ALL WELD 49 PASSMORE AVE., PHONE (416) 299-3311
SCARBOROUGH, ONTARIO

' FAX(416) 299-3387
! PE/;/nZer: S/ncLe ;92% FTEe Miv 411
HISTORY DOCKET
CUSTOMER : ULTRAFAB INDUSTRIES LTD.,

WO. NO. :1176PQ

A.W.C. SERIALNO. :7468

ITEM

1)
2)

3)
4)

5)

6)

7)

8)

9)

: 60" 1.D. VERTICAL H2S CONTACTOR TAG # 772-VECO-102
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TRAVELLER SHEETS 1&2

HYDROSTATIC TEST REPORTS/GAUGE CALIBRATION CERTIFICATE & WATER ANALYSIS
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NAME PLATES (PHOTO IN IMPERIAL & METRIC) (STAMPED BY ABS)

HEAT TREAT CHART COMPLETE WITH CALIBRATION CERTIFICATE

KVI NDE REPORTS RT, UT, MT & HT C/W MAPS, RADIOGRAPH REVIEW FORM & NDE
PERSONNEL CERTIFICATE

WPS/ PQR/ WELDING CONSUMABLES & WELDERS' QUALIFICATION RECORD C/W
WELD MAP

HEAT NUMBER MAP AND MATERIAL TEST REPORTS

10) DESIGN CALCULATIONS AND AS BUILT DWGS C/W ABS APPROVED DWGS
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As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VIll, Division 1 . __;! |

t Manutactured and certified by ALL-WELD COMPANY LIMITED., 49 PASSMORE AVE., SCARBOROUGH, ONT. M1V 4T1 CANADA
{Name and addrass of Manulacturer)
2 Manufactured for ULTRA FAB INDUSTRIES LTD.. 261088 WAGON WHEEL CRES . ROCKY VIEW ALBERTA T4A OE2 CANADA
3. Location of Installation OFF THE COAST OF ANGOLA
{Name and address)
4.  Type VERTICAL 7468 M10t37.5 1176-1 REV. 6 914 2013
{Honzontal or vertical (Manutacturers senal (CAN) \Orawing number) {National Boardg {Year built)
1ank) number) numbar)
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
Year
to 2011a N/A LETHAL UW-2(a)
|Addenda, it applicable (date)| {Code Case numbers) |Special service par UG-120{d)|
6.  Shell: SA-516 70N 2.5 0.125" 5.0" 80"
(Matenal spec number, grade) {Nominal thickness) (Corr allow ) ({Innar dlameter) |Length {averall) |
7. Seams: TYPE 1 FULL 100% 1100°F 2.25 TYPE 1 FULL 100% 1
[Long (welded, dbl  sng! . lap, [R T (spot or tull}| IEH %) {H Ttemp ) (Time, hr) |Girth [welded, dbl, |R T (spot {Eff.% {No of courses)
buttil snal lao butth  or tulhl )
8. Heads: (a) Material SA-516-70N (b) Material SA-516-70N
(Spec. no , grade) (Spec. no ., grade}
Location (Top. Minimum Corrosion Crown Knuckle Ettiptical Conical Hemispherical Flat Side to Pressure
Bottom, Ends) Thicknass Allowance Radius Radius Ratio Apax Angle Radiug Diameter {Convex or Concave)
(a) TOP 2.491" 0.125" - - 2:1 - -- -~ CONCAVE
(b) BOTTOM 2.491"° 0.125° - - 2:1 - - -- CONCAVE
If removable, bolts used (describe ather fastenings) N/A
{Material apec number, grade, size, number)
9. MAWP 1378 PSI 15 PSI at max. temp. 140°F 140°F
(Internal) |External) {Internal) |Extarnal)
Min. design metal temp 20°F at 1378 PSI Hydro., pneu., or comb. test pressure HYDRO 1792 PSI
Proof test N/A
10.  Noazzles, inspection and safety valve openings:
Purpose Diameter Material Nominal Thickness A t Details Location
(inet. oel::?' orain o | orsize e Nozzle Flange Nom. Corr. Material Nozzie Flange (Insp. Open.)
VENT (N7) 1 |2r0 ‘m&o SA-350-LF2 | sA-aso-LF2 | 1.06" 0.125° NA | uw-16.1(e) N/A N/A
OUTLET (N10) 1 8" 1D cl:_l\/\glcl,\lo SA-350-LF2 | SA-350-LF2 1.875" 0.125* N/A UW-16.1 (e) N/A N/A
CORR. (N9) 1 2" 1D CLI\z%O SA-350-LF2 | SA-350-LF2 1.06" 0.125" N/A UW-16.1 (e) N/A N/A
PURGE (N2) 1 |22iD CL'x?f SA-350-LF2 | SA-3s0-LF2 | 1.06° 0.125% NA | UW-16.1 (e) N/A N/A
11.  Supports: Skirt YES Lugs N/A Legs N/A Other N/A Attached =~ BOTTOM HEAD & WELDED
(Yes orno) {Number) (Number) [Descnbe) [Where and how)

