & LONG [ sA3
P 10 | 1 [RB. 2" DA X 46" LONG 1 3% =
v ~ 11 { 1 |PLI/Z THK X 2 5/16 WIDE X B LONG I %36 ——
v b > 12 [ 2 [PL1/4" TK X 4 0D X 2 1/8 1B | 3%
v MIST ELIMINATOR 13| 1 [PIPE, 27 SCH 40 % 97 LONG SA-106 B
A SUPPORT RING 14 | 1 [COTIER PIN, 1/8" DIA SS.
Vi 7 15 | 2 |PL, 3/4" THK % 10° X 27" LONG LIFING WG -6
¢ 16 | 2 |PL, 3/4" THK X 2 7/16'(REF) X 10" BRACL PLNE SA-36
-0 17 1 [PL /47 THK X b 3/8” X 10" Sh-36
= 18 | 1 JPL, 3/8° THK X 4" X 17" BRAEL PLATE SA-36
] 1" < 9
ﬂ"; i 20
)
v
‘6" SKIP J" OF WELD AT i
R == . BOTTOM CENTER
TN\INTERNAL SUPPORT RING DETAILS . ) ) 6 JAILING LUG FABRICATION DETAILS
39 ) SCALE: 67 = 10" SONLIFTING (UG FABRICATION DETAILS dry/ SCALE: 3" = 1'-0
NOTE: SEE ELEVATION FOR LOCATION OF RING SCALE- 6" = 10"
@ "
T 14" 9
108" VESSEL 0.0, — e - 3" | ™~
4 il N .
) 2 r ERERE
A 1074" LINER 0.D. L. i E
/ - = D
¢ S i 1 <
7
'
| : .
5\
£ SHELL —ef
8 '3
B S

8

S S T R SR R S TR RN R SRESNRS

l=— 1" LINER

2

T

DRILL 5/32"a THRU

b FOR 1/8" COTTER
PIN @
N
N ™
<+
N =
3 o

/i

SCALE: 68" = 1'-0
NOTE: SEE SHEET 1, ORIENTATION FOR LOCATION OF DAVIT

@MANWA‘( DAVIT ARM FABRICATION DETAILS

WELDER T MAP

i
in N

4
)
4

1 |REVISED SUPPORT LEG LENGTH GAM | 11/04/0011
0_IFOR_APPROVAL GAM| /30 |
] M | DEECAIPTION HY | DATE

REVISIONS

.

I
L

2650 SCHILLINGER RD N.

INTERNAL LINER FABRICATION DETAIL SEMMES, AL 36575

SCALE: §" = 1'-g" " 108” 0.D. IP CONDENSATE DRUM
NOTE: SEE SHEET 1, FLEVATION FOR LOCATION OF LINER SUPPORI LEG FABRICATION DETAILS INTERNAL LINER, LIFTING LUGS
\ g JSCALE: T 1/2° = 1"=0" J g
NOTE: SEE SHEET 1, ORIENTATION FOR LOCATION OF LEGS SUPPORT LEGS, & MISC. DETAILS
SOUTHERN COMPANY
JOB No. DRAWING No. SHEET REV
CONFIDENTIAL 3592 3592 3/3 1
This drawinp is the property of Wiltew The information contained herein is to be used only for the construction, operation, and maintenance of the project SCALE DRAWN BY E
for which 1t was prepared It 1s not to be reproduced m whole or i part. without the expressed written consent of Wiltew It1s not to be used to furmsh AS NOTED M 08/30/2011
nformation to others, or for any purpose other than work autharized by Wiltew SOUTHERN COMPANY TAGH 01G-UA-DR-0091 (2] MPC10037829
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'BAKER TANKHEAD

INCORPORATED

F
USA

BAKER TANKHEAD, INC

* P.O. BOX 77021

10405 NORTH FREEWAY
ORT WORTH, TX 76177

Ph; 866-232-8030
Fax: 817-847-7244

Material Certification

Date: 02-t/lar-12

To

Ship To

' WILTH W, LLC
P.O BOX6

SEMMES, AL 36575

WILTEW, LLC.
2650 SCHILLINGER ROAD NORTH
SEMMES, AL 36575

Ph: 251:661-9770 Fax: 251-661-8707

1463-3591
: '108"0D X 3/8"NOM 2:1 ELLIP

|.320"MIN - SA516-70 - 2"SF

28 13/16"|0H - 28' 3 5/16"0SC

30 DEG QS BEVEL

1126 1/2"DIA B 1326#

%Sect!on VI, Div. 1.

(@),

l* These heads were not heat treated.
! .

Job e
Customer PO Qty Code/Lot NMaterial - Mill*  Heat No*  Stab/Pc Mo’
122337 2 2GC 1323960375516 * See Mill Test Report

|
|* The items listed above were formed in strict accordance with all applicable
requiremnents of the ASME Boiler and Pressure Vessel Code Section VIII, Div. 1.

'* We hereby certify that these parts comply with tolerances of UG-81 of ASME

|* We hereby certify that these heads were cold formed in compliance with the
' ASME Boiler and Pressure Vessel Code, Section V1lI, Div. 1 Paragraph UCS-79

Quality
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: , ; 3 , "
po. ¥ 3452 (Iwe) 122 x396 x 38 sAS/e-70 2 el
JSW STEEL (USA) INC. . - N M.,M,M.Mﬁ
p 3 ) Y, TC Ne,: BR1319421-3225-01
5200 Bast McKinney Road,
BAYTOWN, TX 77525
METALLURGICAL TEST REPORT He=mD5s
Sold To: Ship To: , Tols R Shaily ihat tho pencict et Bsie v S, . 15421
DELTA STEEL INC. FORT WORTH SO.FRWY PRIMARY STOCK i, atiai n s e
CORPORATE OFFICE C/0 DELTA §TEEL, INC. quimments fnamch speclfic Tane Grain, Si-AL Fully Kified
5599 SAN FELIPE, SUITE 600 9217 SOUTH FREEWAY Steol fo g ader ! Opntiea
BOUSTON, TX 77056 FORT WORTH, TX 76140 i
) S
Plates Manufaciunsd in tho USA Ovder Nex  JUSS024-04 Approted By: -
TEST NORMALIZED o 7 Diste:  AR7/01T _m.ﬁ." HFW.21423 Shipping Mode:  CUSTOMIR FRIL K
1650 DEGF @ 30 MING DINEN 10204 004 0 1
Specifications: Marking Instructions: Tnap.
HOT ROLLED PLATE CUT EDGE ASTM/ASME A/SAS16-07 GR 70 AS | Each piate stonciled with, Mir same, £C,
ROLLED & TEST NORMALIZED PRESSURE VESSEL QUALITY Heat No., Jength, width, thickness, wnight,
grade Piate po. / S
: i
Materia} Dimensions { ko ) Test/ Yield | Temsile | yonon | Bloogation | Yied
Ttean - Heat Gange | Flate Test | Test | Point Str, (K51) v.:?, ) Strength
No. | Gauge | Width Length Qty  |Wet (Lbs} | Ne Tasted | Tdemiity Direc. | Cond  [{KNY i lin#" 52" |Determined at Plates
o¢ | 3750 13200 396.00 7 L8 | S1a12% | 03750 | OIC-A | TRAN | N s R | ooes | e 02% MTZISA
: 037500 01C-A TRAN Al 32 H3 63" | 26% BD2I% 00747275A
03750 01C-B TRAN ™ 52 sl 065 8% 0.2% 007472758
03750 0IC-B | TRAN | AR 52 I3 083 | 26% 02% 007472758
3
i =)
Wiltew 3592 .
Accepted =
g 5 i .
initials 7% "
i) s NS
_ / VAN ;7 el y 2 g gmﬁnwE én&v/
Test c | M| P s | st lenl M lec|me|smlal !l vl m |l & |CE ,._\_.v,.r/
LADLE | 824 1.10 | D03 | 0003 027 | 0007 | b3z | 0011 | o002 mbo.o 234 | 3004 } 0001 woﬁvo 0.00Z | D.DOD | G.0030 9@. s
i i .
- — -
Approver . Checked By: .\\..mtt\ \h\ﬁl\[ \Mﬁ.mu.\u\u\\k .
- = : i
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PAGE @1

TUBULAR STEEL INC

3148519338

12/p9/20186 ©88:88

9

S

e

SS3HAXE)
INVHHIWNY,

80/80 A3H-L6¥6Y NOSTIM

i -~ DATE: 12/05/10
dﬂHgfﬁ?ﬂﬂﬂu STEEL TUBULAR PRODUCTS TIME: 04:03:06
CERTIFIED TEST REPORT SERIAL NOt L.00342080
(IN ACCORDANCE WITH IS0 10474/EN10204/DIN50049 “iype 3.1")
MILL ORDERATEM NQ SHIPPERS NO. P.O.NUMBER YEHICLE I.D
DR49950 05 018692 _
MAIL TO ADDRESS VENDQR

SOLD TO ADDRESS
TUBULAR STEEL INC
ATTN ACCTS FAYABLE

1031 EXECUTIVE PARKWAY DR
SAINT LOUIS MO 63141-6351

TUBULAR STEEL INC
ATTN ACCTS PAYABLE

1031 EXECUTIVE PARKWAY DR
SAINT LOUIS MO 63141-6351

USS TUBULAR PRODUCTS
2185 EAST 28TH ST.
LORAIN, OH 44055

SPECIFICATION AND GRADE

PIPE CARBON SMLS LINE PIPE ASTM A106-*08 ASME SAl06
TSI/USS 003 REV 10 DTD 9/22/09 APT SL-*44TH ED DTD
REG MILL COAT PE BEV 30 DEG MEETING ALL ‘TH

#3:;2003/COR.1:2005 AND MR0103-2007

-#2010 EDITION GRADE B/C SFECIAL OD TOLERANCE TO
OCT 2007 AND ISO 3183:2007 MOD PSL-2 GRADE X42 Q BLK
E APPLICABLE REQUIREMENTS OF NACE STANDARD MR-01-75

' sTP.

Mo22CE B
MATERIAL oD mgnm) | WALL: i {mum)
COND: QUENCH AND TEMPER 16.000(406.400) _ 0.375 ( 9-525)
TENSILE YIELD _mxdr TENSILE ¥ ELONG % HARDNESS MINHYDRO | DWELL{SET)
PRODUCT TESTTYPE TEST GAUGE PSI | .50 PESXI m2" ) SCALE:HRB PSI
IDENTIFIGATION ORIENTATION coNo. | WIIH [mme 52200 | wiN: 70000 | wax: [ NiN: 2080 5
IN {Max 71800 | wax: 110200 | 0.93 30.0 |max: 99.0
MA1873 RBLBQA | STRIP/L/B |QF 1.500 69000 | .50 83500 | 0.82 35.0 | B 87.1 2080 5
MA1873 R818QA | STRIF/L/B |QT 1.500 66500 , .50 82500 | 0.81 39.0
«+ |END OF DATA THIS SHEET **
I
_
|
LEGEND: L - LONGITUDINAL T-TRANSVERSE QT - QUENCH & TEMPERED AR - AS ROLLED 8- BODY W-WELD
U - UPSET NM - NORMAUZED SR - STRESS RELIEVED TR - THERMONECHANICAL ROLLED ]
c Mn d 3 i €U N CR Mo AL N v B T 4] co CE*
EFCATION L¥FE
=43
MA1873 HEAT i16 | £03 |009 a5 | (09| 1003 |i025 0210002|i001|:002 |} .38
MA1873 RB18QA | PROD 16 | 103 |010 a5 | ‘os| 11|04 [102 0150003 (/002|:002 ! .38
MA1873 RE18QA | PROD i16 | 103 |010 as | ool i11]io4 |io2 ‘0190003 |:002|i001 |} .38
: *e D rEIs| SHEET % | : : : i
*C.E. IS BASED ON THE FOLLOWING EQUATION(S): CERC+MN/ 6+ (CR+MO+V) /5+ (NI+CU) /15
DECIMAL POSITIONS FOR ELEMENTS ARE INDICATED BY THE LEFT MARGIN, VER NN H@E\Rp LINE OR DECIMAL POINT.
PAGE 1 OF

Accepted
Q.C. Dept.

Initials

[Smbm 2 a _a

2
' T00/£-262 (£12) BUOUQ ZBYL-1G2LL XL 'UOISIOH

359A

26¥1 Xog '0'd "BU0D ZOE L B0 BN

Auedwag Jablaqunyas v

paAolddy

MM188078
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DATE: 12/05/10

& UNITED STATES STEEL TUBULAR PRODUCTS TIME: 04:03:06
CERTIFIED TEST REPORT SERTAL NO: L0034208
_n._u._ (IN ACCORDANCE WITH 1SO 10474/EN10204/DINS0049 “type 34"
Z MILL CRDERATEM NO ; SHIPPERS NO. P.0.NUMBER
o
DR49950 05 018692
P W Inmm) | WALL: in (e
SOn AND TEMPER 16.000 (406<400) 0.375 ( 9.525)
" CHARPY Y-NOTCH IMPACT TESTING
PRODUCT GRAIN HiN DIR _ TEST _r,az.. _ wze TEST I FEHERR
IDENTIFICATION FEAT BED SizE COLLAPSE Lac. CoND. 7 [z | @ | Ave | 1] 2z [ 3 | ave
DEG F . H m H H :
873 R818QA OK : T B + 32| 2/3 |Q@T 114] 124] 138] 125 (100|10d 100| 100
7] MA1873 R818QA L B - 60| 2/3 QT 111| 108] 120| 113 |2100| 100 100 100
# . OF DATA THIS S T **
&}
=
—
| LEGEND L - LONGITUDINAL T-TRANSVERSE B-B0ODY W - WELD HAZ - HEAT AFFECTED ZONE
i TESTING/ INSPECTION INFORMATION
H TEST/INSPECTION YES RESULTS / COMMENTS
v FULL LENGTH VISUAL X
=% FULL LENGTH EM X oD X on/D L ur __X 10.0% NOTCH
= FULL LENGTH MP
=) FULL LENGTH UT X D X oD L_X utr 10.0% NOTCH
END AREA INSPECTION (PLAIN END) x wei X ut
SPECIAL END AREA (SEA) INSP MPI uT
FULL LENGTH DRIFT DRIFT MANDREL SIZE:
bn!ﬂﬁz>r3§:§
MELTED AND MANUFACTURED IN THE USA. NO REPAIRS BY WELDING. NO MERCURY OR MERCURY
COMPOUNDE ARE ADDED TO THE STEEL AND ALL MERCURY BEARING EQUIPMENT IS PROTECTED BY A DOUBLE BOUNDARY
OF CONTAINMENT .
MINIMUM TEMPERING TEMPERATURE 1050 DEG F.
s MATERTIAL ALSO MEETS THE REQUIREMENTS OF AS53/SAS53 GRADE B. THIS MULTIPLE CERTIFIED PRODUCT, (ASTH AS53 /AND
] OR A106 GRADE B, AND/OR ASTM A333 GRADE 6, AND API 5L X52Q) HAS HIGHER YIELD STRENGTH PROPERTIES THAN
= MATERTAL ORDERED AS ASTM A53 AND/OR Al06 GRADE B AND/OR ASTM A333 GRADE 6
(e8]
~r
—
; 92
=
- THIS (S TO CERTIFY THAT THE PRODUCT DESCRIBED HEREIN WAS MANUFACTURED, ﬁ\
@ SAMPLED, TESTED ANDIOR INSPECTED IN ACCORDANCE WITH THE SPECIFICATION
ot AND FULFILLS THE REQUIREMENTS I SUCH RESPECTS.
o
o] PREPARED BY THE OFFICE OF: R. HARRIS - MANAGER, Q.A.
=
= - 12/05/10
g
3 iy
& | ~
— LR r»w _H;MW‘ i

X

' EAGE) WE.mO.W.N (€L o:mi 26V 1-152, *x_. *uoisnoy

26v1 09 "0d oY 2l

0140 UEW

Auedwoq J8blaquniyog v

(o)

paAoldaY

MM188078
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e S DATE: 07/29/11 ©
b UNITED STATES STEEL TUBULAR PRODUCTS TIME: 13:20:58 ~
CERTIFIED TEST REPORT SERIAL NO: 10036914 o
1 (IN AGCORDANCE WITH ISO 10474/EN10204/DIN50048 "type 3.17) (e}
m #LL ORDER/TEM NO SHIPPERS NO. P.Q. NUMBER VEHICLE LD [e0)
a DRO1378 07 022173 —
8S0LD TO ADDRESS MAIL TO ADDRESS VENDOR M
TUBULAR STEEL INC TUBULAR STEEL INC USs TUBULAR PRODUCTS =
ATTN ACCTS PAYABLE ATTN ACCTS PAYABLE 2199 EAST 28TH ST.
1031 EXECUTIVE PARKWAY DR 1031 EXECUTIVE PARKWAY DR LORAIN, OH 44055
SATINT LOUILS MO 63141-6339 SAINT LOUIS MO 63141-6339
SPECIFICATION AND GRADE
PIPE CARBON SMLS LINE PIPE ASTM Al06-+08 ASME 9A106-#2010 EDITION GRADE B/C SPECIAL OD TOLERANCE TO
& TSI /USS 003 REV 10 DTD 8/22/09 API 5L-*44TH ED DID OCT 2007 AND LSO 3183:2007 MOD PSL-2 GRADE X42 Q BLK
Z REG MILL COAT PE BEV 30 DEG MEETING ALL THE APPLICABLE REQUIREMENTS OF NACE STANDARD MR-01-75
B +:2003/COR.L:2005 AND MRO103-2007
|
u
i 12" XH
m
g
% Nozzl G
o MATERIAL / 0.0 imm) | WALL: )
B COND: QUENCH AND TEMPER 12.750(323.850) 0.500 (12.700)
- TENSILE YELD _mx.nx TENSILE Yir ELONG % HARCNESS MIN HYPRO  |DWELLIBEC)
PRODUGCT TEST TYPES TEST GAUGE PS8y | .50 P8I 2" ) scALEHRB | PSI
IDENTIFICATION ORIENTATION COND, WIDTH [ "MIN: 52200 ) MIN; 70000 MAX: MIN: MmN 70.0 2970 5
IN |max: 71800 | wax: 110200 | 0.93 30.0 [max: 93.5
WALl739 T947QA | STRIP/L/B |QT 1.500 69500 1 .50 83500 | 0.83 42.9 | B 93.7 2970 5
WA1739 T947QA | STRIP/L/B [QT 1.500 70000 , .50 84000 | 0.83 41.7
#% |RND OF DATA THIS SHEET **
1
:
|
m LEGEND: L - LONGITUDRINAL T - TRANSVERSE QT - QUENCH & TE AR-AS ROLLED B -B80DY W - WELD
o U-UPSET NM - HORMALLZED SR - STRESS RELIEVED TR - THERMOMECHAMICAL ROLLED
% C MN P & 8t [41] L) CR MO Al N v 8 il c8 ca C.E*
—
B IDERTRICATION YEE uﬁWN
= WAL739 HEART i13 | 102 |009| 002|:25 |10 05 05 |{020] ‘0280001 (001|000 |} .34
s WA1739% T947QA [ PROD 15 | 106 |011| 002| 25 |i10 | 06 05 [:020 0320003 (:003[005|: .37
WA1739 T947QA | PROD i13 | 204 |010| o01fi25 10 | 06 04 [i019 :0300003|:003|i004 |: .35
w0 3 i D PF DATA [FHIS SHE ; f H i :
< j : : : ; ol
sl : i : : { ;
=t i 3 t ! 1
1 i i P Pl m ; N
— = -t
= C.E. 1S BASED ON THE FOLLOWING EQUATION(S): % SEE ADDITIONAL NOTES g_ﬂmi
g
[us]
® DECIMAL POSITIONS FOR ELEMENTS ARE INDICATED BY THE LEFT MARGIN, VERTICAL DOTTED LINE owhwg%ﬂm:mz._.m REPORTED IN MASS FRACTION (%)
pes) = PAGE 1 _OF 6
. - ,\f\\ D O D@Uﬁ Smgm (€1¢) aloyd Z6¥1-15222 XL "UOISNOH
127 .m,\( " N 26V L X08 "0'd 'IU0Y ZOE) BIHO UIBW
CmHaT X Wc@ \_.\/f\ﬁ\ _j—ﬁ_m—m Auedwon 1aBiaqunjyag v
UE L
56 CA//

Date 37212 3572 @
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TUBULAR STEEL INC

3148619338

146

15

@8/p8/2011

=1

EEECERE] "
=3 uqm J» mzs_zmg“ y ; i
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DATE: 07/29/11

UNITED STATES STEEL TUBULAR PRODUCTS TIME: 13:20:58B
CERTIFPIED TEST REPORT SERIAL NO: Lo036914

(IN ACCORDANCE WITH SO 10474/EN10204/DIN50049 “type 3.17)

MILL ORDERATEM NO SHIPPERS NO. _ 7.0, NUMBER \\._l/
DRO1378 07 022173
MATERIAL 0. n (mm) WALL: In (mm)
Coln: QUENCH AND TEMPER Rﬂ.\maﬁuﬁu‘mms _ 0.500 (12.700)
~ _ c V-NOTGH IMPACT TESTING
PRODUCT GRAIN NN R _ TEST _ e _ e TEST FraEs I % SHEAR
IDENTIFICATION EEAT BEHD SIZE COLLAPSE Loc. cone. 4 [ 3 | 3 | ave | 1 [ z | 3 | AVG
DEG F : : ; i § i ;
WAL739 TI947QA OK T B 7 + 32| 2/3 QT 165[ 171 169| 168 (100|100 100 100
.lu WA1739 T9470QA L B - 50| FULL| QT 241|219 210/ 223 |100| 100 100| 100
*#4 |END OF DATA THIZ SHEET *¥
f
L
LEGEND L -LONGITUDINAL T - TRANSVERGE B-BODY W-WELD HAZ - HEAT AFFECTED ZONE
TESTING { INSPECTION INFORMATION
TEST/ INSPECTION YE8 RESULTS / COMMENTS
FULL LENGTH VISUAL X
FULL LENGTH EMI X op___X oD L UT X 10.0% NOTCH
FULL LENGTH MPI
FULL LENGTH UT X o X oo L X T 10.0% NOICHE
END AREA INSPECTION {PLAIN END) X L D § ut
SPECIAL END AREA (SEA) INSP MPE uT
FULL LENGTH DRIFT DRIFT MANDREL, SIZE:
ADDITIONAL NOTESICOMMENTS
MELTED AND MANUFACTURED IN THE USA. NO REPAIRS BY WELDING. NO MERCURY OR MERCURY
COMPOUNDE ARE ADDED TC THE STEEL AND ALL MERCURY BEARING EQUIPMENT IS PROTECTEP BY A DOUBLE BOUNDARY
OF CONTAINMENT .
*C_.E. IS BASED ON THE FOLLOWING EQUATION (S) :
FOR CARBON MIN: .01 TO MAX: .12, CE=C+8I/30+ (MN+CU+CR) \N¢+ZH\mo+=0\u.m+<\Ho+mm WITH .25 MAX C.E.
FOR CARBON MIN: .13 TO MAX: .30, CE=C+MN/ 6+ (CR+MO+V) /5+ (NI+CU) /15 WITH .43 MAX C.E.
MINIMUM TEMPERING TEMPERATURE 1050 DEG F.
MATERIAL ALSO MEETS THE REQUIREMENTS OF AS3/SA53 GRADE B. THIS MULTIPLE CERTIFIED PRODUCT, (ASTM A53 /AND
OR A106 GRADE B, AND/OR ASTM A333 GRADE 6, AND API 51 XS520) HAS HIGHER YIELD STRENGTH PROPERTIES THAN
MATERIAL ORDERED AS ASTM AS53 AND/OR Al06 GRADE B AND/OR ASTM A333 GRADE 6

THIS 1§ TO CERTIFY THAT THE PRODUCT DESCRIBED HEREIN WAS MANUFACTURED,
SAMPLED, TESTED AND/OR INSPECTED IN ACCORDANCE WITH THE SPECIFICATION
AND FULFILLS THE REQUIREMENTS IN SUCH RESPECTS.

\%N\(\, 3572

PREPARED BY THE OFFICE OF: R. HARRIE - MANAGER, Q.A.

kit 07/29/11
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TUBULAR PRODUCTS

DATE: 07/27/10
TIME: 04:06:53

UNITED STATES STEEL
CERTIFIED TEST REPORT SERIAL NO: L0032739
(iN ACCORDANCE WITH ISO 10474/EN10204/DIN50049 "type 3.17)
MILL ORDERITEM NO SHIPPERS NO. P.O. NUMBER VEHICLE LD
DR48949 05 R82193 106576-00 GRWB8757
SOLD TO ADDRESS MAILTO )bcmmwm ﬁhgoxu.ﬂﬁﬂ.m
TEXAS PIPE & SUPPLY CO INC TEXAS PIPE & SUPPLY CO INC USS TUBULAR PR
2330 HOLMES RD 2330 HOLMES RD 2199 EAST 28TH ST.
HOUSTON TX 77051-1098 HOUSTON TX 77051-1098 LORAIN, OH 44055
SPECIFICATION AND GRADE
PIPE CARBON SMLS STD PIPE API 5L-*44TH ED DTD OCT 2007 AND ISO 3183:2007 MOD PSL-1 GRADE B AND GRADE
x42 R N OR Q ASTM A53-*07 ASTM A106-*08 GRADE B QUAD STENCIL ASME SA53-*2007 EDITION ASME SA106-*2007
EDITION GRADE B BLK REG MILL COAT PE BEV 30 DEG MEETING ALL THE APPLICABLE REQUIREMENTS OF- NACE
STANDARD MR-01-75 #:2003/COR.1:2005 AND MRG103-2007
t
Z" scH 16O
NozetE 4! ¥ LZ
o.D.: ngmm) | WALL: o {mm)
S~ AS ROLLED g 2.375( 60.325) 0.344 ( 8.737)
TENSILE YIELD T ExTx% TENSILE Y ELONG % © HARDNESS MIN HYDRO  |oweLLisEC)
- - HRB PSI
PRODUCT TESTTYPE/ TEST GAUGE PSI | .50 BSI 2" ) SCALES
IDENTIFICATION ORIENTATION COND. WIDTH | wiN: 42100 WN: 70000 MAX: MIN: MIN: 2970 E]
IN |max: t MAX: 24.0 |max 99.0
FA0399 STRIP/L/B |AR 0.750 47100 + .50 75000 | 0.63 35.9 | B 77.0 2570 5
FA0429 STRIP/L/B |AR 0.750 47200 , .50 75000 | 0.63 35.9 | B 75.8 2870 5
»+ |[END OF DATA THIS SHEET +**
|
|
|
LEGEND: L - LONGITUDINAL T - TRANSVERSE QT - QUENCH & TEMPERED AR -AS ROLLED B - BODY W - WELD
U - UPSET NM - NORMALIZED SR - STRESS RELIEVED TR - THERMOMECHANICAL ROLLED
c MN P S 8l cu N1 CR Mo AL N v B n =] co CE*
_umm."_u.__wn.m.qjo.. TYEE 50
FA0399 HEAT ‘19 | 104 [o11| ooslila (i3 | 09 07|02 |02 ‘00 j0002|i001]:000 | .40
FA0399 PROD {19 | 103 {014| 0os|i20 |13 | 20 ioef01 |:03 00 j0004|:003[:008]: .40
FA0399 PROD {16 | 103 |014| oos[iz1 (13 | Hof (0801 [[036 00 l0005(:003]:010]! .40
FA0429 HEAT i19 | 105 |p12| 003(i18 |14 | 10| (09|03 {036 ‘00 joooo|:001]i000|: .41
FAD429 PROD ‘19 | 105 |015| oo4fils |14 | 22| 10|01 [[037 00 pp003|:003|009]|: .40
PAD429 PROD i19 | 106 |015| 004li1s |14 | 22| i10|i01 |1037 00 jo003|i003[i009 ! .41
: *» END DF v_ﬁﬁ CHIS mﬁﬁa i : : : : E_.n
“C.E. 1S BASED ouh,_ym FOLLOWING EQUATION(S): CB=C+ (MN/6) + {CR+MO+V) /S5+ (NI+CU) /15 spoomga
REMETTE, Qc
DECIMAL POSITIONS _\..m_m..mrm:mz._.m}mm INDICATED BY THE LEFT MARGIN, VERTICAL DOTTED LINE OR DECIMAL POINT. ot .
wpe 08 0 i~ Initial

&) B Lcu\

9 5 r//,

Date _%.pz2./~

3IS?22
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@ UNITED STATES STEEL

DATE: 07/27/10
TIME: 04:06:53

TUBULAR PRODUCTS
SERIAL NO: L0032733

CERTIFIED TEST REPORT

(IN ACCORDANCE WITH I1SO 10474/EN10204/DINS0049 “type 3.1")
MILL ORDER/TTEM NO SHIPPERS NO. P.0. NUMBER
DR4894% 0S5 RB2183 106576-00_—" ™\ 0017078
MATERIAL [ @D n\y nimm; | WALL: o {mem)
coNo: AS ROLLED Vs \vﬁwm '60.325) 0.344 ( 8.737)
e nﬂ\ T TEAEAR
D0UC GRAIN MIN TEMP SIZE
_u.muzm._.._nﬁhao: FLAT BEND SIZE COLLAPSE by _ Loc: _ _ 1] 2 ~ ERE L L2 _ 3 __ AVG
\ DEG : N :
FA0399¢ ou
FA0429 [o)
+«+ |[END OF DATA THIS SHERT **
LEGEND L - LONGITUDINAL T - TRANSVERSE B-BODY W - WELD HAZ - HEAT AFFECTED ZONE
TESTING / INSPECTION INFORMATICN 2
TEST/INSPECTION YES RESULTS / COMMENTS
FULL LENGTH VISUAL X y
FULL LENGTH EMi oD oDAD L [V, g—
FULL LENGTH MPI
FULL LENGTH UT o oDID L e
END AREA INSPECTION (PLAIN END) WPl uT
SPECIAL END AREA (SEA) INSP MPI uT
FULL LENGTH DRIFT DRIFT MANDREL SIZE:
ADDITIONAL NOTES/COMMENTS

MELTED AND MANUFACTURED IN THE USA.
COMPOUNDS ARE ADDED TO THE STEEL AND ALL MER
OF CONTAINMENT .

PRODUCT WAS HOT ROLLED AND HOT FINISHED

ALL MELTING AND MANUFACTURING TOOK PLACE IN THE USA

NO REPAIRS BY WELDING. NO MERCURY OR MERCURY
CURY BEARING EQUIPMENT IS PROTECTED BY A DOUBLE BCUNDARY

PIPE ALSO MEET THE REQUIREMENTS OF ASTM A106 GRADE C & ASME SA106 GRADE C

G J57R

THIS IS TO GERTIFY THAT THE PRODUCT DESCRISED HEREIN WAS MANUFACTURED,
SAMPLED, TESTED ANDIOR INSPECTED I ACCORDANCE WITH THE SPECIFICATION
AND FULFILLS THE REQUIREMENTS IN SUCH RESPECTS.

PREPARED BY THE OFFICE OF: R. HARRIS - MANAGER, 0.A.

=3,
07/27/10 A e ad
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L~ -~ k .
/ xﬁ\Bkﬁw-\MN\ DATE: 08/19/10
UNITED STATES STEEL TUBULAR PRODUCTE TIME: 04:05:52
CERTIFIED TEST REPCRT SERTAL NO: L0032937
(IN ACCORDANCE WITH SO 10474/EN10204/DINS0043 "type 3.4%)
MILL ORDERATEM NO SHIPPERS NO P.O. NUMBER VEHICLE 1.D
DR49406 05 RB82349 107497-00 LTB301
VENDOR

TEXAS PIPE & SUPPLY CO INC

2330 HOLMES RD
HOUSTON TX 770

SOLD TO ADDRESS

51-1098

MAIL TQ ADDRESS
TEXAS PIPE & SUPPLY CO INC
2330 HOLMES RD
HOUSTON TX 77051-1098

USS TUBULAR PRODUCTS
2199 EAST 28TH ST-
LORAIN, OH 44055

SPECIFICATION AND GRADE

PIPE CARBON S

MLS STD PIPE API 5L-*44TH ED DTD OCT 2007 AND ISO 31

X42 R N OR Q ASTM A53-*07 ASTM Al06-*08 GRADE B QUAD STENCII ASME S

EDITION GRADE B BLK REG MILL COAT PE B
STANDARD MR-01-75 *:2003/COR.1:2005 AND MR0103-2007

EV 30 DEG MEETING ALL THE AFP

83:2007 MOD PSL-1 GRADE B AND GRADE

A53-+2010 EDITION ASME SA106-*2010
LICABLE REQUIREMENTS OF NACE

!

5 SCH 80
Nozzee C
MATERIAL 0.0.- In {mm) WALL: in {mm)
COND: AS ROLLED 3.500( 88.500) 0.300 ( 7-620)
TENSILE YIELD _ EXT % TENSILE Y ELONG % HARDNESS MIN HYDRO OWELL[SEC)
PRODUCT TEST TYPE/ TEST GAUGE PSI | . 50 PSI (N 2% ) SCALE] EZRE BeT
IDENTIFICATION ORIENTATION COND. | WIDTH [ain: £2100 | MiN: 70000 MAX: MIN: MIN: 2970 E
IN | MAX: “ MAX: 23.0 | max: 99.0
FAD508 STRIP/L/B |AR 0.750 295000 ' .50 78000 | 0.63 35.0 B 77.4 2570 5
FAOS511 STRIP/L/B |AR 0.750 46400 | .50 75500 | 0.62 31.6 B 77.4 2970 5
+* |END OF DATA THIS !SHEET *~*
|
I
|
LEGEND: L - LONGITUDINAL T - TRANSVERSE QT - QUENCH & TEMPERED AR - AS ROLLED B - BODY W -WELD
U - UPSET NM - NORMALIZED SR - STRESS RELIEVED TR - TRERMOMECHANICAL ROLLED
c MN B S S! cu Ni CR MO AL N A4 B Ti cB [ole] CE"
PRI
_cmz._o_cL_nnL_H:OZ TYPE MAX
. : .50
FAQS08 HEAT i20 | 105 [012| 00720 |13 ios| 08|02 (1030 ‘00 pbooi|002|i000|" .41
FAO508 PROD ‘21 | 108 |015| 007| 21 |13 ‘08| 08|01 [{038 00 {0004:004(1010 . .42
FA0508 PROD 2z | zos |0o15| 007|221 |13 | 08 08/ .01 (039 00 p004|i004(:010 |} .43
FAOS11 HEAT 19 | 103 011 008 20 |14 11{ 08/ 01 [1035 b6 |0001|{.002| 000 | .40
FAOS11 PROD 21 | 105 013| 008 21 |14 21| ‘o801 |io37 00 0004{:004[009 | .42
FAOS511 PROD ‘21 | 105 |013| coB|:i21 | 14 11| .08/ 01 [:037 D0 |0004|:004|010 .42
** END ﬁm DATA [THIS| SHEET =+ | : '
: : It i |
| Wiltew |

*C.E. 1S BASED ON THE FOLLOWING EQUATION(S):

CE=C+ (MN/6) + (CR+MO+V) /5+ (NI+CU} /15

Accepted

DECIMAL POSITIONS FOR mrmgmzjmm INDICATED BY THE LEFT MARGIN, VERTICAL DOTTED LINE OR DECIMAL POINT.

. —
Bl I
PR S P

by

B

Q.C. Dept.

"% Initials

. Date 3./2-/2

35724
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DATE: 08/18/10 0
UNITED STATES STEEL TUBULAR PRODUCTS TIME: 04:05: ww 1 _m
CERTIFIED TEST REPORT SERIAL NO: L0032°9 2
{IN ACCORDANCE WITH ISO 40474/EN10204/DIN50048 “type 3.17) 0
MILL ORDERJITEM NO SHIPPERS NO. P.O. NUMBER W_
DR43%406 05 R823489 1074987-00 0017458 e
MATERIAL I jmm) walLL: M
— S CHARPY V. oqn:_zvnnw.mmu_._m% { 22200
: CHARPY V- u 2
PRODUCT GRAIN MIN BIR 14\ TEST | reme SiZE TS : Nm —
IDENTIFICATION FLAT BEND SIZE COLLAPSE Loc | f I f _ _
: — DEG
FADS508 # OK
FAQS511 OK
«* |END OF DATA THIS SHERT **
LEGEND L - LONGITUDINAL T- TRANSVERSE 5 .80DY W - WELD HAZ - HEAT AFFECTED ZONE
TESTING / INSPECTION INFORMATION
TEST { INSPECTION YES RESULTS / COMMENTS
FULL LENGTH VISUAL X
FULL LENGTH EMI oo oDAD L uT
FULL LENGTH MP(
FULL LENGTH UT iD aonp L LT
END AREA INSPECTION (PLAIN END) MP1 uT
SPECIAL END AREA (SEA) INSP MPi ut
FULL LENGTH DRIFT DRIFT MANDREL SIZE:

ADDITIONAL NOTES/COMMENTS

MELTED AND MANUFACTURED IN THE USA. NO REPAIRS BY WELDING. NO MERCURY OR MERCURY

COMPOUNDS ARE ADDED TO THE STEEL AND ALL MERCURY BEARING EQUIPMENT IS PROTECTED BY A DOUBLE BQUNDARY
OF CONTAINMENT.

PRODUCT WAS HOT ROLLED AND HOT FINISHED

PIPE ALSO MEET THE REQUIREMENTS OF ASTM Al06 GRADE C & ASME Sal0é GRADE C

N&&\\ |

357

THIS IS TQ CERTIFY THAT THE PRODUCT DESCRIBED HEREIN WAS MANUFACTURED,
SAMPLED, TESTED AND/OR INSPECTED IN ACCORDANCE WITH THE SPECIFICATION
AND FULFILLS THE REQUIREMENTS IN'SUCH RESPECTS,

PREPARED BY THE OFFICE OF R. HARRIS - MANAGER, O.A.

‘lrl/ :
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TUBULAR STEEL INC
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WARTINTOTHER V&M STAR LP. Certified Test Report o
266 HER KING BLVD 3 oe 2ot o
YOUNGSTOWN, OH 44510 nrnw e H Seamless Tubular Products boe]
3 < _ R s R . —
.Ocm.-.ogm—ﬂn TUBULAR STEEL INC. DESC: SEAMLESS HOT ROLLED CUSTOMER ORDER NUMBER: 24732 M
SLN: A90247 GRADE: API 5L X42/B PSL 2 Rev. October 1, 2008 ORDER LINE #: Y-93440-001 M

op: 8.625 WALL: 0.500 LBS/FT: 43.43 PEB DRL P W/ONO:

COMMENT: Melted and Manufactured in the U.S.A. _,Q.._. NUMBER; i
This pipe is also manufactured to: ASTM A106B/C-10 ASTM A53B-10 ASME SA106B/C-2011 ASME SA53B-2011 V&M Star s QA program meets the reguirements of DIN EN 10204-2004 Type 3.1. Satisfies

_ NACE MR0103-2010.
No repalr welding has been conducted. Material is free from Mercury, IS0 9001:2008 Certified.

— - " SUPPLEMENTAL REQUIREMENT
MECHANECAL PROPERTIES:. = e = "~ 1 HARDNESS: 79.6-HRBW-AVG

T see ’ d STRENGTHKSI | ELONGATION. B [y

| # TTP08 | WIDTH(N__ | THICKAN). (SOI) | . WELD | TENSIE . GAGE ELONG | %RA | NACE TEST:
e ) 1.510 0.459 0.6971 55.1 856 | N . _| GRAIN SIZE:
# mw 045 g A mpet 2 mm— ]
3 ] D == | i [ | T ] | COLLAPSE:
2 IS SRS [ - o _|| . o Y ...y
4 ) o |....I1I|I_y TN SE——— _|1 ..mi]l!-|_v.|1 o S [\1|1W.||11 AS QUENCHED:
INSPECTION: Q/T: AF: 0 AT: O TF: D I 0
HYDROSTATIC TEST (psi): 3650fora 5 second minimum DRIFT PLUG SIZE: INCHES Requlred CE Max of 0.43

MAX INTERNAL YIELD {psi): 5590 - o

CHEMICAL ANALYSIS: 61 Electromagnetic Inspected, Reference Standard was a test joint with 10% OD Longitudinal and Transverse notches.

G Mn [ 5 sl Cu Ni cr Mo Sn Nb v Al Ca -] L N CE
HEAT 0.22 0.79 0.011 0.004 0.22 0.19 0.07 0.09 0.03 0.009 0.000 0.002 0.028 0.0015 0.0003 0.001 {.00%0 0.39
PRODUCT 1) 0,21 0.77 0.010 0.004 0.22 0.18 0.07 0.09 0.02 0,002 0.027 0.001%8 0.0003 0.001 0.0091 0.38
PRODUCT 2) 0.22 0.78 0.010 0.004 0.22 0.19 0.07 0.09 0.02 0.002 0.027 0.0016 0.0003 0.001 0.32
PRODUCT 3)
PRODUCT 4)

CHARPY IMPACT TESTING NOTCH: V

DIRECTION SIZE TEMP(Deg.F) FTLBS 1 FTLBS 2 FTLBS 3 AVG SHEAR 1 SHEAR 2 SHEAR 3 AVG
TEST #1 TRANS FULL 32 20 28 27 25.00 25 20 20 22/
TEST #2
TEST #3

This Emﬂm_._m_ has been produced and tested In accordance with the requirements of applicable specifications unless otherwise listed below. We hereby certify that the above test results are representative of
those contained in the Snc_..n_m of the company. Any medification to this certification as provided by V & M TUBES; without the expressed written consent of V & M TUBES negates the validity of the test report.
V & M TUBES Is not responsible for the inablilty of the materlal to meet specific applications. =

pozecc 2

SIGNED: \k\rﬂ %

NAME: JOE DOLAK TITLE: PRODUCT METALLURGIST Wiltew

DATE APPROVED: 10/26/2011 } —
?\U Q.C. Dept.
=) 2 -
1 10:03:32 AM s rq_;_ (- Initials
C . el
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MM188078

ﬂ m m> m -H@MH O mme—“mmﬁm.ﬁﬂ Form TC1: Revigion 1: Date 31 Oct 2000

12400 Highway 43 North, Axis, Alabama 36505
Customerz _| Customer P.O. No.: 22690600P108 _ Mill Order No.: 41-310655-03 _ Shipping Manifest : AT125199

O'NEAL STEEL INC. ——
Product Description: ABS (2011) GR A Ship Date: 13 Sep11 | CertNo: 081300421

P.0. BOX 98
ATTN: SHAUN KELLEY ASTM A36(08)/A709(09A)36/ASME SA36(10) Cert Date: 13Sep 11 | (Page Iof 1)

BIRMINGHAM
AL 35201-0098

Size: 0.375 X 120.0 X 480.0 (IN)
Tested Pieces Tensiles Charpy Impact Tests

Heat Plece Piece Tst| Y§ | UIS |%RA|Elong % |Tst | Average Abs. Energy(FTLB) % Shear
Ia Id Dimensions Loc} (KSI) | (ESD) 2in Bin|Dir| Hardness {1 2 3 Avg |1 2 3 Awvg

WI1I576 AD4 0.400 (DISCRT) 48 |61 29T

Heat oEmE_B_ Eu_u
Id_ TotAl _ Cu

W1I576 _ 8_ :u“ SQ ca_ mf .028] .29 | ; | B | 2 _OE_SSSS Nm |

MERCURY IS NOT A METALLURGICAL COMPONENT OF THE STEEL AND NO MERCURY WAS INTENTIONALLY ADDED

DURING THE MANUFACTURE OF THIS PRODUCT

WE HEREBY CERTIFY THAT MATERIAL DESCRIBED HEREIN HAS BEEN MADE BY SSAB AMERICAS

BY THE ELECTRIC FURNACE / STRAND CAST PROCESS AND TESTED IN ACCORDANCE WITH THE

mhoswéﬂm\om THE AMERICAN BUREAU OF SHIPPING RULES WITH SATISFACTORY RESULTS.

.CEV = C + MN/6

MTR EN 10204:2004 TNSPECTION CERTIFICATE 3.1 COMPLIANT W.m.ﬂlp
100% MELTBED AND MANUFACTURED IN THE USA.

wmmwwmwm SHRPED? poa PCES: 3, WGT: 18400 LEG REPAD Wiltew
TR LU RECRD Accepted
MST Elin Rins Q.C. Dept.

ABS AMERICAS . Vort<y Breaker wjn_m_m%
Date 4.4./2

MOBILE, Al-DATE ] ) =3

N
| Pl
M2044625 A ® §\§§

agp 14 20t
Cust Part # ' 804359 'WE HEREBY CERTIFY THAT THIS MATERIAL WAS Tustn Ward

TESTED IN ACCORDANCE WITH, AND MEETS THE
REQUIREMENTS OF, THE APPROPRIATE SPECIFICATION OR Gl




LB062293 ST 8oHTIS

Mill Test Report

Page 2

p.0.Box 279
™~ e R Winton, NC 27986

PLATE MILL (252) 356-3700

¥ oR=R

_ﬁ 5 our ZE.F:.R 51

Cust. Order No. = 56000477

Load No.: 287567 Qur Qrder No. : 88870/17

Sofd To: Macsteel Service Gentars USA Inc
2005 GRASSLAND PARKWAY
ALRHARETTA,GA 30004

Issuing Date = 02/16/2014 Bl No.: 285815

Vehicle No: 9296
Spacffication : 0.3750" x 120.000” x 480,000

ASTM A516 70-1 O/ASME SA516 70 SA516-485 PVQ 2003 Addenda

ShipTo :

FERRO UNION SOUTHEAST, ING,
2005 GRASSLAND PARKWAY

ALPHARETTA,GA 30004

Marking =

Sn CEQ

N Cr Mo Altol) v Nb

T

N Ca B

0.0027 0.0002 0.013 0.40

_ Heat No [ Mn P S Si Cu

009 002 0025 0007 0.002 0.001

1501217 018 1.02 ool 0001 018 027 0.08

Tensile Test
(psi} (i) Elongatian Elongation [\3) )
shear 2 shear

Plate Serlal

3

Charpy fmpacts

&) )]
ahear  Ave. shear

Tanstie %in2" % In &

No Places Tons Dir. Yietd
212

1501217-04 1 306 T 53800 78000

—~ N
j \
' e U/

| AN
g0y

a7

3574
Wiitew
Accepted
Q.C. Dept.

Initials;
Date 7.4

Nezzle mn.mn&.m

e

o nocurate and camect Al test resulis

fine grain practice by Elecine Arc Fumace. Wekding ‘or weld repalr was not performed on thia material.

Manutactured to fully ki
tesial. Produced as continuous cat discreln piate as-olied, unless

el

We hershy cerity that tne zonfents of this report ar
and operations performed by the material manufacty

Mercury has nol been usad in the direct manufacturiag of this ma

otherwise nated in Specification.
Yizkd by 0. SEUL method unless oferwse spechied, Ceq= nA;.—.mw.a_ﬁ.,iooSawﬁn:mz?w-
Pom = CHEBOR 20y ) W20/ 1SV 107+5B

nMeltad and manufactured In the USA. ISO 8001:2008 centfied {#008063) by SR1 Quality
Dil 50048 3.1.8/EN 10204 3,4B(2004), DIN EN 10204 3.1(2005) compliant. Far ABS gr

L P

des only, Quality Assurancs carfificate 03-MMPOA-548

System Registar (H:98 5-03). PED B7RAIEC 712 Annax 1, Pars. 4.3 Compliant.

rar are in complianca with the

7L e
02/17R2011 4:22:2T1PM

T, A Depretis, Metaihurgist

~3J

panolady

MM188078
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~

BN oo e Chemical and Physical Test Report

.&@ GERDAL Made and Melted In USA G-193465
CARTERSVILLE STEEL MILL

384 OLD GRASSDALE RD NE

CARTERSVILLE GA 30121 USA

(770) 387-3300

MM188078

SHIP TO INVOICE TO SHIP DATE
O’NEAL STEEL INC O'NEAL STEEL INC. 02/09/12

ONE O'NEAL LN ATTN: MIKE STANFORD
BOX 508, CHICKASAW BRANCH PO BOX 2623 CUST. ACCQUNT NOQ
MOBILE, AL 36611 BIRMINGHAM, AL 352022623 36791606

PRODUCED IN: CARTERSVILLE
SHAPE + SIZE GRADE SFECIFIGATION | SALES ORDER _ CUST P.O. NUMBER

WE X 29F 757250/392 | AGTH A572 GR50-07. ASTM AB92 -06A, ASTM A709 BRSC-10 | 2703870-02 | 0719384-108
HEAT |.D. [[C W] P m_m._.nuc_z__o_._za_<42n_m_zﬁm.__.»__._._mom_ua_nm%_ | | | |
120015 [o7 [ 75| 018 | 021 | 28 | 24 | 08 [ 04 | 018 [ 025 | 001 | o000 [ 000 of0 | 000 |06700]:00400.00200] .24 | | | | 1
Mechanical Test:  Yield 53800 PSI, 370.94 MPA  Tensile: 70500 PSI, 486.08 MPA  %El: 22.0/8in, 22.0/200MM

Cuslomer Requiremenis CASTING: STRAND CAST

Comment: NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY.

Mechanical Test:  Vield 53700 PSI, 370.25 MPA  Tensile: 70300 P8I, 484.7 MPA  %EL: 23.7/8in, 23.7/200MM

Customer Requirements CASTING: STRAND CAST
Comment. NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY.

CUST ITEM NUMBER: 00878278

3592
Wiltew
Accepted
Q.C. Dept.

Initials E

Customer Notes . Dmﬁm .v\ 2.2
NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY. ik
Al _._._w.:EmoE::u pracesses including melt and cast, cccurred in USA. MTA THE ABOVE FIGURES ARE CERTIFIED CHEMICAL AND PHYSICAL TEST RECORDS AS CONTAINED IN THE
complies with EN10204 3.1B PERMANENT RECORDS OF COMPANY.
Bhaskar Yalamanchili

\AAJ &x Quality Director Melallurgical Services Manager
Gerdau CARTERSVILLE STEEL MILL

Seller warrants thal all matenal furnished shall comply with ifications subject to i published manL ing varlations. NO OTHER WARRANTIES, EXPRESSED OR IMPLIED, ARE MADE BY THE
SELLER, AND SPECIFICALLY EXCLUDED ARE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

In no evenl shall seller be liable for indirect, consequential or punitive damages arlsing out of or related to the materials fumished by seller.

Any M._m_n_ for damages for materials that do not conform to speciiications must be made from buyer to seller Immedialely after dellvery of same in order to allow the selier the opportunity to Inspect the malerial in
queslion.
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NUcOoRrR STEEL TUSCALDGSA, ING.

MILL TEST CERTIFICATE

1700 HOLT RD N.E.
Tuscaloosa, AL 35404-1000

Page #:1 of 1

A36/SA36/A70936: ASTM A36-08/ASME SA36-03/A709-36-10

O'NEAL BIRMINGHAM AL

800-627-8872
Load Number Tally Ilh‘]‘l Order Number Ip.o. Number . - ]Part Number lCertiﬁ_c_atg Number ]Uate
397626 0000000436194 |N-109998-001 |2278229 0P /275 |807365 |t3s3293-1 \ [01/1872012 20:51
Grade Custamer: T~
Order Description: Sold TO:
A36, 0.7500 IN x 72.000 IN x 240.000 IN ONEAL BIRMINGHAM AL
Quality Plan Description: Ship TO:

Shipped Heat/Stab Certified ¥n P s si|a [N ]| m|a at | Tio| N2 [ Ca sn | BV
Item Number By

2A0711C | 82M5125-05 B2M5125 0.89 [0.012[0.005] 0.04 | 0.20 | 0.05 | 0.06 [0.018[0.000 0.031]0.001|0.010( 0.0001 | 0.0017 | 0.008 0.38
2A0711D B2M5125-05 B2M5125 0.8% [0.012|0.005) 0.04 | 0.20 | 0.05 | 0.06 |0.018}0.000 0.031|0.001|0.010| 0.0001 |0.0017 {0.008| 0.38
2A0711E B2M5125-05 B2M5125 0.89 |0.012(0.005| 0.04 | 0.20 | 0.05 | 0.06 |0.018]0.000 0.031|0.001|0.010{ 0.0001 | 0.0017 |0.008| 0.38
Shipped | Certified Tensile| Y/T | ELONGATION % | Bend | Ward Charpy Impacts (fr-1bf) Shear % Test
Ttem gy Nurber ksi % 2" a" 0K? HB |[Size mm 1 Avg 1 2 3 Avg | Temp
2A0711C | S2A0711FTT | BaM5125 *=+ 69.2 | 67.2 | 39.4

2A0711C S2A0711MTT | B2M5125 #*=* 66.0 70.2 38.7

2A0711D S2A0711FTT == 69,2 67.2 39.4

2A0711D S2AQ711MTT e 66.0 70.2 38.7

2A0711E | 52A0711FTT war 69.2 | 67.2 | 39.4

2AQ711E S2A072IMTT LAy 66.0 70.2 38.7

Items: 3 PCS: 12 Weight 44105 LBS

Mercury has nol come in contact with this product during the manufacturing process not has any mercury been used by the

manufacluring process. Certified in accordance wilh EN 10204 3.1, No weld repalr has been performed on this material.
CERTIFIED IN ACCORDANCE WITH "EN 10204 3.1 8" Manufactured to a fully killed fine grain practica. NUTEMPER

TEMPER PASSED piate from cait
SO 9001:2008 Registered, PED Certifisd

== indicates Heats mafted and Manufagiured in the LLS.A.

by the .

Wo hereby cartify thal the product described above passed all of the tests required

L IFT VG
TA’/L LU

ﬁdic Hares

3592
Viitew
Accepted
Q.C. Dept
Initials
Date 4.4/2

MM188078

Approved



NUCaR

NUCOR CORFORATION
NUCOR STEEL SOUTH CAROLINA

Sold To:  ONEAL STEEL INC
PO BOX 98
BIRMINGHAM, AL 35202
mcmv 5998000
ax: (206) 539-8132

Mill Certification
1/12/2012

Ship To: ONEAL STEEL INC
2975 DUSS AVE
AMBRIDGE, PA 15003-0000
29 251 2023

ax: (205) 589-8151

300 Steel Mill Road
DARLINGTON, SC 29540
843) 393-5841

Fax: (843) 395-8701

Customer P.0. | 2279907 Saleg Order | 151292.26
Product Group | Merchanl Bar Quality Part Numbaer | 300020002403600
Crade | ASTM AJG/A36M-08, A709/A709M-11 GR36, ASME SA36-07 Ed 08 Ad Lot# | DL1110731303
Size | 27 (2.0000) Round Heat# | DL11107313
Product | 2" (2.0000) Round 20 A36 B,L. Number | C1-570522
Description | A36 Load Number | C1-253548
Customer Spec Customer Part# | 00835489
1 hereky cortily Diat the mtens! dascrived hior hid bean e and nd that it eatlsfies those
o] Mn P L} 8i Cu NI Cr Mo v Cb

0.18% 0.82% 0.014% 0.04%

0.22% 0.36% 0.09% 0.12% 0.020%

0.005% 0.003%

Yisld 1: 47,000psi (324MPa)
Yield 2: 46,000ps! (317MPa)
Reduction Ratio 16 :1

Tensile 1: 72000psi (496MPa)
Tenslle 2: 71000psi (480MPa)

Elongation: 27% In B*(% in 203.3mm)
Elongation 28% in 8"(% In 203.3mm)

D_Zna. OR WELD REPAIR <s:u
m z._._ ._.CE
HOCN UM, OR AL
g,’._.mm.’_:

OT PERFORMED ON THIS MATERIAL
PHA Dmﬂ_)._.mzep_.m IN ANY FORM HAVE NOT BEEN USED IN THE PRODUCTION OF THIS

o~
J o N
J v
.Lﬂ. 35
A
Y X
N\ / X
s

359 %

Wiltew
Accepted
Q.C. Dept.
initials’
Date

NBMG-10 January 1, 2012

I w e

James H. Blew
Division Metallurgist

Davit

ARM

paAolddy

MM188078



QBMarl? 7147 f CERTIFICATE Nos FC 126101
Snld RBy: 13
CARGIILIL STEELL SERVICE CEMTERS Ma SEE LIME ITEMS
DEPARTMENT DF CARGILL, INCORPORATED MOBILE
1800 INDUSTRIAL DR No PC 54%74-003
PANSMA CITY FL 32405-4029 'L Mo PG 32054—-002 Shp O8MarlZz
Tel: 890-7B4—&7Z21 Fax: 850 7B4-9472 Inv dNo Inv

Gold Toa { 20234) Ship To:z (1Ql
OMNEALL STEEL INC D 'NEAL STEEL ING

PO BOX 98 ONE O 'NEAL LANE
BIRMIMGHAM AL ' CHICKASAW AL 36611

CERTIFICATE of ANALYSIS and TESTS o . Moz RC 1248101
O8Marla

Fart No 228414%/803532
MR PLATE SHEET ASTMA-3L4/ASME BA—36 Frs Wt
L/2 ¥ 72.0000" X 240.0000" g 12604

Heat Mumber Tag Mo Pcs Wiyt

2T750C 841452 & G.8
YIELD=4Z2.6—4&. 4/ TENS=73 .5~76/ELONG=33/MILL=<UBS"
VEESSL=<NYC&6087 42> /MEL T=<USA»/MFG="USA x>

B7760C 841473
YIELD=4Z,5-44.6/TENS=75.5-76/ELONG=32/MI_L=x
VEBSL=<NYC&087425 /MEL T=<USA /MFG=-USAx

H»ut Mumbe r ##% Chemical Analysis ##
T7LHQC #=s#r C=0.25300 Mn=1.0300 P=0.0090 5=0.0080 Si=0.0130 Cu=0.0400

1=0.0470 Ti=0.0010 Cb=0.0020 Cr=0.0500 Ni=0.0200 B=0.0Q003
N=0 . 0D40

ELEMENTS MOT LISTED TEST EBELOW DETECTABLE LEVELS
wll. ASTM PLATE PRODULCTS ARE PRODUCED FROM COTL

THIS XS TO CERTIFY THAT THE PRODUCT DESCRIBED
HEREIN WAS SAMPLER AND TESTED IN ACCORDANCE
WITH THE SPECIFICATION, TO OUR KNOWLEDGE,
AND FULFILLES REQUIREMENTS IN SUCH REBPECT.

3598  Davir Aem

Wiltew e S

BT Accepted
L Q.C. Dept,
‘ /M Initials

Date yy12.

MM188078

Approved



15Marl2 14:39 TEST CERTIFICATE Mo: PC 126413
Sald By: fz‘
JCARGILL STEEL SERVICE CENTERS P70 No S8EE ITEMS
DEPARTMENT OF CARGILL, INCORPORATED Rel MOBILE
1800 INDUSTRIAL DR S5/0 Ng PC 55044004
PANAMA CITY FL  32405-6029 B/ Na PC 32133-C004 Shp 13Marlz
Tel: B30-784-4721 Fax: 850 78B4-9472 Inv Mo Inv

Hold Toz: ( 20234 Ship Tos ¢ 10)
DNESL STEEL INC O'NEAL STEEL INC

PO ROX 98 ONE O’NEAL LaME
BIRMINGHAM AL 35202 CHICKASAKW AL 36611

Tel: 2053-599-8000 Fax: 205 5979-813i

CERTIFICATE of ANALYSIS and TESTS 2 126413

15Martz
Farl Mo 22B6727-8002G1

HR PLATE SHEET ASTMA-R346/ASME SA-34 Wyt
1/4 X 72.0000" X 240.0000* L= 14,708

Heat Number Tag No Prs |

49897 841994 & 7
YIELD=47.6/TENS=74.5/ELONG=30.9/MILL=<THYSSENKRL
VESSL =-LTDZ24 > /CNTRY=:USAx>

Q49897 841995 & 7,351
YIELD=47.46/TENS=74.5/ELONG=30.9 /MILL=<THYSSENKR
VESSL=<LTD2Z24>/CNTRY=<USA>

T
1

v
45

&

Heal Number ¥#3# Chemical Analysis xxx
D4FRS7 ¢ = 0=0.2020 rnr=0,8810

HEREIN W&S SAMPLED AaND TESTED IN
WITH THE SPECIFICATION, TO OUR KNOEL
AND FULFTILLES REQUIREMENTS IN SUCH

3592 Davir Aem
Wiltew a5 e mbluy—
O Hipa) Accepted
K o Q.C. Dept.
initial

Date 4444

"

MM188078

Approved



N WILTEW

Document Title: 3592 UA-DR-0091 IP Condensate Drum Documentation Package
Document #: CDP-3592-35

Vendor: JWWTEW, LLC dba Wiltew
SoCo PO# MPC 10037829

SoCo Project: Kemper County IGCC Unit 1

UA-DR-0091 IP Condensate Drum

Documentation Package

AS-BUILT DRAWINGS

Page 35

MM188078

Approved
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DESIGN DATA
%P DESIGN CODE: ASME SECTION Viil, DIV. 1
DESIGN CONDITIONS SHELL SIDE
TG EC MAX. ALLOW. INT. WORKING PRESSURE 50 PSIG
SUPPORT LEG - - -
o o MAX. ALLOW. EXT. WORKING PRESSURE NONE
DESIGN TEMPERATURE 400F
4 "ﬁ TEST PRESSURE(HYDROSTATIC) 65 PSG
404 CORROSION ALLOWANCE 125"
322" | RADIOGRAPHY (RT) SPOT
- € INSULATION RING oo
Ll : e LIQUID PENETRANT EXAMINATION (PT) N/A
\
| 292" POST WELD HEAT TREAT N/A
! ' i STAMP s
| Al 286" ; ‘ SURFACE PREP & PAINTING—EXTERIOR: "LATER"
) ! 3
| | % | |
265" ! ! g WEIGHT: 17500 #EMPTY 135601 #FLOODED
_€' 8 —= _‘ / ‘ | MATERIALS:
L eé, ) ‘ X | SHELL: SA-516 GR70 BODY FLG'S: N/A
| 244 i ] ; 5 I NOZ. FLG'S. SA-105 BOLTING: SA-193 B7/SA-194 2H
! \ J GASKETS: "LATER" STIFFENERS: N/A
| 270'7*—'|—| —_———— e r————y ®90' -
. SUPPORTS: CS. HEADS: SA-516 GR70
! - SUPPORT LEG * ’ P h At INTERNALS: N/A
{  INSULATION RING TAILING LUG : . g e NoTES.
¥ " 58%" (TYP :
i I %" (YP) ~ 1. PROTECT ALL STAINLESS STEEL SURFACES TO AVOID CARBON
| ) ' CONTAMINATION.
/ ’ 2, ALL FLANGE BOLT HOLES TO STRADDLE VESSEL CENTERLINES.
| i 3. PROTECT ALL OPENINGS FOR SHIPMENT.
| 2 s 1 4, ALL REINFORCING PADS TO HAVE A %" NPT TEST TAP.
! / /‘ 5, REMOVE ALL BURRS, WELD SPATTERS, AND SHARP EDGES.
| “h
| . {10P)
-~ 108" 0D ‘ A
. 12 / : D YBT™)
L S TTEM]aTY DESCRIPTION MATERIAL | HEAT No.
| - L 1| 2 [MEAD, 3/8" MIN THK X 108™ 0.0. W/ 27 SF., 2:1 ELLIPTICAL HFAD SA-516 GR70
| 225 = 2 | 1 |PL, 3/8° THK X 108" OD. X 324” LONG, SHELL SA-516 GRT0
[ e 3 [ 1 [N8 NP, STAMDARD HATIONAL BOARD KAMEPLATL W/ 3" STAND OFF =
5 4| 1_|NP_ARKT, STANDARD NAWEPLATE BRACKET, W/ 3 STAND OFF 5
i 118" - 5 | 4 |®8, 3/8" DIA ROLLED T0 113-3/8° 0.0, INSULATION RING SA-36
T € INSULATION RING 180" 6 | 80 |8, 3/8 DIA X 2-5/16°(REF) INSULATION Rk STAND OFF SA-36
| SUPPORT LEG
| LIFTING LUG
1 SAL
| ANVIEW — NOZZLE ORIENTATION
e MECLATE W JSCALE: 1 1/2" = 10"
(R | _ NOTE: INSUCATION RINGS NOT SHOWN
' FOR CLARITY
I
N U N <>
X 52"
} NATIONAL BD. NO. 021
f——— e — 16"
| B INSULATION RiNG uo G o
T 2650 SCHILLINGER RD. N.
) RT4  SeumEs, AL
1’ —| \ 10" SHELL MAWP PS| AT400"F
MDMT, 10: F AT, 50, PS|
LI L MFG. SERIAL NO. 3582
YEAR BUILT 2011
EQUIPMENT TAG# _UA-DR-0091
N.B. NAMEPLATE
SCALE: NTS -
I @ NOTE: 3" STANDOFF | AS BLALT CAM| ojijais
38" . ) ADDED_INSULATION RING DETALS G| 3
ININSULATION FABRICATION DETAILS FENISED LR CURFOMER: COMENTS foaM] i |
* T S O |FOR_ARPROVAL GAN | a/san
oGALE: L 1Ry = 1= No | DESCRIPTION 8Y | DATE
NOTE: DIMENSIONS ARE TYPICAL SR
REVISIONS
96" gras-
Rt -} L 1 Pﬂ.
WILITEW =
0 NOZZLE SCHEDULE 2650 SCHILLINGER RD N, .
THICKNESS/SCHEDULE REPAD MATERIAL PROJ, SEMMES, AL 38575 =
NOZ [ size Jony] _TyPE  [RATWG| NECK | FLANGE FRISTUB EPAD OD/WIDTH NECK FLANGE | FRJSTUB REPAD HEAT No._| FROMOD. SERVICE 108” 0.D. IP CONDENSATE DRUM
A |12 [ o] mewn [ isof [ xn(500%) | XK BoRe - - - 4106 B SA-105 - - SEE DETAL [LP STEAM QUTLET ELEVATION, NOZZLE ORIENTATION,
LLE\/ATION" = B o[ | 1] ren | 1sof [sm(srsn)| s sore SA-106 B SA-105 SEE DETAL [P CONDENSATE INLET AND FABRICATION DETAILS
SCALETN [jZ21 1= 1A=0 ¢ | & || re | rsof | eogao0) | 8o pore = = = SA-1068 | SA105 = = &[T L INET SOUTHERN COMPANY
D | 8 | 1] Rewn | 150# | 80(500") | 80 BORE - 375" 11655 0D SA-106 B SA-105 - SA-516 GR70 SEE DETAL [LP CONDENSATE QUTLET JoB T 3502 DRWNG?’:SQZ 51“7;’ Rév
CONFIDENTIAL = c .
This drawing is the property of Wiltew The information contained herein is to be used only for the construction, operation, and maintenance of the project U 2 ! Al 150f | 60(.3447) 160 BORE = = = SENG D TS - = 8 LEVEL ALE DRAWN BY DATE
for which it was prepared. It 1s not to be reproduced in whole or in part, without the expressed written consent of Wiltew 1t is not to be used to furnish 22| RFWN 150§ | 160(.344%)| 160 BORE - - - SA-106 B SA-105 - - g e AS_NOTED GAM 08/30/2011
information to others, or for any purpose other than work authorized by Wiltew W 2w [ RFSO 150 500" S - 375 27" 0. SA-516 GRI0 SA-105 = SA-516 GR7D I SANWAY W/ HINGED COVER OUTHERN COVPANY TAGY 01G-UA-DR-0091 PO# MPC10037829

Quality

Record

MM188078
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NOZZILE "D” & VORTEX BREAKER DFETAILS
SCALE: 3" = 10

NOZZLE "A” DETAILS
SCALE: 3" = 1-0"

__J" THK LINER
MATERIAL = AR400

NOZZLE "B" DETAILS
SCALE: 3" = 1'=0Q"

QY DESCRIPTION MATERIAL | HEAT No.
1| 2 [PL, 3/8" THK X 7 13/16" X B" VORTEX BREAKER SA-36
2 | v [PL, 3/8" THK X 8" X 16" VORTEX BREAKER SA-36
3 |1 |BUND FLANGE, 24" 1503 BLIND FLANGE FOR MANWAY COVER Sh-108
4 § 1 LGASKET, 1/8" THK 24" 150f FLANGE GASKET GARLOCK

5 | 20 [STUDS, 1 1/47 DIA X 7 1/2" LONG @ MANWAY COVER SA-193 B7
6 | 40 [NUTS, 1 1/4” HW HEX NUTS 8 MANWAY COVER SA-194 24
7 | 1 [BUND FLANGE, 3" 150f BLIND FLANGE FOR MANWAY COVER SA-108
8 | 1 |GASKET, 1/8" THK 3" 150§ FLANGE GASKET GARLOCK
9 | 4 [STUDS, 5/87 DIA X 4 LONG © MANWAY COVER SA-193 B7
10 | 8 [NUTS, 5/8" HVY HEX NUTS @ MANWAY COVER SA-194 H
1"

12
13
14
15
16
\7
18
19
2

] w

o™

NOZZLE "M” — MANWAY DFETAILS
SCALE: 6" = 1'-0"
NOTE: SEE SHEET 3 FOR MANWAY DAVIT DETAILS

1_|AS BRNLT GAM| OBf1/12
G |FOR APPROVAL GAM il
HNa. DESCRIPTION BY | pATE
AEVISIONS

WILTEW

2650 SCHILLINGER RD N
BEMMES, AL 36576

108” 0.D. IP CONDENSATE DRUM
NOZZLE FABRICATION DETAILS
AND VORTEX BREAKER DETAILS

NOZZLE "L1" & "L2" DETAILS

CONFIDENTIAL

This drawing is the property of Wiltew The information contained herein is to be used only for the construction, operation, and maintenance of the project
for which it was prepared It is not to be reproduced in whole or in pari, without the expressed written consent of Wiltew. It is not to be used to furnish

information to others, or for any purpose other than work authorized by Wiltew.

SCALE: 3" = 1'-0

SOUTHERN COMPANY

N JOB No. DRAWING No SHEET REV.

ISJSEEZ'BEf ?--o-DETAlLS 3592 3592 213 | 1
SCALE DRAWN BY DATE

AS NOTED GAM 08/30/2011

SOUMERNCORYIS (46.ADR-0091 | MPC10037829

Quality

Record

MM188078



TEN]QTY DESCRIPTION MATERIAL | HEAT No.
1] 1 [PL, 3/8" THK X 107 1/4” 0.D. X 93 1/4" 1D. SUPPORT RING SA-36
2 | 1 [PL, 1/47 THK X 107 1747 0. X 427 TALL UNER AR-400
3 | 4 [PL, 3/8" THK X 14" X 16" SUPPORT LEG REPAD SA-38
4 | 4 [PEAM, WRx24 X 105 1/4" LONG SUPPORT LEGS SA-36
i 5 [ 4 [PL, 3/4" THK X 14" X 14" BASE PLATE SA-36
s 6 | 1 [PL,1/2" THK X 3" WIDE X 4 3/4° LONG SA-36
7 | 1 [RB, 5/8" DiA X 12" LONG SA-36
8 | 1 [EYE-BOLT, 5/8" DIA X 7 1/8" LONG SA-36
9 | 1 [RA, 5/87 DA X 6 LONG SA-36
10 | 1 |RR, 2" DIA X 46" LONG SA-36
1] 1 [PL1/2" THK X 2 5/16" WIDE X 8" LONG SA-36
1212 [P, 1/4" THK X 4" 0D. X 2 1/8" D, SA-36
MIST ELIMINATOR 13 | 1 [PIPE, 2" SCH 40 X 9” LONG SA-105 A
SUPPORT RING 14 | 1 [COTTER PIN, 1/8” DIA SS.
15 | 2 [PL. 3/4" THK X 10" X 27" LONG LIFTING LUG SA-36
16 | 2 [PL, 3/4" THK X 2 7/16(REF) X 10" BRACE PLATE SA-36
Z 17 ] 1 PL, 3/4" THK X 6 3/8" X 10" SA-36
18 | 1 [PL, 3/8" THK X 47 X 12" BRACE PLATE SA-36
H P 19
4 .
M” 4—1
SKIP %" OF WELD AT

T\INTERNAL SUPPORT RING DETAILS HOUIOM "CENTER ENTAILING LUG FABRICATION DETAILS
T/ SCALE: 67 = 1-0" €5>urrmc LUG FABRICATION DETAILS B ) SCATE: 57 = 1-0°
NOTE: SEE ELEVATION FOR LOCATION OF RING B0 JSCALE: 6° = 10"

1M :
T - 14" ——=]
[-— 108" VESSEL 0.D. ————— > 71 P NN S { |
A t ? 1 i
¥ 107}" LINER 0.D. S : i
% 2k S
L © )
. ® L i
]
1/ T | T
2" SHELL —=—Fle— i H
A | :
K i
A e 17 UNER I 'FE
¢ i
/ [
48 1
f DRILL 5/32"» THRU
[ ! FOR 1/8" COTTER
5; I PIN
/ 1
; » | m
/ i |
5
?\ = i €3>MANWAY DAVIT ARM FABRICATION DETAILS
o
'f: : NOTE: SFE SHEFT 1. ORIENTATION FOR LOCATION OF DAVIT
/ |
/ | |
7 i !
4 |
/ 1
7 i » | f:’ﬁi—';{‘;‘,’—s.mmm——%%
/ 0 _[FOR APPROVAL GAM 1
7 | Fo | EEEGETOn__ BV | oate

SN
—

T e REVISIONS
g ) n—— R WILTEW &

-
2650 SCHILLINGER RD N. [

e2>INTERNAI_ LINER FABRICATION DETAILS TR T?Mé%ﬁosgﬁﬁsmz SR
J SCALE: 6" = 1'-0" D.
NOTE: SEE SHEET 1, ELEVATION FOR LOCATION OF LINER SUPEU_R} LEG _FABRICATION DETAILS INTERNAL LINER, LIFTING LUGS
a5/ SCALE: 1 1/2" = '=0" y !
NOTE: SEE SHEET 1, ODRIENTATION FOR LOCATION OF LEGS SUPPORT LEGS, & MISC. DETAILS
SOUTHERN COMPANY
JOB No. DRAWING No. SHEET. REV
CONFIDENTIAL 3592 3592 3/3 2
This drawing is the property of Wiltew The information contained herein is to be used only for the ion, ion, and mai of the project BCALE: DRAWN BY E
for which it was prepared. It is not to be reproduced in whole or in part, without the expressed written consent of Wiltew 1t is not to be used to furnish AS _NOTED GAM 08/30/2011
information to ofhers, or for any purpose ather than work authorized by Wiltew FOUTHERCOWRYIAS 4GUA-DR-0091 |*™  MPC10037829

Quality

Record

Approved MM188078



A WILTEW

Document Title: 3592 UA-DR-0091 IP Condensate Drum Documentation Package
Document #: CDP-3592-35

Vendor: JWWTEW, LLC dba Wiltew
SoCo PO# MPC 10037829

SoCo Project: Kemper County IGCC Unit 1

UA-DR-0091 IP Condensate Drum

Documentation Package

CODE CALCULATIONS

Page 39

MM188078
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FMS Engineering, LLC

2509 Commercial Park Dr.

Mobile, AL 36606

P!

COMPRESS Pressure Vessel Design Calculations

Item no.: UA-DR-0091

Customer: Wiltew

Job No.: 3592

Contract: 11089

Designer: D Roberts
Date: May 31, 2011

H \\\'.mmm.'m,,
Accepted § Hangt e RN
N Jf?{ s 2
Q:(?. D §*; No. 30879 = QB“}S\
Initials % | PROFESSIONAL /" < NSV
2o 3
Date 4. %9 %lm‘i«‘@?
”ffa 70 o
n m"f:,l!!lllﬁ“““ »
David J. Roberts
2011.06.29 08:35:31 -05'00'
Quality
Record
MM188078

Approved



1177

MM188078

Approved



No deficiencies found.

Deficiencies Summary

2/177
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Nozzle Schedule

Nozzle Materlials
— Service Size Fire —
Nozzle Impact | Norm Grain Pad Impact | Norm Grain Flange

A Nozzle A | NPS 12 X Heavy ;ﬁ; 08BSms g INo  |No SA51670 | No No [No WN A105 Class 150
B Nozzle B [‘:(Fés) HBISChEI0 ;’Q;‘ 06BSmis |\, No [N NIA NA [N (e WN A105 Class 150
c Nozzle C | NPS 3 Sch 80 (x9) ﬁlﬁ: 0688mis  no  INo N N/A nA [wa [wa WN A105 Class 150
D Nozzle D | NPS 8 Sch 80 (XS) ;ﬁ'e' 06BSmis |\, No |No SA-51670 | No No |No WN A105 Class 150
u Nozzle L1 | NPS 2 Sch 160 3‘:: 06BSmis |y, No |No N/A NA|NA [Na WN A105 Class 150
2 Nozzle L2 | NPS 2 Sch 80 (XS) ;‘;: 06BSmis |\, No |No N/A NA|NA A WN A105 Class 150
M Nozzle M | 24.00 1Dx0.50 SA-51670 No No |No SA51670 [ No No |No g =10 70Ciges

3177

MM188078

Approved



fi:
Regt,:
Nom t:
Design t:

User t:

Nozzle Summary

Reinforcement
Shell Pad
Nozzle | OD t Reqt A2 | A2 Corr | A /A
o T LN 17 21 - T
mark | (n) | GR) | () ) | @)
Nomt | Designt | Usert | Width t a
ay | o | om | am | 8RS
A 12.75 | 0.5 0.3377 |Yes |Yes |0.283" |0.2788 2 0.375 0.125 | 100.0
B 16 0.5 0.3033 |Yes |Yes |0.375 |0.2145 N/A N/A 0.125 | 100.0
c 3.5 0.3 0.216 Yes |Yes [0.375 |N/A N/A N/A 0 Exempt
D 8.625 | 0.5 0.3898 | Yes |Yes |0.32" 0.3096 2 0.375 0.125 | 100.0
L1 2.375 | 0.344 | 0.2969 |Yes |Yes |0.376 |N/A N/A N/A 0.125 | Exempt
L2 2,375 | 0.218 | 0.154 Yes |Yes [0.375 |N/A N/A N/A 0 Exempt
M 25 0.5 0.2942 |Yes |Yes [0.375 |0.2411 2 0.375 0.125 | 100.0

Nozzle thickness
Nozzle thickness required per UG-45/UG-16
Vessel wall thickness
Required vessel wall thickness due to pressure + corrosion allowance per UG-37

Local vessel wall thickness (near opening)

Area available per UG-37, governing condition
Area required per UG-37, governing condition
Corrosion allowance on nozzle wall
Head minimum thickness after forming
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Pressure Summary

Pressure Summary for Chamber bounded by Ellipsoidal Head #2 and Ellipsoidal Head #1

P T
T P PO U 7 R S
(psl) | (°F)

Ellipsoidal 1 50 400 |5003 |8as1 |-55 |Noted No
Straight Flange on Eliosoidal Head #1 | 50 400 7885 |118.38 |-55 |Note2 No
Culinder #1 50 400 7885 |118.38 |55 |Note2 No
inder #2 50 400 |7546 |118.38 [-55 | Noted No
Culinder #3 50 400 |7199 11838 [-65 |Note4 No
Cylinder #4 50 400 |7069 |11838 [-65 |Note5 No
jaht Fiange on Ellipsoidal H 50 400 |7062 |11838 [-65 |Note7 No
lipsoidal Head 2 50 400 |5258 |101.28 |-55 |Note® No
Leas #1 50 400 |50 NA (A [N N/A
Nozzle A (A) 50 400 |e3ss |9702 |-4a4 [Nz |Nowe8 |No
Pad | Note9 | No
Nozzle B (B) 50 400 |5204 |7958 |55 | Note10 No
Nozzle C (C) 50 400 |9276 |139.27 [-65 | Note 11 No
zzle D 50 a0 [71.08 |127.72 |44 | Nozzle |Note12 | No
Pad | Note 13 [ No
Nozzle L1 (L1) 50 400 8501 |139.27 [65 [Note14 No
Nozzle L2 (12) 50 400 |9276 |139.27 [65 [Notets No
Nozzle M (M) 50 400 |5608 |s9.a7 .55 | Nozzle [Note16 |No
Pad | Note 17 | No

Chamber design MDMT is 10 °F

Chamber rated MDMT is -43.4 °F @ 50 psi

Chamber MAWP hot & corroded is 50 psi @ 400 °F

Chamber MAP cold & new is 79.58 psi @ 70 °F

This pressure chamber is not designed for external pressure.

Notes for MDMT Rating:

Rated MDMT is governed by UCS-66(b)(2)

Note # Exemption Details
1. Straight Flange governs MDMT
Material impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
2. Fig UCS-66.1 MDMT reduction = 50.3 °F, (coincident ratio = 0.5393655) UCS-66 governing thickness = 0.375 in

Material impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
3. Fig UCS-66.1 MDMT reduction = 43.4 °F, (coincident ratio = 0.5759223)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in

Material impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
4. Fig UCS-66.1 MDMT reduction = 38.7 °F, (coincident ratio = 0.6132509)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in

Material impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
5. Fig UCS-66.1 MDMT reduction = 37.3 °F, (coincident ratio = 0.6272475)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in
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Straight Flanae governs MDMT

Material impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 37.2 °F, (coincident ratio = 0.6280251)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in

Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 23.4 °F, (coincident ratio = 0.76646)

UCS-66 governing thickness = 0.375 in.

Pad impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 23.4 °F, (coincident ratio = 0.76646)

UCS-66 governing thickness = 0.375 in.

Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 50.3 °F, (coincident ratio = 0.53948)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in.

Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 50.3 °F, (coincident ratio = 0.53948)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.2625 in.

Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 26.1 °F, (coincident ratio = 0.73862)

UCS-66 governing thickness = 0.375 in.

Pad impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 26.1 °F, (coincident ratio = 0.73862)

UCS-66 governing thickness = 0.375 in.

Flange rating governs:
Flange rated MDMT = -155 °F
Bolts rated MDMT per Fig UCS-66 note (¢) = -55 °F

UCS-66(b)(3): Coincident ratio = 0.2025432

Flange rating governs:
Flange rated MDMT = -155 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F

UCS-66(b)(3): Coincident ratio = 0.1754386

Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 38.8 °F, (coincident ratio = 0.6118)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in,

17.

Pad impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 38.8 °F, (coincident ratio = 0.6118)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in.

Design notes are available on the Settings Summary page.
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Revision History

No. Date Operator Notes
5/97/2011 droberts Neyv vessel created ASME Section VIII Division 1 [COMPRESS
Build 7110]
6/29/2011 droborts Revised Leg length from 76 to 112", Enlarged repad from 18"x16" to

20"x18"
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Settings Summary

COMPRESS Build 7110

Units: U.S. Customary

Datum Line Location: 0.00" from bottom seam
Design

ASME Section VIIi Division 1, 2010 Edition

Design or Rating:

Minimum thickness:

Design for cold shut down only:

Design for lethal service (full radiography required):
Design nozzles for:

Corrosion weight loss:

UG-23 Stress Increase:

Skirt/legs stress increase:

Minimum nozzle projection:

Juncture calculations for o > 30 only:

Preheat P-No 1 Materials > 1.25&#34 and <= 1.50" thick:

UG-37(a) shell tr calculation considers longitudinal stress:

Butt welds are tapered per Figure UCS-66.3(a).