12. Remarks: Manufacturer's Partial Data Reports properly identified and signed by Commissioned Inspectors have been fumished for the following items
of the report: N/A
(1) SHOP TEST PERFORMED IN THE VERTICAL POSITION (2) IMPACT TESTED PER UG-20 (f) (3) SEE ATTACHED U-4 FORM

(Name of par, item number. Manulacturer's name and identifying stamp}

CERTIFICATE OF SHOP/FIELD COMPLIANCE

We centify 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 Auth%umber 21226

expires MAY 07, 2016

Date Z Al‘zv Z c! l 2 Co. name ALL-WELD COMPANY LIMITED. Signed

(Manutacturer) (Representhlive)
CERTIFICATE OF SHOP/FIELD INSPECTION
Vessel constructed by ALL-WELD COMPANY LIMITED at 49 PASSMORE AVE. TORONTO, ONT.
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
ONTARIO and employed by T.S.S.A. OF ONTARIO
have inspected the component described in this Manufacturer's Data Reporton ~ OCT 4. 20 2 ,and state that,

fo 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, Dvision 1. By signing this certificate neither the Inspector nor his/her employer makes any warranty, expressed or implied, concemning the pressure
vessel described in this Manufacturer's Data Report. Faithefmore, neither the Inspector nor his/her employer shall be liable in any manner for any personal injury

or property damage or a loss of any kind arising froi - cted with this inspection,

— Commissions MB 6 (@) é{k ONTAN S

{Authorized Inspector, [National Board |incl sndorsemﬁls). State , Province and number)

Date NOV 0%.20() signed
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FORM U-4 MANUFACTURER'S DATA REPORT SUPPLEMENTARY SHEET
As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VIlI, Division 1

1 Manufactured and certified by ALL-WELD COMPANY LIMITED., 49 PASSMORE AVE., SCARBOROUGH, ONTARIO, M1V 4T1
{Name and address of Manutaclurer)
2 Manufactured for ULTRA FAB INDUSTRIES LTD., 261068 WAGON WHEEL CRES., ROCKY VIEW, ALBERTA, T4A 0E2 CANADA
(Name and address of Purchaser)
3. Locatlion of installation OFF THE COAST OF ANGOLA
{Name and address)
4 Type VERTICAL TANK 7468
{Horizontal, vertical, or sphera) (Tank, separalor, heat exch, etc ) (Manutacturer's serial number)
Mt0137.5 t176-t REV. 6 914 2013
|CRN} (Drawing number) (National Board number) |Year built)

e
DATA REPORT ITEM

NUMBER REMARKS
ITEM 10:
Purpose N Diareter of - Material Thich a Attachmeni Delails Location
(Inlat, Qullat, Drain etc.) ° Size Lo Nozzle Flange Nom Cor. Material Nozzle Flange { Insp. Open )
LEVEL BRIDAL . Cl.900 " .
LOW (N3) 1 2° 1D LWN SA-350 LF2 SA-350 LF2 1.06 0.125 N/A UW.16 1(e) N/A N/A
DU G el 1 2" 1D LY SA-350 LF2 SA-350 LF2 1.06" 0.125" N/A UW.16 1(e) N/A N/A
(N4) LWN
LEVEL BRIDAL . C1.900 N .
HIGH (N5) 1 2" 1D LWN SA-350 LF2 SA-350 LF2 1.06 0.125 N/A UW.16 1(e) N/A N/A
FILLUWATER . C1.900 . .
FLUSH (N8) 1 2'ID LWN SA-350 LF2 SA-350 LF2 1.06 0.125 N/A UW.16 1(e) N/A N/A
DIFFPRESSLOW ) | | 5up [ C1900 | gassoir2 | sassotr2 | 106 | 0925 | wa UW.16 1(e) N/A N/A
(N8) LWN
INSPECTION . €1.900 . .
NOZZLE (N11) 1 8" 1D LWN SA-350 LF2 SA-350 LF2 1.875 0.125 N/A UW.16 1(e) N/A SHELL
INLETNOZZLE | 4 | goip | ©1900 | gaas0(r2 | saasorr2 | 1875 | 0125 | wa UW.16 1(e) N/A NA
(N12) LWN
. C1.900 . .
MANWAY (N13) 1 24" 1D V2/12 SA-350 LF2 SA-350 LF2 5.5 0.125 N/A UW.16 1(e) N/A SHELL
BOTT(()':: )DHA'N 1 NPS 2* Cwlgo SA-333 6 SA-350 LF2 0.344" 0.125" N/A UW.16 1(e) UW.16.1 (f2) N/A
Centificate of Authorization: Type: U No.: 21226 Expires MAY 07,2016 3 3

Date: 7 NU\/ 20 ’} /: ALL-WELD COMPANY LIMITED Signed
[Manufacturer) (Pepresentative)
Date MOU 0‘1 ZO @ Name ;—‘——ﬁ. Commission M& \?DKO'G‘/\ X QM’\- 0_“ %

L
[Authonzed Inspectar) [National Board {incl. endorsements), State, Province, and numbaer]




ALL-WELD CO. LTD. TRAVELLER

(SUMMARY REPORT) Pg. 1 of 2 P,
DATE WORK ORDER CUSTOMER PO REVIEWED @ BYAL S£.
2013-02-06 |1176Q f | ‘ l 2 DATE 13-02-06/SIGN FEC g, \ 73
RIAL NO. CRN. NATIONAL BOARD NO.
7468 M'8'37‘S_ ’4——
CUSTOMER ULTIMATE OWNER
ULTRAFAB
FOR DRAWINGS & DOCUMENTS/REV./DATE ISSUED TO Q.C.| ASME CODE 2010
SEE Q.C. DOCUMENT CONTROL FORM SECTION VIl DIV 1
VESSEL TYPE/JOB ADD 2011
DESCRIPTION H=HOLD R = REVIEW
60 " ID VERTICAL H2S CONTRACTOR
OPERATIONS, INSPECTIONS H H H
& TEST POINTS R AWC QC R CUSTOMER |R Al
)
\
REVIEW APPVD DRWGS, CALCS, H e,‘dr\:q] 13 2 éqvk\.\$
REVIEW TRAVELLER AND REVIEW INSPECTION AND TEST \
PLAN H ), 5le3|]5 - Boeis?
REVIEW MATERIAL LIST H (s/s / I3 | n)’(NL’L_S. (3
NP
. ' = B
REVIEW WPS,P.QR SAW-w-%, 52-2 H ; 73’/5/17 2 MRS,
INCOMING MATERIAL INSPECTION REPORT Ho )2}/ 7/1} 2 23, \7
. B [
CHECK ROUNDNESS OF VESSEL H [ wf / 9 / /}
FIT-UP INSPECTION H )74’/,‘7 I 15
R0DUCTION IMPACT TEST H (’[ 7 ’ [%
1 i
MAG PARTICLE / LIQUID PEN TEST H / (0/ 12 |
APPROVAL OF RADIOGRAPH MAP BY Al H ’j/()}/ﬁ e Hé Wkl R
RADIOGRAPHIC TESTS - FULL H Il"/['é ) < 5 occte. > |
i 7 [
ULTRASONIC TEST H ¥ I (dl (1
HARDNESS TESTS n WY ] G }( 9
REVIEW WELDERS QUALIFICATION H i r,))/lld (} (& Zl(off 0.\,
WELD MAP REPORT H Y] Jo ) ) R Recdiew
A _ )
FINAL INTERNAL INSPECTION n (/)2 /1 //} i ESepec.
POST WELD HEAT TREATMENT H [ / {0 / [ |- }; OtTIoNZ
b \J
FINAL (ALL NCR'S HAVE BEEN CLEARED) H /] Nepor | ’}foczw-\'}
n
FINAL COMPLETED VESSEL INSPECTION H ﬂf) {0 w ¥ [Zaxag iy
{ .
FINAL HYDROSTATIC TEST H _ﬁl[u i I 15 Y |fecnens
FINAL HYDROSTATIC TEST JACKET N/A
FINAL HYDROSTATIC TEST TUBE SIDE N/A - )
1 / I \ _
APPLICATION OF CODE STAMP + ATTACH NAMEPLATE H Z‘f 1o {% H Eoc,\l({. 2
|4 Y ' \l
JATA REPORT SIGN OFF H /// / /[? W vovot B
GLASS BEAD BLASTING NA |/ .
DATA PACKAGE SENT TO CUSTOMER H “’I I’V{ 15
1} N

ANN -EXEL - QA-TRAVELLER



ALL-WELD CO. LTD.

TRAVELLER

(SUMMARY REPORT) Pg. 2 of 2

LN

|DATE

2013-02-06

WORK ORDER

1176Q

SERIAL NO. REVIEWW/

7468 DATE  2013-02-06

/
BY A.l.(‘ ég

sigN FeROH 1%

REMARKS:




ALL-WELD HYDROSTATIC TEST REPORT

- |JOB NUMBER

1176PQ

DATE
10 OCTOBER , 2013

CUSTOMER

SERIAL NO.

TEMPERATURE TO A MAXIMUM OF 120°F BUT IN NO CASE LESS THAN THE MDMT.