Hydro/Pneumatic Test

Shop Hydrotest Pressure: i eshessel

MAWP
Test liquid specific gravity: 1.00
Maximum stress during test: 90% of yield
Required Marking - UG-116
UG-116(e) Radiography: RT4

UG-116(f) Postweld heat treatment: None
Code Cases\Interpretations

Use Code Case 2547: No
Apply interpretation VIII-1-83-66: Yes
Apply interpretation VIII-1-86-175: Yes
Apply interpretation VHiI-1-83-115: Yes
Apply interpretation VIII-1-01-37:  Yes
No UCS-66.1 MDMT reduction:  No
No UCS-68(c) MDMT reduction:  No
Disallow UG-20(f) exemptions: No

Get Thickness from Pressure
0.0625" per UG-16(b)

No

No

Design P, find nozzle MAWP and MAP
100% of theoretical loss

1.20

1.0

6"

Yes

No

No
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UG-22 Loadings

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

UG-22(b) Weight of the vessel and normal contents under operating or test conditions:
UG-22(c) Superimposed static reactions from weight of attached equipment (external loads):
UG-22(d)(2) Vessel supports such as lugs, rings, skirts, saddles and legs:

UG-22(f) Wind reactions:

UG-22(f) Seismic reactions:

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

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

Yes
Yes

Yes
Yes
Yes
No
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Thickness Summary

Component Materlal Diameter | Length | Nominal t | Designt | Total Cotrosion | Joint Load
Identifier (in) (in) (in) (in) (in) E
Ellipsoidal Head #1 SA-51670 | 1080D | 27.1415 | 0.283* 0.283 0.125 0.85 | Internal
Straiaht Flange on Ellipsoidal Head #1 SA-516 70 | 108 OD 2 0.375 0.2837 0.125 0.85 | Internal
Cvlinder #1 SA-516 70 | 108 OD 96 0.375 0.2837 0.125 0.85 | Internal
Cylinder #2 SA-516 70 | 108 OD 96 0.375 0.2944 0.125 0.85 | Internal
linder SA-516 70 | 108 OD 96 0.375 0.3054 0.125 0.85 | Internal
inder #4 SA-516 70 | 108 OD 36 0.375 0.3095 0.125 0.85 | Internal
| ipsoidal H SA-516 70 | 108 OD 2 0.375 0.3098 0.125 0.85 Internal
Ellipsoidal Head #2 SA-516 70 | 108 OD 27.16 0.32* 0.3119 0.125 0.85 | Internal
Nominal t: Vessel wall nominal thickness
Designt: Required vessel thickness due to governing loading + corrosion
Joint E: Longitudinal seam joint efficiency
* Head minimum thickness after forming
Load
internal:  Circumferential stress due to internal pressure governs
external:  External pressure governs
Wind: Combined longitudinal stress of pressure + weight + wind governs
Seismic:  Combined longitudinal stress of pressure + weight + seismic governs
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Weight Summary

Weight ( Ib) Contributed by Vessel Elements
Surface Area
Component N . ft2

Metal Metal Insulation & Linin Piping | Operating Test

New* | Corroded” | Supports 9| + Liquid | Liquid Liquid
Ellipsoidal Head #1 |1,133.4 |642.3 0 0 0 0 6,5245 |102
Cylinder #1 34219 |22839 0 0 0 0 31,473.1 | 225
Cylinder #2 3,444.7 12,2991 0 0 0 30,796.9 31,306 226
Cylinder #3 3,3926 |2264.4 0 0 0 31,577.2 31,428.5 | 223
Cylinder #4 1,291.3 |861.9 0 0 0 11,7951 11,740.2 | 85
Ellipsoidal 2 |1,277.8 |785 0 0 [} 6,550 6,505.6 (102
Legs #1 1,9722 |1,9722 0 0 0 0 0 188
TOTAL: 15,933.9 | 11,108.8 0 0 0 80,719.3 118,978 | 1,151

* Shells with att:

ached nozzles have weight reduced by material cut out for opening.

Weight ( Ib) Contributed by Attachments

Component Nozzles & Surface Area
Body Flanges Flanges Packed | Ladders & | Trays & F!Ings & | Vertical it2
Beds | pjlatforms | Supports | Clips Loads
New | Corroded | New | Corroded
Ellipsoidal Head #1 [0 |0 1107 |105.1 0 0 0 0 0 4
Cylinder #1 o o 4738 |401.1 0 0 0 0 0 16
Cvlinder #2 0o o 0 0 0 0 0 0 0 0
Cylinder #3 o o 819.7 |793.7 0 0 0 0 0 14
Cylinder #4 0 0 9.7 8.4 0 0 0 0 0 1
Ellipsoidal Head #2 [0 |0 614 |574 0 0 0 0 0 3
Legs #1 o o 0 0 0 0 0 0 0 0
TOTAL: o |o 1,475.4 |1,365.7 |0 0 0 0 0 37
Vessel operating weight, Corroded: 93,194 |b
Vessel operating weight, New: 97,737 b
Vessel empty weight, Corroded: 12,475 |b
Vessel empty weight, New: 17,409 b
Vessel test weight, New: 136,387 Ib
Vessel surface area: 1,188 ft2

Vessel center of gravity location - from datum - lift condition

Vessel Lift Weight, New: 17,409 Ib

Center of Gravity: 135.7399"
Vessel Capacity
Vessel Capacity*™ (New): 14,232 US gal

Vessel Capacity™* (Corroded): 14,305 US gal

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

Shell Long Seam
Angles

Companent | Seam 1
linder #1 |155.8503"
Cylinder #2 | 185.8503°
Cylinder #3 | 155.8503"°
Cvlinder #4 | 185.8503°

Shell Plate Lengths

Starting
Angle

Culinder #1, |155.:8503° |33g.1139"
Cylinder #2 | 185.8503" |338.1139"
Cvlinder #3 |155.8503° |338.1139"
Cylinder #4 | 185.8503% |338.1139"

Component Plate 1

*North is located at 0°
*Plate Lengths use the circumfrence of the vessel based on the mid diameter of the components
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Hydrostatic Test

Shop test pressure determination for Chamber bounded by Ellipsoidal Head #2 and Ellipsoidal Head #1 based

on MAWP per UG-99(b)

Shop hydrostatic test gauge pressure is 65 psi at 70 °F (the chamber MAWP = 50 psi)

The shop test is performed with the vessel in the vertical position.

Local test | Test liquid | UG-99 | UG-99
Identifier pressure | static head | stress | pressure

psi psi ratio factor
Efiipsoidal Head #1 (1) 66.336 1.336 1 1.30
Straight Flange on Ellipsoidal Head #1 66.336 1.336 1 1.30
Cylinder #1 69.801 4.801 1 1.30
Cylinder #2 73.266 8.266 1 1.30
Cylinder #3 76.732 11.732 1 1.30
Cylinder #4 78.031 13.031 1 1.30
Straight Flange on Ellipsoidal Head #2 76.103 13.103 1 1.30
Ellipsoidal Head #2 79.072 14.072 1 1.30
Nozzle A (A) 65.284 0.284 1 1.30
Nozzle B (B) 68.736 3.736 1 1.30
Nozzle C (C) 68.518 3.518 i 1.30
Nozzle D (D) 79.367 14.367 1 1.30
Nozzle L1 (L1) 77.628 12.628 1 1.30
Nozzle L2 (L2) 68.5 3.5 1 1.30
Nozzle M (M) 76.587 11.587 1 1.30

Notes:

(1) Ellipsoidal Head #1 limits the UG-99 stress ratio.

The field test condition has not been investigated for the Chamber bounded by Ellipsoidal Head #2 and Ellipsoidal

Head #1.

The test temperature of 70 °F is warmer than the minimum recommended temperature of -13.4 °F so the brittle
fracture provision of UG-99(h) has been met.
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Cylinder #1
ASME Section VI Division 1, 2010 Edition

Component: Cylinder

Material specification: SA-516 70 (Il-D p. 18
Material impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 50.3 °F, (coincident ratio = 0.5393655)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in

Internal design pressure: P = 50 psi @ 400 °F
Static liquid head:

P Opsi  (SG =1, Hy = 0",0Operating head)
(8G =1, Hy = 133", Vertical test

w = 4.8 ps'head)
Corrosion allowance Inner C = 0.125" Quter C=0"
Design MDMT = 10 °F No impact test performed
Rated MDMT = -55 °F Material is not normalized
Material is not produced to Fine Grain Practice
PWHT is not performed
Radiography: Longitudinal joint - Spot UW-11(b) Type 1
Top circumferential joint - Spot UW-11(b) Type 1
Bottom circumferential joint - Spot UW-11(b) Type 1
Estimated weight New = 3,421.9 Ib corr = 2,283.9 Ib
Capacity New = 3,754.43 US gal corr = 3,771.95 US gal
oD = 108"
Length "
L, = 96
t = 0.375"

Design thickness, (at 400 °F) Appendix 1-1
t P*R,/(S*E + 0.40"P) + Corrosion
50*54 / (20,000%0.85 + 0.40*50) + 0.125
0.2837"

||

Maximum allowable working pressure, (at 400 °F) Appendix 1-1
P S*E*t/ (R, - 0.40") - P
20,000*0.850.25 / (54 - 0.40*0.25) - 0
78.85 psi

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

P

S*E*t/ (R, - 0.40%)
20,00070.85*0.375 / (54 - 0.40*0.375)
118.38 psi
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% Extreme fiber elongation - UCS-79(d)

EFE =  (50/R)*(1-R/R,)
= (50*0.375/53.8125)*(1 - 53.8125 / o)
= 0.3484%

The extreme fiber elongation does not exceed 5%.
Design thickness = 0.2837"

The governing condition is due to internal pressure.
The cylinder thickness of 0.375" is adequate.

Thickness Required Due to Pressure + External Loads

Allowable Stress
Req'd Thk Due
Before UG-23 .
" P P Temperature ( Corrosion C Req'd Thk Due to to
Condition ey ) S““;’;‘;‘)’ease( °F) (in) Coad Tenslon (in) Compression
(in)
Sy S¢
Operating, Hot & Corroded 50 20,000 |8017 |400 0.125 Wind | 0.0663 00645
Seismic | 0,.0657 0.0651
Operating, Hot & New 50 20,000 |10.568 | 400 0 Wind 0.0861 00641
Seismic | 0.065% 0.0647
Hot Shut Down, Corroded 0 20,000 [g017 | 400 0.125 Wind 0.0005 0.0028
Seismic | 0.0002 0.0015
Hot Shut Down, New 0 20,000 | 10568 | 400 0 Wind | 0.0004 20025
Seismic | 0.0003 0.0016
E c " 20000 |83 -~ - Wind 0.0005 0.0027
Seismic | 0.0002 0.0014
Empty, New 0 20,000 |11.676 |70 0 Wind 0.0004 00023
Seismic | 0,0003 00015
& Eocontrl Momen"; onl Weight |, 20,000 |8017 |400 0.125 Weight | 0.001 0.0015
Allowable Compressive Stress, Hot and Corroded- S, (table CS-2)
A = 0125/(R,/t)
= 0.125/(54/0.25)
= 0.000579
B = 8,017 psi
= 20,000/1.00 = 20,000 psi
Schc = min(B, S) = 8,017 psi
Allowable Compressive Stress, Hot and New- S, (table CS-2)
A = 0.125/(R,/1)
= 0.125/(54/0.375)
= 0.000868
B = 10,568 psi
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S

20,000/1.00 = 20,000 psi
min(B, S) = 10.568 psi

ScHN

Allowable Compressive Stress, Cold and New- S, (table CS-2)

A = 0.125/(R,/1)
= 0.125/(54/0.375)
- 0.000868
B - 11,676 psi
S = 20,000/1.00 = 20,000 psi
Seon - min(B, S) = 11,676 psi

Allowable Compressive Stress, Cold and Corroded- S, (table CS-2)

A = 0.125/(R,/1)
= 0.125/(54/0.25)
= 0.000579
B = 8,341 psi
S = 20,000/1.00 = 20,000 psi
Sece = min(B, S) = 8.341 psi

Allowable Compressive Stress, Vacuum and Corroded- S, (table CS-2)

A = 0.125/(R,/t)
= 0.125/(54/0.25)
= 0.000579
B = 8,017 psi
S = 20,000/1.00 = 20,000 psi
Seve = min(B, S) = 8.017 psi

Operating, Hot & Corroded. Wind. Botiom Seam
t, = P"R/(2'S{K;"E, + 0.40%|P|) (Pressure)
= 50%53.75 / (2*20,000*1.20*0.85 + 0.40*|50|)
= 0.0658"
M/ ('R 2*S"K;"E,) (bending)
149,833 / (r*53.875%*20,000%1.20%0.85)
0.0008"
= 0.6"W/ (2*n*R*S"K E,) (Weight)
= 0.60"3,432.5/ (2*n*53.875"20,000*1.2070.85)
= 0.0003"
o=+t -t (total required, tensile)
= 0.0658 + 0.0008 - (0.0003)
= 0.0663"
tye = W/ (2°R,*S"K*E,) (Weight)
= 3,432.5/(2"n*53.875"20,000*1.20*0.85)
= 0.0005"

—
]

t

W
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o = ltme + tye - tpl (total, net tensile)
= ]0.0008 + (0.0005) - (0.0658)|
= 0.0645"

Maximum allowable working pressure, Longitudinal Stress

P

2'SKSE S (t-t, +1,) / (R-0.40"(t-t_+1,)
2*20,000*1.20*0.85*(0.25 - 0.0008 + (0.0003)) / (53.75 - 0.40*(0.25 - 0.0008 + (0.0003)))
= 189.73 psi

rating. H New, Wind, B m m

t, = P*R/(2'SKE, + 0.40*|P]) (Pressure)
= 50753.625 / (220,000%1.20%0.85 + 0.40%|50])
= 0.0657"

t, =M/ (@R 2'S/KyE,) (bending)
= 154,317 / (n*53.8125%*20,000*1.20%0.85)
= 0.0008"

t, = 0.6"W/(2*t*R,"S;"K,"E,) (Weight)
= 0.60*5,139.8 / (2*x*53.8125"20,000*1.20*0.85)
= 0.0004"

o=ttty -ty (total required, tensile)
= 0.0657 + 0.0008 - (0.0004)
= 0.0661"

twe = W/ (21*R"SKS'E) (Weight)

= 5,139.8/ (2"n"53.8125*20,000%1.20*0.85)

= 0.0007"

te = Itme + e - tol (total, net tensile)
= |0.0008 + (0.0007) - (0.0657)|

= 0.0641"
Maximum allowable working pressure, Longitudinal Stress

P

2*SMKSES (-t + 1) / (R -0.407(t - £, + t,,)
= 2*20,000*1.20*0.85*(0.375 - 0.0008 + (0.0004)) / (53.625 - 0.40%(0.375 - 0.0008 + (0.0004)))
= 285.82 psi

H Down in

t =0" (Pressure)
m = M/ (TR, 2*SK*E,) (bending)
149,833 / (r*53.875%*20,000*1.20*0.85)

= 0.0008"

ty, = 0.6"W/(2*n"R*S*K"E,) (Weight)
= 0.60*3,432.5/ (2*n*53.875*20,000*1.20*0.85)

= 0.0003"

—
]
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to=t+tn-t, (total required, tensile)
= 0+ 0.0008 - (0.0003)
= 0.0005"
toe = M/ ("R 2*S.*K,) (bending)
= 149,833 / (1*53.875%*8,016.58*1.20)
= 0.0017"
twe = W/ (2'n"R*S.*K,) (Weight)
= 3,432.5/(2*n*53.875%8,016.58%1.20)
= 0.0011"

to =t + et (total required, compressive)

= 0.0017 + (0.0011) - (0)
- 0.0028"

Hot Shut Down, New. Wind, Bottom Seam

t, =0 (Pressure)
ty = M/ (mR,Z*S K E,) (bending)
= 154,317 / (n*53.8125%*20,000%1.20*0.85)

= 0.0008"

= 0.6"W/ (2*n*R,"S"K,"E ) (Weight)
= 0.60*5,139.8/ (2*n*53.8125%20,000%1.20"0.85)

= 0.0004"

t

W

b o=t+tn-t, (total required, tensile)
= 0+ 0.0008 - (0.0004)
= 0.0004"
tne = M/ ('R 2*S*K,) (bending)
= 154,317 / (n*53.8125%*10,568.3*1.20)
= 0.0013"
tye = W/ (2'n"R*S,*K;) (Weight)
= 5,139.8/ (2"n*53.8125"10,568.3"1.20)
= 0.0012"

te = thne+ le I (total required, compressive)

= 0.0013 + (0.0012) - (0)
- 0.0025"

Em I Wind. B m m

t, =0" (Pressure)
M/ (m*R,2*S,"K*E;,) (bending)
= 149,833 / (n*53.8752*20,000%1.20*0.85)

0.0008"

t, =0.6"W/(2*n*R*S;"K*E,) (Weight)
= 0.60"3,432.5/ (2*=*53.875*20,000%1.20*0.85)

= 0.0003"

—
]

o=ttty (total required, tensile)
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= 0 +0.0008 - (0.0003)
= 0.0005"

t, = M/ (@R 28K
= 149,833 / (1*53.8752'8,341.12*1.20)
= 0.0016"

t,e = W/ (@R 'S K,)
= 34325/ (2'1*53.8758,341.12*1.20)
= 0.001"

te =tnettue- tpc
= 0.0016 + (0.001) - (0)

= 0.0027"
Empty, New, Wind, Bottom Seam
i =ni

—

W = M/ (@R 2S7KSE,)

= 154,317 / (*53.8125%*20,000*1.20*0.85)

= 0.0008"
t, = 0.6"W/(2*n'R,*S;K, E,)

= 0.60*5,139.8 / (2*n*53.8125"20,000%1.20*0.85)

= 0.0004"
R A
= 0+ 0.0008 - (0.0004)
= Q. 4"

t, = M/ (TR, 2*SK,)

= 154,317 / (n*53.81252*11,675.8*1.20)

= 0.0012"
tye = W/ (2R *S7Ky)

= 5,139.8 / (2*n*53.8125"11,675.8*1.20)

= 0.0011"

I e A ™ tpc
= 0.0012 + (0.0011) - (0)

= 0.0023"
Down r i E

tp = 0"
t =M/ @RS K,)
= 20,841/ (x*53.8752*8,016.58*1.00)
= 0.0003"
ty = W/ (2*1t*Rm*Sc*Ks)
= 3,432.5/ (2*n*53.875"8,016.58"1.00)
= 0.0013"
t = Itp+tm_tw|
= |0 + 0.0003 - (0.0013)|

(bending)

(Weight)

(total required, compressive)

(Pressure)

(bending)

(Weight)

(total required, tensile)

(bending)

(Weight)

(total required, compressive)

(Pressure)
(bending)

(total, net compressive)
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- 0.001"

te = tme+ twe = toc (total required, compressive)
= 0.0003 + (0.0013) - (0)

= 0.0015"
rating. H rr ismic, B m m
t, = P*R/(2*SK{'E, + 0.40%|P)) (Pressure)
= 50"53.75 / (2*20,000*1.20%0.85 + 0.40*|50|)
= 0.0658"
t, =M/ (n*R 2*SKSE,) (bending)
= 36,712/ (n*53.875%*20,000*1.20*0.85)
= 0.0002"
t, = (0.6-0.14"Sp)*"W/ (2*n*R *S*K,E,) (Weight)
= 0.58"3,432.5/ (2*n*53.875"20,000%1.20*0.85)
= 0.0003"
o=ty -ty (total required, tensile)
= 0.0658 + 0.0002 - (0.00083)
= 0.0657"
tye = (1 +0.14"S)"W/ 2" 'R *S*K*E,) (Weight)
= 1.02"3,432.5/ (2*n*53.875"20,000%1.20*0.85)
= 0.0005"
o = lme + tue = ol (total, net tensile)
= 10.0002 + (0.0005) - (0.0658)|
= 0.0651"

Maximum allowable working pressure, Longitudinal Stress

P=2"S/KSES(t-t, +1,) / (R-0.40%(t-t, +1,)
= 2*20,000%1.20*0.85*(0.25 - 0.0002 + (0.0003)) / (53.75 - 0.40%(0.25 - 0.0002 + (0.0003)))
= 190.19 psi

ratin ismic, B m

t, = P'R/(2"S"K"E, + 0.40%|P|) (Pressure)
= 50*53.625 / (2*20,000"1.2070.85 + 0.40*|50()
= 0.0657"
tn =M/ (TR ZSKEp) (bending)
= 49,473 / (n*53.81252"20,000*1.20"0.85)
= 0.0003"
t, =(0.6-0.14"Sy5)*"W/ (2"t R *S;'K"E) (Weight)
= 0.58"5,139.8 / (2*x*53.8125*20,000%1.20"0.85)
= 0.0004"

L=ttty -ty (total required, tensile)
= 0.0657 + 0.0003 - (0.0004)
= 0.0655"
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—
I

(1 +0.14*Syg)*'W/ (2*w°R_*S;'K,'E) (Weight)
1.02*5,139.8 / (2*1*53.8125*20,000*1.20*0.85)
0.0008"

WC

o = Itne + by ~ el (total, net tensile)
= |0.0003 + (0.0008) - (0.0657)|
= 0.0647"

Maximum allowable working pressure, Longitudinal Stress

P=2"S'KSJES(t-t, +t,)/ (R-0.40%(t-t, +1,)
= 2*20,000%1.200.85*(0.375 - 0.0003 + (0.0004)) / (53.625 - 0.40*(0.375 - 0.0003 + (0.0004)))
= 286.24 psi

H Dow i
t, =0 (Pressure)
tn, = M/ (n*R,2*S,'K,) (bending)
= 36,712/ (n*53.875%*8,016.58*1.20)
= 0.0004"
t, = (0.6-0.14"Syg)*"W/ (2*n*R *S.K,) (Weight)
= 0.58"3,432.5/ (2*n*53.875*8,016.58*1.20)
= 0.0006"
b= g+t - byl (total, net compressive)
= |0 + 0.0004 - (0.0006)|
= il 2"
tye = (1 +0.14*Sp)*"W/ (2*n* R, *S."K,) (Weight)
= 1.02"3,432.5/ (2*n*53.875%8,016.58*1.20)
= 0.0011"
L = tnet by~ to (total required, compressive)
= 0.0004 + (0.0011) - (0)
= 0.0015"
W w. Seismic. B
t, =0 (Pressure)
t, = M/ (n"R 2*S 'K (bending)
= 49,473 / (n*53.8125%"10,568.3*1.20)
= 0.0004"
t, = (0.6-0.14"Sg)*W/ (2*n*R,*S.'K,) (Weight)
= 0.58*5,139.8 / (2"1*53.8125%10,568.3*1.20)
= 0.0007"
to= I+t -4l (total, net compressive)
= |0 + 0.0004 - (0.0007)|
= 0.0003"
twe = (1 +0.14"Spg)*" W/ (2*"R .S 'K,) (Weight)

= 1.02"5,139.8 / (2*n*53.8125"10,568.3*1.20)
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= 0.0012"

| A (total required, compressive)
= 0.0004 + (0.0012) - (0)
= 0.0016"

Empty. Corroded. Seismic. Bottom Seam

t, =0 (Pressure)
t, =M/ ('R 2*S'K,) (bending)
= 35,379 / (n*53.875%*8,341.121.20)
= 0.0004"
t, =(0.6-0.14"Spg)'W/ (2'n*R S, 'K,) (Weight)
= 0.58*3,432.5/ (2*n"53.8758,341.12*1.20)
= 0.0008"
o=+t -ty (total, net compressive)
= |0 + 0.0004 - (0.0008)|
= 0.0002"
tye = (1+0.14'Seo)*"W/ (2*1°R 'S 'K,) (Weight)
= 1.02*3,432.,5/ (2'n*53.875"8,341.12*1.20)
= 0.001"
o = tnet the tac (total required, compressive)
= 0.0004 + (0.001) - (0)
= 0.0014"
m w, Seismic, B
t,J =0" (Pressure)
tn =M/ (@*R,2*S.'K,) (bending)
= 46,675/ (1*53.8125%*11,675.8*1.20)
= 0.0004"
t, = (0.6-0.14*8,)*"W/ (2*n"R*S,*K,) (Weight)
= 0.58"5,139.8 / (2*1*53.8125*11,675.8*1.20)
= 0.0006"
t, = ltp +1, -t (total, net compressive)
= |0 + 0.0004 - (0.0006)|
= 0.0003"
t,e = (1 +0.14*Spe)*W / (2*n*R,,*S *K,) (Weight)
= 1.02*5,139.8 / (2*n*53.8125*11,675.8*1.20)
= 0.0011"
[ A (total required, compressive)
= 0.0004 + (0.0011) - (0)
= 0,0015"
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Cylinder #2
ASME Section VIl Division 1, 2010 Edition

Component: Cylinder

Material specification: SA-516 70 (lI-D p. 18
Material impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 43.4 °F, (coincident ratio = 0.5759223)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in

Internal design pressure: P = 50 psi @ 400 °F

Static liquid head:

_ . (8G=1,H, =
Ps = BS0Ips 94",Operatinsg head)
B . (8G =1, H,_ = 229",
Pu = Bivipsi Vertical testshead)
Corrosion allowance Inner C = 0.125" Outer C = 0"
Design MDMT = 10 °F No impact test performed
Rated MDMT = -55 °F Material is not normalized
Material is not produced to Fine Grain Practice
PWHT is not performed
Radiography: Longitudinal joint - Spot UW-11(b) Type 1
Top circumferential joint - Spot UW-11(b) Type 1
Bottom circumferential joint - Spot UW-11(b) Type 1
Estimated weight New = 3,444.7 Ib corr = 2,299.1 Ib
Capacity New = 3,754.43 US gal corr =3,771.95 US gal
oD = 108"
tength - 96"
C
t = 0.375"

Design thickness, (at 400 °F) Appendix 1-1
t P*R,/ (S*E + 0.40*P) + Corrosion

53.39*54 / (20,00070.85 + 0.40*53.39) + 0.125
0.2944"

Maximum allowable working pressure, (at 400 °F) Appendix 1-1

P = S'E"t/(R,- 0.40"t) - P,
20,000%0.85%0.25 / (54 - 0.40*0.25) - 3.39
75.46 psi

Maximum allowable pressure, (at 70 °F) Appendix 1-1
P S*E*t/ (R, - 0.40™)
20,000%0.85*0.375/ (54 - 0.40"0.375)
118.38 psi
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% Extreme fiber elongation - UCS-79(d)

EFE

(50"t /R)*(1 - R,/ R,)
(50*0.375 / 53.8125)*(1 - 53.8125 / o)
0.3484%

The extreme fiber elongation does not exceed 5%.
Design thickness = 0.2944"

The governing condition is due to internal pressure.
The cylinder thickness of 0.375" is adequate.

Thickness Required Due to Pressure + External Loads

Allowable Stress
Req'd Thk Due
Before UG-23 r f
Condition Fres::I;eP( Stress;r;ci:)rease( Temp;e[r:a)ture( COrrg:;on C Load He;‘.;]:ir:;?il:‘e) to) Comp::ssinn
(in)
St Sc
Qoerating, Hot & Corroded 50 20000 [8017 | 400 0.125 ifind 00676 0.0627
Seismic | 0.0661 0.0642
rating, Hot & New 50 20,000 | 10568 | 400 0 jind 0.0673 00621
Seismic | 0.0659 0.0635
H rr 0 20,000 (8017 |400 0.125 Wind 20018 £.0066
Seismic | 0.0003 0.0034
Hot Shut Down, New 0 20000 |10568 | 400 0 Wind | 00016 0.0067
Seismic | 0.0002 0.0035
Em i 0 20,000 |g8341 |70 0.125 . .001 0.0064
Seismic | 0.0003 0.0024
Empty, New 0 20,000 |11.676 |70 0 Wing 0.0016 f.0052
Seismic | 0,0004 0.0025
% Focon r? e 0 20,000 [8017 | 400 0.125 Weight | 0.0018 0.0024
Allowable Compressive Stress, Hot and Corroded- S, (table CS-2)
A = 0.125/(R,/1)
= 0.125/(54/0.25)
= 0.000579
B = 8,017 psi
S = 20,000/1.00 = 20,000 psi
Sche = min(B, S) =8.017 psi
Allowable Compressive Stress, Hot and New- S, (table CS-2)
A = 0125/ (R,/1)
= 0.125/(54/0.375)
= 0.000868
B = 10,568 psi
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S

20,000/ 1.00 = 20,000 psi
min(B, S) = 10.568 psi

ScHN

Allowable Compressive Stress, Cold and New- S, (table CS-2)

A = 0.125/(R,/1)
= 0.125/(54/0.375)
- 0.000868
B = 11,676 psi
S = 20,000/1.00 = 20,000 psi
Seon = min(B, S) = 11.676 psi

Allowable Compressive Stress, Cold and Corroded- S ., (table CS-2)

A = 0.125/(R,/1)
= 0.125/(54/0.25)
= 0.000579
B = 8,341 psi
S = 20,000/1.00 = 20,000 psi
Sece = min(B, S) = 8.341 psi

Allowable Compressive Stress, Vacuum and Corroded- S ., (table CS-2)

A = 0.125/(R,/t)
= 0.125/(54/0.25)
= 0.000579
B = 8,017 psi
S = 20,000/1.00 = 20,000 psi
Seve = min(B, 8) = 8.017 psi
Operating, Hot & Corroded, Wind, Botiom Seam
t, = P*R/ (2*S;"K,"E, + 0.40%|P|) (Pressure)
= 50*53.75 / (2"20,000*1.20*0.85 + 0.40*|50])
= 0.0658"
tn =M/ ("R 2*S{K,*E,) (bending)
= 425,382/ (*53.875%*20,000*1.20%0.85)
= 0.0023"
t, = 0.68"'W/(2'1*R,*S'K,'E,) (Weight)
= 0.60*5,731.6 / (2*x*53.875*20,000%1.20*0.85)
= 0.0005"
o=+t -, (total required, tensile)
= 0.0658 + 0.0023 - (0.0005)
= 0.0676"
twe = W/ (2'n"R*S;"K,*E,) (Weight)
= 5,731.6 / (2*n*53.875*20,000*1.2070.85)
= 0.0008"
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o = Mo + twe = Tnel (total, net tensile)
= 0.0023 + (0.0008) - (0.0658)|

= 0.0627"
Maximum allowable working pressure, Longitudinal Stress

P = 2'S"KSE (-t +1,) / (R - 0.40*(t - t, + t,))
= 2"20,000*1.2070.85*(0.25 - 0.0023 + (0.0005)) / (53.75 - 0.40*(0.25 - 0.0023 + (0.0005)))
= 188.76 psi

rating. H New, Wind. B m m

t, = P*R/(2'S/K{'E, + 0.40%|P|) (Pressure)
= 50*53.625 / (2"20,000*1.20*0.85 + 0.40*|50])
= 0.0657"
m = M/ (TR Z*S K, E,) (bending)
= 429,866 / (n*53.8125%*20,000%1.20*0.85)
= 0.0023"
t, =0.6"W/(2*n*R_*"S;"K,*E,) (Weight)
= 0.60%8,584.5 / (2"n*53.8125*20,000*1.20*0.85)
= 0.0007"

t

L=ttty (total required, tensile)
= 0.0657 + 0.0023 - (0.0007)
= 0.0673"
twe = W/ (2R *S{"KS*E,) (Weight)
= 8,584.5/(2'n*53.8125"20,000%1.20"0.85)
= 0.0012"

o = ltne + tye

. (total, net tensile)

-t |
pc
= |0.0023 + (0.0012) - (0.0657)|

= 0.0621"
Maximum allowable working pressure, Longitudinal Stress

P

2'S KBS -ty + 1) / (R - 0.40%(t -t + ,))
= 220,000*1.20*0.85*(0.375 - 0.0023 + (0.0007)) / (53.625 - 0.40*(0.375 - 0.0023 + (0.0007)))
284.91 psi

hut Down

t, =0 (Pressure)
t, =M/ (@R, 2S/'KS *E,) (bending)
= 425,382/ (n*53.8752*20,000%1.20*0.85)

= 0.0023"

= 0.6'W/ (2'T"R*S"K,*E,) (Weight)
= 0.60"5,731.6 / (2*1*53.875*20,000*1.2070.85)

= 0.0005"

1

w
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t, = tp +1n -ty
= 0+ 0.0023 - (0.0005)
- 0.0018"
the = M/ (E*RmE*SC*Ks)
= 425,382/ (=*53.875%*8,016.58*1.20)
= 0.0048"
tye = W/ (Z*R*Rm*SC*KS)
= 5,731.6/ (2*n*53.875"8,016.5871.20)
= 0.0018"
te =tne+tue- tpc
= 0.0048 + (0.0018) - (0)
- 0.0066"

H hut Down. New. Wind. B m m

t, =0

t, =M/@R,2SKE,)

= 429,866 / (1*53.8125%"20,000*1.20*0.85)

= 0.0023"

= 0.6'W/ (2w'R,*S,; K 'E,)

= 0.60*8,584.5 / (2*1*53.8125"20,000*1.20*0.85)
= 0.0007"

t

W

o=ttt -t
= 0+ 0.0023 - (0.0007)
= 0.0016"

th, = M/ (@R 28K,
= 429,866 / (1*53.81252"10,568.3*1.20)
= 0.0037"

tye = W/ (2R, *SK,)
= 8,584.5 / (2n*53.8125*10,568.3*1.20)
= 0.002"

t

¢ = lnettye- tpc

= 0.0037 + (0.002) - (0)
= 0.0057"

Em I Wind. B m m

t, =0

t, =M/@R 2*S'K E,)

= 425,382 / (n*53.8752"20,000*1.20*0.85)

= 0.0023"

= 0.6'W/ (2'n'R,"S;"K,'E,)

= 0.60*5,731.6 / (2"n*53.875"20,000*1.20*0.85)
- 0.0005"

1

w

A

(total required, tensile)

(bending)

(Weight)

(total required, compressive)

(Pressure)

(bending)

(Weight)

(total required, tensile)

(bending)

(Weight)

(total required, compressive)

(Pressure)
(bending)

(Weight)

(total required, tensile)
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= 0+ 0.0023 - (0.0005)
= 0.0018"

tn = M/ (n'R,2SK,) (bending)
= 425,382 / (n*53.8752°8,341.12*1.20)
= 0.0047"

t,e = W/ (2R, *S,K,) (Weight)
- 5,731.6/ (2*1*53.8758,341.12*1.20)
= 0.0017"

te =ttty (total required, compressive)
= 0.0047 + (0.0017) - (0)

= 0.0064"

Empty, New, Wind. Bottom Seam

t, =0 (Pressure)

t, =M/ (@R, S K *E,) (bending)
= 429,866 / (n*53.81252*20,000*1.20"0.85)
= 0.0023"

t, =06"W/(2n"R *S;*K,"E,) (Weight)
= 0.60"8,584.5/ (2*n*53.8125*20,000%1.20*0.85)
= 0.0007"

bo=th+tn-t, (total required, tensile)
= 0+ 0.0023 - (0.0007)
= 0.0016"

tne = M/ (n*R2*S*K,) (bending)
= 429,866 / (*53.8125%*11,675.8*1.20)
= 0.0034"

twe = W/ (2"1"R*S."K,) (Weight)
= 8,5684.5/(2"n*53.8125"11,675.8"1.20)
= 0.0018"

to = tne + e - toe (total required, compressive)
= 0.0034 + (0.0018) - (0)
= 0.0052"

hut D i i

t, =0 (Pressure)
t, = M/ (@R, 2*S*K,) (bending)
= 20,841/ (n*53.875°*8,016.58"1.00)
= 0.0003"
t, = W/ (2"t"R,"S;*K,) (Weight)
= 5,731.6 / (2*n*53.875*8,016.58*1.00)
= 0.0021"

to= Ity + - bl (total, net compressive)
= |0 + 0.0003 - (0.0021)|
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= 0.0018"

to = tme e~ toe (total required, compressive)
= 0.0003 + (0.0021) - (0)

= 0.0024"
rating. H rr ismic, Bottom m
t, = P'R/(2"§/K;"E, + 0.40%|P|) (Pressure)
= 50753.75/(2*20,000*1.20%0.85 + 0.40%|50()
= 0.0658"
t, =M/ ("R, S K,E,) (bending)
= 145,163/ (n"53.8752*20,000"1.20*0.85)
= 0.0008"
t, =(0.6-0.14"S,)*"W/ (2*n"R,*S"K,"E,.) (Weight)
= 0.58"5,731.6 / (2*n*53.875*20,000*1.20*0.85)
= 0.0005"
o=ttty (total required, tensile)
= 0.0658 + 0.0008 - (0.0005)
= 0.0661"
tywe = (1 +0.14"S55)" W/ 2R *S,"K,"E ) (Weight)
= 1.02*5,731.6 / (2*n*53.875*20,000*1.20*0.85)
= 0.0008"
o = Itng + b = tocl (total, net tensile)
= |0.0008 + (0.0008) - (0.0658)|
- Q-Q§42"

Maximum allowable working pressure, Longitudinal Stress

P=2"S"KJES(t-t,+t,)/(R-0.40"(t-t_ +1,)
2*20,000%1.20*0.85*(0.25 - 0.0008 + (0.0005)) / (53.75 - 0.40*(0.25 - 0.0008 + (0.0005)))
189.89 psi

i New. Seismic. B

t, = P"R/(2*S"K*E, + 0.40%|P|) (Pressure)
= 50*53.625 / (2*20,000*1.20*0.85 + 0.40*|50])
= 0.0657"
M/ (n*R2*S;"KS*E,) (bending)
170,735/ (n*53.81252*20,000*1.20*0.85)
0.0009"
ty, = (0.6-0.14"Sg)*"W/ (2*n"R*S*K,*E,) (Weight)
= 0.58"8,584.5 / (2*n*53.8125*20,000*1.20*0.85)
= 0.0007"
L=t ot -1, (total required, tensile)
= 0.0657 + 0.0009 - (0.0007)
= 0.0659"

—~
o
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(1 +0.14"S,6)"W / (2'n*R,*S,*K,"E,) (Weight)
1.02*8,584.5 / (2"n*53.8125%20,000%1.20"0.85)
= 0.0013"
to = e + twe = Tocl (total, net tensile)
= 10.0009 + (0.0013) - (0.0657)|
- 0.0835"

WC

Maximum allowable working pressure, Longitudinal Stress

P

'S K E S (t -t + 1) / (R-0.40%(t -t +t,)
= 2*20,000%1.20*0.85%(0.375 - 0.0009 + (0.0007)) / (53.625 - 0.40*(0.375 - 0.0009 + (0.0007)))
= 285.97 psi
h ismic, B m m
t, =0 (Pressure)
ty = M/(n*R2*S"KE,) (bending)
= 145,163 / (1*53.875%*20,000%1.20*0.85)
= 0.0008"
w = (0.6-0.14"S)"W/ (2*n"R*S*K"E ) (Weight)
= 0.58"5,731.6/ (2"n*53.875*20,000%1.20*0.85)
= 0.0005"
o=ttty -ty (total required, tensile)
= 0 + 0.0008 - (0.0005)
= 0.0003"
tne = M/ ("R 2*S K,) (bending)
145,163 / (n*53.8752*8,016.58%1.20)
= 0.0017"
tye = (1 +0.14"Spg)*"W/ (2*n*R*S . *K,) (Weight)
= 1.02*5,731.6 / (2*n*53.875"8,016.58*1.20)
= 0.0018"

t =ttt -ty (total required, compressive)

= 0.0017 + (0.0018) - (0)
- 0.0034"

H hut Down, New ismic. B m m

t, =0" (Pressure)
M/ (m*R2*S*K,"E,) (bending)
170,735 / (n*53.81252*20,000*1.20*0.85)
0.0009"
t, = (0.6-0.14*Syg)"W/ (2*n*R*S K, 'E,) (Weight)
= 0.58"8,584.5 / (2*1*53.8125*20,000%1.20*0.85)
= 0.0007"
L o=ttty -ty (total required, tensile)
= 0+ 0.0009 - (0.0007)

—
1l
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- 0.0002"

e = M/ (TR 2*S°K) (bending)
170,735 / (n*53.8125210,568.3*1.20)

0.0015"

wo = (1+0.14°Sg)"W / (2*1°R S *K) (Weight)
1.02*8,584.5 / (2*r*53.8125*10,568.3*1.20)

= 0.002"

—
1l

—
I

t (total required, compressive)

= te + e tpc
= 0.0015 + (0.002) - (0)
- 0.0035"

C

Empty. Corroded, Seismic. Bottom Seam

t, =0 (Pressure)
t, =M/ (@R 2"SK,) (bending)
= 62,641/ (1*53.875%"8,341.12"1.20)
= 0.0007"
w = (0.8-0.14*Sy)*W / (2*n*R_*S *K,) (Weight)
= 0.58"5,731.6 / (2*n*53.875*8,341.12*1.20)
= 0.001"

t

to= [+t - (total, net compressive)
= |0 + 0.0007 - (0.001)]
= 0.0003"

we = (1+0.14"S55)*W/ (2*n*R*S *K,) (Weight)

1.02*5,731.6 / (2*7*53.875"8,341.12*1.20)

= 0.0017"

—
1]

to =t + e - e (total required, compressive)
= 0.0007 + (0.0017) - (0)

- 0.0024"
Em New ismic. B m

t, =0 (Pressure)
tn = M/ (m*R,2*S.*K,) (bending)
= 85,644 / (n*53.8125%*11,675.8"1.20)
= 0.0007"
t, = (0.6-0.14"Spg)*"W/ (2*n"R,"S.'K,) (Weight)
= 0.58"8,584.5/ (2*1*53.8125%11,675.8"1.20)
= 0.0011"
t = |tp + 1, -t (total, net compressive)
=10 + 0.0007 - (0.0011)|
=5 4"
we = (1 +0.14"S5)"W / (2*n*R *S_*K,) (Weight)
1.02"8,584.5/ (2*n*53.8125*11,675.8%1.20)
= 0.0018"

—~
]

]
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o =Tne+twe- tpc
= 0.0007 + (0.0018) - (0)
- 0.0025"

(total required, compressive)
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Cylinder #3

ASME Section VIII Division 1, 2010 Edition

Component: Cylinder

Material specification:

SA-516 70 (II-D p. 18

Material impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 38.7 °F, (coincident ratio = 0.6132509)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in

Internal design pressure: P = 50 psi @ 400 °F

Static liquid head:

_ ] (8G=1,H, =
Ps = @50jHsl 190",Operat?ng head)
_ . (SG =1, H, = 325",
Py = lilegeipsi Vertical testshead)
Corrosion allowance Inner C = 0.125" Outer C = 0"

Design MDMT = 10 °F
Rated MDMT = -55 °F

Radiography: Longitudinal joint -

No impact test performed

Material is not normalized

Material is not produced to Fine Grain Practice
PWHT is not performed

Spot UW-11(b) Type 1
Top circumferential joint - Spot UW-11(b) Type 1
Bottom circumferential joint - Spot UW-11(b) Type 1

Estimated weight New = 3,392.6 Ib corr = 2,264.4 |b
Capacity New = 3,754.43 US gal corr = 3,771.95 US gal
oD = 108"

Length _ 96"

Lc

t = 0.375"

Design thickness, (at 400 °F) Appendix 1-1

t

P*R,/ (S*E + 0.40"P) + Corrosion
56.86*54 / (20,000*0.85 + 0.40*56.86) + 0.125
0.3054"

Maximum allowable working pressure, (at 400 °F) Appendix 1-1

P

S*E*t/ (R, - 0.40%) - P
20,000*0.85*0.25/ (54 - 0.40%0.25) - 6.86
71.99 psi

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

P

S*E*t/ (R, - 0.40")
20,000%0.85%0.375 / (54 - 0.40*0.375)
118.38 psi
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% Extreme fiber elongation - UCS-79(d)

EFE

(50"t /R)*(1 - R,/ R,)
(50*0.375 / 53.8125)*(1 - 53.8125 / o)
0.3484%

The extreme fiber elongation does not exceed 5%.
Design thickness = 0.3054"

The governing condition is due to internal pressure.
The cylinder thickness of 0.375" is adequate.