ULTRA FAB INDUSTRIES LTD 7468
VESSEL DESCRIPTION
60 " OD VERTICAL H2S CONTACTOR TAG# 772 - VECO - 102
TEST PRESSURE VESSEL TUBE JACKET
1792 PSIG
TEST METAL HOLDING TIME
TEMPERATURE 50F 1 HOUR MIN.
GAUGE # LAST CALI. DATE GAUGE # LAST CALI DATE
122 & 123 12 -Jun-13
REMARKS
1) HYDROSTATIC TESTING SHALL BE PERFORMED IN ACCORDANCE WITH | MIKE KAMYAB
REVIEWED ]
PARA UG-99 OF THE ASME CODE SECTION VIII, DIVISION 1. WITNESSED

508, 5 OATE: 16/1c) 13

2) THE METAL TEMPERATURE DURING HYDROSTATIC TEST IS RECOMMENDED /('// A &(/%/}

TO BE HELD AT LEAST 30°F ABOVE THE MINIMUM DESIGN METAL

COMMENTS: ACCEPTED

a; BA‘@; G RN

NAY EEFE A ru/‘//u ’;"7'7'”/

/ﬂ?/" |

£2/ ocT {O/_L

DATE: 10 OCTOBER , 2013

<J 5 g2
Q.A. SIGNATURE K D P

Excel - QA - Hydrostatic Tesl Repart




ALL-WELD COMPANY LTD.
CALIBRATION RECORD

ITEM IDENTIFICATION NOMENCLATURE INSP. FREQ.
NUMBER PRESSURE GAUGE - PRODUCTION 1/6 MONTHS
TYPE TOLERANCE
0-3000 PSIG +0%,-5% (DEC. 2001)
MANUFACTURER STANDARD
122 WINTER'S MASTER GAUGE
VENDOR INSP. SOURCE
ALL-WELD Q.A. DEPT
INSPECTION TECHNIQUE VERIFIED TO MASTER GAUGE #45
PERMISSIBLE RANGE 700 TO 2000 PSI
CALL DATE |DUE DATE |A-750PSi |B 1125 PSI{C 1500 PSI|D 2250 PSi REMARKS
12/12/2012| 12/6/2013]750 PSI 1125 PSI |1500 PSI {2250 PSI ACCSM 12/12/12
)
n/{/obl/ 3 n{nJ{ "3 1150 B8 NK Rl |1 coo Bs| Vo B fcc. SM_ '3 ’/os ([/v




ALL-WELD COMPANY LTD.
CALIBRATION RECORD

ITEM IDENTIFICATION  |NOMENCLATURE INSP. FREQ.
NUMBER PRESSURE GAUGE - PRODUCTION 1/6 MONTHS
TYPE TOLERANCE
0-3000 PSIG +0%, - 5% (DEC. 2001)
MANUFACTURER STANDARD
123 WINTER'S MASTER GAUGE
VENDOR INSP. SOURCE

ALL-WELD Q.A. DEPT

INSPECTION TECHNIQUE

VERIFIED TO MASTER GAUGE #45

PERMISSIBLE RANGE 700 TO 2000 PSI

CALL DATE |DUE DATE |A-750PSI |B 1125 PSI|C 1500 PSI|D 2250 PSi REMARKS
12/12/2012| 12/6/2013|750 PSI 1125 PSI |1500 PSI }2250 PSI ACCSM 12/12/12
I‘v/ob,/'B (v{/n/{/ 73 [200 Bs) |1 ps| Lo rgy |ako B hce M ‘13,/06,//\/




m Winters Inatrnipments Trl 418444 2347
IN ERS 121 Railside Road Fax. 416-444-8979
Toronto, ON M3A 1B2 1-800-WINTERS

m Canada www willlers caim
Since

1953
Wie're There

CALIBRATION TEST CERTIFIEATE__

Calibration Date: JUNE/27/13 Interval: 1 Year Expiration: JUNE 27, 2014
CUSTOMER: ALL WELD Winters Asset
ADT672
PURCHASE ORDER: 13-0563 (Pressure)
DATE: JUNE 27, 2013 Winters Serial #
27312420003
TEST NUMBER: G13-0776 (Pressure)
Customer Asset ID Asset Accuracy (% FS): +/- 0.1%
Number Winters Asset
(Vacuum)
Gauge Part Number MARSH GAUGE
Winters Serial #
G Serial Numb #45 (Vacuum)
a er
vge Serial lum Asset Accuracy (% FS): +/-
Gauge Range: 0-3000 PSI | Gauge Accuracy (% FS): N/A | Gauge Tolerance: N/A
Upscale Downscale
Above Gauge Reading Reference Gauge Above Gauge Reading Reference Gauge
Reading Reading

505 500

1001 1000

1498 1500

2000 2000

2497 2500

Engineering Unit Used for Test: PSI
Ambient Temp at Test: 29°C Relative Humidity: 56% Barometric Pressure: 99.3 KPA

Register Your Certificate at www.winters.com/tc

Technician: Ly o= e—me——==—<2>__  Approved: ,/7

NOTE: This instrument has been tested in accordance to ANSI/NCSL Z540-1 and complies with the
relevant specifications/drawings of the above purchase order. All test equipment used in this
certification is traceable to the National Institute of Standards and Technology.

F750-05 Rev 4 - Calibration Test Certificate-Gauges.doc / Last Revision: June 3, 2010

JuL 03 2013

A GLOBAL MANUFACTURER OF INDUSTRIAL INSTRUMENTATION
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materials testing limited

Product Development
6991 Milicreek Drive, Unit 13
Mississauga, Ontario L5N 6B9

Tel: (906) 812-3368 Fax: (905) 812-3868
www cambridgematerials.com

1SO 17028 Accreclited”

Report For: All-Weld Company Limited
49 Passmore Avenue,
SCARBOROUGH, Ontario
M1V 4T1
Phone: 416-299-3311
Fax  416-299-3387
Email: mail@alliweld.com

Specimen: Water Sample

Laboratory #: 608636-12

Report Date: May 14, 2012
Recsived Date:  May 9, 2012

Customer P.O. #: N860-9764Q

TEST REPORT

RE: ANALYSIS OF WATER SAMPLE FOR HALOGEN AND SULPHUR RADICALS

On May 9, 2012, CMTL received a water sample to determine the presence and relative concentration of

halogen and sulphur radicals.

The submitted sample was analyzed using a DX-120 lon Chromatogram as per ASTM D4327-11 and the

following results were obtained:

HALOGEN RADICALS CONCENTRATION
(ppm)
Fluoride (F) 0.5
Chloride (CI) 47.4
Bromide (Br) <0.5
SULPHUR RADICALS CONCENTRATION
(ppm)
Sulphate (SO,*) 27.7

This report is subject 10 1he folowing tHmS and condiions: 1, THs ropar ratates ondy to the sperimen provided
mmummwmmumnmmwmunmamn
specmen is a part. 2. The content of this report in for the information of 116 customer I3enERed ahove only and B

from

Combridge Metetals Testing Limied ie d, 3. The nama g8 Tasting Limind shall not be
usad In sp eporiad on o any or materiale similir t Svat $00CMen wilhoul
tho cricr writary corment of Cenbridgre Maledals Testng Limded. 4. Nedhver Cambriage Metrists Testing Uniad

nor any of & emply el be mp or heid lebis for sny caims, loss or dmmages wising in
consequence of reliance on this report or any default, erTor or oEssion in &5 PAAOAALON Of e tests conducted,
5. Specimens 6re fetainad 6 monina, teel (E00AS ENG 1A Gl &re TRLAINGG 7 yaurs fom date of inal tast report
ond en dlapossd of. uniasy insiucnd athartsa in widng.
'MMTMUMBMMEMM“W&MMWM
review ot werw. Chmibridgarmateriall.com.

Tast Report Template Rovision March 2010

Page 1 of 1

Cambg'dgo Materials Testing Limited
P QUALITY ASSURANCE

Pes ) —
M -
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CONREX STEEL LIMITED PAGE # l/g
50 TABER ROAD

REXDALE, ONTARIO M9W 3A9

HEAT TRACING RECORD

CSL Wo# QTY DESCRIPTION CUSTOMER CUST PO#

1S3S9S | yessel (o'die ¥ 155 e le:‘ Al Loedd Cmocuu.:\ 13- 038 ¢

(RMF2) e’ ite-36

Se\m‘c.Q.& 1468

HEAT TREATMENT SPECIFICATION: All Wweld PonT Peoc No PLowt -B\ feu Mo O

HEAT AT oy lbo'§ PER HOUR FROM__ Qon'f
HOLD 12§ 4o iSO MINUTES ATQ3SE 125 F
COOL AT max 200'F PER HOUR TO Aot

® \ {

®
A 3
THERMOCOUPLES: ), 2 334
NOTES:
All tempe:%tcl{es in degees Fahrenheit unless noted
SIGNED FOR CSL DATE Suat 30/13 ‘m
7 ! |1
0cY 01203
CHART TEMPERATURES

TIME STEP SETPT TC#1l TC#2 TC#3 TC#4 TC#5 TC#6
17:08 1 109 114 114 115 114 0 0
17:18 1 161 175 175 175 173 0 0
17:28 1 235 254 255 254 251 0 0
17:38 1 310 330 334 334 331 0 0
17:48 1 384 407 410 407 404 0 0
17:58 1 459 482 486 482 479 0 0
18:08 1 533 555 562 559 557 0 0
18:18 2 603 626 630 626 623 0 0
18:28 2 637 657 661 657 655 0 0
18:38 2 670 688 694 691 690 0 0
18:48 2 707 724 728 725 723 0 0
18:58 2 737 755 759 755 753 0 0