Thickness Required Due to Pressure + External Loads

Ly | |
Condition Pres::lr)e R Slressrl,:ti:)rease( Temp?gture( COrrzil)onC Load Reg:n';i}:)k“[()il:le) to COmp::ssion
(in)
St S¢
raling, Hot & Corr 50 20,000 |8017 | 400 0.125 Wind 1 00699 f3eq
Seismic | 0.0674 0.0623
rating, Hot & New 50 20,000 |10.568 | 400 0 iiind 0.0653 0.0581
Seismic | 0,0671 0.0613
Hot Shut Down, Corroded 0 20,000 |8017 |400 0.125 Wind £.0039 00127
Seismic | 0.0015 0.0076
Hot Shut Down, New 0 20,000 |10568 |400 0 Wind | 20036 80106
Seismic | 0.0014 0.007
Empty, Gorroded 0 20,000 [8341 |70 0.125 Wind _ |0.0039 0122
Seismic | 0.0001 0.0041
Empty, New 0 20,000 |11676 |70 0 Wind | 20036 20086
Seismic | 0.0003 0.0041
W 0 20,000 [8017 |400 0.125 Weight | 0.0025 0.0039
Allowable Compressive Stress, Hot and Corroded- S, (table CS-2)
A = 0125/(R,/1)
= 0.125/(54/0.25)
= 0.000579
B = 8,017 psi
S = 20,000/1.00 = 20,000 psi
Schc = min(B, S) = 8.017 psi
Allowable Compressive Stress, Hot and New- S, (table CS-2)
A = 0.125/(R,/1)
= 0.125/(54/0.375)
= 0.000868
B = 10,568 psi
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S 20,000/1.00 = 20,000 psi
Sen - min(B, S) = 10.568 psi

Allowable Compressive Stress, Cold and New- S ., (table CS-2)

A = 0.125/(R,/1)

= 0.125/(54/0.375)

= 0.000868

= 11,676 psi
S = 20,000/1.00 = 20,000 psi
Ston = min(B, S) = 11.676 psi

Allowable Compressive Stress, Cold and Corroded- S, (table CS-2)

A = 0.125/(R,/1)
= 0.125/(54/0.25)
= 0.000579
B = 8,341 psi
S = 20,000/1.00 = 20,000 psi
Scee = min(B, S) = 8.341 psi

Allowable Compressive Stress, Vacuum and Corroded- S, (table CS-2)

A = 0.125/(R,/1)
= 0.125/(54/0.25)
= 0.000579
B = 8,017 psi
S = 20,000/1.00 = 20,000 psi
Suwe = min(B, S) = 8.017 psi
Operating, Hot & Corroded, Wind, Bottom Seam
t, = P*R/(2'§;K;'E, + 0.407|P|) (Pressure)
= 50*53.75/ (2*20,000*1.20*0.85 + 0.40*|50()
= 0.0658"
ty =M/ (TR 2*S"K,"E,) (bending)
= 873,517 / (n*53.875%*20,000%1.20*0.85)
= 0.0047"
t, =0.6"W/(2*n"R_*S;"K,;*E,) (Weight)
= 0.60"8,789.7 / (2*n*53.875*20,000%1.20"0.85)
= 0.0008"
t o=t -t (total required, tensile)
= 0.0658 + 0.0047 - (0.0008)
= 0.0698"
tye = W/ (2'n"R,"S K "E,) (Weight)
= 8,789.7 / (2"1*53.875*20,000%1.20*0.85)
= 0.0013"
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to = e + two -~ Tpol (total, net tensile)
= 0.0047 + (0.0013) - (0.0658)]
= 0.0599"

Maximum allowable working pressure, Longitudinal Stress

P=2"S'KJES(t-t, +t,) / (R-0.40"(t - t, + 1)
= 2*20,000*1.2070.85*(0.25 - 0.0047 + (0.0008)) / (53.75 - 0.40*(0.25 - 0.0047 + (0.0008)))
= 187.13 psi

rating. H New. Wind. B m m

t, = P*R/(2"S;K'E, + 0.40%|P]) (Pressure)
= 50*53.625 / (2*20,000*1.20*0.85 + 0.40%|50])
= 0.0657"
t, =M/ (m*R 2*S K] *E,) (bending)
= 876,902 / (n*53.81252*20,000*1.20*0.85)
= 0.0047"
= 0.6"W/ (2'n*R*S;"K*E,) (Weight)
= 0.60*12,796.9 / (2*1*53.8125*20,000%1.20%0.85)
= 0.0011"
o=ttty -ty (total required, tensile)
= 0.0657 + 0.0047 - (0.0011)
= 0.0693"
tye = W/ (2'1"R,"S;"K'E,) (Weight)
=12,796.9 / (2*1*53.8125*20,000"1.20*0.85)
= 0.0019"
te = Itme + tue - tel (total, net tensile)
= |0.0047 + (0.0019) - (0.0657)|
= 0.0591"

t

W

Maximum allowable working pressure, Longitudinal Stress

P = 2'S K E(t-t, +1,) / (R-0.40%(t-t, +1,)
= 2*20,000*1.20%0.85%(0.375 - 0.0047 + (0.0011)) / (53.625 - 0.40*(0.375 - 0.0047 + (0.0011)))

= 283.35 psi
H hut Dow rr i B m m
t, =0" (Pressure)
ty = M/ (m* R >*S; K E,) (bending)
= 873,517 / (n*53.8752*20,000*1.20*0.85)
= 0.0047"
t, =06"W/(2'1t'R"S;K,’E)) (Weight)
= 0.60%8,789.7 / (2*7*53.875*20,000%1.2070.85)
= 0.0008"
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b o=ttty (total required, tensile)
= 0 + 0.0047 - (0.0008)
= 0.0039"
toe = M/ ("R 2*S"K,) (bending)
= 873,517/ (n*53.875%*8,016.58*1.20)
= 0.01"
tye = W/ (2R *S"K,) (Weight)
= 8,789.7 / (2'n*53.875*8,016.58"1.20)
= 0.0027"
to = tne + tye o (total required, compressive)
= 0.01 +(0.0027) - (0)
= 0.0127"

H hut Down. New. Wind. B m m

t, =0 (Pressure)
tn, = M/(m*R,2*S 'K, E,) (bending)
= 876,902 / (n*53.8125%20,000%1.20*0.85)
= 0.0047"
t, =0.6"W/(2*1t"R,'S;K,*E,) (Weight)
= 0.60"12,796.9 / (2*n*53.8125*20,000%1.20*0.85)
= 0.0011"
o=ttty (total required, tensile)
= 0 +0.0047 - (0.0011)
= 0.0036"
tne = M/ ("R 2*S'K,) (bending)
= 876,902 / (1*53.8125%10,568.3*1.20)
= 0.0076"
W/ (2*"R*S.*K,) (Weight)
12,796.9/ (2*n*53.8125*10,568.3*1.20)
= 0.003"

—
1]

to = tne+ by~ I (total required, compressive)

= 0.0076 + (0.003) - (0)
= 0.0108"

Em rr Wind. B m m
t, =0 (Pressure)
tn = M/ (@R 2*SK,E,) (bending)
= 873,517 / (n*53.875%*20,000*1.20*0.85)
= 0.0047"
ty = 0.6"W/(2*n*R*S,"K,"E,) (Weight)
= 0.60"8,789.7 / (2*n*53.875"20,000%1.20"0.85)
= 0.0008"
o=ttty (total required, tensile)
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= 0+ 0.0047 - (0.0008)
- 0.0039"

t = M/ (TR 2S,K,) (bending)
= 873,517 / (n*53.875%'8,341.12*1.20)
= 0.0096"

t,. = W/ (2R, "SK) (Weight)
= 8,789.7/ (2*n*53.875'8,341.12*1.20)
= 0.0026"

t

o (total required, compressive)

= tne + twe ” tpc

= 0.0096 + (0.0026) - (0)
= 0.0122"

m N Wind. B m

t, =0 (Pressure)
tn =M/ ("R 2*S*KSE,) (bending)
= 876,902 / (1*53.8125%*20,000%1.20%0.85)
= 0.0047"
w = 0.6"W/(2't'R_*S 'K j*E) (Weight)
= 0.60*12,796.9 / (2*n*53.8125*20,000*1.20*0.85)
= 0.0011"
o=ttt -ty (total required, tensile)
= 0+ 0.0047 - (0.0011)
= 0.0036"
the = M/ ("R 2*SK,) (bending)
= 876,902 / (1*53.8125%*11,675.8*1.20)
= 0.0069"
tye = W/ (2"7"R,"S."K,) (Weight)
=12,796.9/ (2'n*53.8125"11,675.8*1.20)
= 0.0027"

t

to =t + et (total required, compressive)

= 0.0069 + (0.0027) - (0)

t, =0" (Pressure)
ty = M/ (TR 2*S*K) (bending)
= 51,854 / (n*53.875%*8,016.58"1.00)
= 0.0007"
t, = W/ (2'n"R*S.'K,) (Weight)
= 8,789.7 / (2"n*53.875*8,016.58*1.00)
= 0.0032"
b=t -t (total, net compressive)

= |0 + 0.0007 - (0.0032)|
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= 0.0025"

te = e+t - e (total required, compressive)
= 0.0007 + (0.0032) - (0)
= 0.0039"

rati rri i B

t, = P"R/(2"S;KE; + 0.40%|P)) (Pressure)
= 50*53.75 / (2*20,000*1.20*0.85 + 0.40*|50])
= 0.0658"

m = M/(m"R_Z*SKSE,) (bending)
= 422,985/ (n*53.8752*20,000%1.20*0.85)
= 0.0023"

t, =(0.6-0.14"S)"W/ (2*n"R*S"K,*E,) (Weight)
= 0.58"8,789.7 / (2*=n*53.875*20,000"1.20*0.85)
= 0.0007"

t

t o=ttty -ty (total required, tensile)
= 0.0658 + 0.0023 - (0.0007)
= 0.0674"

t,e = (1 +0.14*Sp0)*W / (2*T*R_*S,'K,'E ) (Weight)
= 1.02*8,789.7 / (2*n*53.87520,000"1.20*0.85)
= 0.0013"

te = Itme + tue = Lol (total, net tensile)
=]0.0023 + (0.0013) - (0.0858)|
= 0.0623"

Maximum allowable working pressure, Longitudinal Stress

P

2*SKE S (t- 1, +1,) / (R-0.40%(t -t +1,))
2+20,000*1.20*0.85*(0.25 - 0.0023 + (0.0007)) / (53.75 - 0.40*(0.25 - 0.0023 + (0.0007)))
= 188.95 psi

in w, Seismi m

t, = P"R/(2"S{’K/*E, + 0.40%|P) (Pressure)
= 50*53.625 / (220,000*1.20*0.85 + 0.40*|50|)
= 0.0657"
m =M/ ('R 2*SKSE,) (bending)
= 462,293 / (n"53.8125%*20,000*1.20*0.85)
= 0.0025"
t, = (0.6-0.14"Sy)*W/ (2*n*R,*S;"K"E ) (Weight)
= 0.58%12,796.9 / (2*n*53.8125*20,00071.20*0.85)
= 0.0011"

t

o=ttt -ty (total required, tensile)
= 0.0657 + 0.0025 - (0.0011)
= Q-Q§71 "
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t,o = (1+0.14*Sp)"W/ (2R *S,"K.*E,) (Weight)
= 1.02*12,796.9 / (2*7*53.8125*20,000*1.20"0.85)
= 0.0019"

o = [tme + tye = Tocl (total, net tensile)
=10.0025 + (0.0019) - (0.0657)|
- 0.0613"

Maximum allowable working pressure, Longitudinal Stress

P=2"S/KSJES(t-t, +t,)/(R-0.40"(t-t, +1,))
= 2"20,00071.20*0.85"(0.375 - 0.0025 + (0.0011)) / (53.625 - 0.40%(0.375 - 0.0025 + (0.0011)))
= 285.03 psi

H h wn rr ismic, B m

t, =0 (Pressure)
t, =M/ @R 2SK]E,) (bending)
= 422,985/ (n*53.875%20,000*1.20%0.85)
= 0.0023"
t, =(0.6-0.14"Sy5)*"W/ (2*n*R,,*S,*K*E ) (Weight)
= 0.58"8,789.7 / (2"n*53.875"20,000%1.20"0.85)
= 0.0007"
o=ttty (total required, tensile)
= 0+ 0.0023 - (0.0007)
= 0.0015"
toe = M/ (n*R2*S*K,) (bending)
= 422,985/ (n*53.875%*8,016.58*1.20)
= 0.0048"
(1 +0.14*Sp5)*"W / (2*n*R_*S."K,) (Weight)
1.02*8,789.7 / (2*®*53.875*8,016.58*1.20)
0.0027"

to= bty -ty (total required, compressive)

= 0.0048 + (0.0027) - (0)
= 0.0076"

—
1]

WC

H hut Down. New. ismic. B m m

t, =0 (Pressure)
tn = M/ (@R, 2*S{*K*E,) (bending)
= 462,293 / (n*53.81252*20,000*1.20*0.85)
= 0.0025"

t, =(0.6-0.14'Spg) "W/ (2w*R *S; 'K 'E,) (Weight)

= 0.58*12,796.9 / (2"7*53.8125*20,000"1.20*0.85)
= 0.0011"

o=ttty (total required, tensile)
= 0+ 0.0025 - (0.0011)

m
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= 0.0014"
tne = M/ ("R 2*S"K,) (bending)
= 462,293 / (r*53.8125%*10,568.3*1.20)
= 0.004"
tye = (14 0.14*S5)*'W/ (2*n*R "8 *K,) (Weight)
= 1.02"12,796.9 / (2*1*53.8125%10,568.3*1.20)
= 0.003"
te = tme+twe ~too (total required, compressive)
= 0.004 + (0.008) - (0)
= 0.007"

Empty, Corroded. Seismic. Bottom Seam

t, = 0" (Pressure)
ty, = M/ (m"R2*S'K,) (bending)
= 129,820/ (*53.875%'8,341.12*1.20)
= 0.0014"
t, = (0.6-0.14"Sye)*'W/ (2*n*R,*S'K,) (Weight)
= 0.58"8,789.7 / (2*n*53.875"8,341.12"1.20)
= 0.0015"
b= I+t - bl (total, net compressive)
= |0+ 0.0014 - (0.0015)|
= 0.0001"
tye = (1+0.14*Spg)* W/ (2*n* RS "K,) (Weight)
1.02"8,789.7 / (2"n"53.875"8,341.12"1.20)
= 0.0026"

m

t (total required, compressive)

c =tmc+lwc'lpc

= 0.0014 + (0.0026) - (0)
= 0.0041"

Empty, New, Seismic. Botlom Seam

tp =0" (Pressure)
t, =M/ ("R #SK,) (bending)
167,083 / (=*53.8125%*11,675.8"1.20)
0.0013"
= (0.6 - 0.14"Spg)*'W/ (2*n*R,*S."K,) (Weight)
= 0.5812,796.9 / (2*n*53.8125*11,675.8*1.20)
= 0.00186"
t, = ]tp + -t (total, net compressive)
= |0 + 0.0013 - (0.0016)|
= 0.0008"
(1 +0.14°Sy5)*"W/ (2'n*R *S "K,) (Weight)
1.02*12,796.9 / (2*n*53.8125"11,675.8"1.20)
= 0.0028"

]

twe
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t

C

= tme + tae - tp<:
= 0.0013 + (0.0028) - (0)

= 0.0041"

(total required, compressive)
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Cylinder #4
ASME Section VIl Division 1, 2010 Edition

Component: Cylinder

Material specification: SA-516 70 (II-D p. 18
Material impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 37.3 °F, (coincident ratio = 0.6272475)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in

Internal design pressure: P = 50 psi @ 400 °F
Static liquid head:

(8G=1,H,=
226",0Operating head)

(8G =1, Hy = 361",
Vertical test head)

T
I

8.16 psi

13.03 psi

v

Corrosion allowance Inner C = 0.125" Outer C = 0"

Design MDMT =10 °F No impact test performed

Rated MDMT = -55 °F Material is not normalized
Material is not produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint - Spot UW-11(b) Type 1
Top circumferential joint - Spot UW-11(b) Type 1
Bottom circumferential joint - Spot UW-11(b) Type 1

Estimated weight New = 1,291.3 b corr =861.91b
Capacity New = 1,407.91 US gal corr = 1,414.48 US gal

oD
Length
L

C

t

108"
= 36"
0.375"

I

Design thickness, (at 400 °F) Appendix 1-1
t P*R,/(S*E + 0.40"P) + Corrosion

58.16*54 / (20,000*0.85 + 0.40*58.16) + 0.125
0.3095"

Maximum allowable working pressure, (at 400 °F) Appendix 1-1

P = S'E*t/(R, - 0.40™) - P,
20,000"0.85*0.25/ (54 - 0.4070.25) - 8.16
70.69 psi

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

P = S'E"t/(R, - 0.40")
20,000%0.85*0.375 / (54 - 0.40*0.375)
118.38 psi
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% Extreme fiber elongation - UCS-79(d)

EFE

= 0.3484%

(50*t/ R)*(1 - R,/ R,)
(50*0.375 / 53.8125)*(1 - 53.8125 / o)

The extreme fiber elongation does not exceed 5%.

Design thickness = 0.3095"

The governing condition is due to internal pressure.

The cylinder thickness of 0.375" is adequate.

Thickness Required Due to Pressure + External Loads

Allowable
Stress Before .
. Pressure P Temperature ( | Corrosion C f Req'd Thk Due Req'd Thk Due to
Condition (psi) UG-23 Stress °F) (in) Location | Load to Tension (in) Compression (in)
Increase ( psl)
St Sc
Wind 0.0601 0.0499
Top
rating, H 1] 50 20,000 | 8.017 | 400 0.125 Seismic | .0577 0.0523
Bottom | Wind 0.066 0.062
Seismic [ 0.0662 0.0618
Wind 0.0597 0.0492
Top
Operating, Hot & New 50 20,000 | 10.568 | 400 0 Seismic | 0.0675 0.0514
Bottom Wind 0.0659 0.0619
Seismic | 0.0661 0.0617
Top Wind | 0.0041 0,015
Hot Shut Down, Corroded 0 20,000 | 8,017 | 400 0.125 Seismic | 0.0018 0.0091
Bottom Wind 0.0101 0.006
Seismic | 0.0102 0.0058
Top Wind 0.0038 0.0125
Hot Shut Down, New 0 20,000 | 10,568 | 400 0 Seismic | 0.0017 0.0084
Bottormn Wind 0.0101 0.006
Seismic | 0.0103 0.0058
Top Wind | 00041 0.0144
Em) Corroded 0 20,000 | 8,341 70 0.125 Seismic | 0.0001 0.0045
Bottom s 0.0001 2
Seismic | 0.0001 0.0001
Top Wind 0.0038 0.0113
Emoty. Now 0 20,000 | 11.676 | 70 0 Selsmic | 0.0003 0.0045
Bottom Wind 0.0002 0.0001
Seismic | 0.0002 0.0001
Hot Shut Down, Corroded, Top Weight | 0.0028 0.0043
Welght & Eccentric Moments 0 20,000 17 | a00 0425
Onl Botiom | Weight | 0.012 0.012
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Allowable Compressive Stress, Hot and Corroded- S ., (table CS-2)

A = 0.125/(R,/t)
= 0.125/(54/0.25)
= 0.000579
B = 8,017 psi
S = 20,000/1.00 = 20,000 psi
Serc = min(B, S) = 8.017 psi

Allowable Compressive Stress, Hot and New- S, (table CS-2)

A = 0.125/(R,/1)
- 0.125/(54/0.375)
= 0.000868
B = 10,568 psi
S = 20,000/1.00 = 20,000 psi
Sehn = min(B, §) = 10.568 psi

Allowable Compressive Stress, Cold and New- S, (table CS-2)

A = 0.125/(R,/1)

= 0.125/(54/0.375)

= 0.000868
B = 11,676 psi

= 20,000/1.00 = 20,000 psi
Seen = min(B, §) = 11.676 psi

Allowable Compressive Stress, Cold and Corroded- S, (table CS-2)

A = 0.125/(R,/1t)
= 0.125/(54/0.25)
= 0.000579
B = 8,341 psi
S = 20,000/1.00 = 20,000 psi
Scec = min(B, S) = 8.341 psi

Allowable Compressive Stress, Vacuum and Corroded- S, (table CS-2)

A = 0.125/(R,/1)

= 0.125/(54/0.25)

= 0.000579
B = 8,017 psi
S = 20,000/1.00 = 20,000 psi
Sove = min(B, S) = 8.017 psi

in I

tp = P'R/(2"S/K,*E, + 0.40*|P|) (Pressure)

50*53.75 / (2*20,000*1.20*1.00 + 0.40*|50])
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= 0.056"

= M/@R2SKIE) (bending)
- 1,058,235/ (x*53.8752*20,000"1.20"1.00)
= 0.0048"

t, = O06W/(2mR,'SKSE,) (Weight)
- 0.60°9,636/ (2*1"53.875°20,000*1.20"1.00)
= 0.0007"

b= ety oneia)
~  0.056 +0.0048 - (0.0007)
- 00601"

te = W/(@7R, S'K'E) (Weight)
- 9,636/ (2'n*53.875"20,000*1.20*1.00)
- 0.0012"

b= fnot ue =Tl Eéon‘;'f.ﬁet
= 10.0048 + (0.0012) - (0.056)|
- 0.0400"

Maximum allowable working pressure, Longitudinal Stress

P = 2§ K E (- t, +1,) / (R - 0.40%(t-t, +1,))
= 2*20,000%1.20*1.00%(0.25 - 0.0048 + (0.0007)) / (53.75 - 0.40*(0.25 - 0.0048 + (0.0007)))
= 219.98 psi

Operating, Hot & New, Wind, Above Support Point

t, = P*R/(2"S'K,'E, + 0.40*|P|) (Pressure)
= 50*53.625 / (2*20,000%1.20*1.00 + 0.40*|50|)
= 0.0558"
= M/ (m*R2*S;"K,*E,) (bending)
= 1,061,536 / (n*53.8125%*20,000*1.20*1.00)
= 0.0049"
t, = 0.6*W/(2'n*R,*S,"K,'E,) (Weight)
= 0.60%14,061.9/ (2*n*53.8125"20,000"1.20*1.00)
= 0.001"
b=ttt -t (total required, tensile)
= 0.0558 + 0.0049 - (0.001)
= 0.0597"
tye = W/ (2'1*R*S/ K E,) (Weight)
= 14,061.9/ (2"n*53.8125*20,000"1.20*1.00)
= 0.0017"
to = ltme + tye - tocl (total, net tensile)
= ]0.0049 + (0.0017) - (0.0558)|
= 0.0492"

t

'm
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Maximum allowable working pressure, Longitudinal Stress

P =2"S"KS'E S (t-t, +1,) /(R-0.40%(t -t +1,))
= 2*20,000%1.20*1.00*(0.375 - 0.0049 + (0.001)) / (53.625 - 0.40*(0.375 - 0.0049 + (0.001)))
= 333.17 psi

Hot Shut Down, Corroded. Wind. Above Support Point

t, =0" (Pressure)
tn, =M/ (@R ZS’KSE,) (bending)
1,058,235 / (1*53.875%*20,000*1.20*1.00)
0.0048"
t, =0.6"W/ (2R *S;K,"E)) (Weight)
= 0.60*9,636 / (2*n*53.875*20,000*1.20*1.00)
= 0.0007"
o=ttty -ty (total required, tensile)
= 0 + 0.0048 - (0.0007)
= 0.0041"
M/ (n*R2*S,'K) (bending)
1,058,235 / (n*53.875%*8,016.58*1.20)
0.0121"
tye = W/ (2'n*R*S"K,) (Weight)
= 9,636/ (2"1*53.875"8,016.58"1.20)
= 0.003"

—
1]

1]

1]

te = tme+ twe ~toe (total required, compressive)
= 0.0121 + (0.003) - (0)
- 0.015"

hut Down. New, Wind. Abov Poin

t, =0" (Pressure)
n = M/ (TR, 2*S/K*E) (bending)
1,061,536 / (1*53.81252*20,000*1.20*1.00)

0.0049"

t, = 0.68*'W/(2*n'R,*SK,]E,) (Weight)
= 0.60"14,061.9 / (2*n*53.8125*20,000%1.20%1.00)

= 0.001"

—
I

I

o=ty -ty (total required, tensile)
= 0 + 0.0049 - (0.001)
= 0.0038"
tne = M/ (T"R2*S*K,) (bending)
= 1,061,536 / (n*53.81252*10,568.3*1.20)
= 0.0092"
twe = W/ (2'T"R_"S'K) (Weight)
= 14,061.9/(2"n*53.8125%10,568.3*1.20)
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= 0.0033"
t

e = ltnctlue" tpc

= 0.0092 + (0.0033) - (0)

= 0.0125"
Em rri
t =0

—~
I

W =M/ (@R, 2*S/KE,)
1,058,235 / (n*53.8752*20,000*1.20*1.00)
0.0048"
. = 0.6'W/ ('R, *S K E,)
= 0.60*9,636 / (2*1*53.875"20,000*1.20*1.00)
= 0.0007"

n

o=ttt
= 0+ 0.0048 - (0.0007)
= 0.0041"

tne = M/ (TR,2*S,K,)
= 1,058,235 / (n*53.87528,341.12*1.20)
- 0.0116"

tye = W/ (2TR,'S°Ky)
- 9,636 / (2*n*53.8758,341.12*1.20)
= 0.0028"

t

c = tmc + twc b tpc

= 0.0116 + (0.0028) - (0)
— 0.0144"

Em w., Wind. Abov in

1 =8
n = M/ (R 2SKE,)

1,061,536 / (1"53.81252*20,000*1.20*1.00)
= 0.0049"

t, = 0.6'W/ (2R *S/K, E,)

—
1]

It

(total required, compressive)

(Pressure)

(bending)

(Weight)

(total required, tensile)

(bending)

(Weight)

(total required, compressive)

(Pressure)

(bending)

(Weight)

= 0.60"14,061.9 / (2"n*53.8125*20,000*1.20*1.00)

= 0.001"
o=ttty

= 0+ 0.0049 - (0.001)

- 0.0038"
e = M/ (R 2*SK))
1,061,536 / (*53.81252*11,675.8"1.20)
= 0.0083"
W/ (2R, S, K,)
= 14,061.9/ (2*1*53.8125*11,675.8*1.20)
= 0.003"

—
1]

—
1]

WC

(total required, tensile)

(bending)

(Weight)
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to =tne+tye- tpc

= 0.0083 + (0.003) - (0)
= 0.0113"

E i n

t, =0 (Pressure)
m = M/ (n"R2*S.*K,) (bending)
= 51,369 / (n*53.875%8,016.58*1.00)

= 0.0007"

=W/ (@2 T"R,"S."K,) (Weight)
= 9,636 / (2'n*53.875*8,016.58"1.00)

= 0.0036"

—

—
E

o~

= [t + by - 1]

= |0 + 0.0007 - (0.0036)|
- 0.0028"

c = tmc"')[wc'tpc

= 0.0007 + (0.0036) - (0)
- 0.0043"

—

rating, H rr Wind, Below Poin

t, = P'R/(2*S/K;E, + 0.40"P))
= 50"53.75/(2*20,000*1.20*1.00 + 0.40*|50|)
= 0.056"
t, = M/(@R2S’KE,)
= 5,206/ (x*53.8752*20,000*1.20*1.00)
= o"
t, = W/@7R, S/KSE,)
= -81,579.1/(2*x*53.875"20,000*1.20*1.00)
= -0.01"

t; = tp+tm-tw

= 0.056 +0-(-0.01)
- 0066
t = 0.6"W/(2*'n"R,*S;"K,"E,)
= 0.60*-81,579.1/(2*1*53.875*20,000"1.20*1.00)
= -0.006"
t = e+t tpcl
= |0+ (-0.0086) - (0.056)]
- 0062

(total required, compressive)

(total, net compressive)

(total required, compressive)

(Pressure)

(bending)

(Weight)

(total required,
tensile)

(Weight)

(total, net
tensile)
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Maximum allowable working pressure, Longitudinal Stress

P = 2'S K ES (-t +1,) / (R - 0.40%(t- 1, + 1))

= 214.65 psi
rati New, Wind, Below

t, = P'R/(2'SKJE, + 0.40%|P|)
= 50*53.625/(2*20,000*1.20%1.00 + 0.40*|50])
= 0.0558"

t = M/ @R Z*S’KS E,)
= 5,206/ (n*53.8125%*20,000*1.20*1.00)
- o

1y = W/27R,"S/KE,)
= -81,697.1/(2*1*53.8125%20,000%1.20%1.00)
= -0.0101"

R

= 0.0558+0 - (-0.0101)

- 0.0659"
te = O0.6W/(27R *S’K]E,)
- 0.60*-81,697.1 / (2*n*53.8125*20,000*1.20*1.00)
- -0.006"
b= T * b tool

= |0+ (-0.006) - (0.0558)|
= 0.0619"

Maximum allowable working pressure, Longitudinal Stress

P = 2°S KBt -1, +1,) / (R - 0.40%(t - 1, +1,))

2*20,000*1.20*1.00%(0.25 - 0 + (-0.01)) / (53.75 - 0.40*(0.25 - 0 + (-0.01)))

(Pressure)

(bending)

(Weight)

(total required,
tensile)

(Weight)

(total, net
tensile)

= 2*20,000*1.20*1.00%(0.375 - 0 + (-0.0101)) / (53.625 - 0.40*(0.375 - 0 + (-0.0101)))

= 327.52 psi

Hot Sh T ind. Bel

t, - Q"

tn = M/ (@R ZSK E,)
= 5,206/ (n*53.875%*20,000%1.20*1.00)
- 0

tw = W/ (@2"R*SKSE,)
= -81,579.1/(2"7"53.875*20,000*1.20*1.00)
= -0.01"

t = L+ty-t,
= 0+0-(-0.01)

(Pressure)
(bending)

(Weight)

(total required,
tensile)
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- o101"

e = O06W/(27n'R,'SK'E) (Weight)
= 0.60"-81,579.1/(2"n*53.875"20,000"1.20"1.00)
= -0.008"
¢ = lrterhd g
= |0+ (-0.006) - (0)|
= 0.006"
Hot Shut D New. Wind, Below S t Point
tp = 0 (Pressure)
tn = MR 2SK,'E) (bending)
= 5,206/ (n*53.81252720,000*1.20%1.00)
= 0
ti = W/(2'n"R,"S'KJ'E,) (Weight)
= -81,697.1/(2'n*53.8125"20,00071.20"1.00)
= -0.0101"
S fpgore
= 0+0-(-0.0101)
= 0.0101"
the = 06'W/(2'n'R,'S,'K,'E.) (Weight)
= 0.60%-81,697.1/(2*n*53.8125°20,000*1.20*1.00)
= -0.008"
. e
= |0+ (-0.006) - (0)]
= 0.006"
Empty, Corroded, Wind, Below Support Point
t, =0" (Pressure)
tn = M/ (r*R,2°S K E,) (bending)
= 5,206 / (1*53.875%*20,000*1.20*1.00)
= 0"
t, = W/(@2"R,"S"K'E,) (Weight)

-866.4 / (27*53.875*20,000*1.20*1.00)
-0.0001"
= Ep 1=t
0+ 0 - (-0.0001)
= 0.0001"
Ly = 0.68'W/ (2'n°R_*S K 'E,)

WC

o
I

-0.0001"

I

0.60°-866.4 / (2"=*53.875%20,00071.20"1.00)

(total required, tensile)

(Weight)
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te = e + by - 1ol (total, net tensite)
= [0 + (-0.0001) - (0)|

=0
Empty. New, Wind, Below S t Point
t = 0" (Pressure)
t, = M/(@RZSKSE,) (bending)
= 5,206/ (n*53.8125%*20,000%1.20*1.00)
= Q"
t, = W/(@7TR,*S;'K'E) (Weight)
= -1,375.1/(2*n*53.8125*20,000*1.20*1.00)
= -0.0002"
Woom ety onsiy
= 0+0-(-0.0002)
= 0.0002"
te = 06W/(2n"R,"S;'K,'E,) (Weight)
= 0.60"-1,375.1/(2*x*53.8125*20,00071.20%1.00)
= -0.0001"
b et bt bR
= |0+ (-0.0001) - (0)]|
= 0.0001"

Hot Shut D Corroded. Weight & E ic M gl Bl { Point

t, =0" (Pressure)
=M/ (m*R,>*S;"K"E,) (bending)
= 0/ (n*53.875%*20,000%1.00*1.00)

=0"

W/ (2 n*R,"S;K"E,) (Weight)
= -81,579.1 / (2*n*53.875*20,000%1.00*1.00)

-0.012"

m

—
=
]

o=+t -ty (total required, tensile)
=0+0-(-0.012)
=0.012"
e = Itme + tug - tel (total, net tensile)
=10 +(-0.012) - (0)]
= 0.012"

Operating. Hot & Corroded. Seismic. Above Support Point

b

P*R/(2*S;"K"E,, + 0.40*|P|) (Pressure)
50*53.75 / (2*20,000%1.20*1.00 + 0.40*|50])
0.056"
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t. = M/@R2S'KE) (bending)
- 536,087 / (n*53.875220,000*1.20*1.00)

= 0.0024"
t, = (0.6-0.14"Spg)"W/ (2*n"R,*S;"K*E,) (Weight)
= 0.58"9,636/ (2*n*53.875"20,000%1.20%1.00)
= 0.0007"
(total required,
b = htlh tensile)
= 0.056 +0.0024 - (0.0007)
- 0.0577"
tye = (1+0.14"Sy)"W/ (2*"R,*"S"K'Ey) (Weight)
= 1.02"9,636 / (2*n*53.875*20,000*1.20*1.00)
= 0.0012"
total, net
b= Mot o b iensile)
= 0.0024 + (0.0012) - (0.056)|
= 0.0523"

Maximum allowable working pressure, Longitudinal Stress

P=2'S*KJESt-t +1,)/ (R-0.40%(t-t, +1,)
= 2*20,000*1.20*1.00*(0.25 - 0.0024 + (0.0007)) / (53.75 - 0.40*(0.25 - 0.0024 + (0.0007)))

= 222.09 psi
rating. H w. Seismi Poi
t, = P*R/(2"S;"K "E, + 0.40%(P|) (Pressure)
= 50%53.625 / (2*20,000%1.20%1.00 + 0.40%|50|)
= 0.0558"
t, =M/ (TR 2*S;K*E,) (bending)
= 581,050 / (n*53.81252*20,000*1.20*1.00)
= 0.0027"
t, = (0.6-0.14"Sy)*"W/ (2*n"R*S*K*E,) (Weight)
= 0.58*14,061.9 / (2*n*53.8125*20,000*1.20*1.00)
= 0.001"
o=ttt -ty (total required, tensile)
= 0.0558 + 0.0027 - (0.001)
= 0.0575"
tye = (1 +0.14*S)*"W/ (2*n"R *S*K*E,) (Weight)
= 1.02*14,061.9 / (2*n*53.8125*20,000*1.20*1.00)
= 0.0018"
o= [te + e - toel (total, net tensile)
= |0.0027 + (0.0018) - (0.0558)|
= 0.0514"
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Maximum allowable working pressure, Longitudinal Stress

P=2"S'KSJES(t-t, +1,)/(R-0.40%t-t +1t,)

= 2*20,000%1.20*1.00*(0.375 - 0.0027 + (0.001)) / (53.625 - 0.40%(0.375 - 0.0027 + (0.001)))

= 335.12 psi

Down rr ismic. Abov: in

t, = 0" (Pressure)
tn =M/ (T'R,Z*S 'K, "Ey) (bending)
= 536,087 / (1*53.875%*20,000*1.20*1.00)
= 0.0024"
= (0.6 - 0.14*S)*"W / (2*n*R,*S;"K,'E,) (Weight)
= 0.58"9,636 / (2*1"53.875*20,000*1.20%1.00)
= 0.0007"

t

W

o=ttt -ty (total required, tensile)
= 0 +0.0024 - (0.0007)
- 0.0018"
tme = M/ (m"R_2*S*K,) (bending)
= 536,087 / (1*53.875%*8,016.58"1.20)
= 0.0061"
we = (1+0.14*S)*W / (2*n*R*S."K,) (Weight)
1.0279,636 / (2*1*53.875*8,016.58*1.20)
= 0.003"

~
Il

to = tme+ twe T (total required, compressive)

= 0.0061 + (0.003) - (0)
= 0.0091"

H hut Down. New. ismic. Abov Poin

t, =0" (Pressure)
tn = M/ ("R 2*SPKSE,) (bending)
= 581,050 / (1*53.81252*20,000*1.20*1.00)
= 0.0027"
w = (0.6-0.14"S o)W/ (2'n*R,*S,"K,*E,) (Weight)
= 0.58%14,061.9/ (2*n*53.8125*20,000*1.20"1.00)
= 0.001"

t

o=ttty -ty (total required, tensile)
= 0+ 0.0027 - (0.001)
- 0.0017"
tne = M/ ("R 2*SK,) (bending)
= 581,050 / (x*53.8125%%10,568.3*1.20)
= 0.005"
we = (1 +0.14°S)*"W/ (2'n*R,"S_*K) (Weight)
1.02"14,061.9/ (2"n*53.8125%10,568.371.20)

—
1]
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= 0.0033"
t

e = e+ twe " tpc
= 0.005 + {0.0033) - (0)
- 0.0084"

(total required, compressive)

eismi 1t Poi

t, =0 (Pressure)
t, =M/ (m*R,2*S.'K) (bending)
= 144,511/ (n*53.8752*8,341.12*1.20)
= 0.0016"
t, = (0.6-0.14*S,)*W/ (2'1*R,*S,*K,) (Weight)
= 0.58"9,636 / (2*1*53.875"8,341.12*1.20)
= 0.0017"
b=+t -t (total, net compressive)
= |0 + 0.0016 - (0.0017)|
= 0.0001"
tye = (1 +0.14*Spg)*W / (2*1*R*S,*K,) (Weight)
= 1.02*9,636 / (2*1*53.875%8,341.12%1,20)
= 0.0029"

t (total required, compressive)

c = tmr:*"twc'tpc
= 0.0016 + (0.0029) - (D)

= 0.0045"
W, Seismi V

t, =0 (Pressure)
t, =M/ (@R 2*SK,) (bending)
= 187,875/ (n*53.8125%*11,675.8*1.20)
= 0.0015"
= (0.6 - 0.14*Spg)"W/ (2*n*R*S*K,) (Weight)
= 0.58*14,061.9/ (2*n*53.8125%11,675.8*1.20)
= 0.0017"
to= [t by - Gyl (total, net compressive)
= |0 +0.0015 - (0.0017))
= 0.0003"
(1 +0.14"Spg)*"W/ (2*n*R;*S."K,) (Weight)
1.02*14,061.9/ (2*n*53.8125*11,675.8*1.20)
= 0.003"

te = tnettue T
= 0.0015 + (0.003) - (0)

- 0.0045"

m

t

W

tue

(total required, compressive)

56/177

MM188078

Approved



Operating. Hot & Corroded. Seismic, Below Support Point

ty = P*R/(2*"§'K*E, + 0.40*|P|) (Pressure)
= 50*53.75/(2*20,000*1.20*1.00 + 0.40*|50|)
= 0.056"
tn, = M/(@R2*SKSE,) (bending)
= 1,963/ (n*53.8752*20,000%1.20*1.00)
- 0
t, = (1+0.14"Spg)*W/ (2*n*R*S"KS"E,) (Weight)
= 1.02*-81,579.1/ (2*n*53.87520,000*1.20*1.00)
= -0.0102"
_ ) (total required,
b = brh-lb tensile)
= 0.056+0-(-0.0102)
= 0.0662"
tye = (0.6-0.14"Spg)*W/ (2*n*R *S 'K, *E,) (Weight)
= 0.58"-81,579.1 / (2*n*53.875*20,000%1.20*1.00)
= -0.0058"
_ . (total, net
e = e+ twe = Tl tensile)
= |0 +(-0.0058) - (0.056)|
= 0.0618"

Maximum allowable working pressure, Longitudinal Stress

P

2*SMKE M (t -t +1,) / (R-0.40%(t -t + 1)
2*20,000*1.20*1.00*(0.25 - 0 + (-0.0102)) / (53.75 - 0.40%(0.25 - 0 + (-0.0102)))
= 214.5 psi

)]

rating. H w, Seismic, B in

t = PR/ (2'S/’K *E, + 0.40%|Pj) (Pressure)
= 50*53.625/ (2*20,000%1.20*1.00 + 0.40%|50))
= 0.0558"
t = M/(@"R>S'KSE)) (bending)
= 2,087/ (n*53.81252*20,000%1.20*1.00)
= O”
ty = (1+0.14"Spg)"W/ (2'n"R,*S,"K,"E) (Weight)
= 1.02*-81,697.1 / (2*'n*53.8125*20,00071.20%1.00)
= -0.0108"
(total required,
. tensile)
= 0.0558 + 0 - (-0.0103)
= 0.0661°
te = (0.6-0.14*Syg)*W/ (2*n*R,*S 'K, *E,) (Weight)
= 0.58*81,697.1/(2*x"53.8125"20,000*1.20*1.00)

4 = t+t

ptin -t
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= -0.0059"

t = e+l - tpc|

= |0 +(-0.0059) - (0.0558)|
= 0.0617"

Maximum allowable working pressure, Longitudinal Stress

P = 2'S/KSE (-t +1,) / (R - 0.40%(t - 1, +1,)

(total, net
tensile)

= 2*20,000*1.20*1.00*(0.375 - 0 + (-0.0103)) / (53.625 - 0.40*(0.375 - 0 + (-0.0103)))

= 327.37 psi

Hot Shut Down. Correded. Seismic. Below Support Point

t - qQ
te = M/ (@R, >S'KSE,)
= 1,963/ (n*53.875%*20,000%1.20*1.00)
- 0
ty = (1 +0.14°Spg)"W/ (2'"R*S"K*E )
= 1.02*-81,579.1 / (2*n*53.875*20,000*1.20%1.00)
= -0.0102"
b= ot -,
= 0+0-(-0.0102)
= 0.0102"
twe = (0.6-0.14"Sy )W/ (2*n*R,*S,"K,'E,)
= 0.58"-81,579.1 /(2*1*53.875*20,000%1.20*1.00)
= -0.0058"
ts = e+l tpc'
= |0+ (-0.0058) - (0)|
= 0.0058"
H hut Down, New. ismic, Below Poin
t T
tn = M/ (n*R 2*S'KSE,)
= 2,087/ (n*53.81252*20,000*1.20%1.00)
I
ty = (1+0.14*Spg)"W/ (2*n*R,,"S,"K,*E,)
= 1.02*-81,697.1/(2*n*53.8125*20,000*1.20%1.00)
= -0.0103"
t = t+t,-t,

= 0+0-(-0.0103)
% [DIoi0E

te = (0.6-0.14*Sy'W/ (2R, *S K, 'E,)

(Pressure)
(bending)

(Weight)

(total required,
tensile)

(Weight)

(total, net
tensite)

(Pressure)

(bending)

(Weight)

(total required,
tensile)

(Weight)
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= 0.58"-81,697.1/(2'n*53.8125'20,0001.20"1.00)