[/

ZfWS/ZOWWmF$

TIME
19:08
19:18
19:28
19:38
19:48
19:58
20:08
20:18
20:28
20:38
20:48
20:58
21:08
21:18
21:28
21:38
21:48
21:58
22:08
22:18
22:28
22:38
22:48
—22:58
23:08
23:19
23:29
23:39
23:49
23:59
- 00:09
00:19
00:29
00:39
00:49
00:59
01:09

L 01:19
01:29
01:39
01:49
01:59
02:09
02:19
02:29
02:39
02:49
02:59
03:09
03:19
03:29
03:39
03:49

STEP

mmmmmmmmmmmmmm#.&-mhpk»ppp.hphmpmuwwuuwwwwwwwwwwwuwwuwuwm

SETPT

773
803
820
837
853
870
887
903
920
937
953
970
987
1003
1020
1037
1053
1070
1087
1103
1120
1137
1153
1170
1175
1175
1175
1175
1175
1175
1175
1175
1175
1175
1175
1175
1175
1175
1175
1163
1147
1130
1113
1097
1080
1063
1047
1030
1013
997
980
963
947

TC#1

789
821
836
851
866
883
898
914
930
945
963
979
993
1011
1022
1039
1058
1075
1091
1107
1123
1141
1161
1174
1174
1174
1172
1175
1175
1172
1169
1171
1173
1172
1173
1173
1171
1173
1170
1158
1135
1119
1102
1084
1067
1052
1036
1021
1006
991
976
961
947

CHART TEMPERATURES

TC#2
796
826
841
857
870
887
903
918
934
950
967
981
997

1014

1025

1043

1062

1078

1095

1111

1126

1145

1164

1178

1177

1177

1174

1177

1178

1176

1171

1173

1176

1174

1175

1174

1173

1175

1172

1157

1133

1118

1098

1082

1066

1049

1035

1020

1005
992
977
962
949

TC#3
793
821
837
854
866
883
901
914
930
947
963
979
995

1011

1023

1041

1058

1075

1093

1108

1124

1142

1161

1174

1174

1175

1172

1176

1175

1173

1169

1172

1173

1173

1174

1173

1171

1173

1171

1156

1135

1119

1098

1084

1067

1048

1036

1020

1003
990
975
959
946

TC#4
791
820
835
854
865
882
900
914
929
947
962
978
995

1011

1023

1042

1059

1076

1093

1108

1124

1143

1161

1175

1175

1175

1173

1176

1176

1175

1170

1173

1175

1173

1174

1174

1172

1174

1171

1157

1138

1122

1101

1088

1071

1051

1039

1023

1005
992
977
961
947

|
Q
+H
"
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TIME

03:59
04:09
04:19
04:29
04:39
04:49
04:59
05:09
05:19
05:29
05:39
05:49
05:59
06:09
06:19
06:29
06:39
06:49
06:59
07:09
07:19
07:29
07:39
07:49

STEP

soouUuTnnuuuuouunnouooouounooaoun

SETPT

930
913
897
880
863
847
830
813
797
781
765
749
733
717
701
685
669
653
637
621
605
589
573
557

TC#1
931
916
903
888
872
860
845
829
816
800
781
768
752
733
720
703
685
671
655
637
623
607
589
575

CHART TEMPERATURES

TC#2 TC#3 TC#4
934 931 931
921 917 917
907 902 902
894 888 886
881 876 874
866 860 857
853 845 842
841 834 831
825 816 812
809 800 796
796 788 784
777 768 764
761 752 748
748 741 736
729 720 716
713 704 700
700 693 688
681 672 668
666 656 652
652 645 640
634 625 620
618 609 604
605 597 592
589 581 578

REF#1617
u//

LEASED _ 046
for and on behalf of: Sy M DF’HHC’!’(’Q
G AKX CAHA

Print Name: AFqusﬁ’
Signature: G LY ~ VELOS!

Date: L,f/'n (EL])l  Velos America LLC
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CONREX STEEL LTD.

50 Taber Road. Rexdale. Ontario, M9W 3A9 Phone (416)-747-4665 Fav (416)-747-4667

CALIBRATION CERTIFICATE

INSTRUMENT : STRess  KEUEE fFalrhe H Z
MANUFACTURER: MNOETH Aozl A
SERIAL NUMBER: CorRy H 2
Standard As Found Calibrated Standard As Found Calibrated
LOAD#1 ADDITIONAL TEMPERATURE CONTROLS
1125°F ”270/: A‘(q /?,ZD/)’ 1#: 1125°F “17415 S & s
1650°F I 52 °F .\_, — 1650°F /’é 5 7% e
2#: 1125°F llZé oF — e ——
LOAD#2 1650°F fé S = F e
1125°F 1127 0':— —_— 4. ——— | 3#: 1125°F i1z¢ da —_— . —
1650°F 1652°%F | — ). — 1650°F IsicF | — - —
a#: 1125°F 7o | — —
LOAD#3 1650°F ’c S/ eF_. —_— —
1125°F llz 30,: — S#: 1125°F i(27aF —_— —
1650°F '“' 5z ::6: _— — 1650°F , ‘__’5( 0 F— — —
6#: 1125°F l (27 o — ——
1650°F j652 op _
1125°F [} 2 C°F —_— ——
1650°F jL5cF | — —
1125°F j(2¢° F _—
1650°F | /L San Y p—