= -0.0059"
ts r hmc t e [pcl
= |0+ (-0.0058) - (0)|
= 0.0058"
Emply, Corroded, Seismic, Below S { Point
t, =0" (Pressure)
ty =M/ ("R 2*S*KE) (bending)
= 281/ (x*53.8752*20,000*1.20"1.00)
-0
ty, =(1+0.14'Spg)*"W/ (2*1'R,*S,'K,"E,) (Weight)
= 1.02*-866.4 / (2*n*53.875*20,000*1.20%1.00)
= -0.0001"
b=ttty
=0+0-(-0.0001)
= 0.0001"
twe = (0.6 - 0.14*S5)*'W / (2*'7°R,*S,'KE,) (Weight)

0.587-866.4 / (2*n"53.875"20,000%1.20%1.00)
-0.0001"

o = ltne + tue - Ipn::l
= |0 + (-0.0001) - (0)]

I

b = 0
b = M/ (nfﬂmz*st*Ks*Ec)

= 415/ (n*53.81252*20,000*1.20*1.00)

= 0"
. = (1 +0.14*Spg)*'W/ (2'n*R,,*S,"K"E,)
= 1.02*-1,375.1/(2*n*53.8125%20,000%1.20*1.00)
= -0.0002"

t . tp +in -ty
= 0+0-(-0.0002)
- 00002"
te = (0.6-0.14*S5)*'W/ (2*n"R*S{ K, E,)
= 0.58*-1,375.1 / (2*n*53.8125"20,000%1.20%1.00)
= -0.0001"

t - [t + o™ lpnr.l
= |0+ (-0.0001) - (0)]
- 0.0001"

(total, net
tensile)

(total required, tensile)

(total, net tensile)

(Pressure)
(bending)

(Weight)

(total required,
tensile)

(Weight)

(total, net
tensile)
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Ellipsoidal Head #1
ASME Section VIIl, Division 1, 2010 Edition
Component: Ellipsoidal Head
Material Specification: SA-516 70 (II-D p.18, In. 19)
Straight Flange governs MDMT

Internal design pressure: P = 50 psi @ 400 °F

Static liquid head:

P.= 0 psi (SG=1, H;=0" Operating head)
P,= 1.2634 psi (SG=1, H,=35" Vertical test head)

Corrosion allowance: Inner C = 0.125" Quter C =0"
Design MDMT = 10°F No impact test performed
Rated MDMT = -55°F Material is not normalized

Material is not produced to fine grain practice
PWHT is not performed
Do not Optimize MDMT / Find MAWP

Radiography: Category A joints - Seamless No RT
Head to shell seam - Spot UW-11(b) Type 1

Estimated weight™: new =1,133.4 b corr = 6423 |b

Capacity*: new = 780.9 US gal corr = 787.8 US gal

* includes straight flange

Outer diameter = 108"

Minimum head thickness = 0.283"

Head ratio D/2h = 2(new)

Head ratio D/2h = 1.9954 (corroded)
Straight flange length L 2"

Nominal straight flange thickness t 0.375"

Results Summary

The governing condition is internal pressure.
Minimum thickness per UG-16 = 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) = 0.283"
Maximum allowable working pressure (MAWP) = 50.03 psi
Maximum allowable pressure (MAP) = 89.51 psi

K (Corroded)
K=(1/6)*[2 + (D / (2*h))2]=(1/6)*[2 + (107.684 / (2*26.9835))%|=0.996915
K (New)

K=(1/6)*[2 + (D / (2*h))2|=(1/6)*[2 + (107.434 / (2*26.8585))2]=1
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Design thickness for internal pressure, (Corroded at 400 °F) Appendix 1-4(c)

t

Design thickness for internal pressure, (Corroded at 400 °F) Appendix 1-4(f)(2)

o

P*D,*K / (2*S*E + 2*P*(K - 0.1)) + Corrosion
50*108*0.996915 / (2+20,000*0.85 + 2*50*(0.996915 - 0.1)) + 0.125
0.2829"

From Table UG-37, L = 96.8156 in.
From Table 1-4.4,r/ D = 0.1708.
r=0.1708"107.684 = 18.3888 in

0.0005 < (t

'min hea

C

o onn nwn wonn nun o n

nounon

4 - Corrosion) /L =0.158 / 96.8156 = 0.0016 < 0.002

0.692*r /D + 0.605
0.692*0.1708 + 0.605
0.7232

C*Ef*(t/r)
0.7232*27,900,000%(0.1409 / 18.3888)
154,644 psi

1.46 -2.6r/D
1.46 - 2.6°0.1708
1.016

(L*1)05 /¢
(96.8156*0.1409)5 / 18.3888
0.200881 radians

0.5D-r
0.5"107.684 -18.3888
35.4532"

L-r
96.8156 - 18.3888
78.4268"

arc cos(a / b)
arc cos(35.4532 / 78.4268)
1.101729 radians

¢ =0.2009 < B =1.1017

c

nnn o

oo

a/ (cos(p - 9))
35.4532 / (cos(1.1017 - 0.2009))
57.0955"

C+r
57.0955 + 18.3888
75.48428"

St/ (C,*R*(0.5*R, /1 - 1))
154,644*0.1409 / (1.016*75.4843*(0.5*75.4843 / 18.3888 - 1))
270.03 psi
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S,"t/ (C,"R,*(0.5°R, /- 1))
35 500%0.1409 / (1.016*75.4843*(0.575.4843 / 18.3888 - 1))
56.75 psi

o

1<P,/P,=270.03/56.75=4.76 < 8.29

0.408*P, + 0.192*P,
0. 408*5é 75+ 0. 192*270 03
75 psi

Pck

P4 /1.5 =50 psi = Internal design pressure P = 50 psi
t t, + Corrosion
0.140942 + 0.125
0.265942"

nwown

Design thickness is acceptable per Appendix 1-4(f) for a design pressure of 50 psi.
The head internal pressure design thickness is 0.283".
Maximum allowable working pressure, (Corroded at 400 °F) Appendix 1-4(c)

P 2'S*E*t/ (K*D, - 2*t'(K - 0.1)) - P,

2*20,00070. 85*0 158/ (0. 996915*108 2*0.158*(0.996915 - 0.1)) -
50.03 psi

nmuwn

Maximum allowable working pressure, (Corroded at 400 °F) Appendix 1-4(f)(2)

From Table UG-37, L = 96.8156 in.
From Table 1-4.4,r/ D = 0.1708.
r=0.1708*107.684 = 18.3888 in

0.0005 < (t 4 rieag - COrrosion) /L = 0.158 / 96.8156 = 0.0016 < 0.002
0.692*r/ D + 0.605

0.692*0.1708. + 0.605
0.7232

C,

oo

CyEf*(t/n)
0.7232*27,900,000%(0.158 / 18.3888)
173,360 psi

1.46-2.6"r/D
1.46 - 2.6"0.1708
1.016

wonn

(L*1)os /¢
(96.8156"0.158)%5/ 18.3888
0.212691 radians

nu

0.5D-r
0.5*107.684 -18.3888
35.4532"

i non

L-r
96.8156 - 18.3888

nou
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78.4268"

]

arc cos(a /b)
arc cos(35.4532 / 78.4268)
1.101729 radians

$=02127<p=1.1017

e a/(cos(B - 9)

35.4532/ (cos(1.1017 - 0.2127))

56.26074"
Ra = C+r
=  56.2607 + 18.3888
=  74.64952"
P, = 8§ t/(C,"R.*(0.5"R,/r-1))
= 173,360*0.158 / (1.016*74.6495*(0.5*74.6495 / 18.3888 - 1))
= 350.71 psi
P, = S1/(C RS (0.5°R,/r-1))
= 32,500°0.158 / (1.016*74.6495*(0.5*74.6495 / 18.3888 - 1))
=  B5.75psi
1<P,/ F’y =350.71/65.75=5.33 £ 8.29
Py 0.408*P, + 0.192°P,

0.408"65.75 + 0.192*350.71
94.16 psi

Py /1.5 =62.77 psi
P Py,/15-Pg
94.16/1.5-0
62.77 psi

nwonn

The maximum allowable working pressure (MAWP) is 50,03 psi.
Maximum allowable pressure, (New at 70 °F) Appendix 1-4(c)

P 2*S*E*t/ (KD, - 2*t"(K - 0.1)) - P
2*20,000%0.85%0.283 / (1*108 - 2*0.283*(1 - 0.1)) - 0
89.51 psi

wonn

The maximum allowable pressure (MAP) is 89.51 psi.
% Extreme fiber elongation - UCS-79(d)

EFE

(75*t/R)*(1 - R/ R,)
(75*0.375 / 18.4513)*(1 - 18.4513 / o)
1.5243%

The extreme fiber elongation does not exceed 5%.
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Straight Flange on Ellipsoidal Head #1
ASME Section VIl Division 1, 2010 Edition

Component: Straight Flange

Material specification: SA-516 70 (II-D p. 18
Material impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 50.3 °F, (coincident ratio = 0.5393655)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in

Internal design pressure: P = 50 psi @ 400 °F

Static liquid head:

_ . (SG=1,H, =
Ps s 0",Operatings head)
_ . (8G=1,H,=37",
Pv = 134081 yortical test head)
Corrosion allowance Inner C = 0.125" Outer C=0"
Design MDMT =10 °F No impact test performed
Rated MDMT = -55 °F Material is not normalized
Material is not produced to Fine Grain Practice
PWHT is not performed
Radiography: Longitudinal joint - Seamless No RT
Circumferential joint - Spot UW-11(b) Type 1
Estimated weight New = 71.8 Ib corr=47.91b
Capacity New = 78.22 US gal corr = 78.58 US gal
oD = 108"
Length "
L -2
t = 0.375"

Design thickness, (at 400 °F) Appendix 1-1

t

P*R,/ (S*E + 0.40*P) + Corrosion
= 50*54/(20,0000.85 + 0.40750) + 0.125
= 0.2837"

Maximum allowable working pressure, (at 400 °F) Appendix 1-1
P = S'E"t/(R, - 0.40*) - P

20,000*0.85"0.25 / (54 - 0.40*0.25) - 0
78.85 psi

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

P

S*E*t/ (R, - 0.40™)
20,00070.85*0.375/ (54 - 0.40*0.375)
= 118.38 psi
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% Extreme fiber elongation - UCS-79(d)

EFE

(50"t /R)*(1 - R,/ R,)
= (50%0.375/53.8125)*(1 - 53.8125/ )
0.3484%

The extreme fiber elongation does not exceed 5%.
Design thickness = 0.2837"

The governing condition is due to internal pressure.
The cylinder thickness of 0.375" is adequate.

Thickness Required Due to Pressure + External Loads

P P( A:’(:’V::g%z“;;s T ture ( | Corrasion G Req'd Thk Due t aeqid tThk D
ressure emperature orrasion eq e 10 (o]
Condition psi) Stressllarsui:)rease ( qu (in) Load Tenslon (in) Compression
(in)
St S¢
H rr 50 20,000 [8017 |400 0.125 Wind 0.0658 00657
Seismic | 0.0658 0.0657
rating, Hot & New 50 20,000 |10.568 | 400 0 ind 005560 Q0850
Seismic | 0.0656 0.0655
Hot Shut Down, Gorroded 0 20000 |8017 | 400 0.125 Wind | 00001 10003
Seismic | 0.0001 0.0002
Hot Shut Down, New 0 20,000 |10.568 | 400 0 Wind L0061 20003
Seismic | 0.0002 0.0003
Emoty, Gorroded 0 20,000 |8341 |70 0.125 Vind — 20003
Seismic | 0.0001 0.0002
Empty, New 0 20,000 | 11,676 |70 0 Rl LLeiy 00003
Seismic | 0.0001 0.0003
&Ecc’;mr[i’cMomen' o Weight |, 20,000 |8017 400 0.125 Weight | 0.0003 0.0003
Allowable Compressive Stress, Hot and Corroded- S ., (table CS-2)
A = 0.125/(R,/1)
= 0.125/(54/0.25)
= 0.000579
B = 8,017 psi
S = 20,000/1.00 = 20,000 psi
SH = min(B, S) = 8.017 psi
Allowable Compressive Stress, Hot and New- S, (table CS-2)
A = 0.125/(R, /1)
= 0.125/(54/0.375)
= 0.000868
B = 10,568 psi
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S

SCHN

20,000/1.00 = 20,000 psi
= min(B, §) = 10.568 psi

Allowable Compressive Stress, Cold and New- S, (table CS-2)

A

B
S

ScCN

0.125/ (R, /1)

= 0.125/(54/0.375)

= 0.000868

11,676 psi

20,000/1.00 = 20,000 psi

min(B, S) = 11.676 psi

Allowable Compressive Stress, Cold and Corroded- S, (table CS-2)

A

B
]

ScCC

0.125/ (R, /1)
= 0.125/(54/0.25)

= 0.000579

= 8,341 psi

= 20,000/1.00 = 20,000 psi
= min(B, 8) = 8.341 psi

Allowable Compressive Stress, Vacuum and Corroded- S, (table CS-2)

A

WC

= 0.125/(R,/1)
= 0.125/(54/0.25)

= 0.000579

- 8,017psi

= 20,000/1.00 = 20,000 psi
= min(B, S) = 8.017 psi

P*R/ (2'S;*K,E, + 0.40%|P])

50*53.75 / (2*20,000*1.20%0.85 + 0.40*|50)|)
0.0658"

M/ ('R, 2*S*K,'E,)

5,938 / (n*53.8752*20,000%1.20*0.85)

0"

0.6*'W/ (2'w*R_*S'K,*E,)

0.60*747.5 / (2*1*53.87520,000*1.20*0.85)
0.0001"

to+tn -ty

0.0658 + 0 - (0.0001)

W/ (@2'nt*R,*S;"K'E,)

747.5/ (2*n*53.875"20,000*1.20%0.85)

(Pressure)

(bending)

(Weight)

(total required,
tensile)

(Weight)
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= 0.0001"

(total, net
ke = e + g ool tensile)
= |0 +(0.0001) - (0.0658)|
= 00857

Maximum allowable working pressure, Longitudinal Stress

P=2"S'KSES (-1, +1,)/(R-0.40%(t -t +1,))
= 2"20,000*1.20*0.85*(0.25 - 0 + (0.0001)) / (53.75 - 0.40%(0.25 - 0 + (0.0001)))
190.15 psi

rating, H New, Wi B

t. = P*R/(2'S K 'E, + 0.40°|P]) (Pressure)
= 50"53.625/(2*20,0001.2070.85 + 0.40%|50])

= 0.0657"

n = M/ (TR 2*SKE) (bending)
= 5,938/ (n*53.81252*20,000%1.20%0.85)

- 0"

= 0.6"W/ (21"R,,*S/K,"E,) (Weight)
= 0.60%1,244.1 / (2*n*53.8125*20,000*1.20*0.85)

= 0.0001"

)

t

It

W

o=ttty -ty (total required, tensile)
= 0.0657 + 0 - (0.0001)
= 0.0656"
tye = W/ (2'n"R*SK"E) (Weight)
= 1,244 .1 / (2*n*53.8125"20,000%1.20*0.85)
= 0.0002"
to = Itme + tue - bl (total, net tensile)
= |0 +(0.0002) - (0.0657)|
= 0.0655"

Maximum allowable working pressure, Longitudinal Stress

P = 2'S/K E(t-t, +1,)/ (R-0.40%t -t +1,)
= 2*20,000*1.20%0.85*(0.375 - 0 + (0.0001)) / (53.625 - 0.40%(0.375 - 0 + (0.0001)))

= 286.17 psi
H hut Down r Wind. B m m
t, =0" (Pressure)
t, = M/ (@R 2SS 'K,) (bending)
= 5,938/ (n*53.875%*8,016.58*1.20)
= 0.0001"
t, = 0.6"'W/(2t"R_*S;'K,) (Weight)

= 0.60"747.5/(2*n*53.875"8,016.58"1.20)
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= 0.0001"
b=+t -t (total, net compressive)
= |0 + 0.0001 - (0.0001)|
= 0.0001"
be = W/ (2'n"R"S 'K,) (Weight)
= 747.5/(2'n*53.875'8,016.58"1.20)
= 0.0002"
b =herlerte (total required, compressive)
= 0.0001 + (0.0002) - (0)
= 0.0003"

Hot Shut Down, New. Wind. Bottom Seam

t, =0 (Pressure)
tn = M/ (@RS 'K) (bending)
= 5,938/ (n"53.81252"10,568.3"1.20)
= 0.0001"
t, =068'W/(2'nw"R,"S."K,) (Weight)
= 0.60"1,244.1 / (2*n"53.8125"10,568.371.20)
= 0.0002"
R e (total, net compressive)
= |0 + 0.0001 - (0.0002)|
= 0.0001"
W/ (2" R,'S."K,) (Weight)
1,244.1/(2°n*53.812510,568.3*1.20)
0.0003"
to =ttt -t (total required, compressive)
0.0001 + (0.0003) - (0)
= 0.0003"

Empty. Corroded, Wind. Bottom S

lue

I}

]

[}

0" (Pressure)
m = M/(n*R, 28K, (bending)
= 5,938/ (n*53.875%8,341.12*1.20)
= 0.0001"
t, = 06"W/(2'n*R,"S,'K,) (Weight)
= 0.60*747.5/ (2*n*53.875"8,341.12*1.20)
= 0.0001"
t, = |tp -t (total, net compressive)
= |0 + 0.0001 - (0.0001)|
= 0.0001"
W/ (2*n*R,"S.K,) (Weight)
747.5/(2'n*53.875"8,341.12°1.20)
0.0002"

I

Y

I
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to =t *+ tye ~ toe (total required, compressive)
= 0.0001 + (0.0002) - (0)

= 0.0003"
Em New, Wind. B m m

t, =0" (Pressure)
t, =M/ (xR 2*S K,) (bending)
= 5,938/ (n*53.81252*11,675.8*1.20)
- Q"
= 0.6*'W/ (2'1'R,,*S,*K,) (Weight)
= 0.60%1,244.1 / (2*7*53.8125"11,675.8*1.20)
= 0.0002"
t = |tp +1, -t (total, net compressive)
=10 + 0 - (0.0002)|
= 0.0001"
tye = W/ (2 "R, "S,'K,) (Weight)
= 1,244.1 /(2*1*53.8125*11,675.8*1.20)
= 0.0003"
= tmc + twc : tpc
= 0 + (0.0003) - (0)
= 0.0003"
Hot Shut Down, Corroded. Weight & Eccentric Moments Only. Bottom Seam
t, =0" (Pressure)
tn = M/ (n"R2*S'K,) (bending)
= 0/ (n*53.875°*8,016.58*1.00)
= Q"
t, = W/ (2'n*R,*S,*K,) (Weight)
= 747.5/(2*n*53.875"8,016.58*1.00)
= 0.0003"
teo= It + - bl (total, net compressive)
=10 + 0 - (0.0003)|
= 0.0003"
t, = mc+tWC-tpc
= 0+ (0.0003) - (0)
= 0.0003"

t

W

t (total required, compressive)

C

(total required, compressive)

rating. H rr ismic. B

t, = P'R/(2'S'KE, +0.40P|) (Pressure)
= 50*53.75/(2*20,000*1.20*0.85 + 0.40*|50])
= 0.0658"

tn = M/(@R,2SKE) (bending)
= 1,019/ (x*53.8752"20,000*1.20*0.85)
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T

1 = (0.6-0.14*Sg)*"W/ (2*n*R*S"K,*E ) (Weight)

= 0.58%747.5/ (2*n*53.875*20,000*1,20*0.85)

= 0.0001"

_ ) (total required,
b = hthnch tensile)

= 0.0658 + 0 - (0.0001)

= 0.0658"
e = (1+0.14°Sy)"W/ (2*7*R*SK'E,) (Weight)

= 1.02*747.5/(2'n*53.875*20,000*1,20*0.85)

= 0.0001"

total, net

e = Mot o~ oo Eensile}

= |0+ (0.0001) - (0.0658)|

= 0.0657"

Maximum allowable working pressure, Longitudinal Stress

P = 2"S"KS'E (t - t, +1,) / (R - 0.40%(t -t +1,))
= 2*20,000%1.20%0.85%(0.25 - 0 + (0.0001)) / (53.75 - 0.40*(0.25 - O + (0.0001)))
= 190.16 psi

Operating, Hot & New. Seismic. B .

t, = P'R/Z(2"S{"K'E, + 0.40"|P)) (Pressure)
= 50*53.625 / (2“20,000*1.20%0.85 + 0.40*|50))
= 0.0657"
M/ (m*R2* S 'K E,) (bending)
1,593 / (n*53.81252*20,000*1.20*0.85)
=Q"
t, =(0.6-0.14*S55)*"W/ (2*n*R*S*K,*E,) (Weight)
= 0.568"1,244.1/ (2*n*53.8125*20,000*1.20*0.85)
= 0.0001"
t o=ttt -ty (total required, tensile)
= 0.0857 + 0 - (0.0001)
= 0.0656"
tye = (1 +0.14*S55)* W/ (2*n*R,,*S,*K,*E ) (Weight)
= 1.02"1,244.1 / (2*n*53.8125*20,000%1.20%0.85)
= 0.0002"
to = e + twe = tocl (total, net tensile)
= |0 + (0.0002) - (0.0657)|
= 0.0655"

—
]
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Maximum allowable working pressure, Longitudinal Stress

P = 2§ K E (t-1, +1,) / (R-0.40%t-t_+1,))
= 2*20,000"1.20*0.85%(0.375 - 0 + (0.0001)) / (53.625 - 0.40*(0.375 - 0 + (0.0001)))
= 286.19 psi

Hot Shut Down, Corroded, Seismic. Botiom S

t, =0" (Pressure)
t, = M/ (m*R2*S;'K,) (bending)
= 1,019/ (n*53.8752"8,016.58"1.20)
-0

t, =(0.6-0.14"So)*W/ (2*n"R,,*S.*K,) (Weight)
= 0.58%747.5/ (2*1*53.875*8,016.58%1.20)
= 0.0001"
to= [+ by - 1yl (total, net compressive)
=10 + 0 - (0.0001)]
= 0.0001"
twe = (1 +0.14*S5)*"W/ (2**R *S_*K,) (Weight)
= 1.02*747.5/ (2*n*53.875*8,016.58*1.20)
= 0.0002"

to = tme + e~ I (total required, compressive)
= 0+ (0.0002) - (0)
= 2"

Hot Shut Down, New, Seismic. Bottom Seam
t, =0" (Pressure)
tn = M/ (@R S 'K) (bending)
= 1,593/ (n*53.8125%*10,568.3*1.20)
= Q"
ty = (0.6-0.14"Spg)*"W/ (2*1*R,*S,K,) (Weight)
= 0.58%1,244.1 / (2*n*53.8125*10,568.3%1.20)
= 0.0002"
to= I+t - gl (total, net compressive)
= |0+ 0 - (0.0002)|
= 0.0002"
wo = (1 +0.14*Sp0)*"W / (2'1°R *S*K,) (Weight)
1.02%1,244.1 / (2*7*53.8125%10,568.3*1.20)
0.0003"
e =ty + ity (total required, compressive)
= 0 + (0.0008) - (0)
= 0.0003"

~
]
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tp =Q"
tn =M/ (n*R 2*S*K,)
= 934/ (n*53.875%*8,341.12*1.20)
=0"
ty = (0.6-0.14"Syg)"W/ (2*n*R,,*S*K,)
= 0.58"747.5/ (2"*1*53.875%8,341.12*1.20)
= 0.0001"
b=+ tn -ty
= |0 + 0 - (0.0001)|
- 0.0001"
tye = (1 +0.14"Spe)*W/ (2*1"R,"8."K,)
= 1.02"747.5/ (2"n*53.875"8,341.12*1.20)
= 0.0002"
t. = tmt:"'twc'tpc
= 0+ (0.0002) - (0)

= 0.0002"
Empty, New, Seismic. Bottom Seam
t =0

4]

ty = M/ (@R, 28K
= 1,408/ (n*53.8125211,675.8*1.20)
-

t, = (0.6-0.14'Sye)*'W/ (2R, *S,K,)

(Pressure)
(bending)

(Weight)

(total, net compressive)

(Weight)

(total required, compressive)

(Pressure)

(bending)

(Weight)

= 0.58"1,244.1 / (2*n*53.8125"11,675.8"1.20)

= 0.0002"
b= T+t - bl
= |0 + 0 - (0.0002)|
- 0.0001"
(1 +0.14"Spg)"W / (2°2°R,,"S,"K,)

o
Il

I

= 0.0003"

te =ttt Tpc
= 0 + (0.0003) - (0)
- 0.0003"

(total, net compressive)

(Weight)

1.02*1,244.1 / (2'n*53.812511,675.871.20)

(total required, compressive)
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Straight Flange on Ellipsoidal Head #2
ASME Section VIII Division 1, 2010 Edition

Component: Straight Flange

Material specification: SA-516 70 (II-D p. 18
Material impact test exemption temperature from Fig UCS-66 Curve B =-20 °F
Fig UCS-66.1 MDMT reduction = 37.2 °F, (coincident ratio = 0.6280251)
Rated MDMT is governed by UCS-66(b)(2)

UCS-66 governing thickness = 0.375 in

Internal design pressure: P = 50 psi @ 400 °F

Static liquid head:

_ . (SG=1,H_ =
Ps = W 228",Operatfng head)
B . (SG =1, H, =363",
Po = 131PSl yortical test head)
Corrosion allowance Inner C = 0.125" Quter C=0"
Design MDMT =10 °F No impact test performed
Rated MDMT = -55 °F Material is not normalized
Material is not produced to Fine Grain Practice
PWHT is not performed
Radiography: Longitudinal joint - Seamless No RT
Circumferential joint - Spot UW-11(b) Type 1
Estimated weight New = 71.8 b corr =47.91b
Capacity New = 78.22 US gal corr = 78.58 US gal
oD = 108"
Length .
L. = 2
t = 0.375"

Design thickness, (at 400 °F) Appendix 1-1

t

P*R,/ (S*E + 0.40*P) + Corrosion
58.23*54 / (20,000%0.85 + 0.40758.23) + 0.125
= 0.3098"

Maximum allowable working pressure, (at 400 °F) Appendix 1-1

P = S'E*t/(R,-0.40") - P,
20,00070.85"0.25/ (54 - 0.40*0.25) - 8.23
70.62 psi

non

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

P

S*E*t/ (R, - 0.40%)
20,00070.85"0.375 / (54 - 0.40"0.375)
118.38 psi

o
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% Extreme fiber elongation - UCS-79(d)

EFE

(50*/R)*(1- R,/R,)
= (50*0.375/53.8125)"(1 - 53.8125 / o)
0.3484%

The extreme fiber elongation does not exceed 5%.
Design thickness = 0.3098"

The governing condition is due to internal pressure.
The cylinder thickness of 0.375" is adequate.

Thickness Required Due to Pressure + External Loads

|
Condition Pres;;;eP( Stress:;;rease( Temp?'r:a)ture( Currzairs';onc Load Heg:ﬂ:::;?;:; io Com ptr?ession
(in)
St Se
rating, H rr 50 20000 [g017 |400 0.125 Wi L0777 00729
Seismic | 0.0779 0.0727
ing, H w 50 20,000 |10568 |400 0 Wind L0775 0.0728
Seismic 777 0.0726
Hot Shut Down, Corroded 0 20,000 |8017 | 400 0.125 Wind | 0018 0007
Seismic | 0.012 0.0069
Hot Shut Down, New 0 20,000 |10.568 | 400 0 et 40118 2.0071
Seismic | 0.012 0.0069
Empty, Corroded 0 20000 |g341 |70 0.425 Wind | 2.0001 2
Seismic | 0.0001 0.0001
Empty, New 0 20,000 |11676 |70 0 Wind 00002 0.0001
Seismic | 0.0002 0.0001
D i ]
&EccemricMomen’ts o : 0 20,000 |8017 |400 0.125 Weight | 0.0142 0.0142
Allowable Compressive Stress, Hot and Corroded- S, (table CS-2)
A = 0.125/(R,/1)
= 0.125/(54/0.25)
= 0.000579
B = 8,017 psi
= 20,000/1.00 = 20,000 psi
Schc = min(B, S) = 8.017 psi
Allowable Compressive Stress, Hot and New- S, (table CS-2)
A = 0.125/(R,/Y)
= 0.125/(54/0.375)
= 0.000868
B = 10,568 psi
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s

20,000/1.00 = 20,000 psi
min(B, S) = 10.568 psi

SCHN

Allowable Compressive Stress, Cold and New- S ., (table CS-2)

A = 0.125/(R,/t)
= 0.125/(54/0.375)
= 0.000868
B - 11,676 psi
S = 20,000/1.00 = 20,000 psi
Seon = min(B, S) = 11.676 psi

Allowable Compressive Stress, Cold and Corroded- S ., (table CS-2)

A = 0125/(R,/1)
= 0.125/(54/0.25)
= 0.000579
B = 8,341 psi
= 20,000/1.00 = 20,000 psi
Scoc = min(B, S) = 8.341 psi
Allowable Compressive Stress, Vacuum and Corroded- S, (table CS-2)
A = 0.125/(R,/1)
= 0.125/(54/0.25)
= 0.000579
B = 8,017 psi
S = 20,000/1.00 = 20,000 psi
Seve = min(B, ) = 8.017 psi
Operating, Hot & Corroded, Wind. Top Seam
ty = P'R/(2*SK E, + 0.40%|P|) (Pressure)
= 50*53.75/(2*20,000*1.20"0.85 + 0.40*|50|)
= 0.0658"
tm =  M/(®R,2*S*KS E,) (bending)
= 4,836/ (r*53.8752*20,000%1.20%0.85)
R
t, = W/ (@7'R,"'S;KSE) (Weight)
= -81,427.8/(2*1*53.875*20,000*1.20*0.85)
= -0.0118"
_ (total required,
b= hrino, tensile)
= 0.0658 + 0 - (-0.0118)
= 0.0777"
twe = 0.8"W/(2'T*R_*S/KS'Ey) (Weight)

= 0.60"-81,427.8 / (2*n*53.875"20,000"1.20*0.85)
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= -0.0071"

(total, net
b= lno+ ol tensile)
= |0+ (-0.0071) - (0.0658)|
= 0.0729"

Maximum allowable working pressure, Longitudinal Stress

P=2"S'KSES(t-t, +t,)/ (R-0.40%(t-t +1,)
= 2*20,000%1.20*0.85"*(0.25 - 0 + (-0.0118)) / (53.75 - 0.40%(0.25 - 0 + (-0.0118)))
181.12 psi

rating. H New. Wind, T m

t = P*R/(2"S/'KS*E, + 0.40*|P|) (Pressure)
= 50*53.625/ (2*20,000*1.20%0.85 + 0.40*|50])
= 0.0657"
t = M/@RZS'KSE,) (bending)
= 4,836/ (x*53.81252*20,000*1.20*0.85)
- 0"
t =  W/(@2n"R*S;'K,'E,) (Weight)
= -81,538.4/(2*n*53.8125*20,000*1.20*0.85)
= -0.0118"
-t (total required,
W tensile)
=  0.0657 +0-(-0.0118)
= 0.0775"
t,e = O06W/(2'w*R,*S/KS E,) (Weight)
= 0.60*-81,538.4/(2*n*53.8125*20,000%1.20*0.85)
= -0.0071"

t = tp+tm

) (total, net
c [tme + twe 1:pcl tensile)

= |0 +(-0.0071) - (0.0857)|
0.0728"

Maximum allowable working pressure, Longitudinal Stress

P = 2'S*K'E(t- 1, +1,) / (R- 0.40%t -t +1,))
= 220,000"1.20%0.85%(0.375 - 0 + (-0.0118)) / (53.625 - 0.40*(0.375 - 0 + (-0.0118)))

= 277.05 psi
rr Wind, T
ty = 0" (Pressure)
tm = M/ (@R 2S/KE,) (bending)
= 4,836/ (n*53.875°*20,000*1.20*0.85)
.
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b

= W/@mR,'S;K E)
= -81,427.8/(2'n"53.875°20,000"1.20*0.85)
= -0.0118"

= t +t

P m
= 0+0-(0.0118)
- 00118
= 06'W/(2'wR,'S'K]E,)
= 0.60*-81,427.8/ (2*n*53.875*20,000*1.20*0.85)
= -0.0071"

= |tmc + twc - tpcl
= [0+ (-0.0071) - (0)]

-

W

= M/(@R,2SK E,)

= 4,836/ (n"53.8125%"20,000*1.200.85)

= 0"

= W/@7'R,S7K,E)

- -81538.4/(2'1"53.8125"20,0001.20°0.85)
= 00118

= L+t -t,

= 0+0-(-0.0118)

= 0.0118"

=  0.6'W/(2'n"R,*S;*K,"E,)

= 0.60*-81,538.4 / (2"n*53.8125*20,000%1.2070.85)
= -0.0071"

= e+t 1pc|
= 10+ (-0.0071) - (0)]
- 0.0071"

Empty, Corroded. Wind, Top Seam

b
tl'ﬂ

=0" (Pressure)
(bending)

= M/ (m'R,2'S, K, 'E,)

= 4,836 / (1*53.875220,0001.20*0.85)
="

W/ (2'T°R,*S, 'K, 'E,)

-842.4 / (2*1*53.875"20,000*1.20*0.85)
-0.0001"

]

L0 = s

(Weight)

(Weight)

(total required,
tensile)

(Weight)

(total, net
tensile)

(Pressure)

(bending)

(Weight)

(total required,
tensile)

(Weight)

(total, net
tensile)

(total required, tensile)
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= 0+ 0-(-0.0001)
= 0.0001"
ty,e = 0.6"W/ (2*n*R*S;"K,"E,) (Weight)
= 0.60*-842.4 / (2*n*53.875*20,000%1.20%0.85)
= -0.0001"
o = ltme + tue = el (total, net tensile)
= [0 + (-0.0001) - (0)|
=0

Empty., New, Wind, Top Seam

to = 0 (Pressure)
tn = M/(T*R2S’KSE) (bending)
= 4,836/ (n*53.8125%*20,00071.20*0.85)
- Q"
t, = W/ (@R, *S;’KEp) (Weight)
= -1,339.3/(2*n*53.8125*20,000*1.20*0.85)
= -0.0002"
s b et
= 0+0-(-0.0002)
= 0.0002"
twe = 0.6"W/(2'n"R_*S’K E.) (Weight)
= 0.60"-1,339.3/(2*n*53.8125"20,000*1.20*0.85)
= -0.0001"
o ey ot
= |0+ (-0.0001) - (0)|
= 0.0001"
hut Down rr Weight & E ric Mom ly. T
t, =0" (Pressure)
t, = M/ ("R 2*S}*KSE,) (bending)
= 0/ (n*53.875%*20,000*1.00"0.85)
= Q"
ty = W/ (2""R,,*S; 'K *E,) (Weight)
= -81,427.8 / (2*n*53.87520,000*1.00*0.85)
= -0.0142"
o=ttty (total required, tensile)
=0+0-(-0.0142)
- 0.0142"
te = Itme + by - todl (total, net tensile)
= [0 + (-0.0142) - (0)]
= 0.0142"
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ratin I ismi m

t, = P"R/(2'SKE, +0.40"|P)) (Pressure)
= 50*53.75/(2*20,000*1.20%0.85 + 0.40%|50])
= 0.0658"

t, = M/ (@R ZS/KSE,) (bending)
= 1,810/ (n"53.8752"20,000*1.20*0.85)
= 0"

t, = (1+0.14"Syg)'W/ (2*w'R*S/K'E,) (Weight)
= 1.02%-81,427.8/(2*n*53.875*20,000*1.20*0.85)
= -0.012"

A A B tonaiey
= 0.0658 + 0-(-0.012)
= 0.0779"

te = (0.6-0.14"Spg*"W/ (2'n*R,*S 'K, 'E,) (Weight)
= 0.58"-81,427.8/(2*n*53.87520,000*1.2070.85)
= -0.0069"

L = et twe- J[pcl gte(:;[:ill’el;et
= |0+ (-0.0089) - (0.0658)]
= 0.0727"

Maximum allowable working pressure, Longitudinal Stress

P = 28K E (- t, +1,) / (R - 0.40%(t - 1, +1,))
220,000*1.20*0.85*(0.25 - 0 + (-0.012)) / (53.75 - 0.40%(0.25 - 0 + (-0.012)))

180.97 psi

rati W ismi m

P*R/ (2*S/K'E, + 0.40*|P|)

50"53.625 / (2*20,000*1.20*0.85 + 0.40*50])
0.0657"

M/ (m*R,2*S K E,)

1,926 / (n*53.8125220,000*1.20*0.85)

0"

(1 +0.14*Spg)*W / (2*n*R,,*S;"K.*E )
1.02*-81,538.4 / (2*n*53.8125%20,000*1.20*0.85)
-0.012"

(Pressure)

(bending)

(Weight)

(total required,

& = Hrtct tensile)
= 0.0657+0-(-0.012)
= 0.0777"

t, = (0.6-0.14"Spg"W/ (2'n'R, *S/K,'E,) (Weight)

0.58*-81,538.4 / (2*n*53.8125*20,000%1.20*0.85)
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Maximum allowable working pressure, Longitudinal Stress

-0.0069"

|tmc e tpcl
|0 + (-0.0069) - (0.0657)|
0.0726"

P=2"S/KSES(t-t, +t,) / (R-0.40"(t-t, +1,)
= 2"20,000%1.200.85%(0.375 - 0 + (-0.012)) / (53.625 - 0.40*(0.375 - 0 + (-0.012)))
= 276.9 psi

hut Down rr ismic, T m

5
M/ ('R, 2*S 'K, E,)

1,810 / (1*53.875220,000*1.20*0.85)

o

(1+0.14"Spg)* W / (2'n*R,*SK'E,)
1.02*-81,427.8 / (2*n*53.875"20,000*1.20*0.85)
-0.012"

t+ -t
0+0-(-0.012)

0.012"

(0.6 - 0.14"Sp)*"W / (2*1*R,,*S, 'K, *E,)
0.58*-81,427.8 / (2*1*53.875"20,000*1.20*0.85)
-0.0069"

t .+t -t

me " 'we pcl
|0 + (-0.0069) - (0)|

Hot Shut Down. New, Seismic, T m

WC

&
M/ ('R, 2*S K, 'E,)

1,926 / (1*53.81252*20,000*1.20*0.85)

-

(1 +0.14"Spg)"W / (2*'R *S*K,'E )
1.02*-81,538.4 / (2'1*53.8125%20,000*1.20*0.85)
-0.012"

o+t

P m
0+0-(-0.012)
0.012"

(0.6 - 0.14*Spg)*W / (2'n*R, *SK,*E,)

-t

W

(total, net
tensile)

(Pressure)
(bending)

(Weight)

(total required,
tensile)

(Weight)

(total, net
tensile)

(Pressure)

(bending)

(Weight)

(total required,
tensile)

(Weight)
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0.58*-81,538.4 / (2*n*53.8125*20,000%1.20%0.85)

= -0.0069"
te = Itmc + e~ 1p't:!
= |0+ (-0.0069) - (0)|
= 0.0069"
Empty, Corroded, Seismic, Top Seam
t, =0" " (Pressure)
t, =M/ (n"R 2*SKjE) (bending)
= 264 / (n*53.875%*20,000%1.20*0.85)
- Oll
t, =(1+0.14"Spe)"W/ (2*w*R_*S K 'E,) (Weight)
= 1.02*-842.4 / (2*1*53.875*20,000*1.20*0.85)
= -0.0001"
A
=0+ 0 - (-0.0001)
= 0.0001"
tye = (0.6 - 0.14*Spg)*W/ (2°7*R,,*S,*K,'E,) (Weight)

= 0.58*-842.4 / (2*n*53.875"20,000%1.20*0.85)
= -0.0001"
= |tmc + e tpcl
= |0 + (-0.0001) - (0)]
- 0.0001"

Empty. New. Seismic, Top S

t, = 0
tn = M/(@RZSKIE)

- 390/ (x*53.8125220,000*1.20*0.85)

= 0
t, = (1+0.14"Sp)'W/ (21'R "S?K,'E,)
- 1.02*-1,339.3/ (2*n*53.812520,000*1.20*0.85)
= -0.0002"

t = L+ty-t,
= 0+0-(-0.0002)

tue = (0.6-0.14"Spg)*W/ (2**R,*S; K, "E)
= 0.58"-1,339.3/ (2*n*53.8125"20,000*1.20*0.85)
= -0.0001"

t o |trnc + e - tpcl
= |0 +(-0.0001) - (0)
- 0.0001"

(total, net
tensile)

(total required, tensile)

(total, net tensile)

(Pressure)
(bending)

(Weight)

(total required,
tensile)

(Weight)

(total, net
tensile)
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Ellipsoidal Head #2
ASME Section VIiI, Division 1, 2010 Edition
Component: Ellipsoidal Head
Material Specification: SA-516 70 (II-D p.18, In. 19)
Straight Flange governs MDMT

Internal design pressure: P = 50 psi @ 400 °F

Static liquid head:

P.=9.2035 psi (SG=1, H,=254.965" Operating head)
P,=14.0721 psi (SG=1, H,=389.84" Vertical test head)

Corrosion allowance: Inner C = 0.125" Quter C = 0"
Design MDMT = 10°F No impact test performed
Rated MDMT = -55°F Material is not normalized

Material is not produced to fine grain practice
PWHT is not performed
Do not Optimize MDMT / Find MAWP

Radiography: Category A joints - Seamless No RT
Head to shell seam - Spot UW-11(b) Type 1

Estimated weight*: new = 1,277.8 Ib corr=7851Ib

Capacity*: new = 779.4 US gal corr = 786.4 US gal

* includes straight flange

Outer diameter = 108"

Minimum head thickness = 0.32"

Head ratio D/2h = 2(new)

Head ratio D/2h = 1.9954 (corroded)

Straight flange length L = 2"

Nominal straight flange thickness t; = 0.375"

Results Summary

The governing condition is internal pressure.