If ‘calibrated’ column is blank. No adjustments were necessary

COMMENTS: STANDARD: PPS MINITEMP MODEL 1062, SER# B67568

QC INSPECTOR: S(/u.—.._ QC MANAGER: t\_,: A T A, DATE: Aewy j 5 E0/3
A\ ? v 7




—

) R

] i | BUREAU

)AVO le N D T Ll mlte d ACCREDITED ISO/IEC 17025
"1$0 9001:2008 Certificate No. CA01/2470 Certificate No. L2155 Calibration

CERTIFICATE OF CALIBRATION

REPORT NUMBER 13116913

This certificate attests that the equipment and/or standards used in the calibration are calibrated to recognized standards which are
traceable to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or National
Research Council of Canada (NRCC). The calibration was performed in accordance with the applicable portions of 1SO/IEC 17025:2005,
1S0 9001:2008, ANSI/NCSL Z540-1-1994 and technical requirments of the customer's order

The instrument described helow has been calibrated in our lab on date noted. Data not accredited will be identified by an asterisk (*).
Copyright of this Certificate is owned by the issuing laberatory and may not be reproduced other thanin full.

Equipment Mini-Temp Calibrator Calibration Date 22-Apr-2013
Model 1062 Calibration Expiry Date 22-Apr-2014
Serial B67568 Property of Conrex Steet Limited
Accessories None Address 50 Taber Ruad
Assel NV Rendale
Manufacturer Transmation Ontario
Date Received 19-Apr-2013 MYW 3AY
Date of Last Calibration 12-Apr-2012 Procedure CPR #0713
Condition When Received Guod Method Cumparison
Humidity 42.5%

ISO/IFC 170252005 &
Temperature 228°C Conformance Standards IS0 00U1 ool
Purchase Ordet 30127 Other Standards TS

Calibration Standard(s) Used

Asset Nuinber Traceability Calibration Date Calibration L-‘,mil.‘y Date
AVO 381 ST3104386 23-Jun-2011 23-jun-2014

The reported data is valid only at the time of the calibration and is related only to the instrument/equipment being calibrated.
The Calibration Expiry Date appearing on this Ceritificate of Calibration and the Calibration Lubelis determined by the client or by the
appropriate ASTM Standard/Manufacturer and does not imply continued conformance to specifications.

The instrument/equipment was inspected, cleaned, and tested using manufacturer's specifications and procedures client's
procedures, or national/international standards and procedures.

Reported uncertainties are expressed as expanded uncertainty values at approximately the 95 % confidence level assuming a normal
distribution, with a coverage lactor of k=2.

. Page 1 ol 2 )
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ALL-WELD

COMPANY LIMITED
Engineers Since 1000

49 Passmore Ave., Scarborough, ON M1V 4T1 ¢ 416-200-3311 Fax: 416-208-33687 E-Mail: maii@eliweid.ca

1)

2)

3)

% -

5)

RADIOGRAPH REVIEW FORM

A
1465

THE X-RAY MAP ATTACHED SHOWS THE LOCATION OF THE RADIOGRAPHS.

W.0. NO.
SERIAL NO.

THE INFORMATION REQUIRED IN ASME SECTION V T-291 IS FOUND ON THE
WELDING INSPECTION REPORT MADE OUT BY KV INSPECTION SERVICES.

EVALUATION AND DISPOSITION OF MATERIAL AND WELDS EXAMINED IS FOUND
ON THE X-RAY MAP ATTACHED.

THE IDENTIFICATION OF THE MANUFACTURER'S REPRESENTATIVE WHO
PERFORMED THE FINAL ACCEPTANCE OF THE RADIOGRAPHS IS IDENTIFIED

BY HIS STAMP FOUND ON THE WELDING INSPECTION REPORT MADE OUT

BY KV INSPECTION SERVICES ON THE LINE "MANUFACTURES REPRESENTATIVE".

THE DATE OF THE MANUFACTURES EVALUATION IS FOUND ON THE WELDING
INSPECTION REPORTS MADE OUT BY KV INSPECTION SERVICES ON THE LINE
"MANUFACTURES REPRESENTATIVE".