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.3119"
Maximum allowable working pressure (MAWP) = 52.58 psi
Maximum allowable pressure (MAP) = 101.28 psi

K (Corroded)
K=(1/6)*[2 + (D / (2*h))3]=(1/6)*[2 + (107.61 / (2*26.965))?]=0.996913
K (New)

K=(1/6)*[2 + (D / (2*))2]=(1/6)*[2 + (107.36 / (2*26.84))2]=1
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Design thickness for internal pressure, (Corroded at 400 °F) Appendix 1-4(c)
t P*D,*K/ (2*S*E + 2*P*(K - 0.1)) + Corrosion

59.2¥108*0.996913 / (2*20,000*0.85 + 2*59.2*(0.996913 - 0.1)) + 0.125
0.3119"

I

The head internal pressure design thickness is 0,.3119".
Maximum allowable working pressure, (Corroded at 400 °F) Appendix 1-4(c)

P 2'S"E*/ (K*D, - 2*t(K - 0.1)) - Py
2*20,000"0.8570.195/ (0.996913*108 - 2*0.195%(0.996913 - 0.1)) - 9.2
52.58 psi

The maximum allowable working pressure (MAWP) is 52.58 psi.
Maximum allowable pressure, (New at 70 °F) Appendix 1-4(c)

P 2"S"E"t/ (K'D, - 2°t"(K - 0.1)) - P,
2°20,000"0.85*0.32 /(1108 - 2*0.32*(1 - 0.1)) - 0
101.28 psi

o n

The maximum allowable pressure (MAP) is 101.28 psi.
% Extreme fiber elongation - UCS-79(d)

EFE

(75't/RY*(1 - R/ R,)
(750.375 / 18.4387)*(1 - 18.4387 / o)
1.5253%

The extreme fiber elongation does not exceed 5%.
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ASME Section VIII Division 1, 2010 Edition
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Note: round inside edges per UG-76(c)

Located on:

Liquid static head included:
Nozzle material specification:
Nozzle longitudinal joint efficiency:
Nozzle description:

Pad material specification:

Pad diameter:

Flange description:

Bolt Material:

Flange rated MDMT:
(UCS-66(b)(3): Coincident ratio = 0.1754386)
(Flange rated MDMT = -155 °F

Nozzle A (A)

tygower = 0-283 0N
Leg, = 0.375in
— tyuppeny = 0-3751in
Leg,, = 0.25i0n
— |
S| —0.3750 D, 16.75in
te = 0.375in
0.2830
L e
—_— _Zlﬂ —_—— —

Ellipsoidal Head #1

0 psi

SA-106 B Smis pipe (II-D p. 10
1

NPS 12 X Heavy

SA-516 70 (II-D p. 18

16.75in

12 inch Class 150 WN A105

SA-193 B7 Bolt <= 2 1/2 (II-D p. 334

-55°F

Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liguid static head on flange:
ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:
PWHT performed:

Circumferential joint radiography:
Nozzle orientation:

Calculated as hillside:

Local vessel minimum thickness:
End of nozzle to datum line:
Nozzle inside diameter, new:
Nozzle nominal wall thickness:
Nozzle corrosion allowance:
Projection available outside vessel, Lpr:

0 psi

200 psi@ 400°F
285 psi@ 70°F
450 psie 70°F
No

Spot UW-11(b) Type 1
00

No

0.283in

361 in

11.751in

0.5in

0.1251in

3.5483 in
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Projection available outside vessel to flange face, Lf:
Distance to head center, R:
Pad is split:

8.0483in
0in
No
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Reinforcement Calculations for Internal Pressure

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2)

For P = 63.53 psi @ 400 °F
The opening is adequately reinforced

UG-45 Nozzle
Wall
Thickness

Summary (in)
The nozzle passes
UG-45

A A A
required | available A1 Az Az | As | eids treq tmin
1.8627 | 1.8628 (0.0496 | 0,2382 |-- |1.5 |0.075 [0.2955 (0.4375

UG-41 Weld Failure Path Analysis Summary (b))

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.2 strength W3a strength
36.315.26 {36,264 |151.716.59 | 7.040.35 | 220.915. 38.290.35 (111.294.22

UW-16 Weld Sizing Summary

Weld descrlption Heqsllll:!eg:)veld A(;til;ael (‘i':le)ld Status
Nozzle to pad fillet (Leg41) 0.25 0.2625 weld size is adequate
Pad to shell fillet (Legaz) 0.079 0.175 weld size is adequate
Nozzle to pad groove (Upper) | 0.2625 0.375 weld size is adequate

Calculations for internal pressure 63.53 psi @ 400 °F

Fig UCS-66.2 general note (1) applies.

Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20 °F

Fig UCS-66.1 MDMT reduction = 23.4 °F, (coincident ratio = 0.76646).

Pad impact test exemption temperature from Fig UCS-66 Curve B =-20 °F

Fig UCS-66.1 MDMT reduction = 23.4 °F, (coincident ratio = 0.76646).

Nozzle UCS-66 governing thk:
Nozzle rated MDMT:
Pad UCS-66 governing thickness: 0.375 in
Pad rated MDMT:
Parallel Limit of reinforcement per UG-40

Lg

12in

I

0.375in
-43.4 °F

-43.4 °F

MAX(d, R, + (t,- C,) + (t - C))
MAX(12, 6 + (0.5 - 0.125) + (0.283 - 0.125))
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Outer Normal Limit of reinforcement per UG-40

Ly

I

MIN(2.5*(t - C), 2.5"(t, - C,) + 1)

MIN(2.5%(0.283 - 0.125), 2.5*(0.5 - 0.125) + 0.375)
= 0.395in

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

t PR,/ (S,’E - 0.6'P)
63.5314°6 / (17,1001 - 0.6*63.5314)
0.0223 in

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

t, P*K,*D, / (2'S*E + 0.8'P)
63.53140.8979*108 / (220,000*1 + 0.8*63.5314)

= 0.1538in

1]

Area required per UG-37(c)

Allowable stresses: S, = 17,100, S, = 20,000, §, = 20,000 psi
fy=lesserof1orS,/S,=0.855

fo=lesserof 1orS /S, =0.855

fs =lesseroff,or§, /S, = 0.855

fq=lesserof1or§,/8, =1

A

I

dHIF + 2, FH( - )
12*0.1538*1 + 2*0.375"0.15381*(1 - 0.855)
1.8627 in?

Area available from FIG. UG-37.1
A, = larger of the following= 0.0496 in?
= d(EST P - 2 E - P - )

= 12*(1*0.158 - 1*0.1538) - 2*0.375*(1*0.158 - 10.1538)*(1 - 0.855)
= 0.0496 in?

= 24t+ L)E - F) - 28 N(E - FROM(T - )
= 2%(0.158 + 0.375)*(1*0.158 - 1*0.1538) - 2*0.375"(1"0.158 - 1"0.1538)"(1 - 0.855)
= 0.004 in?

A, = smaller of the following= 0.2382 in?

£ 5*(tn N trn).‘frz.‘t
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5*(0.375 - 0.0223)*0.855*0.158
0.2382 in?

2'(t, - 1,)" (2.5, + 1)1,
2*(0.375 - 0.0223)*(2.5*0.375 + 0.375)*0.855
0.7916 in

]

>
pr
|

Leg?f4
= 0.1208%*0.855
0.0125 in?

(Part of the weld is outside of the limits)

Ap = Leg?f,
0.2521
0.0625 in?

]

As = (Dy-d-2't )1,
(16.75 - 12 - 20.375)*0.375"1
1.5in2

Area = A+ A+ Ay + AL+ A
0.0496 + 0.2382 + 0.0125 + 0.0625 + 1.5
= 1.8628 in?

As Area >= A the reinforcement is adequate.
UW-16(c)(2) Weld Check

Inner fillet: t,;,,  =lesserof 0.75ort, ort, = 0.375in
toymny = lesserof 0.25 or 0.7*t,, = 0.25 in
totacuay = 0-7*Leg = 0.7*0.375 = 0.2625 in

Outer fillet: t;, = lesser of 0.75 or t, or t = 0.158 in
by = 0.5ty = Q079 in
tyaouay = 0-7°Leg = 0.7*0.25 = 0.175 in

UG-45 Nozzle Neck Thickness Check

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

tougaz =  P*R/(S'E-0.6"P) + Corrosion
= 63.5314*6 / (17,100*1 - 0.663.5314) + 0.125
= 0.1473in

ta = max[t, yaer  tiugee]
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= max[ 0.1473,0]
= 0.1473in

i = 0.2955in

Loy = max[ty, b yge
- max[0.2955, 0.1875]
= 0.2955in

ty = minf tyg , 1oy 1
= min[ 0.4531 , 0.2955 ]
= 0.2955 in

tuc.as N max[t,, t,]
- max[0.1473,0.2955
= 0.2955 in

Available nozzle wall thickness new, t, = 0.875*0.5 = 0.4375 in
The nozzle neck thickness is adequate.

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

Groove weld in tension: 0.74%20,000 = 14,800 psi
Nozzle wall in shear: 0.7*17,100 = 11,970 psi
Inner fillet weld in shear: 0.49*17,100 = 8,379 psi
Quter 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
(n / 2)*Nozzle OD*Leg*S, = (n / 2)*12.75*0.375*8,379 = 62,929.39 Ib

(2) Outer fillet weld in shear
(n/2)*Pad OD*Leg*S, = (n / 2)*16.75*0.25*9,800 = 64,461.55 Ib

(3) Nozzle wall in shear
(m/ 2)*Mean nozzle dia*t,*S, = (n / 2)*12.375*0.375*11,970 = 87,255.04 Ib;

(4) Groove weld in tension
(n/2)*Nozzle OD*’tW‘*Sg =(n/2)*12.75*0.158"14,800 = 46,832.66 Ib;

(6) Upper groove weld in tension
(m/2)*Nozzle OD"tW’*Sg =(r/2)*12.75"0.375"14,800 = 111,153.48 Ib;

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

W (A- A, + 2" (E,"t - F1))"S,

n i

(1.8627 - 0.0496 + 2*0.375*0.855"(1*0.158 - 1*0.1538))*20,000
36.315.26 b,

I

]
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(A +Ag+ Ay +AL)'S,
(0.2382 + 1.5 + 0.0125 + 0.0625)*20,000
36,264 Ib,

(Ap + Ag + Ay + Agg + 21 7171,,)"S,
(0.2382 + 0 + 0.0125 + 0 + 2*0.375*0.158*0.855)*20,000
7.040,35 Ib,

(Ap+ Ag+ Ag+ Ay + Ay + Ayy + 27 11,)7S,
(0.2382 + 0 + 1.5 + 0.0125 + 0.0625 + 0 + 2*0.375*0.158*0.855)*20,000
38.290.35 Ib,
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Load for path 1-1 lesser of W or W, _; = 36264 Ib;
Path 1-1 through (2) & (3) = 64,461.55 + 87,255.04 = 151.716.59 Ib;
Path 1-1 is stronger than W/, ; so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W, , = 7040.35 Ib;

Path 2-2 through (1), (4), (6) = 62,929.39 + 46,832.66 + 111,153.5 = 220.915.55 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, , = 36315.26 b,

Path 3-3 through (2), (4) = 64,461.55 + 46,832.66 = 111.294.22 Ib,

Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
For P = 87.02 psi @ 70 °F Thlcknes_s
The opening is adequately reinforced Summary (in)
The nozzle passes
UG-45
A A A
required | available A1 Az As | As | eids treq tmin
2.7989 (2.7993 |0,5536 | 0.9645 |- |1.5 (0.1812 |0.2608 | 0.4375

UG-41 Weld Failure Path Analysis Summary (Ib;)

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 W14 strength Wa.a strength Wj.3 strength
45.721.54 |44.914 |179.626.45 | 18.503.3 |257.966.7 | 49.753.3 | 148.345.38

UW-16 Weld Sizing Summary

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

Weld description Status

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

Pad to shell fillet (Legaz) 0.1415 0.175 weld size is adequate

Nozzle to pad groove (Upper) | 0.2625 0.375 weld size is adequate
Calculations for internal pressure 97.02 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

Lg

MAX(d, R, + (t, - C,) + (t- C))
MAX(11.75, 5.875 + (0.5 - 0) + (0.283 - 0))
11.751in
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Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5*(t, - C,) + 1)

MIN(2.5*(0.283 - 0), 2.5*(0.5 - 0) + 0.375)
= 0.7075in

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

I

trn

PR/ (S,"E - 0.6*P)
97.0183*5.875 / (17,100*1 - 0.6*97.0183)
- 0.0334in

]

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

t, = P*,'D,/(2'S’E + 0.8'P)
97.0183*0.9*108 / (2*20,000*1 + 0.897.0183)
0.2353 in

Area required per UG-37(c)

Allowable stresses: S, = 17,100, S, = 20,000, S; = 20,000 psi
fy=lesserof10or§,/8, =0.855
fo=lesserof1orS,/S,=0.855

fig=lesserof f, or §,/ S, = 0.855

fy=lesserof 10rS,/S, =1

A

d*t*F + 2"t *F*(1 - )
11.75"0.2353*1 + 2*0.5"0.2353*1*(1 - 0.855)
2.7989 in?

Area available from FIG. UG-37.1
A, = larger of the following= 0.5536 in®
= (Bt FUL) - 20,0 (E - B (T - 1)

= 11.75%(170.283 - 170.2353) - 20.5"(170.283 - 1"0.2353)"(1 - 0.855)
= 0.5536 in®

= 2*(t + t)(E, - F*) - 2, (B "t - FRE)*(1 - fy)
= 2%(0.283 + 0.5)*(1"0.283 - 1"0.2353) - 2"0.5%(1"0.283 - 1"0.2353)"(1 - 0.855)
= 0.0678 in?

A, = smaller of the following= 0.5645 in?

- Sty - L) "
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5%(0.5 - 0.0334)*0.855"0.283
0.5645 in?

2*(t, - )" (2.5, + )M
2*(0.5 - 0.0334)*(2.50.5 + 0.375)*0.855
1.2966 in

>
b
|

Leg?*f,,
0.37262*0.855
0.1187 in2

(Part of the weld is outside of the limits)

Ag Leg®f,
0.252%1

0.0625 in?

>
w
]

(D, -d - 2°1)"t, "
(16.75- 11.75 - 2*0.5)*0.375*1
1.5in2

Area

AL+ A+ A, + AL+ A
0.5536 + 0.5645 + 0.1187 + 0.0625 + 1.5
= 27993in?

As Area >= A the reinforcement is adequate.
UW-16(c)(2) Weld Check

Inner fillet: t,,  =lesserof 0.750rt,ort,=0.375in
tymny = lesserof 0.25 or 0.7, = 0.25 in
tyactuay = 0-7°Leg = 0.70.375 = 0.2625 in

Outer fillet: t., = lesser of 0.75 ort, or t = 0.283 in
tumig = 0.5 = 01415 in
tw(acm,) =0.7"Leg = 0.7*0.25 =0.175 in

UG-45 Nozzle Neck Thickness Check

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

Luger = P*R/(S*E - 0.6"P) + Corrosion
= 97.0183"5.875/ (17,100"1 - 0.6°97.0183) + 0
= 0.0334 in

t, = max[tyse7 s biugee]
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= max| 0.0334,0]
=  0.0334in

oy = 0.2608in

s = max{ ty; , tyygis |
- max[0.2608, 0.0625 |
= 0.2608 in

ty = min[ tyg , tyy 1
- min[ 0.3281 , 0.2608 ]
= 0.2608 in

tyc.as = max(t,,t,]
- max[0.0334,0.2608 ]
= 0.2608 in

Available nozzle wall thickness new, t, = 0.875%0.5 = 0.4375 in
The nozzle neck thickness is adequate.

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

Groove weld in tension: 0.7420,000 = 14,800 psi
Nozzle wall in shear: 0.7*17,100 = 11,970 psi
Inner fillet weld in shear: 0.49*17,100 = 8,379 psi
Quter 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"8,379 = 62,929.39 Ib;

(2) Outer fillet weld in shear
(r/2)*Pad OD"Leg*S, = (n / 2)*16.75"0.25"9,800 = 64,461.55 Ib;

(3) Nozzle wall in shear
(m/ 2)"Mean nozzle dia*t*S, = (n / 2)*12.25"0.5*11,970 = 115,164.9 Ib;

(4) Groove weld in tension
(m/2)*Nozzle OD*tW‘”Sg =(m/2)*12.75*0.283"14,800 = 83,883.83 Ib;

(6) Upper groove weld in tension
(n/2)*Nozzle OD™,*S, = (n/ 2)*12.75*0.375"14,800 = 111,153.48 Ib;

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

w

(A- A, + 2% (Bt - F't))'S,
(2.7989 - 0.5536 + 2*0.5*0.855*(1*0.283 - 1*0.2353))*20,000
45.721,54 Ib,
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Wi = (Ap+ A+ Ay + A)'S,
= (0.5645 + 1.5 + 0.1187 + 0.0625)"20,000
= 44914 1b,

Wop = (Ap+Ag+ Ay + Ay + 2150,)S,
= (05645 + 0 +0.1187 + 0 + 2'0.5*0.2830.855)*20,000
- 1850331b,

W, = (Ay + Ag+ Ag + Ay + Ay + Ay + 277t )'S,
= (0.5645 + 0 + 1.5 + 0.1187 + 0.0625 + 0 + 2*0.5*0.283*0.855)*20,000
= 49,7533 Ib;

Load for path 1-1 lesser of W or W, ; = 44914 Ib,
Path 1-1 through (2) & (3) = 64,461.55 + 115,164.9 = 179.626.45 Ib,
Path 1-1 is stronger than W, , so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W, , = 18503.3 Ib;
Path 2-2 through (1), (4), (6) = 62,929.39 + 83,883.83 + 111,153.5 = 257,966.7 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, 5 = 45721.54 Ib;
Path 3-3 through (2), (4) = 64,461.55 + 83,883.83 = 148.345.38 Ib,
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).
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Nozzle B (B)

ASME Section VIll Division 1, 2010 Edition

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

Located on:

Liquid static head included:

Nozzle material specification:

Nozzle longitudinal joint efficiency:

Nozzle description:

Flange description:

Bolt Material:

Flange rated MDMT:

(UCS-66(b)(3): Coincident ratio = 0.1754386)

(Flange rated MDMT = -155 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head on flange:

ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:

PWHT performed:

Circumferential joint radiography:
Nozzle orientation:

Local vessel minimum thickness:
Nozzle center line offset to datum line:
End of nozzle to shell center:

Offset from center, Lo:

Nozzle inside diameter, new:

Nozzle nominal wall thickness:

Nozzle corrosion allowance:

Opening chord length:

Projection available outside vessel, Lpr:

tw(lower

Leg, =

0.3750

Cylinder #1

0 psi

SA-106 B Smis pipe (II-D p. 10

1

NPS 16 Sch 40 (XS)

16 inch Class 150 WN A105
SA-193 B7 Bolt <=2 1/2 (lI-D p. 334
-55°F

0 psi

200 psi@ 400°F
285 psi@ 70°F
450 psi@ 70°F
No

Spot UW-11(b) Type 1
270°

0.375in

265in

62 in

-44 in

15in

0.5in

0.1251in
28.8235in
16.7508 in

)= 0.375in

0.375in
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Projection available outside vessel to flange face, Lf:

21.7508 in
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Reinforcement Calculations for Internal Pressure

The vessel wall thickness governs the MAWP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
For P = 92.76 psi @ 400 °F Thickness
The opening is adequately reinforced Summary (|n)
The nozzle passes
UG-45
A A A
required | available A1 Az Az | As | elds treq tmin
3.6162 4.0662 | 3.5896 | 0.3564 |-- [-- [0.1202 |0.375 | 0.4375

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

= Required weld Actual weld
Weld description throat size (in) | throat size (in) i
Nozzle to shell fillet (Lega1) 0.175 0.2625 weld size is adequate

Calculations for internal pressure 92.76 psi @ 400 °F
Fig UCS-66.2 general note (1) applies.
Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20 °F

Fig UCS-66.1 MDMT reduction = 50.3 °F, (coincident ratio = 0.53948)
Rated MDMT is governed by UCS-66(b)(2).

Nozzle UCS-66 governing thk: 0.375in
Nozzle rated MDMT: -55 °F
Parallel Limit of reinforcement per UG-40

Lg

1

MAX(d, R, + (t, - C,) + (t- C))

MAX(28.8235, 14.4118 + (0.5 - 0.125) + (0.375 - 0.125))
B 28.8235 in

Outer Normal Limit of reinforcement per UG-40

L, MIN(2.5%(t - C), 2.5%(t, - C,) +1,)
MIN(2.5*(0.375 - 0.125), 2.5*(0.5 - 0.125) + 0)
= 0.625in

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

t P*R,/(S,'E - 0.6'P)
92.7577°7.625 / (17,100*1 - 0.6*92.7577)

1]
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= 0.0415in

Required thickness t, from UG-37(a)

1, PR,/ (S*E + 0.4*P)
e 92.7577*54 / (20,000*1 + 0.4*92.7577)
0.25in

Area required per UG-37(c)
Allowable stresses: S, = 17,100, S, = 20,000 psi
fy=lesserof1orS /S, =0.855

fo=lesserof 1orS, /S, =0.855

>
u

d**F + 2 M FH (1 - 1)
28.8235%0.25*0.5 + 2*0.375*0.25%0.5*(1 - 0.855)
3.6162 in?

Area available from FIG. UG-37.1

A, = larger of the following= 3,5896 in2

= dU(E"t- P - 20, (E - P -1)
= 28.8235°(1°0.25 - 0.5°0.25) - 2"0.375"(10.25 - 0.5°0.25)*(1 - 0.855)
= 3.5896in

= 2+t ) (E - FUL) - 2 M(E - )R- 1)
= 270.25 + 0.375)*(1*0.25 - 0.5*0.25) - 2*0.375"(1*0.25 - 0.5*0.25)*(1 - 0.855)
= 0.1427in?

A, = smaller of the following= 0,3564 in2

= 5%t ~ 1)t
= 5%(0.375 - 0.0415)"0.855"0.25
= 0.3564 in®

= 5*(t, - 1) o'ty
= 5%(0.375 - 0.0415)*0.855*0.375
= 0.5346 in®

Ay = Leg®f,
=  0.375%'0.855
= 0.1202in?
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Area

A+ A+ A,
3.5896 + 0.3564 + 0.1202
4.0662 in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t.,, = lesserof 0.75 ort ort=0.25 in
tominy = lesser of 0.25 or 0.7*t,, = Q175 in

c(actual

y=0.7"Leg = 0.7*0.375 = 0.2625 in

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

ta UG-27

tUG-t!l5

= P*R /(S*E - 0.6"P) + Corrosion
= 92.7577*7.625/ (17,1001 - 0.6*92.7577) + 0.125
S 0.1665 in

= max[t,ygor lauges ]
= max[ 0.1665 , 0]
= 0.1665 in

P*R,/(S"E + 0.4*P) + Corrosion
92.7577*54 / (20,0001 + 0.4*92.7577) + 0.125
0.375in

max[ ty; \ t yaig |
max[ 0.375 , 0.1875 ]
0.375in

min[ to, , ty; ]
min[ 0.4531 , 0.375 ]
0.375in

max[t,,t, ]
max[ 0.1665 , 0.375 |
0.3751in
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Available nozzle wall thickness new, t, = 0.875"0.5 = 0.4375 in

The nozzle neck thickness is adequate.

Reinforcement check in the plane parallel to the longitudinal axis

Reinforcement Calculations for Internal Pressure

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2)

For P = 52.04 psi @ 400 °F
The opening is adequately reinforced

UG-45 Nozzle
Wall
Thickness

Summary (in)
The nozzle passes

UG-45

A A A
required | available A Az A3 | A5 | weids treq tmin
2.1558 [2.1563 | 1.6601 (0.376 |-- [-- |0.1202 | 0.2654 |0.4375

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(1)
UW-16 Weld Sizing Summary

wet deserpion | Foquredweld | toualustd | e

Nozzle to shell fillet (Lega1) | 0,175 0.2625 weld size is adequate

Parallel Limit of reinforcement per UG-40

Ln

MAX(d, R, + (t, - C,) + (t- C))
MAX(15.25, 7.625 + (0.5 - 0.125) + (0.375 - 0.125))

15.251n

Outer Normal Limit of reinforcement per UG-40

L, =

MIN(2.5%(t - C), 2.5%(t, - C,) +1,)
MIN(2.5*(0.375 - 0.125), 2.5%(0.5 - 0.125) + 0)

0.625in

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

t

m

P*R,/ (S,'E - 0.6*P)
52.04037.625 / (17,100*1 - 0.6*52.0403)

0.0232 in

Required thickness t, from UG-37(a)

t

r

P*R,/ (S’E + 0.4*P)
52.0403*54 / (20,000*1 + 0.4*52.0403)
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= 0.1404 in

Area required per UG-37(c)
Allowable stresses: 8, = 17,100, S, = 20,000 psi
fqy=lesserof1orS, /8§, = 0.855

fo=lesserof1orS,/S, =0.855

>
I

d"t'F + 2% F (1 - )
15.25*0.1404*1 + 2*0.375"0.1404*1*(1 - 0.855)
21558 in?

Area available from FIG. UG-37.1

A, = larger of the following= 1.6601 in®

= dMEMt- P - 2t ME M- PR - f)
= 15.25(1*0.25 - 1*0.1404) - 2*0.375*(1*0.25 - 1*0.1404)*(1 - 0.855)
- 1.6601in2

= 2%+ t)'(E,"t- F'Y) - 21, (E, - FU)(T - 1,)
= 2°(0.25+ 0.375)"(1"0.25 - 170.1404) - 2°0.375*(1"0.25 - 1"0.1404)*(1 - 0.855)
= 0.1251in2

A, = smaller of the following= 0.376 in?

= 5°(t, - t,) "t
= 5%0.375-0.0232)"0.855"0.25
= 0.376 in?

- 5*(tn B Irn) *Lz*tn
= 5%(0.375 - 0.0232)"0.855"0.375
= 0.564 in?

Ay = Leg®f,
=  0.375%*0.855
= 0.1202in?

Area = A+ A+ A,
= 1.6601 + 0.376 + 0.1202
= 21563in?

As Area >= A the reinforcement is adequate.
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UG-45 Nozzle Neck Thickness Check

Luger

tugas

P*R/(S*E - 0.6*P) + Corrosion
52.0403"7.625 / (17,100"1 - 0.6"52.0403) + 0.125
0.1482in

max[ t, ye-s7 + taucez |
max[ 0.1482,0]
0.1482 in

P*R,/(S'E + 0.4*P) + Corrosion
52.0403"54 / (20,000"1 + 0.4*52.0403) + 0.125
0.2654 in

max([ ty; . t, yass ]
max[ 0.2654 , 0.1875]

0.2654 in

min[ tyg » tyy |
min[ 0.4531 , 0.2654 |
0.2654 in

max[t, ;]
max[ 0.1482 , 0.2654 |
0.2654 in
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Available nozzle wall thickness new, t, = 0.875*0.5 = 0.4375 in
The nozzle neck thickness is adequate.
Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) _Wall
For P = 139.27 psi @ 70 °F Thickness
The opening is adequately reinforced Summary (In)
The nozzle passes
UG-45
A A A
required | available A1 A2 A3 [As | \elds treq tmin
5.3642 (6.1334 | 5.3101 (0.7031 |-- |-- [0.1202 | 0.3281 |0.4375

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

. Required weld Actual weld
Weld description throat size (in) | throat size (in) .
Nozzle to shell fillet (Lega1) | 0.25 0.2625 weld size is adequate

Calculations for internal pressure 139.27 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t, - C,) + (t- C))
MAX(28.4646, 14.2323 + (0.5 - 0) + (0.375 - 0))
- 28.4646in

Outer Normal Limit of reinforcement per UG-40

L, = MIN@5"t-C), 25t -C,) +1,)
- MIN(2.5%(0.375 - 0), 2.5*(0.5 - 0) + 0)
- 0.9375in

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

1

m P*R,/ (S,'E - 0.6*P)
139.2731*7.5/ (17,100*1 - 0.6*139.2731)
0.0614 in

Required thickness t, from UG-37(a)

t

] P*R, / (S*E + 0.4'P)
139.2731*54 / (20,000*1 + 0.4*139.2731)
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= 0.375in

Area required per UG-37(c)

Allowable stresses: S, = 17,100, S, = 20,000 psi

fy=lesserof torS /S, =0.855

fp=lesserof 1 orS,/S,=0.855

>
]

5.8642 in?

Area available from FIG. UG-37.1

A, = larger of the following= 5.3101 in?

= d'(E't- P - 241 0B, - PR - )
= 28.4646(1'0.375 - 0.5°0.375) - 2'0.5%(1*0.375 - 0.5°0.375)*(1 - 0.855)

= 583101 in?

= 2t+ t)NE, - Frt) - 2%, NE, - FRM(T - 1)
= 2%0.375 + 0.5)*(1*0.875 - 0.5*0.375) - 2*0.5*(1*0.375 - 0.5°0.375)*(1 - 0.855)

= 0.3009 in?

A, = smaller of the following= 0.7031 in?

= 5t - L)t

= 5*(0.5 - 0.0614)*0.855"0.375

= 0.7031 in?

= 5t

2 'n

=  5%(0.5-0.0614)'0.855"0.5

= 0.9375in?
Ay = leg®f,

= 0.375%0.855

= 0.1202in?
Area =  Aj+A+ A,

= 5.3101 +0.7031 + 0.1202

= 6.1334 in?

As Area >= A the reinforcement is adequate.

d*F + 2 MR (- 1)
28.4646°0.375%0.5 + 270.5°0.375"0.5°(1 - 0.855)
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UW-16(c) Weld Check

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

stastua) = 0-7°Leg = 0.7°0.375 = 0.2625 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-186.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

tauger =  P*R/(S*E-0.6"P) + Corrosion
= 139.2731*7.5/(17,100*1 - 0.6*139.2731) + 0
= 0.0614in
ty = max{tygers taueez]
= max[0.0614,0]
= 0.0614in
tsi =  P'R,/(S*E + 0.4*P) + Corrosion
= 139.2731*54 /(20,0001 + 0.4*139.2731) + 0
= 0.375in
Iy = max[ty  tycs
=  max[0.375, 0.0625 ]
= 0.375in
t, = min[ty.ty,]
= min[0.3281, 0.375]
= 0.3281 in
tucss = max[t,, t,]
=  max[0.0614,0.3281 ]
= 0.3281in
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Available nozzle wall thickness new, t, = 0.875"0.5 =

The nozzle neck thickness is adeguate.

0.4375in

Reinforcement check in the plane parallel to the longitudinal axis

Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
For P = 79.58 psi @ 70 °F Thlc'(nes_s
The opening is adequately reinforced Summary (in)
The nozzle passes
UG-45
A A A
required | avallable A A A3 | A5 | welds treq tmin
3.2491 |1 3.2495 | 2.3838 (0.7455 |-- |-- |10.1202 [0.2145 |0.4375
UG-41 Weld Failure Path Analysis Summary
The nozzle is exempt from weld strength calculations
per UW-15(b)(1)
UW-16 Weld Sizing Summary
Weld description :ﬁ‘;g{':g;”::“; mﬁz::asli::;e:ﬁ]) Status
Nozzle to shell fillet (Lega1) | 0,25 0.2625 weld size is adequate

Parallel Limit of reinforcement per UG-40

Ly MAX(d, R, + (t,-C,) + (t- C))
MAX(15,7.5 + (0.5 - 0) + (0.375 - 0))
= 15in

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)
79.5822*7.5/(17,100*1 - 0.6*79.5822)
0.035 in

Required thickness t, from UG-37(a)

t

. P*R,/ (S'E + 0.4*P)
79.5822*54 / (20,000*1 + 0.4*79.5822)
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= 0.2145in

Area required per UG-37(c)

Allowable stresses: § = 17,100, S, = 20,000 psi
fy=lesserof 1orS /S, =0.855

f,=lesserof 1 or S, /8, =0.855

A = d'F+ 2P - 1)

15%0.2145*1 + 2*0.5*0.2145"1*(1 - 0.855)
3.2491 in?

1

Area available from FIG. UG-37.1

A, = larger of the following= 2.3838 in?

= d'(Et- P - 2% H(E - FRE)(1 - )
= 15%(1*0.375 - 1*0.2145) - 2*0.5*(1*0.375 - 1*0.2145)*(1 - 0.855)
= 2.3838in2

= 2%t 4)(E, - FL) - 20 (B - PRt <)
= 2°(0.375 + 0.5)*(1*0.375 - 10.2145) - 2*0.5%(170.375 - 1*0.2145)"(1 - 0.855)
= 0.2576in2

A, = smaller of the following= 0.7455 in?

= Bt -t
= 5%0.5-0.035)*0.855%0.375
= 0.7455in2

= 5*(tn - tm)*frz*tn
= 5%(0.5 - 0.035)*0.855"0.5
= 0.9939 in?

Ay = Leg™f,
= 0.375%*0.855
= 0.1202in?

Area = A +A,+ Ay,
=  2.3838 + 0.7455 + 0.1202
= 3.2495in?

As Area >= A the reinforcement is adequate.
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UG-45 Nozzle Neck Thickness Check

tiuger =  P'R/(SE-0.6"P) + Corrosion
= 79.5822'7.5/(17,100*1 - 0.6*79.5822) + 0
= 0.035in
t, = max(t,yeer s husaz]
- max[ 0.035,0]
= 0.035in
tr = P'R,/(S'E + 0.4*P) + Corrosion
= 79.5822*54/(20,000*1 + 0.4*79.5822) + 0
= 0.2145in
by = max[ty b yers ]
= max[ 0.2145 , 0.0625 ]
= 0.2145in
fiy = minfty, ty ]
= min[ 0.3281,0.2145]
= 0.2145in
tugas = max(ly. 4]
=  max[0.035,0.2145]
= 0.2145in

Available nozzle wall thickness new, t, = 0.875°0.5 = 0.4375 in

The nozzle neck thickness is adequate.
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Nozzle C (C)

ASME Section VIl Division 1, 2010 Edition

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

Located on:

Liquid static head included:

Nozzle material specification:

Nozzle longitudinal joint efficiency:

Nozzle description:

Flange description:

Bolt Material:

Flange rated MDMT:

(UCS-66(b)(3): Coincident ratio = 0.1754386)

(Flange rated MDMT =-155 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head on flange:
ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:
Gasket Description:

PWHT performed:

Circumferential joint radiography:
Nozzle orientation:

Local vessel minimum thickness:
Nozzle center line offset to datum line:
End of nozzle to shell center:
Offset from center, Lo:

Nozzle inside diameter, new:
Nozzle nominal wall thickness:
Nozzle corrosion allowance:
Opening chord length:

tugowen = 0-875in

Leg,; = 0.375in

Cylinder #1

0 psi

SA-106 B Smis pipe (II-D p. 10

’

NPS 3 Sch 80 (XS)

3 inch Class 150 WN A105

SA-193 B7 Bolt <= 2 1/2 (II-D p. 334
-55°F

0 psi

200 psi@ 400°F

285 psi@ 70°F

450 psi@ 70°F
Flexitallic Spiral Wound CG 304L S.S.
No

Spot UW-11(b) Type 1
135°

0.3751in

265 in

62in

-24 in

2.9in

0.3in

0in

3.2404 in
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Projection available outside vessel, Lpr:
Projection available outside vessel to flange face, Lf:

10.047 in
12.797 in
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Reinforcement Calculations for Internal Pressure

The vessel wall thickness governs the MAWP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary Wall
(in?) Thickness
For P = 92.76 psi @ 400 °F Summary (in)
The nozzie passes
UG-45
A A A
required | available At | Az | A3 | A welds treq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.189 10.2625

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

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

Nozzle to shell fillet (Lega1) 0175 0.2625 weld size is adequale
Calculations for internal pressure 92.76 psi @ 400 °F

Weld descriptlon Status

Fig UCS-66.2 general note (1) applies.

Nozzle impact test exemption temperature from Fig UCS-66 Curve B =-20 °F
Fig UCS-66.1 MDMT reduction = 50.3 °F, (coincident ratio = 0.53948)
Rated MDMT is governed by UCS-66(b)(2).

Nozzle UCS-66 governing thk: 0.2625 in
Nozzle rated MDMT: -55 °F
Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t, - C,) + (t- C))
MAX(3.2404, 1.6202 + (0.3 - 0) + (0.375 - 0.125))
= 3.2404in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%t - C), 2.5%(t. - C,) + 1)
= MIN(2.5%(0.375 - 0.125), 2.5*(0.3 - 0) + 0)
0.625 in

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

t

m

P*R_/(S,"E - 0.6°P)
92.7577*1.45 / (17,1001 - 0.6*92.7577)
0.0079 in

Required thickness t, from UG-37(a)

tr

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

P*R,/ (S'E + 0.4°P)
92.7577*54 / (20,000*1 + 0.4*92.7577)
0.25in

UW-16(c) Weld Check

Fillet weld: t;, = lesser of 0.75 or t ort=0.25in

t

c(min)

= lesser of 0.25 or 0.7, = 0.175 in

tc(actual) = 0-7*LEQ =0.7*0.375=0.2625 in

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

ta uG-27

tUG-dS

P*R/(S*E - 0.6"P) + Corrosion
92.7577*1.45/ (17,100"1 - 0.6*92.7577) + 0
0.0079 in

max[t, yg27 » taugee ]
max[ 0.0079, 0]
0.0079 in

P*R,/ (S*E + 0.4"P) + Corrosion
92,7577*54 / (20,000*1 + 0.4792.7577) + 0.125
0.375in

max[ ty; , touais ]
max[ 0.375 , 0.0625 |
0.3751in

min( tys .ty ]
min[ 0.189 , 0.375 |
0.189in

max[t,,t,]
max[ 0.0079, 0.189 ]
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= 0.189in
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Available nozzle wall thickness new, t, = 0.875%0.3 = 0.2625 in

The nozzle neck thickness is adequate.

Reinforcement check in the plane parallel to the longitudinal axis

Reinforcement Calculations for Internal Pressure

The vessel wall thickness governs the MAWP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary Wall
(in?) Thickness
For P = 92.76 psi @ 400 °F Summary (in)
The nozzle passes
UG-45
A A A
required | available A1 | Az | A3 | A5 | ogs | Treq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.189 10.2625

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
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Lega1) 0.175 0.2625 weld size is adequate

Parallel Limit of reinforcement per UG-40

Lg

MAX(d, R, + (t,- C,) + (t- C))

MAX(2.9, 1.45 + (0.3 - 0) + (0.375 - 0.125))
= 2.9in

Outer Normal Limit of reinforcement per UG-40

]

L, MIN(2.5%(t - C), 2.5%(t, - C,) +1,)
= MIN(2.5*(0.375 - 0.125), 2.5*(0.3 - 0) + 0)
-  0625in

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

t, P*R,/ (S,*E - 0.6'P)
92.7577*1.45/ (17,100*1 - 0.6*92.7577)
0.0079in

Required thickness t, from UG-37(a)

t = PR,/(S'E+04°P)
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92.7577*54 / (20,000*1 + 0.4'92.7577)
= 0.251in

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

UG-45 Nozzle Neck Thickness Check

tauger = P*R/ (S*E - 0.6*P) + Corrosion
= 92.7577*1.45/ (17,100*1 - 0.692.7577) + 0
N 0.0079 in
t = max[ a7 « Laugee ]
= max[ 0.0079,0]
= 0.0079 in
tos N P*R,/ (S'E + 0.4°P) + Corrosion
= 92.7577*54 / (20,000"1 + 0.4"92.7577) + 0.125
= 0.375in
thy = max[ty  tyuas]
= max[ 0.375, 0.0625 ]
= 0.3751in
ty = min[ iy, ty ]
= min[ 0.189, 0.375]
= 0.189 in
tuc.as = max[t,,t,]
= max[ 0.0079, 0.189]
= 0.189in
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Available nozzle wall thickness new, t, = 0.875%0.3 = 0.2625 in

The nozzle neck thickness is adequate.

Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

(in?)

UG-37 Area Calculation Summary

For P = 139.27 psi @ 70 °F

UG-45 Nozzle
Wall
Thickness

Summary (in)
The nozzle passes

UG-45
A A A

required | available | A1 [ A2 | A3 | As | yoigs | trea tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.189 10.2625

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations

per UW-15(b)(2)

UW-16 Weld Sizing Summary

Weld description

Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell filist (Leg41)

9.21

0.2625

weld size is adequate

Calculations for internal pressure 139.27 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

Lg

L, =

t

(]

m

MAX(d, R, + (t,- C,) + (t - C))
MAX(3.2423, 1.6212 + (0.3 - 0) + (0.375 - 0))
3.2423in
Outer Normal Limit of reinforcement per UG-40

MIN(2.5%(t - C), 2.5%(t, - C,) + 1)
MIN(2.5*(0.375 - 0), 2.5*(0.3 - 0) + 0)
0.75in
Nozzle required thickness per UG-27(c)(1)

PR,/ (S,*E - 0.6*P)
139.2731*1.45/ (17,1001 - 0.6*139.2731)
0.0119in

Required thickness t, from UG-37(a)

t 5

v

P*R,/(S’E + 0.4*P)
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139.2731*54 / (20,000*1 + 0.4*139.2731)
0.375in

n

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

UW-16(c) Weld Check

Fillet weld: t;,, = lesser of 0.75 0rt ort=0.3in

togmin = lESSEr OF 0.25 Or 0.7t = 0.21in
(actual) = 0-7°Leg = 0.770.375 = 0.2625 in
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

tiueer =  P'R/(S"E-0.6"P) + Corrosion
= 139.2731*1.45/(17,100*1 - 0.6*139.2731) + 0
= 0.0119in
t = max(t,ygers taugee ]
= max[0.0119,0]
= 0.0119in
Ty =  P'R,/(S*E + 0.4*P) + Corrosion
= 139.2731*54 / (20,000*1 + 0.4*139.2731) + O
= 0.375in
tyy = maxty,t yae]
= max[ 0.375, 0.0625]
= 0.3751in
ty = minfty, ty ]
= min[0.189,0.375]
= 0.189in
tuc-as = max[t,,t,]
= max[ 0.0119,0.189]
= 0.189in
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Available nozzle wall thickness new, t, = 0.875%0.3 = 0.2625 in

The nozzle neck thickness is adequate.

Reinforcement check in the plane parallel to the longitudinal axis
Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary Wall
in2) Thickness
For P = 139.27 psi @ 70 °F Summary (in)
The nozzle passes
UG-45
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 102625

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

pw_ Required weld Actual weld
Weld description throat size (in} | throat size (in) Status
Nozzle to shell fillet (Lega1) 0.21 0.2625 weld size is adequate

Parallel Limit of reinforcement per UG-40

Ly

MAX(d, R, + (t, - C,) + (t- C))

MAX(2.9, 1.45 + (0.3 - 0) + (0.375 - 0))
= 29in

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*(0.3 - 0) + 0)
- 075in

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

t, = P*R,/(S,E-0.6P)
= 139.2731*1.45/(17,100*1 - 0.6*139.2731)
= 0.0119in

Required thickness t, from UG-37(a)

tt = PR,/(S'E+0.4'P)
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1}

139.2731754 / (20,000"1 + 0.4*139.2731)
0.375in

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

UG-45 Nozzle Neck Thickness Check

taugezy =  P*R/(S"E-0.6"P) + Corrosion
= 139.2731*1.45/(17,100*1 - 0.6"139.2731) + 0
= 0.0119in
ty = max[t,yge7 s taugez]
= max[ 0.0119,0]
= 0.0119in
ty = P*R,/(SE + 0.4*P) + Corrosion
= 139.2731*54 / (20,000*1 + 0.4*139.2731) + 0
= 0375in
1Y = max[ty .t yere]
= max[0.375, 0.0625]
S 0.375in
b = Min[ty, ty]
= min[ 0.189, 0.375]
= 0.189in
tyg.4s = max(t,,t]
B max[ 0.0119, 0.189]
= 0.189in

Available nozzle wall thickness new, t, = 0.875%0.3 = 0.2625 in

The nozzle neck thickness is adequate.
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Nozzle D (D)

ASME Section VIl Division 1, 2010 Edition

tw(Iower) = 0.32in

e Leg,, = 0.375in

- 2.00 i

— - fu(uppen = 0-3751n

Legs,, = 0.25i0n

— T
0.2500— k— = [~0.3750 D,=  12625in
t,= 03750
0.3750
e pazen) L]
0.3750 i “ft 7,0.3200
—— ol

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

Located on:

Liquid static head included:
Nozzle material specification:
Nozzle longitudinal joint efficiency:
Nozzle description:

Pad material specification:

Pad diameter:

Flange description:

Bolt Material:

Flange rated MDMT:
(UCS-66(b)(3): Coincident ratio = 0.2087491)

(Flange rated MDMT =-155 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head on flange:
ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:
PWHT performed:

Circumferential joint radiography:
Nozzle orientation:

Calculated as hillside:

Local vessel minimum thickness:
End of nozzle to datum line:
Nozzle inside diameter, new:
Nozzle nominal wall thickness:
Nozzle corrosion allowance:
Projection available outside vessel, Lpr:

Ellipsoidal Head #2

9.482 psi

SA-106 B Smis pipe (II-D p. 10

1

NPS 8 Sch 80 (XS)

SA-516 70 (Il-D p. 18

12.625in

8 inch Class 150 WN A105

SA-193 B7 Bolt <=2 1/2 (II-D p. 334
-55°F

9.4935 psi

200 psi@ 400°F
285 psi@ 70°F
450 psi@ 70°F
No

Spot UW-11(b) Type 1
0°

No

0.32in

-37in

7.6251in

0.5in

0.125in

3.9268 in
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Projection available outside vessel to flange face, Lf:
Distance to head center, R:
Pad is split:

7.9268 in
0in
No
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Reinforcement Calculations for Internal Pressure

The vessel wall thickness gaverns the MAWP of this nozzle.

UG-37 Area Calculation Summary (in?) Wall

For P = 80.56 psi @ 400 °F
The opening is adequately reinforced

UG-45 Nozzle

Thickness

Summary (in)
The nozzle passes

UG-45
A A A )
required | available A1 A2 A3 | As welds treq tmin
1.5567 [1.9211 |0.0002 |0.2971 |-~ |1.5 (0.1238 |0.3411 | 0.4375
UG-41 Weld Failure Path Analysis Summary (Ib;)
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 W11 strength Wa.2 strength Ws.3 strength

31.120.69 | 38.418 |106.756.72

9.668.88 | 156.861.81 |40.918.88 | 87.686.56

UW-16 Weld Sizing Summary

Weld description Heqsl.:::zr‘:;eld Acstil::l (‘i':sld Status
Nozzle to pad fillet (Lega1) 0.25 0.2625 weld size is adequate
Pad to shell fillet {Legaz) 0.0975 0.175 weld size is adequate
Nozzle to pad groove (Upper) | 0.2625 0.375 weld size is adequate

Calculations for internal pressure 80.56 psi @ 400 °F

Fig UCS-66.2 general note (1) applies.

Nozzle impact test exemption temperature from Fig UCS-66 Curve B =-20 °F
Fig UCS-66.1 MDMT reduction = 26.1 °F, (coincident ratio = 0.73862).

Pad impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 26.1 °F, (coincident ratio = 0.73862).

Nozzle UCS-66 governing thk:
Nozzle rated MDMT:
Pad UCS-66 governing thickness:

Pad rated MDMT:

0.375in
-46.1 °F
0.375in
-46.1 °F

Parallel Limit of reinforcement per UG-40

La

MAX(d, R, + (t, - C,) + (t - C))
MAX(7.875, 3.9375 + (0.5 - 0.125) + (0.32 - 0.125))
7.875in
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Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t, - C,) + t.)
= MIN(2.5%(0.32 - 0.125), 2.5(0.5 - 0.125) + 0.375)
= 0.4875in

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

t

m

P*R,/(S,’E - 0.6'P)
80.5572*3.9375 / (17,100*1 - 0.6*80.5572)
0.0186 in

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

t

1}

r P*K,*D,/ (2*S*E + 0.8*P)
80.5572%0.8979*108 / (220,000*1 + 0.8*80.5572)
0.195in

Area required per UG-37(c)

Allowable stresses: S, = 17,100, S, = 20,000, Sp = 20,000 psi
fy=lesserof 1orS /S, =0.855

fo=lesserof 1orS /S, =0.855

fa =lesseroff,orS,/8, =0.855

fq=lesserof 1orS,/§, =1

>
]

d*tF + 2% 4 F(1 -1,
7.875"0.195*1 + 2*0.375*0.195"1*(1 - 0.855)
1.5567 in?

Area available from FIG. UG-37.1
A, = larger of the following= 0,0002 in®
= d"Et- P - 24 (- FrO)M(T - )

= 7.875*(1*0.195 - 1*0.195) - 2*0.375*(1*0.195 - 1*0.195)*(1 - 0.855)
- 0.0002in2

= 2t t)ME - P - 28t N (E - PR - )
= 2%(0.195 + 0.375)*(1*0.195 - 1*0.195) - 2*0.375*(1*0.195 - 1*0.195)*(1 - 0.855)
= 0in2

A, = smaller of the following= 0.2971 in?

= 5*(t, -t "t
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I

5%(0.375 - 0.0186)*0.855"0.195
0.2971in2

2"(t, - t)*(2.5", + t.)"f,
2*(0.375 - 0.0186)*(2.5*0.375 + 0.375)*0.855
0.7999 in2

233
1]

Leg®*f,,
= 0.26782*0.855
0.0613 in?

(Part of the weld is outside of the limits)

Ay Leg®'f,
0.252%1

0.0625 in?

]

>
53
|

(D, - d-2*)", ",
(12.625 - 7.875 - 20.375)*0.375*1
15in2

I

Area

A+ A+ AL+ AL+ A
0.0002 + 0.2971 + 0.0613 + 0.0625 + 1.5
= 1.9211in?

As Area >= A the reinforcement is adequate.
UW-16(c)(2) Weld Check

Inner fillet: t =lesser of 0.75 or t, ort, = 0.375 in
tymny = lesser of 0.25 or 0.7*,;, = 0.25in
toactuay = 0-7*Leg = 0.7*0.375 = 0.2625 in

min

Outer fillet: t =lesserof 0.75 ort, ort=0.195in
tw(min) = O'S*tmin =0.0975in
tyaotuay = 0-7°L€g =0.7"0.25=0.175in

UG-45 Nozzle Neck Thickness Check

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

tiugez =  P*R/(S*E-0.6"P) + Corrosion
= 80.5687*3.9375/ (17,100*1 - 0.6*80.5687) + 0.125
= 0.1436 in

ta = max[t, ygo7: tauaee ]
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= max[ 0.1436 ,0]
= 0.1436 in

oy = 03411in

1Y = max[ty b ygrel
- max[0.3411,0.1875]
= 0.3411in

ty = min[ tys , tyy ]
= min[ 0.4068 , 0.3411 ]
= 0.3411in

tug.as = max(t,,t,]
=  max[0.1436,0.3411]
= 0.3411 in

Avalilable nozzle wall thickness new, t, = 0.875"0.5 = 0.4375 in

The nozzle neck thickness is adequate.

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

Groove weld in tension:
Nozzle wall in shear:
Inner fillet weld in shear:
Outer fillet weld in shear:

0.74*20,000 = 14,800 psi
0.717,100 = 11,970 psi
0.49*17,100 = 8,379 psi
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

(n / 2)*Nozzle OD*Leg"S, = (n / 2)*8.625%0.375"8,379 = 42,569.88 Ib,

(2) Outer fillet weld in shear

(. / 2)*Pad OD*Leg*S, = (r / 2)*12.625*0.25*9,800 = 48,586.7 Ib,

(3) Nozzle wall in shear

(n / 2)*Mean nozzle dia*t *S, = (x / 2)*8.25*0.375*11,970 = 58,170.03 Ib,

(4) Groove weld in tension

(m/2)*Nozzle OD*t,*S, = (r / 2)*8.6250.195%14,800 = 39,099.87 Ib;

(6) Upper groove weld in tension

(n/ 2)*Nozzle OD*,*S, = (r/ 2)*8.625%0.375*14,800 = 75,192.05 Iby

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

w

(A-A+ 27 " M (E M- FR)'S,

nr

31.129.69 I,

(1.5567 - 0.0002 + 2*0.375*0.855*(1*0.195 - 1*0.195))*20,000
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33

(Ap + Ag + Agy + Agp)'S,
(0.2971 + 1.5 + 0.08613 + 0.0625)*20,000
38.418 Ib;

(A + Ag + Ay + Agg + 2L HF)'S,
(0.2971 + 0 + 0.0613 + 0 + 2*0,375°0.195°0.855)*20,000
9.668.88 b,

(Ap+ Ag+ Ay + Ay + Ay + Agg + 24,11 )'S,
(0.2071 + 0 + 1.5 + 0.0613 + 0.0625 + 0 + 2*0.375%0.195*0.855)*20,000
40,918.88 Ib,
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Load for path 1-1 lesser of W or W,_, = 31129.69 Ib;
Path -1 through (2) & (3) = 48,586.7 + 58,170.03 = 106.756.72 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,,_, = 9668.88 Ib;

Path 2-2 through (1), (4), (6) = 42,569.88 + 39,099.87 + 75,192.05 = 156.861.81 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, , = 31129.69 Ib;

Path 3-3 through (2), (4) = 48,586.7 + 39,099.87 = 87.686.56 Ib,

Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
For P = 127.72 psi @ 70 °F Thlcknes_s
The opening is adequately reinforced Summary (|n)
The nozzle passes
UG-45
A A A
required | available A1 Az A3 | As | eds treq tmin
24054 (2.4055 | 0.0779 | 0.6449 |- [1.5|0.1827 |0.2818 | 0.4375

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

All failure paths are stronger than the applicable weld loads

Weld load Weld ioad Path 1-1 Weld load Path 2-2 Weld load Path 3-3
w Wi strength Wa.o strength Wi3 strength

46.728.91 |46.552 |124.971.58 (20.774 |181.925.83 |52.024 |112.750.58

UW-16 Weld Sizing Summary
Weld description Heq;l’:zlgeld A(:;:I (\;\;e)ld Status
Nozzle to pad fillet (Leg41) 025 0.2625 weld size is adequate
Pad to shell fillet (Legaz) 0.16 0.175 weld size is adequate
Nozzle to pad groove (Upper) | 0,2625 0.375 weld size is adequate

Calculations for internal pressure 127.72 psi @ 70 °F
Parallel Limit of reinforcement per UG-40

Lg

MAX(d, R, + (t, - G,) + (t- C))
MAX(7.625, 3.8125 + (0.5 - 0) + (0.32 - 0))
7.625in

]
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Outer Normal Limit of reinforcement per UG-40

ILs MIN(2.5*(t - C), 2.5*(t, - C,) + t,)
MIN(2.5*(0.32 - 0), 2.5*(0.5 - 0) + 0.375)
& 0.8in

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

1

t

™m

P*R,/ (S,'E - 0.6°P)
127.7249*3.8125/ (17,100*1 - 0.6*127.7249)
0.0286 in

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

L

P*K,*D, / (2'SE + 0.8"P)
127.724970.97108 / (2°20,000"1 + 0.8"127.7249)
= 0.3096in

I

Area required per UG-37(c)

Allowable stresses: §, = 17,100, S, = 20,000, S; = 20,000 psi
fy=lesseroftorS,/S, =0.855

fo=lesserof1orS /S, =0.855

f = lesser of f, or S,/ 8, = 0.855

fq=lesserof1or§,/S, =1

p-d
]

d'tF + 24, F(1 - 1y)
= 7.625'0.3096"1 + 2*0.5°0.3096*1*(1 - 0.855)
2.4054 in?

Area available from FIG. UG-37.1
A, = larger of the following= 0.0779 in?
= d¥E*t- Ft) - 2" (Bt - FrE)(1 - £)

= 7.625%(1*0.32 - 1*0.3096) - 2*0.5*(1*0.32 - 1*0.3096)*(1 - 0.855)
= 0.0779in?

= 2*(t + t) (B, "t - Ft) - 2°t (B *t - ) (1 - 1)
= 2*(0.32 + 0.5)*(170.32 - 1*0.3096) - 2*0.5*(170.32 - 1"0.3096)*(1 - 0.855)
= 0.0156 in?

A, = smaller of the following= 0.6449 in?

= 5*(t - tn) o't
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=  5%(0.5-0.0286)"0.855"0.32
= 0.6449in?

= 2%t - t)M (2.5, + )T,
= 2%0.5-0.0286)"(2.5"0.5 + 0.375)"0.855
= 1.3099 in?

Ay = Leg®iy
= 0.375%*0.855
= 0.1202in?

Ap = Leg®f,
= 0.252*1
= 0.0625in?

As = (D,-d-2t)t,
= (12.625 - 7.625 - 2*0.5)*0.375*1
= 1.5in?

Area = A/ +A+ A+ AL+ A
= 0.0779 + 0.6449 + 0.1202 + 0.0625 + 1.5
24055 in®

As Area >= A the reinforcement is adequate.

UW-16(c)(2) Weld Check

Inner fillet: t,,  =lesserof 0.75ort ort, = 0.375in
tomin = lesser of 0.25 or 0.7, = 0.25 in
tofactan = 0-7°Leg = 0.7°0.375 = 0.2625 in

Outer fillet: t.;, =lesserof 0.75 ort, ort=0.32in

tyiy = 0-5"tmin =016 I
tyacay = 0-7°Leg = 0.740.25 = 0.175 in

UG-45 Nozzle Neck Thickness Check

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

tiussr = P'R/(S’E-0.6'P)+ Corrosion
= 127.7249*3.8125/ (17,1001 - 0.6*127.7248) + 0
= 0.0286 in

ty = max[ t, yg27 » taug22 1

= max[0.0286,0]
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= 0.0286 in

ty; = 0.3429in

by = max(ty, tyges ]
- max[0.3429, 0.0625 ]
= 0.3429 in

ty = min[ty, ]
= min[0.2818, 0.3429 ]
= 0.2818in

tiges = max(t,. ]
= max[0.0286,0.2818]
= 0.2818in

Available nozzle wall thickness new, t, = 0.875*0.5 = 0.4375 in
The nozzle neck thickness is adequate.

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

Groove weld in tension: 0.74*20,000 = 14,800 psi
Nozzle wall in shear: 0.7*17,100 = 11,970 psi
Inner fillet weld in shear: 0.49*17,100 = 8,379 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)*8.625"0.375"8,379 = 42,569.88 Ib;

(2) Outer fillet weld in shear
(n/2)*Pad OD*Leg*S, = (n / 2)*12.625%0.25*9,800 = 48,586.7 Ib

(3) Nozzle wall in shear
(m/ 2)*Mean nozzle dia*t,*S,, = (n / 2)*8.125"0.5*11,970 = 76,384.88 Ib;

(4) Groove weld in tension
(m/ 2)"Nozzle OD™,"S, = (n / 2)"8.625"0.32"14,800 = 64,163.89 Ib,

(6) Upper groove weld in tension
(n/2)*Nozzle OD*t,*S, = (n / 2)*8.625*0.375*14,800 = 75,192.05 Ib,

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

W

]

(A- A, + 24, *(E,"t - F*1))'S,

n ri

(2.4054 - 0.0779 + 2*0.5*0.855*(1*0.32 - 1*0.3096))*20,000
46.728.91 Ib,
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Wy = (A + Ag+ Ay + AL) S,
= (0.6449 + 1.5 + 0.1202 + 0.0625)*20,000
= 46.552Ib;

Wop = (Ag+ Ag+ Ay + Ay + 2,1,)"S,
= (0.6449 + 0 +0.1202 + 0 + 2°0.5%0.32*0.855)*20,000
= 20774lb

Wos = (Ap+Ag+Ag+ Ay + A + Ay + 27 14, )*S,
= (0.6449 + 0 + 1.5 + 0.1202 + 0.0625 + 0 + 2*0.5*0.32*0.855)*20,000
= 520241,

Load for path 1-1 lesser of W or W, , = 46552 Ib;
Path 1-1 through (2) & (3) = 48,586.7 + 76,384.88 = 124.971.58 Ib;
Path 1-1 is stronger than W, _; so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W, , = 20774 Ib;
Path 2-2 through (1), (4), (6) = 42,569.88 + 64,163.89 + 75,192.05 = 181.925.83 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, , = 46728.91 b,
Path 3-3 through (2), (4) = 48,586.7 + 64,163.89 = 112,750.58 Ib;
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).
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Nozzle L1 (L1)

ASME Section VIII Division 1, 2010 Edition

tw(lower) = 0.375in
Leg, = 0.375in

0.3750 [

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

Located on:

Liquid static head included:

Nozzle material specification:

Nozzle longitudinal joint efficiency:

Nozzle description:

Flange description:

Bolt Material:

Flange rated MDMT:

(UCS-66(b)(3): Coincident ratio = 0.2025432)

(Flange rated MDMT = -155 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head on flange:

ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:

ASME B16.5 flange hydro test:

PWHT performed:

Circumferential joint radiography:
Nozzle orientation:

Local vessel minimum thickness:
Nozzle center line offset to datum line:
End of nozzle to shell center:

Nozzle inside diameter, new:

Nozzle nominal wall thickness:

Nozzle corrosion allowance:

Projection available outside vessel, Lpr:
Projection available outside vessel to flange face, Lf:

Cylinder #4

7.7552 psi

SA-106 B Smis pipe (II-D p. 10

1

NPS 2 Sch 160

2 inch Class 150 WN A105

SA-193 B7 Bolt <=2 1/2 (lI-D p. 334
-55°F

7.7248 psi

200 psi @ 400°F
285 psi@ 70°F
450 psie 70°F
No

Spot UW-11(b) Type 1
135°

0.375in

12in

62in

1.687 in

0.344 in
0.1251in

55in

8in
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Reinforcement Calculations for Internal Pressure

The vessel wall thickness governs the MAWP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary Wall
(in? Thickness
For P = 92.76 ps| @ 400 °F Summary (in)
The nozzle passes
UG-45
A A A
required | available | A1 | A2 [ A3 | A5 [ aigs treq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.2598 | 0.301

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

Weld description throat size (in) | throat size (in)

Status

Nozzle to shell fillet (Lega1) 0.1533 0.2625 weld size is adequale
Calculations for internal pressure 92.76 psi @ 400 °F

Fig UCS-66.2 general note (1) applies.

Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.01862).

Nozzle UCS-66 governing thk: 0.301 in
Nozzle rated MDMT: -155 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, R, + (t,-C,) + (t- C))

MAX(1.937, 0.9685 + (0.344 - 0.125) + (0.375 - 0.125))
= 1.937in

Outer Normal Limit of reinforcement per UG-40

L, MIN(2.5*(t - C), 2.5*(t, - C,) +1,)
MIN(2.5*(0.375 - 0.125), 2.5*(0.344 - 0.125) + 0)
- 05475in

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

t PR,/ (S,'E - 0.6"P)
92.7603*0.9685 / (17,100*1 - 0.6*92.7603)
0.0053 in
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Required thickness t, from UG-37(a)

t

r

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

P*R,/ (S*E + 0.4"P)
92.7603*54 / (20,000*1 + 0.4*92.7603)
0.25in

UW-16(c) Weld Check

Fillet weld: t ;,, = lesser of 0.75 ort, ort = 0.219in
tomin) = lesser of 0.25 or 0.7, = 0.1533 in
togactuay = 0-7°Leg = 0.7*0.375 = 0.2625 in

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

ta uG-27

tLIG-AS

P*R/(S*E - 0.6*P) + Corrosion
92.7603*0.9685 / (17,100*1 - 0.6"92.7603) + 0.125
0.1303 in

max[ t, yg.e7 + tave2z |
max[ 0.1303,0]

0.1303 in

P*R,/(S'E + 0.4"P) + Corrosion
92.7603'54 / (20,0001 + 0.4*92.7603) + 0.125
0.3751n

max] 1y + b yars )
max[ 0.375, 0.1875 ]
0.375in

MIN] tyg + toy ]
min[ 0.2598 , 0.375 ]
0.2598 in

max{t,, 1]
max[ 0.1303 , 0.2598 ]
0.2598 in
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Available nozzle wall thickness new, t, = 0.875*0.344 = 0.301 in

The nozzle neck thickness is adequate.
Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary Wall
(in2) Thickness
For P = 139.27 psi @ 70 °F Summary (in)
The nozzle passes
UG-45
A A A
required | available | A1 [ A2 | A3 | A5 | yeigs | trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)() 0.1348 1 0.301

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

Weld description throat size (in) | throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.2408 0.2625 weld size is adequate

Calculations for internal pressure 139.27 psi @ 70 °F
Parallel Limit of reinforcement per UG-40

Ly

MAX(d, R, + (t, - C,) + (t- C))

MAX(1.687, 0.8435 + (0.344 - 0) + (0.375 - 0))
1.687 in

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*(0.344 - 0) + 0)
= 0.86in

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

t, = PR /(S,’E-0.6'P)
= 139.2731%0.8435/(17,100*1 - 0.6139.2731)
= 0.0069 in

Required thickness t, from UG-37(a)

t = P*R,/ (S'E + 0.4*P)
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139.2731*54 / (20,0001 + 0.4139.2731)
0.375in

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 = 0.344 in
tyminy = lesser of 0.25 or 0.7°t;, = 0.2408 in
tactuany = 0-77Leg = 0.7%0.375 = 0.2625 in

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

tyuger =  P*R/(S*E-0.6*P) + Corrosion
= 139.2731*0.8435/ (17,100*1 - 0.6%139.2731) + 0
= 0.0069 in
ta = max[t,yger tavaee]
= max[ 0.0069, 0]
= 0.0069 in
Loy =  P*R,/(S*E + 0.4*P) + Corrosion
= 139.2731*54 / (20,000*1 + 0.4*139.2731) + 0
= 0.375in
Loy = max{ty, thyars ]
= max[ 0.375, 0.0625 ]
= 0.375in
ty = min[tyg, ]
= min[ 0.1348 , 0.375 ]
= 0.1348 in
lugas = max[t,,t,]
= max[0.0069,0.1348 ]
= 0.1348 in

Available nozzle wall thickness new, t, = 0.875"0.344 = 0.301 in

The nozzle neck thickness is adequate.
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Nozzle L2 (L2)

ASME Section VIl Division 1, 2010 Edition

tugowery = 0-3751in
Leg,, = 025in

—— [—0.2500
= Tl = " I ]
0.3750 I].375[15L %
_______ __1]'\__. —_——
Note: round inside edges per UG-76(c)
Located on: Cylinder #1
Liquid static head included: 0 psi

Nozzle material specification:

Nozzle longitudinal joint efficiency:

Nozzle description:

Flange description:

Bolt Material:

Flange rated MDMT:

(UCS-66(b)(3): Coincident ratio = 0.1754386)

(Flange rated MDMT = -155 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head on flange:

ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:

ASME B16.5 flange hydro test:

PWHT performed:

Circumferential joint radiography:
Nozzle orientation:

Local vessel minimum thickness:
Nozzle center line offset to datum line:
End of nozzle to shell center:

Nozzle inside diameter, new:

Nozzle nominal wall thickness:

Nozzle corrosion allowance:

Projection available outside vessel, Lpr:
Projection available outside vessel to flange face, Lf:

SA-106 B Smis pipe (II-D p. 10

1

NPS 2 Sch 80 (XS)

2inch Class 150 WN A105

SA-193 B7 Bolt <=2 1/2 (II-D p. 334
-55°F

0 psi

200 psi@ 400°F
285 psie@ 70°F
450 psie 70°F
No

Spot UW-11(b) Type 1
135°

0.375in

265 in

62 in

1.939 in
0.218in

0in

5.5in

8in
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Reinforcement Calculations for Internal Pressure

The vessel wall thickness governs the MAWP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary Wall
(in?) Thickness
For P = 92.76 psi @ 400 °F Summary (in)
The nozzle passes
UG-45
A A A
required | available At | Az A3 | As | yeigs freq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.1348 101908
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

Weld description throat size (in) | throat size (in)

Status

Nozzle to shell fillet (Lega1) 0.1526 0.175 weld size is adequate
Calculations for internal pressure 92.76 psi @ 400 °F

Fig UCS-66.2 general note (1) applies.

Nozzle is impact test exempt per UCS-66(d) (NPS 4 or smaller pipe).

Nozzle UCS-66 governing thk: 0.1908 in
Nozzle rated MDMT: -155 °F
Parallel Limit of reinforcement per UG-40

Ly

MAX(, R, + (t,- C,) + (t - C))

MAX(1.939, 0.9695 + (0.218 - 0) + (0.375 - 0.125))
N 1.939in

Outer Normal Limit of reinforcement per UG-40

L, MIN(2.5%(t - C), 2.5%(t, - C,) + 1)
MIN(2.5*(0.375 - 0.125), 2.5%(0.218 - 0) + 0)
=  0545in

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

t P*R,/(S,'E - 0.6*P)
92.7577+0.9695 / (17,100*1 - 0.6*92.7577)
0.0053 in

[}

139/177

MM188078

Approved



Required thickness t, from UG-37(a)

l PR,/ (SE + 0.4'P)
92.7577*54 / (20,0001 + 0.4°92.7577)

0.251in

T

I

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, or t = 0.218 in
teminy = l€Sser of 0.25 or 0.7°t,, = 0.1526 in
toactay = 0-7*Lg = 0.70.25 = 0.175 in

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

tiugey =  P*R/(S"E-0.6*P) + Cotrosion
= 92.75770.9695/ (17,100*1 - 0.6*92.7577) + 0
= 0.0053in
ty = max{t,yger s tauges ]
= max[ 0.0053, 0]
= 0.0053in
tos =  P'R,/(S’E + 0.4"P) + Corrosion
= 92.7577°54/(20,000"1 + 0.4°92.7577) + 0.125
= 0.375in
i = max(ty by ]
= max[ 0.375, 0.0625 ]
= 0375in
ty = minfty,ty]
= min[ 0.1348 , 0.375 ]
= 0.1348in
tugas = max(ty,t]
= max[ 0.0053 , 0.1348 ]
= 0.1348in
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Available nozzle wall thickness new, t, = 0.875%0.218 = 0.1908 in

The nozzle neck thickness is adequate.
Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-45 Nozzle

UG-37 Area Calculation Summary Wall
(in?) Thickness
For P = 130.27 psi @ 70 °F Summary (in)
The nozzle passes
UG-45
A A A )
required | available Al | A2 | Ag | As | ueigs treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.1348 10.1908

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

Weld description throat size (in) | throat size (in)

Status

Nozzle to shell fillet (Lega1) | 0.1526 0.175 weld size is adequate

Calculations for internal pressure 139.27 psi @ 70 °F
Parallel Limit of reinforcement per UG-40

Lg

MAX(d, R, + (t,- C.) + (t - C))

MAX(1.939, 0.9695 + (0.218 - 0) + (0.375 - 0))
B 1.939in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5*(t, - C,) +1,)
= MIN(2.5*(0.375 - 0), 2.5*(0.218 - 0) + 0)
E 0.545in

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

t, = PR,/(S;E-0.6'P)
= 139.2731%0.9695/ (17,1001 - 0.6*139.2731)
= 0.0079in

Required thickness t, from UG-37(a)

i = P*R,/(S'E + 0.4"P)
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139.2731*54 / (20,000*1 + 0.4*139.2731)
0.375in

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, or t = 0.218 in
t(miny = lesser of 0.25 or 0.7, = 0.1926 in
tojacnay = 0-7"Leg = 0.7°0.25 = 0.175 in

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

tauger =  P*R/(S'E-0.6*P) + Corrosion
= 139.2731*0.9695/ (17,100*1 - 0.6*139.2731) + 0
= 0.0079in
ta = max[t,ygz7  taugez ]
=  max[0.0079,0]
= 0.0079in
to = P*R,/ (S*E + 0.4"P) + Corrosion
= 139.2731*54 / (20,000*1 + 0.4*139.2731) + 0
= 0.375in
tor = max[ty, tyars]
= max[ 0.375, 0.0625 ]
= 0.3751in
1 = mMin[ty, ty ]
= min[0.1348 ,0.375]
S 0.1348 in
tic.as = max[t,,t,]
e max[ 0.0079, 0.1348 ]
= 0.1348 in

Available nozzle wall thickness new, t, = 0.875*0.218 = 0.1908 in

The nozzle neck thickness is adequate.
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ASME Section VIl Division 1, 2010 Edition

— k—2.0000
0.3125— &—
13?50
B e

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

Located on:

Liquid static head included:
Nozzle material specification:
Nozzle longitudinal joint efficiency:
Pad material specification:

Pad diameter:

Flange description:

Bolt Material:

Flange rated MDMT:

(UCS-66(b)(3): Coincident ratio = 0.1974768)

(Flange rated MDMT =-155 °F

Nozzle M (M)

twgowen = 0.3751n
Leg,, = 0.375in

- taquppen = 0-37510n
Leg, = 0.3125in
— -0.3750 ae
Fi Dp = 29in
te = 0.375in

Cylinder #3

6.7141 psi

SA-516 70 (II-D p. 18

1

SA-516 70 (II-D p. 18

29in

24 inch Class 150 SO A516 70
SA-193 B7 Bolt <= 2 1/2 (II-D p. 334
-55°F

Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head on flange:

ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:
Gasket Description:

Flange external fillet weld leg (UW-21):
Flange internal fillet weld leg (UW-21):
PWHT performed:

Nozzle orientation:

Local vessel minimum thickness:
Nozzle center line offset to datum line:
End of nozzle to shell center:

Nozzle inside diameter, new:

Nozzle nominal wall thickness:

Nozzle corrosion allowance:

6.2809 psi

200 psi@ 400°F

285 psie 70°F

450 psi@ 70°F
Flexitallic Spiral Wound CG 304L S.S.
0.7 in (0.7 in min)
0.4286 in (0.4286 in min)
No

00

0.3751in

52 in

62 in

24 in

0.5in

0.125in
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Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:
Pad is split:

7.5in
8in
No
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Reinforcement Calculations for Internal Pressure

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (in?) Thickness
For P = 62.74 psi @ 400 °F Summary
The opening is adequately reinforced (in)
The nozzle
passes UG-45
A A A
required | available A1 Az Az | As | elds treq tmin
41026 |4.1037 [1.9599 |0.4211 |- [1.5|0.2227 |0.2942 (0.5

UG-41 Weld Failure Path Anal

All failure paths are stronger than the

ysis Summary (Ib;)
applicable weld loads

Weld load Weld load Path 1-1 Weld load Path 2-2 Weld load Path 3-3

w Wi strength Wap strength Wiag strength

44 .61 (42,876 |342.580.88 (14,672 |507.563.56 |46.626 |284.805

UW-16 Weld Sizing Summary

Weld description Heq;i'l?g:;eld A?;:' (me;ld Status

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

Pad to shell fillet (Leg42) 0.125 0.2188 weld size is adequate

Nozzle to pad groove (Upper) | 0.2625 0.375 weld size is adequate

Calculations for internal pressure 62.74 psi @ 400 °F

Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 38.8 °F, (coincident ratio = 0.6118)
Rated MDMT is governed by UCS-66(b)(2).

Pad impact test exemption temperature from Fig UCS-66 Curve B = -20 °F
Fig UCS-66.1 MDMT reduction = 38.8 °F, (coincident ratio = 0.6118)
Rated MDMT is governed by UCS-66(b)(2).

Nozzle UCS-66 governing thk:
Nozzle rated MDMT:
Pad UCS-66 governing thickness:
Pad rated MDMT:
Parallel Limit of reinforcement per UG-40

Lg

24.25in

0.375in
-55 °F
0.375in
-55 °F

MAX(d, R, + (t, - C,) + (t - C))
MAX(24.25, 12.125 + (0.5 - 0.125) + (0.375 - 0.125))
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Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t,- C,)) +1,)

MIN(2.5*(0.375 - 0.125), 2.5*(0.5 - 0.125) + 0.375)
= 0.625in

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

t, P*R,/(S,'E - 0.6'P)
62.7397*12.125 / (20,000*1 - 0.6*62.7397)
0.0381 in

]

Required thickness t, from UG-37(a)

g P*R,/ (S'E + 0.4*P)
62.7397*54 / (20,0001 + 0.4*62.7397)

0.1692 in

Area required per UG-37(c)
Allowable stresses: S, = 20,000, S, = 20,000, Sp = 20,000 psi
fy=lesserof1orS,/8, =1
fo=lesserof1orS, /S, =1
fig=lesseroff,or§,/S, =1

f, = lesser of 1 or Sp /8§, =1

A

d"tF + 2t "t *F(1 - f,y)
24.25°0.1692"1 + 2+0.375°0.1692"1*(1 - 1)
= 410262

Area available from FIG. UG-37.1

A, = larger of the following= 1.9599 in?

= dM(EM- PR - 24 ME - P -6y,

= 24.25%(1*0.25 - 1*0.1692) - 2*0.375*(1*0.25 - 1*0.1692)*(1 - 1)

= 1.9599 in?

= 2t t)ME - P - 25 M(E, - PR - 1)

= 2%0.25 + 0.375)*(1*0.25 - 1*0.1692) - 2*0.375*(1*0.25 - 1*0.1692)*(1 - 1)

= 0.101in?
A, = smaller of the following= 0.4211 in?

= 5%t -t )Lt
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= 5'(0.375-0.0381)'1'0.25
= 04211in?

= 2t - t,)"@.5, + 1),
= 2%(0.375 - 0.0381)(2.5%0.375 + 0.375)*1
= 0.8844in2

Ay = Leg®i,
= 0.35362*1
= 0.125in?

(Part of the weld is outside of the limits)
Ap = Leg®i,

= 0.31252*1
= 00977 in?

As = (D,-d-2')t,
= (29 -24.25 - 2*0.375)*0.375"1
= 1.5in?

Area = A+ A+ AL +AL+ A
= 1.9599 + 0.4211 + 0.125 + 0.0977 + 1.5
= 4.1037in?

As Area >= A the reinforcement is adequate.

UW-16(c)(2) Weld Check
Inner fillet: t,;,  =lesserof 0.75 ort, ort,=0.375in
tominy =lesserof 0.25 or 0.7*t;, = 0.25in

toacway = 0-7"Leg = 0.7*0.375 = 0.2625 in

Outer fillet: t, =lesserof 0.750rt, ort=0.25in
tw(min) . 0'5'thin =0.125in
ty(aonay = 0-7*Leg = 0.7"0.3125 = 0.2188 in

UG-45 Nozzle Neck Thickness Check

thuger = P*R/ (S*E - 0.6*P) + Corrosion
= 62.7397*12.125/(20,000*1 - 0.6*62.7397) + 0.125
= 0.1631in

ty = maxt 27 thugez ]
= max[ 0.1631, 0]
= 0.1631 in
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to1 = PR,/ (S*E + 0.4"P) + Corrosion
- 62.7397*54 / (20,000"1 + 0.4"62.7397) + 0.125
= 0.2942in

tos = max[ ty; » tyygis |
- max[0.2942,0.1875]
= 0.2942 in

ty = min[ tyg , tyy ]
= min[ 0.4531,0.2942 ]
= 0.2942 in

tug-4s = max[t,, 1]
= max[ 0.1631 , 0.2942 ]
= 0.2942 in

Available nozzle wall thickness new, t, = 0.5 in
The nozzle neck thickness is adequate.

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

Groove weld in tension: 0.74*20,000 = 14,800 psi
Nozzle wall in shear: 0.7*20,000 = 14,000 psi
Inner fillet weld in shear: 0.49*20,000 = 9,800 psi
Quter 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
(r/2)*Nozzle OD*Leg*S; = (r / 2)*25%0.375"9,800 = 144,316.92 Ib;

(2) Outer fillet weld in shear
(m/2)*Pad OD*Leg*S, = (n/ 2)*29*0.3125%9,800 = 139,506.36 Ib;

(3) Nozzle wall in shear
(m/ 2)*Mean nozzle dia*t,*S, = (n / 2)*24.625*0.375*14,000 = 203,074.52 Ib;

(4) Groove weld in tension
(n/2)*Nozzle OD*t,*S, = (n / 2)*25*0.25*14,800 = 145,298.66 Ib;

(6) Upper groove weld in tension
(n/2)*Nozzle OD*,,*'S; = (n/ 2)*2570.375%14,800 = 217,948 Ib;

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

W

(A- A, + 21, *(E,*t - F*1))*S,

n

(4.1026 - 1.9599 + 2*0.375*1*(1*0.25 - 1°0.1692))*20,000
44,066.61 Ib,
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W, = (Ag+ Ag+ Ay + Ap)'S,
= (0.4211 + 1.5 + 0.125 + 0.0977)*20,000

- 428761b,
Wop = (Ag+ Ay Ay 4 Agy + 2°17t71)°S,
= (0.4211 + 0 + 0.125 + 0 + 2*0.375*0.25"1)*20,000
- 146721b,
Waog = (Ay+ Ay +Ag+ Ay + Ay + A, + 27 1,)S,
= (0.4211 + 0 + 1.5+ 0.125 + 0.0977 + 0 + 2"0.375*0.25"1)"20,000
- 466261b,

Load for path 1-1 lesser of W or W, ; = 42876 Ib;
Path 1-1 through (2) & (3) = 139,506.4 + 203,074.5 = 342,580.88 Ib;
Path 1-1 is stronger than W, so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W,_, = 14672 Ib,

Path 2-2 through (1), (4), (6) = 144,316.9 + 145,298.7 + 217,948 = 507.563.56 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, ; = 44066.61 Ib;

Path 3-3 through (2), (4) = 139,506.4 + 145,298.7 = 284.805 Ib,

Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).

% Extreme fiber elongation - UCS-79(d)

EFE

(50°t/ R)*(1 - R,/R,)
(50*0.5/ 12.25)*(1 - 12.25/ o)
2.0408%
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The extreme fiber elongation does not exceed 5%.

Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

Calculations for internal pressure 89.47 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

Lr

MAX(d, R, + (t, - C,)

+(t-C))

MAX(24, 12 + (0.5 - 0) + (0.375 - 0))

24in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5(t - C), 2.5*(t

n’ Cn) +te)

MIN(2.5*(0.375 - 0), 2.5*(0.5 - 0) + 0.375)

0.9375in

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

t

m

P*R,/(S,'E - 0.6*P)

89.465"12/ (20,000*1 - 0.6*89.465)

0.0538 in

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (in2) Thickness
For P = 89.47 psi @ 70 °F Summary
The opening is adequately reinforced (in)
The nozzle
passes UG-45
A A
required | available A Az A3 | As | welds treq tmin
5.7869 |5.788 |3.2131 (0.8366 |-- |1.5|0.2383 |0.2411 | 0.5
UG-41 Weld Failure Path Analysis Summary (Ib;)
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 W22 strength W33 strength
4.153.2 (51,498 |4 7.94 |27.044 |580.212.94 |58.998 |357.454.38
UW-16 Weld Sizing Summary
Weld description Heq;lli?grgeld A‘:i‘;zl(‘i‘r"e)ld Status
Nozzle to pad fillet (Lega1) 0.25 0.2625 weld size is adequate
Pad to shell fillet (Lega) 0.1875 0.2188 weld size is adequate
Nozzle to pad groove (Upper) | 0.2625 0.375 weld size is adequate
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Required thickness t, from UG-37(a)

t

P*R,/(S'E + 0.4*P)
89.465'54 / (20,000"1 + 0.4°89.465)
0.2411in

T

Area required per UG-37(c)
Allowable stresses: S, = 20,000, S, = 20,000, Sp = 20,000 psi
f,=lesserof 1orS,/8, =1
fo=lesserof1orS,/S, =1
fs=lesseroff,orS,/§, =1

fa=lesserof1or§,/8, =1

=
I}

dtF + 21,4 P (1 - 6)
24*0.2411*1 + 20.5*0.2411*1*(1 - 1)
5.7869 in?

1]

Area available from FIG. UG-37.1

A, = larger of the following= 3.2131 in?

= d'(ESt- P - 2 (E - PN - )
= 24*(10.375- 1°0.2411) - 20.5*(1°0.375 - 1*0.2411)*(1 - 1)
= 3.2131in2

= 2'(t+t)N(Et-F) - 22X E - BT - 1)
=  2%0.375+ 0.5)*(1*0.375 - 1*0.2411) - 2°0.5*(1°0.375 - 1*0.2411)*(1 - 1)
= 0.2343in?

A, = smaller of the following= 0.8366 in®

= 57(t, - t) "t
= 5%(0.5 - 0.0538)"1*0.375
= 0.8366 in?

= 2%t - t)t(25, + 1),
= 2%(0.5-0.0538)*(2.5°0.5 + 0.375)"1
= 1.4502in2

A,y = Leg®i,
= 0.375%1
= 0.1406in?
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A, = Leg¥f,
= 0.3125%1
= 0.0977in?

A = (D, -d -2t )", ",
= (29 - 24 - 2*0.5)"0.375™1
= _]_5 in2

Area = A+ A+ A, +AL+ A
=  3.2131 +0.8366 + 0.1406 + 0.0977 + 1.5
= D.788in?

As Area >= A the reinforcement is adequate.
UW-16(c)(2) Weld Check

Inner fillet: t,,,  =lesserof0.750rt ort,=0.375in
tomny = lesserof 0.25 or 0.7°t,,, = 0.25in

tyaonay = 0.7°L€Q = 0.70.375 = 0.2625 in

Outer fillet: t,;, =lesserof 0.75ort, ort =0.375 in
tw[rnin] =05y, = 0.1875in
ty(acuay = 0-7°Leg = 0.7°0.3125 = 0.2188 in

UG-45 Nozzle Neck Thickness Check

tiugzr =  P*R/(S*E-0.6"P)+ Corrosion
= 89.465'12/(20,000*1 - 0.6*89.465) + 0
= 0.0538in

ta = max[ ta UG-27 * ta uG-22 ]
= max[0.0538,0]
=  0.0538in

tor = P*R,/ (S*E + 0.4*P) + Corrosion
= 89.465*54 / (20,000"1 + 0.4*89.465) + 0
= 0.2411 in

th1 = max[ty,, thyas]
= max[ 0.2411 , 0.0625 ]
=] 0.2411in

ty = min[ t,q, ty; ]
= min[ 0.3281 , 0.2411 ]
= 0.2411 in
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tugas 8 max[ t,, t, ]
max[ 0.0538 , 0.2411 ]
0.2411 in

Available nozzle wall thickness new, t, = 0.5in
The nozzle neck thickness is adequate.

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

Groove weld in tension: 0.74*20,000 = 14,800 psi
Nozzle wall in shear: 0.7*20,000 = 14,000 psi
Inner fillet weld in shear: 0.49*20,000 = 9,800 psi
Quiter 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

(n/2)*Nozzle OD*Leg*S; = (n / 2)*25*0.3759,800 = 144,316.92 Ib;

(2) Outer fillet weld in shear

(x/ 2)*Pad OD*Leg*S, = (n / 2)*29*0.31259,800 = 139,506.36 b

(8) Nozzle wall in shear

(x / 2)*Mean nozzle dia*t,"S, = (n / 2)*24.5*0.5*14,000 = 269,391.56 Ib;

(4) Groove weld in tension

(n / 2)*Nozzle OD*,*S, = (n / 2)*25°0.375"14,800 = 217,948 Ib,

(6) Upper groove weld in tension

(n/2)*"Nozzle OD"t,*S; = (n/ 2)"25%0.375"14,800 = 217,948 Ib

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

W

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

= (5.7869 - 3.2131 + 2*0.5*1*(1*0.375 - 1*0.2411))*20,000

= 5415321b

Wiy = (Ay+Ag+ A, +AL)S,
= (0.8366 + 1.5 + 0.1406 + 0.0977)*20,000
= 51.4981b

Wop = (Ap+Ag+ Ay + A+ 2L 4F,)'S,

= (0.8366 + 0 + 0.1406 + 0 + 2*0.5*0.375"1)*20,000

= 27.0441b,

Wos = Ao+ Ag+Ag+ Ay + A+ Ay +2°17171,)S,

= (0.8366 + 0 + 1.5 + 0.1406 + 0.0977 + 0 + 2*0.5*0.375%1)*20,000
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58.998 Ib,

Load for path 1-1 lesser of W or W, , = 51498 Ib,
Path 1-1 through (2) & (3) = 139,506.4 + 269,391.6 = 408.897.94 Ib,
Path 1-1 is stronger than W, , so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W, , = 27044 Ib,
Path 2-2 through (1), (4), (6) = 144,316.9 + 217,948 + 217,948 = 580.212.94 |b,
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, ; = 54153.2 |b;
Path 3-3 through (2), (4) = 139,506.4 + 217,948 = 357.454.38 Ib,
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).
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Leg material:
Leg description:

Number of legs:

Overall length:

Base to girth seam length:
Pad length:

Pad width:

Pad thickness:

Bolt circle:

Anchor bolt size:

Anchor bolt material:

Anchor bolts/leg:

Anchor bolt allowable stress:
Anchar bolt corrosion allowance:
Anchor bolt hole clearance:
Base plate width:

Base plate length:

Base plate thickness:

Base plate allowable siress:
Foundation allowable bearing stress:
Effective length coefficient:
Coefficient:

Leg yield stress:

Leg elastic modulus:

Leg to pad fillet weld:

Pad to shell fillet weld:
Legs braced:

mmnoO=x

Legs #1

112

20

18
0.375
110

2
20,000
0
0.375
14

14

1

24,000
1,658

1.2

0.85
50,000
29,000,000

0.625

0.25
No

A992
W 14x43
(Flange out)

inch series 8
threaded
SA-193 B7

psi

in

in

in

in

in (0.6012 in
required)

psi

psi

psi

psi

in (0.4416 in
required)

in (0.144 in
required)
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Note: The support attachment point is assumed to be 1 in up from the cylinder circumferential seam.

Force L Axial Shear | Axial | Bending | Bending Ratio | Rati
Loadi K eg d load isted | p £ atio | Ratio
oading | attac -2 | end load | resiste A = b
- | position ; : A H_ [ He,
angle 1b; Ib; psi psi psi
) 4,000.2 2,676.8 317 4,590 0 0.1325 | 0.1497
0 90 22,805.4 282.7 1810|2486 2,431 02106 |0.2093
Wind
operating 180 32,4868.4 2,676.8 2578 | 7,605 0 03145 |0.3191
corroded
270 22,805.4 2827 1,810 | 2486 2,431 0.2106 | 0.2093
Moment =
87.752.4 byt 0 4,000.2 1,479.7 317 2,060 8,999 0.3009 | 0.3457
& 90 4,000.2 1,479.7 317 2,060 8,999 0.3009 | 0.3457
180 32,488.4 1,479.7 2578 | 5,165 8,999 0.4969 | 05152
270 32,488.4 14797 2578 |5,165 8,999 04969 | 05152
0 4,000.2 2,004.5 317 3,074 9,136 0.3306 | 0.3806
32 90 4,0002 955.0 317 1,221 6.966 0.2265 | 0.2587
180 32,488.4 2,004.5 2578 6,179 9,136 05270 | 0.5500
270 32,488.4 955.0 2578 |4326 6,966 0.4191 | 0.4281
Force Axial Shear | Axial | Bending | Bendin " .
L Rat Rat
Loadi K eg 0 . f § ; atio | Ratio
oading | attac = . | end load | resisted 5 bx b
> | position . A A H.; | Hy
angle Ib, Ib; psi psi psi
0 46514 2,676.8 369 4,661 0 0.1366 | 0.1535
Governing 0
Condition 90 23,9413 2827 1,900 | 2,609 2,431 02180 |0.2161
180 33,654.7 2,676.8 2671 | 7.822 0 03220 |0.3261
wi
oper':,‘,’ng 270 23,9413 282.7 1900 | 2,608 2,431 02180 |0.2161
new 0 4,651.4 1,479.7 369 2,131 8,999 0.3054 | 0.3496
m"oz’;j":b:“ 45 9 46514 1,479.7 369 2,131 8,999 0.3054 | 0.3496
180 33,654.7 14797 2671|5292 8,999 05050 | 0.5221
270 33,654.7 1,479.7 2671|5292 8,999 05050 |0.5221
0 46514 2,004.5 369 3,145 9,136 03351 |0.3845
32 90 4,651.4 955.0 369 1,292 6,966 0.2309 | 0.2625
180 336547 2,004.5 2671 | 6308 9136 05351 |0.557
270 33,654.7 955.0 2671 | 4,453 6,966 04271 | 0.4351
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Force Axial Shear | Axial | Bending | Bendin = .
L Ratio | Rat
Loadi k €9 d load | resisted | f t f atio] hatio
oading | attac o end load | resiste
o | position ° ok L by, H,, | H2
angle Ib; Ib; psi psi psi
0 -8,107.7 2,676.8 -643 5,038 0 0.1009 0.1312
0 90 2,625.6 282.7 208 286 2,431 0.0796 0.0893
Wind
empty 180 12,308.6 2,676.8 977 5,496 ] 0.1855 | 0.1991
carroded
270 2,625.6 2827 208 286 2,431 0.0796 0.0893
Moment =
87,752.4 Ibpdt 0 -8,107.7 1,479.7 -643 2,507 8,999 0.2639 | 0.3272
a5 90 -8,107.7 1,479.7 -643 2,507 8,999 0.2639 0.3272
180 12,308.6 1,479.7 977 2,965 8,999 0.3578 0.3951
270 12,308.6 1,479.7 977 2,965 8,999 0.3578 0.3951
0 -8,107.7 2,004.5 -643 3,522 9,136 0.2934 0.3621
32 90 8,107.7 955.0 643 | 1,669 6,966 0.1908 | 0.2402
180 12,308.6 2,004.5 977 3,980 9,136 0.3876 0.4300
270 12,308.6 955.0 977 2,127 6,966 0.2824 0.3081
Force L Axial Shear | Axial | Bending | Bending Ratio | Rati
Loading | attack eg d load | resisted | f t f giio,|i=atio
g ac -, | endload |resiste
» | position o b by, H,; | H
angle Ib; Ib; psi psi psi -
0 -7.397.8 2,676.8 -587 4,960 0 0.1014 0.1307
0 90 3,859.3 282.7 306 421 2,431 0.0876 0.0966
Wind
empty 180 13,5672.6 2,676.8 1,077 5,633 0 0.1935 0.2066
new
270 3,859.3 282.7 306 421 2,431 0.0876 0.0966
Moment =
88,027.4 Iby-ft 0 -7,397.8 1,479.7 -587 2,430 8,999 0.2647 0.3268
45 90 -7,397.8 1,479.7 -587 2,430 8,999 0.2647 0.3268
180 13,572.6 1.479.7 1,077 3,103 8,999 0.3665 0.4026
270 13,572.6 1,479.7 1,077 3,103 8,899 0.3665 0.4026
o -7,397.8 2,004.5 -587 3,444 9,136 0.2943 0.3616
2 90 7,397.8 955.0 587 | 1,592 6,966 0.1915 | 0.2397
180 13,572.6 2,004.5 1,077 4,117 9,136 0.3963 0.4375
270 13,572.6 955.0 1,077 2,265 6,966 0.2910 0.3156
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Force Leg Axial Shear | Axial | Bending | Bending Ratio | Ratio
Loading | attack position ° end load | resisted | f, fox foy H H
angle ° Ib; Ib, psi psi psi i L2
0 19,956.3 0.0 1,584 2,175 0 0.1268 0.1187
Wind 0
test 90 34,098.4 0.0 2,706 3,716 0 0.2170 0.2028
new
180 34,601.1 0.0 2,746 3,771 0 0.2202 0.2058
Moment =
4.555.8 Ibe-ft 270 34,098.4 0.0 2,706 [3,716 0 0.2170 | 0.2028
g f
0 19,956.3 0.0 1,584 |2,175 0 0.1268 |0.1187
) 90 19,956.3 0.0 1,584 | 2,175 0 01268 |o0.1187
180 34,601.1 0.0 2,746 3,771 0 0.2202 | 0.2058
270 34,601.1 0.0 2,746 3,771 0 0.2202 | 0.2058
Force Leg Axial Shear | Axial [ Bending | Bending Ratio | Ratio
Loading | attack position ° end load |resisted | f, fox foy H H
angle ° Ib, Ib, psi psi psi -1 1-2
0 8,355.4 1,603.0 663 3,398 0 0.1172 0.1251
0 90 23,221.7 169.3 1,843 2,531 1,456 0.1870 0.1823
Seismic
operating 180 28,133.2 1,603.0 2,233 5,554 0 0.2434 0.2427
corroded
270 23,221.7 169.3 1,843 2,531 1,456 0.1870 0.1823
Moment =
44,5103 Iby-ft 0 8,355.4 886.1 663 1,883 5,389 0.2193 | 0.2425
% 90 8,355.4 886.1 663 1,883 5,389 0.2193 | 0.2425
180 28,133.2 886.1 2,233 4,039 5,389 0.3513 0.3601
270 28,133.2 886.1 2,233 4,039 5,389 0.3513 | 0.3601
0 8,355.4 1,200.4 663 2,490 5,471 0.2371 0.2634
i 90 8,355.4 571.9 663 1,381 417 01745 |0.1904
180 28,133.2 1,200.4 2,233 4,646 5,471 0.3693 0.3810
270 28,133.2 571.9 2,233 3,537 4,171 0.3051 0.3080
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Force L Axial Shear | Axial | Bending | Bending Ratio | Rati
Loadi K eg dl " § § § atio | Ratio
oading | attac i~ . |endload |resisted | f, bx by H H
angle ° position Ib b i $ } 11 12
gle ¢ 2 psi psi psi
0 8,603.9 1,681.1 683 3,547 0 0.1220 0.1302
0 90 24,378.4 1775 1,935 | 2,657 1,527 0.1964 |[0.1913
Seismic
operating 180 29,702.2 1,681.1 2,357 5,846 0 0.2566 | 0.2557
new
270 24,378.4 177.5 1,935 | 2,657 1,527 0.1964 | 0.1913
Moment =
48,246.9 Ibpft 0 8,603.9 929.3 683 1,958 5,652 0.2291 | 0.2534
£ 80 8,603.9 9293 683 1,958 5,652 02291 |0.2534
180 29,702.2 929.3 2,357 4,257 5,652 0.3703 0.3788
270 29,702.2 929.3 2,357 4,257 5,652 0.3703 0.3788
0 8,603.9 1,258.9 683 2,595 5,738 0.2478 | 0.2753
32 90 8,603.9 599.8 683 1,431 4,375 0.1820 0.1987
180 29,702.2 1,258.9 2,357 4,894 5,738 0.3891 0.4008
270 29,702.2 599.8 2,357 |3,731 4,375 0.3216 | 0.3242
Force Axial Shear | Axial | Bending | Bendin i .
. Leg " Ratio | Ratio
Loading | attack =~ |endload |resisted | f, fox foy H H
angle ° position b Ib : 0 i 1-1 1-2
gle ¢ i psi psi psi
0 201.2 214.6 16 355 0 0.0099 0.0113
0 90 2,673.5 22.7 212 291 195 0.0220 0.0218
Seismic
empty 180 3,999.8 2146 317 769 0 0.0340 | 0.0339
corroded
270 2,673.5 22.7 212 291 195 0.0220 0.0218
Moment =
12,019.2 Ibp-ft 0 201.2 118.6 16 152 721 0.0232 | 0.0270
45 90 201.2 118.6 16 152 721 0.0232 | 0.0270
180 3,999.8 118.6 317 566 721 0.0475 | 0.0496
270 3,999.8 118.6 317 566 721 0.0475 0.0496
0 201.2 160.7 16 233 732 0.0256 0.0298
e 90 201.2 76.5 16 85 558 0.0173 | 0.0200
180 3,999.8 160.7 317 647 732 0.0499 0.0524
270 3,999.8 76.5 317 499 558 0.0415 | 0.0426
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Force Axial Shear | Axial | Bending | Bendin . .
- Leg . Ratio | Ratio
Loading | attack position ° end load | resisted | f, fox foy H H

angle ° Ib, Ib, psi psi psi -1 2
0 521.3 299.4 4 502 0 0.0153 |[0.0172
0 90 3,929.7 316 312 428 272 0.0320 | 0.0316

Selsmic
empty 180 56535 299.4 449 1,081 0 0.0479 | 0.0477

new
270 3,929.7 316 312 428 272 0.0320 | 0.0316
Moment =

15,621.7 Ibr-it 0 521.3 1655 4 238 1,007 0.0339 | 0.0391
45 %0 521.3 1855 a1 238 1,007 0.0339 | 0.0391
180 5,653.5 165.5 449 798 1,007 0.0668 | 0.0696
270 5,653.5 165.5 449 798 1,007 0.0668 0.0696
0 521.3 224.2 4 352 1,022 0.0373 | 0.0430
82 90 521.3 106.8 a1 145 779 0.0257 |0.0294
180 5,653.5 2242 449 911 1,022 0.0701 | 0.0735
270 5,653.5 106.8 449 704 779 0.0585 0.0599

Leg Calculations (AISC manual ninth edition)

Axial end Ioad, P1 (Based on vessel total bending moment acting at leg attachment elevation)
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9 765 24/4 + 48 88,027.4/ (4*108.75)

P, =W,/N +48"M,/ (N*D)
= 33.654.68 Ib;

Allowable axial compressive stress, F, (AISC chapter E)

C, = Sqr(2*n2'E / F)
= Sqr(2*72*29,000,000 / 50,000)
- 106.9988

K*l/r=1.2"97.25/1.894 = 61.6151

F 11 - (K 1/ 1?2/ (2*CA)* F,/(5/3+3%(K"l/r)/(8*Cp)-(K*l/ rd/(8'C.l)
=1*(1-(61.6151)2/(2*106. 99882)) 50,000/ (5/3 + 3*(61.6151) / (8*106.9988)-(61.6151)3 / (8*106.99883))
= 22,440 psi

Allowable axial compression and bending (AISC chapter H)

F, = 1*1212*E / (23*(K*1 / 1)?)
= 1*12"12*29,000,000 / (23*(20.0232)2)
= 372,463 psi

F. y =12 T2*E / (23*(K*I / 1)2)
—1 *12*12*29,000,000 / (23*(61.6151)?)
= 39,335 psi

F,=1'0.66"F,
=1*0.66*50,000

= 33,000 psi
Compressive axial stress
f,=P, /A
=33,654.68/12.6

= 2,671 psi

Bending stresses

fox = F*cos(e)*L/ (I,/ C,) + P,*E, / (I, / C)
=2,004.47*cos(32)*97.25 / (428 / 6.83) + 33,654.68"6.83 / (428 / 6.83)
= 6.306 psi

fo,= Fsin(a)*L / (I, / C,)
=2,004. 47*sm(32§*97 25/(45.2/4)
=9.136 psi
AISC equation H, ,
Hiy =13/ Fy+ Co o /(1 - 10/ F o) Fioy) + Cro oy /(1 - £/ F o )*F)
=2,671/22,440 + 0.85"6, 306/ 1 - 2,671 i3 2, 63 *33 000) +0.85%9,136 / ((1 - 2,671 / 39,335)"33,000)
= 0.5351
AISC equation H, ,
Hip=1,/(0.6"1"F)) + 1,/ Fy, + 1y, / Fy

=2,671/(0.6"1*50,000) + 6,306 / 33,000 + 9,136 / 33,000
=0.557
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4, W 14x43 legs are adequate.
Anchor bolts - Wind empty corroded condition governs
Tensile loading per leg (2 bolts per leg)

R = 48*M / (N*BC) - 0.6*W /N
=48*135,103.4 / (4*110) - 0.6*12,474.54 / 4
=12,867.38 Ib,

Required area per bolt

AD =R/ (Sb'n)
=12,867.38/ (20,000*2)
=0.3217 in?

Area of a 1 inch series 8 threaded bolt (corroded) = 0.551 in?

1 inch series 8 threaded bolts are satisfactory.

Check the leg to pad fillet weld, Bednar 10.3, Wind operating new governs
Note: continuous welding is assumed for all support leg fillet welds.

Z,=('b'd+d?)/3
= (2*7.99514.75 + 14.75%) / 3
= 151.1383 in2

J,, = (b+2%d)3/12 - d2*(b + d)2/ (b + 2*d)

= (7.995 + 2"14.75)8 / 12 - 14.752*(7.995 + 14.75)2 / (7.995 + 2*14.75)
=1,390.968 in®

E =d?/(b+2%)

= 14.75%/ (7.995 + 2*14.75)

=5.80244 in

Governing weld load f, = Cos(0)*2,676.76 = 2,676.76 Ib,
Governing weld load f, = Sin(0)*2,676.76 = 0 Ib

f1 = P1 / Lweld
=33,654.68 / 37.495
= 897.58 |bf/il'1 (v, direct shear)

fo=1,"Lig"0.5%0 / J,,
=0797.25°0.5"7.995/ 1,390.968
=0 lb,fin (\cfL torsion shear)

fy =1, / Lygig
=0/37.495
=0 lbg’in {\.‘c direct shear)

fa=1 Lo EV Y,

= 0"97.25'5.8024 / 1,390.968
=0 Ib/in (v torsion shear)

fe= (KL

leg + P "Bl /2,
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= (2,676.76"97.25 + 33,654.68"6.83) / 151.1383
=3,243.28 Ibfin (m_bending)

fy =t/ Ly
=2,676.76 / 37.495
=71.39 Ibyin (Direct outward radial shear)

f=Sar((f, + 1,02 + (f; + 1,02 + (f5 + f5)?)
= Sar((897.58 + 0)? + (0 + 0)% + (3,243.23 + 71.39)?)
=3,434 Ib]Jin (Resultant shear load)

Required leg to pad fillet weld leg size (welded both sides + top)

t, = 1/(0.707'0.55"S,)
= 3,434 / (0.707°0.55"20,000)
=0.4416in

The 0.625 in leg to pad attachment fillet weld size is adequate.
Check the pad to vessel fillet weld, Bednar 10.3, Wind operating new governs

Z,=b'd+d?/3
-18"20 + 202/3
= 493.3333 in?

Jy=(b+d3/6

= (18 +203/6
=9,145.333 in®

fw = Pt / Lweld
=33,654.68/76

=442.82 Ib/in (v, direct shear)

f-f'[_ *0.5'b / J,,
= 0'97 2%'05 1819 145.333
=0 Ib,/m (v, torsion shear)

fy= fy ! Lyyeia
=0/76
=0 Ibyin (v_direct shear)

f Lo, 0.5%d /d,
2 0d7580.5°20 1 ,145.333
= 0 Ibr/m (\.’t torsion shear)

fy= ("L + P1Ecl) 1 Z,,
= (2 B76. ]?6*97 25 + 33,654.68%6.83) / 493.3333
=993.6 Ib'fm tM bending)

fo =1t / Lugig
=2,676.76 / 76
=35.22 Ibflin (Direct outward radial shear)

f=8ar((f, + 1,2 + (f; + 1) + (f5 + 15)?)
= Sqr((442.82 + 0)2 + (0 + 0)2 + (993.6 + 35.22)9)
= 1,120.07 Ib/in (Resultant shear load)
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Required pad to vessel fillet weld leg size (welded all around the pad edge)

t, =1/(0.707"0.55"S,)
=1,120.07 / (0.707*0.55*20,000)
=0.144in

0.25 in pad to vessel attachment fillet weld size is adequate.
Base plate thickness check, AISC 3-106
f,=P/(B'N)

=39,202.91/ (14*14)
=200 psi

m = (N - 0.95%d) / 2
= (14 - 0.95*13.66) / 2
-0.51151in
n=(B-08%)/2

= (14-0.8*7.995)/ 2
=3.802in

L=0.5%(d +b)/2- Sqr((0.5"(d + b))2/ 4 - P/ (4"F))

=0.5*(13.66 + 7.995) / 2 - Sqr((0.5*(13.66 + 7.995))? / 4 - 39,202.91 / (4*1,658))
=0.5767 in

t, = Largest(m, n, L)*Sqr(s"fp/ S,)

= 3.802*Sqr(3*200 / 24,000)

=0.6012in

The base plate thickness is adequate.

Check the leg to vessel attachment stresses, WRC-107 (Wind operating corroded governs)

Applied Loads

Radial load: P, = 2876.76 b
Circumferential moment:M_ = 0 Ib-in
Circumferential shear: V,= 0 Ib;
Longitudinal moment: M, = 482,210.41lb-in
Longitudinal shear: V| = 32,488.43 Ib;
Torsion moment: M= 0 Ibg-in
Internal pressure: P = 58.158 psi
Mean shell radius: R,=53.9375 in
Local shell thickness: t= 0.25 in
Shell yield stress: S, = 32,500 psi
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Maximum stresses due to the applied loads at the pad edge (includes pressure)
R, /t=53.9375/0.25=215.75

C,=9,C,=15.874in

Local circumferential pressure stress = P*R, /t =12,518 psi

Local longitudinal pressure stress = P*R, / (2*t) =6,259 psi

Maximum combined stress (P +P +Q) = 57,031 psi
Allowable combined stress (P +P_+Q) = +-3"S = +-60,000 psi

The maximum combined stress (P +P_+Q) is within allowable limits.

Maximum local primary membrane stress (P ) = 28,807 psi
Allowable local primary membrane (P ) = +-1.5*S = +-30,000 psi

The maximum local primary membrane stress (P.) is within allowable limits.
Stresses at the pad edge per WRC Bulletin 107

Figure |value | P A, A, B, B, C, | C D, D,
3C* 3.2356 0283 |oO 0 0 0 -642 -642 -642 -642
4C* 14.9584 | 0.2472 | -2,969 |-2,969 |-2,969 |-2969 |0 0 0 0

1C 0.0592 0.2062 |0 0 0 0 -15,213 | 15,213 | -15,213 | 15,213
2C-1 0.0099 0.2062 | -2,544 2,544 -2,544 | 2,544 0 0 0 0

3A* 5.4098 |[0.2016 | O 0 0 0 0 0 0 0

1A 0.0501 0.2051 |0 0 0 4] 0 0 0 0

3B 8.5921 0.2436 | -19,258 | -19,258 | 19,258 | 19,258 |0 0 0 0

1B-1 0.0075 0.2092 | -30,768 | 30,768 | 30,768 |-30,768 |0 0 0 0
Pressure stress* 12,518 | 12,518 | 12,518 [ 12,518 | 12,518 | 12,518 | 12,518 | 12,518
Total circumferential stress -43,021 | 23,603 | 57,031 | 583 -3,337 | 27,089 |-3,337 |27,089

Primary membrane

circumferential stress* -9,709 |-9,709 |28807 | 28,807 |11876 |11,876 | 11,876 | 11,876

3c* 4.0492 0.2472 | -804 -804 -804 -804 0 0 0 Q

4C* 12.7886 | 0.283 0 0 0 0 -2,539 -2,539 |-2,539 -2,539
1C-1 0.0199 0.2536 | -5,114 5114 -5,114 | 5,114 0 0 0 0

2C 0.0319 |0.2536 |0 0 0 0 8,197 | 8,197 |-8,197 |8,197
4A* 18.0653 | 0.2018 | 0O 0 0 o] 0 0 0 0

2A 0.019 0.2361 |0 0 0 0 0 0 0 0

4B* 3.8975 |0.2436 |-13,498 | -13,498 | 13,498 | 13,498 | O 0 0 o]

2B-1 0.0103 0.2395 | -36,910 | 36,910 | 36,910 | -36,810 | O 0 0 0
Pressure stress* 6,259 6,259 6,259 6,259 6,259 6,259 6,259 6,259
Total longitudinal stress -50,067 | 33,981 |50,749 |-12,843 | -4,477 | 11,917 |-4,477 | 11,917

Primary membrane

longitudinal stress* -8,043 |[-8,043 | 18,953 | 18,953 | 3,720 3,720 3,720 3,720

Shear from M; 0 0 0 0 0 0 o 0

Circ shear from V¢ 0 0 0 [¢] 0 0 0 0
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Long shear from Vy_ 0 0 4] 0 -2,047 |-2,047 | 2,047 |2,047
Total Shear siress 0 0 0 4] 2,047 |-2,047 | 2,047 2,047
Combined stress (PL+Pp+Q) | -50,067 | 33,981 (57,031 |-13,426 | -6,032 | 27,360 | -6,032 | 27,360
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Note: * denotes primary stress.

Maximum stresses due to the applied loads at the leg edge (includes pressure)

R, /t=53.9375/0.625 = 86.3

C,=3.9975,C,=11.7071 in

Local circumferential pressure stress = P*R;/t =12,518 psi
Local longitudinal pressure stress = P*R; / (2*t) =6,259 psi

Maximum combined stress (P +P +Q) = 48,709 psi

Allowable combined stress (P +P +Q) = +-3*S = +-60,000 psi
The maximum combined stress (P +P_+Q) is within allowable limits.

Maximum local primary membrane stress (P ) = 21,743 psi
Allowable local primary membrane (P ) = +-1.5*S = +-30,000 psi

The maximum local primary membrane stress fPJ is within allowable limits.

Stresses at the leg edge per WRC Bulletin 107

Figure | value | B A, A B, B, |C, | C | by | D
3C* 5.809 0.1803 |0 0 0 0 -461 -461 -461 -461
4ac* 11.7197 | 0.1491 | -931 -931 -931 -931 0 0 0 0

1C 0.0858 0.1135 | 0 0 0 0 -3,628 | 3,528 -3,528 | 3,528
2C-1 0.0528 |0.1135 | -2,171 2,171 2171 | 2,174 0 0 0 0

3A* 3.3247 0.106 0 0 o} 0 0 0 0 0

1A 0.0803 0.1202 |0 0 0 0 0 0 0 0

3B 8.4463 0.15617 | -10,156 | -10,156 | 10,156 | 10,156 |0 0 0 0

1B-1 0.0278 0.131 -29,137 | 29,137 | 29,137 | -28,137 | O 0 0 0
Pressure stress* 12,518 | 12,518 | 12,518 | 12,518 | 12,518 | 12,518 | 12,518 | 12,518

Total circumferential stress | -29,877 | 32,739 | 48,709 | -5,223 | 8,529 | 15,585 |8,529 | 15,585

Primary membrane

circumferential stress* 1,431 1,431 21,743 | 21,743 | 12,057 | 12,057 | 12,057 | 12,057

3C* 7.2302 0.1491 | -574 -574 -574 574 0 0 0 0

4c* 10.6061 | 0.1803 | 0 0 0 0 -842 -842 -842 -842
1C-1 0.0622 |[0.1547 |-2,557 | 2,557 -2,557 | 2,557 [4} 0 0 Q

2C 0.0385 [0.1547 |0 0 0 [+] -1,583 | 1,583 |-1,583 | 1,583
4A* 5.5796 0.106 0 0 0 0 0 0 0 0

2A 0.0347 [ 0.15 0 0 0 0 0 0 0 0

4B* 3.4418 |[0.1517 |-6,731 |-6,731 |6,731 |6,731 0 0 0 0
2B-1 0.028 0.1679 | -22,905 | 22,905 | 22,905 |-22,905 | 0 0 0 0
Pressure stress* 6,259 6,259 6,259 | 6,259 6,259 |6259 |6,259 |6,259
Total longitudinal stress 26,508 | 24416 |32,764 |-7932 |3,834 |7000 |3,834 |7,000
Primary membrane

fongltudinal stress* 1,046 | -1,046 | 12416 | 12416 |5417 |5417 |5417 |5417

Shear from M; 0 0 0 0 0 0 0 0
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Circ shear from V. 0 Q 0 i} 0 [5] 0 0
Long shear from V| 0 ] 0 )] 1,110 | -1,410 | 1,110 | 1,110
Total Shear stress 0 0 0 0 A410 | -1,110 | 1,110 1,110
Comblned stress (PL+Pp+Q) | -29.877 32,739 [48709 |-7.932 |8778 |15726 | 8,778 | 15,726

Note: * denotes primary stress.
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Seismic Code

Method of seismic analysis: ASCE 7-05 ground supported
Site Class Cc
Importance Factor: | =1.2500

Spectral Response Acceleration at short period (% g) S, =16.30%
Spectral Response Acceleration at period of 1 sec (% g) S, =9.90%

Response Modification Coeficient from Table 15.4-2 R = 3.0000
Acceleration based site co-efficient: F,=1.2000
Velocity based site co-efficient: F,=1.7000
Long-period transition period: T, = 12.0000
Redundancy factor: p = 1.0000
User Defined Vertical Accelerations Considered: No

12.4.2.3 Basic Load Combinations for Allowable Stress Design
The following load combinations are considered in accordance with ASCE section 2.4.1:

5. D+P+P,+07E =(1.0+0.14S,9)D+ P+ P, + 0.7pQ,
8. 06D+ P+ P, +07E =(0.6-0.14S,)D+ P+ P, +0.7pQ,
Where

D = Dead load

P = Internal or external pressure load

Ps = Static head load

E = Seismic load =E,+-E, =pQe+/-0.25,5D

Vessel Characteristics

Vessel height: 37.4285 ft
Vessel Weight:
Operating, Corroded: 93,194 Ib

Empty, Corroded: 12,475 Ib
Period of Vibration Calculation

Fundamental Period, T:
Operating, Corroded: 0.319 sec (f = 3.1 Hz)
Empty, Corroded: 0.110 sec (f = 9.0 Hz)

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

T=2"Pl*Sar({Sum(W, “y?2)}/{g* Sum(W, *y,)}), where

W, is the weight of the it" lumped mass, and
y; is its deflection when the system is treated as a cantilever beam.

MM188078
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Seismic Shear Reporis:

Operating, Corroded
Em I
B hear lation

Seismic Shear Report: Operating, Corroded

Component Elevation of bo_ttom Elastic modulus E | Inertial | Seismic shear at | Bending Moment at
above base (in) (106 psi) (ft4) Bottom (Ibf) Bottom (Ibf-ft)
Ellipsoidal Head #1 420 27.9 61 85
Cylinder #1 324 27.9 5.8228 247 3,059
Cylinder #2 228 279 5.9228 1,949 12,087
Cylinder #3 132 279 5.9228 | 3,108 35,249
Cylinder #4 (top) 96 27.9 5.9228 | 3,370 44,674
Legs #1 0 29.0 0.0456 | 3,544 72,795
Cylinder #4 (bottom) | 96 27.9 59228 | 157 164
Ellipsoidal Head #2 96 279 " 151 151
*Moment of Inertia | varies over the length of the component

Seismic Shear Report: Empty, Corroded

Component Elevation of bolnom Elastic modulus E | Inertia | | Seismic shear at | Bending Moment at
above base (in) (106 psl) (ft4) Bottom (Ibf) Bottom (Ibf-ft)

Ellipsoidal Head #1 420 29.4 s 56 78

Cylinder #1 324 29.4 5.9228 | 226 2,948

Cylinder #2 228 29.4 5.9228 | 335 5,220

Cylinder #3 132 29.4 5.9228 | 425 10,818

Cylinder #4 (top) 96 29.4 5.9228 441 12,043

Legs #1 0 29.0 0.0456 | 474 15,750

Cylinder #4 (bottom) | 96 29.4 5.9228 17 23

Ellipsoidal Head #2 96 29.4 * 16 22

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

11.4.3: Maximum considered earthquake spectral response acceleration

The maximum considered earthquake spectral response acceleration at short period, S5
Sys =Eo* 8, =1.2000*16.30/100 =0.1956

The maximum considered earthquake spectral response acceleration at 1 s period, S,
S,; =E,*S, =1.7000*9.90/100 =0.1683

11.4.4: Design spectral response acceleration parameters

Design earthquake spectral response acceleration at short period, Sy
Sps =2/3*Syg =2/370.1956 =0.1304

Design earthquake spectral response acceleration at 1 s period, Sy,
Sp; =2/8*S,,, =2/3*0.1683 =0.1122
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12.4.2.3: Seismic Load Combinations: Vertical Term

Factor is applied to dead load.

Compressive Side: =1.0+0.14 * Sp¢
=1.0+0.14*0.1304
=1.0183

Tensile Side: =0.6-0.14 " Syq
=0.6-0.14*0.1304
=0.5817

Base Shear Calculations

Operating. Corroded

Em Ir

Base Shear Calculations: Operating, Corroded

Paragraph 15.4.4: Period Determination

Fundamental Period is taken from the Rayleigh method listed previously in this report.
T =0.3193 sec.

12.8.1: Calculation of Seismic Response Coefficient

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

C¢Min is 0.03; in addition, if S; >= 0.6g, C,Min shall not be less than eqn 15.4-2.

C Max calculated with 12.8-3 because (T = 0.3193) <= (T, = 12.0000)

C, =Sgg/(R/]) =0.1304/(3.0000/1.2500) = 0.0543

CMin =0.03

CMax =Sg,/(T*(R/l) =0.1122/(0.3193 * (3.0000/1.2500)) =0.1464
C, =0.0543

12.8.1: Calculation of Base Shear

V=C W
=0.0543 * 93193.8047
=5,063.53 b

12.4.2.1 Seismic Load Combinations: Horizontal Seismic Load Effect, E,,
Q =V
E, =0.7"p ™ Qg (Only 70% of seismic load considered as per Section 2.4.1)

=0.70 * 1.0000 * 5,063.53
=3,54447 b

Base Shear Calculations: Empty, Corroded

Paragraph 15.4.4: Period Determination
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Fundamental Period is taken from the Rayleigh method listed previously in this report.

T =0.1105 sec.

12.8.1: Calculation of Seismic Response Coefficient

C, is the value computed below, bounded by C,Min and C,Max:
C Min is 0.03; in addition, if S, >= 0.6g, C,Min shall not be less than eqn 15.4-2.
CMax calculated with 12.8-3 because (T = 0.1105) <= (T, = 12.0000)

C, =Spe/ (R/]) =0.1304/(3.0000/1.2500) =0.0543

CMin =0.03

C,Max =Sg,/(T*(B/l)) =0.1122/(0.1105 *(3.0000/1.2500)) = 0.4231
C, =0.0543

12.8.1: Calculation of Base Shear

V=C,*W
=0.0543 * 12474.5371
=677.78 b

12.4.2.1 Seismic Load Combinations: Horizontal Seismic Load Effect, E,,
Q =V
E, =0.7"p * Qg (Only 70% of seismic load considered as per Section 2.4.1)
=0.70 * 1.0000 * 677.78
=474.451b
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Wind Code

Building Code: ASCE 7-05
Elevation of base above grade: 0.0000 ft
Increase effective outer diameter by: 5.0000 ft
Wind Force Coefficient Cf: 0.5500
Basic Wind Speed:, V: ;ODOHOOOO
Importance Factor:, I: 1.1500
Exposure category: C

Wind Directionality Factor, Kd: 1.0000
Topographic Factor, Kzt: 1.0000
Enforce min. loading of 10 psf: Yes

Vessel Characteristics

Vessel height, h: 37.4285 ft
Vessel Minimum Diameter, b
Operating, Corroded: 9.0000 ft
Empty, Corroded: 9.0000 ft
Fundamental Frequency, n,
Operating, Corroded: 3.1319 Hz
Empty, Corroded: 9.0498 Hz
Damping coefficient, B
Operating, Corroded: 0.0246
Empty, Corroded: 0.0200
Table Lookup Values

2.4.1 Basic Load Combinations for Allowable Stress Design
The following load combinations are considered in accordance with ASCE section 2.4.1:

5. D+P+P+ W
7. 06D+P+P.+ W

Where

D = Dead load

P = Internal or external pressure load
P = Static head load

w = Wind load

Wind Deflection Reports:

Operating, Corroded
E Ir
Wind P Caloulat

Wind Deflection Report: Operating, Corroded

Total wind
shear at

bending
moment at

Platform
wind shear at

Inertia
1 (ft4)

Effective OD
(ft)

Elastic modulus
E (106 psi)

Elevation of

Component
bottom above

Deflection
at top (in)
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base (in) Bottom (Ibf) | Bottom (Ibf) | Bottom (Ibf-ft)
Ellipsoidal Head #1 | 420 14.00 279 0 446 495 0.0733
Cylinder #1 324 14.00 279 5.923 0 2,094 12,486 0.0722
Cylinder #2 228 14.00 27.9 5923 |0 3,627 35,449 0.0687
Cylinder #3 132 14.00 27.9 5923 |0 5,042 72,793 0.0657
Cylinder #4 (top) 96 14.00 27.9 5923 |0 5,542 88,186 0.0638
Legs #1 0 0 29.0 0.04564 | 0 5919 135,103 0.0636
Cylinder #4 (bottom) | 96 14.00 27.9 5923 |0 ar7 434 0.0636
Ellipscidal Head #2 96 14.00 27.9 0 363 403 0.0636
*Moment of Inertia | varies over the length of the component
Wind Deflection Report: Empty, Corroded
Elevation of . N Platform Total wind bending o
Effective OD | Elastic modulus | Inertia ; Deflection
Ci t bott b i wind sh t h t t at o
empenen base (i) ") E(105ps) | 10 | “Bouom (o | Botiom (bf) | Bottom (bity | 1P (")
Ellipsoidal Head #1 | 420 14.00 29.4 0 446 495 0.0728
Cylinder #1 324 14.00 29.4 5.923 0 2,094 12,486 0.0718
Cylinder #2 228 14.00 29.4 5923 |0 3,627 35,449 0.0685
Cylinder #3 132 14.00 29.4 5923 [0 5,042 72,793 0.0656
Cylinder #4 (top) % 14.00 29.4 5923 |0 5,542 88,186 0.0638
Legs #1 0 0 29.0 0.04564 | 0 5,919 135,103 0.0636
Cylinder #4 (bottom) | 96 14.00 29.4 5923 |0 ar7 434 0.0636
Ellpsoidal Head #2 | 96 14.00 29.4 0 363 403 0.0636
*Moment of Inertia | varies over the length of the component
Wind Pressure (WP) Calculations
B Iculation
Kz =2.01*(Z/Zg)%>
=2.01 * (Z/900.0000)0-2105
gz =0.00256 * Kz * Kzt * Kd * V2 * | psf
=0.00256 * Kz * 1.0000 * 1.0000 * 100.00002 * 1.1500
=29.4400 * Kz
WP =gz * G * Cf (Minimum 10 Ib/ft?)
=gz * G * 0.5500 (Minimum 10 Ib/ft?)

Design Wind Pressures

Height Z Kz gz | WP: Operating | WP: Empty | WP: hydrotest | WP: Vacuum

() (psf) (psf) (psf) (psf) (psf)

15.0 0.8489 (24.99 [12.25 12.25 N.A. N.A.

20.0 0.9019 |26.55 | 13.01 13.01 N.A. N.A.

25.0 0.9453 |27.83 [13.64 13.64 N.A. N.A.

30.0 0.9823 |28.92 (14.17 1417 N.A. N.A.
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|40.0 |1.0436 |30.72 | 15.06 15.06 N.A. N.A.

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

Gust Factor Calculations

rati
Em Ir

Gust Factor Calculations: Operating, Corroded

Vessel is considered a rigid structure as n, = 3.1319 Hz > 1 Hz.

z =0.60*h
=0.60 * 37.4285
= 22.4571
I =c*(33/2)1
=0.2000 * (33 /22.4571)!/6
=0.2133
L =1*(z"/33)L
=500.0000 * (22.4571 / 33)0-2000
= 462.9540
Q =Sar(1 /(1 +0.63* ((b+h) / L,)063))
=Sgr(1 /(1 +0.63 * ((9.0000 + 37.4285) / 462.9540)°63))
=0.9333
G =0.925* (1 +1.7*ga*L-* Q) /(1 +17*g,*1,)
=0.925" (1 + 1.7 * 3.40* 0.2133 * 0.9333) / (1 + 1.7 * 3.40 *
0.2133)
=0.8910

Gust Factor Calculations: Empty, Corroded

Vessel is considered a rigid structure as n, = 9.0498 Hz > 1 Hz.

z =0.60*h
=0.60 * 37.4285
=22.4571
I =c*(33/z)18
=0.2000 * (33 / 22.4571)1/6
=0.2133
L, =1*(z7/33)
=500.0000 * (22.4571 / 33)0:2000
= 462.9540
Q =Sqgr(1/(1+0.63* ((b+h) /L,)08))
=Sqr(1/(1 +0.63 * ((9.0000 + 37.4285) / 462.9540)°-63))
=0.9333
G =0.925*(1+1.7*ga*|z,*Q)/(1+1.7*g¥*|z_)
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-0.925*(1+1.7*3.40* 0.2133 * 0.9333) / (1 + 1.7 * 3.40 *
0.2133)

=0.8910

Table Lookup Values

o = 9.5000, Zg = 900.0000' [Table 6-2, page 78]
¢ = 0.2000, | = 500.0000, ep = 0.2000 [Table 6-2, page 78]
a =0.1538, b™ = 0.6500 [Table 6-2, page 78]
0q =340 [6.5.8.1 page 26]
g, =340 [6.5.8.1 page 26]
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Liquid Level bounded by Ellipsoidal Head #2

Location from datum 226"

Operating Liquid Specific Gravity 1
Test liquid specific gravity 1
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