PREPARED BY: ROBERT C. BENTLEY pare;_OCT 08 2013
Q.A. MANAGER
o e Odagian |
C€ @ ® © =& e
Sagmuring, Mamsinawing s Hasvy CNC Mashining A URDO

( . @ ﬂw PENN SERVICES

Sminlun, High Mizind A, Thamiem, Adsnsun, Coppes, Sl - sver 160 WPRY

A Tradition of Quality

OmMSIoN OF ALL-WELE CONrenY LWTED



KV INSPECTION SERVICES LTD

Established 1980
1486 Wallace Road, Oakville, Ontario L6L 2Y2

Office: (905) 844-9448 Fax: (905) 844-6697
www.kvinspection.com Email: kvinspi@aol.com

CHRIS VEENEMAN

I ‘ l Natural Resources Ressources natureiles
Canada Canada
Name. Chnstopher Veeneman
bt
Rez ~o
No mesocule 6651
Ivwe | iz 4
ate damaem 2011/02/14

amectrve Jarees [oe (4] near [X] far iwen
\arey correcufs pous b visian de | X pres TX] dtance

Sepmature |
— g PO e
I " l Natural Resources Ressources naturelies
Canada Canada
TR R AN ISR AK W 665‘
A AT Juaiitie ve
Nethiond Level Secun ert ate Date recent fapues
Methodde  Mivean Sectewr [te cen e recen Eapintion
MT 2 EMC 19970308 201482031
F1 . EMC 1897:1107 12/
Ri 2 EMC 20000106 20131 2UN
Ut 2 EMC 201008703 213231



KV INSPECTION SERVICES LTD

Established 1980

1486 Wallace Road, Oakville, Ontario L6L 2Y2
Office: (905) 844-9448 Fax: (905) 844-6697
www. kvinspection.com Email: kvinspi@aol.com

FRANK MARUNDE

I ‘ l Natural Resources Ressources naturelles
Canada Canada
Name Frank Marunde
“vom
Ree N 8885
No._esiricolr
fwor Dute: 2012/11/29
e Y Date d'ematasion
{ This card $ovs mot Mvwi iy D w mad mdividuul bs be 2 canpiover or
of Negwred Compele, ¢. o Commta

Cette corte aMentific pas Mndiveds Eitry on cnglese @ represoes? &

> ot = | m——
i ‘ , 1 Carrective demees for | | acar | | (e vishoa

v evves corectls pocr la vision de | | pres | | dlsizncr

Sipasture | it AacE

Illlml — = il
' *l Natural Resources Ressources naturelles

Canada Canada
eiufied tn Le-tthae selen AN C[INB R 911 [ 11
Method Levet Sector Cert fote (ate recert. b plres
Yethode “vivean Sectenwr  (utecert Nate recert Epiration
o7 ? (3 195244026 mern
[ 44 2 EMC 199311026 mszn
uT 2 BecC 2005110731 rtenm

0r sonBeatien 8F [ evTIRe Sbmt o v, Pediiy o Griratione, Wil weete.

MU /Al suTan 4T cal BOAs e soviBe atm dn W CETHECAION, b puIiPare, OF fos ARSI,
DR T T P Y

“enager Certityng Ageriy 1 & tr
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KVInspection Services Ltd.

Radi_gg_raphic Exami_n;tion Repbrt -

RT

( Oak:ﬁ&?g’:t';f: Rl?gfzvz Specification — Acceptance Criteria
Pp:;:e-g%g§éii‘fégg‘;3 @W3D UW-52 B31.1 B313NS CSA  Other
- - ~ General Data )
Customer s yueeh Date Lo 5N3
_Location 50”’:4:}?@4-” - __P. O.# o B B
Project  ULTREGAS | Shop Order # L 7é /a_ ey |
Procedure | [y &~ 2oV % Worksheet # .
Technician | ﬂm- CGSB Reg # G651 | ASNTISNT-TCA1A Level [/
N - Technical DataGs 60
Material Type Alloys Isotope (R 192 Physical/Focal Size . ,?7 "
Base Material Thickness Zy?/ . Exposure Double Wall  Film per Cassette
Weld Thickness w View Double Wall = PWHT ‘ No
. Reinforcement y. //q;_ Number of Exposures 7

. Film Mfg. &E Q&K Minimum Source to Object Distance
o sl I - |
: FiIm_Type ‘M. Maximum Distance from Source Side of Object to Film | 2 3[/ " |
| _UNITNo. | SIZELOC | SLAG | LOP. | LOF. | CRACK | POROSITY UC. | OTHERS | ACC | REJ |
| | | , .
L l - __l'_ S U I —— P —h——————— - — ! |
’ | [
( / o-{ . | - | ) el |
... (-2 - .____ o - | |
| -3 i L I ! -~
n . N N | R .
i =4 . W |~ |
l \
| 4 - f | ~ !
e, S SR SR B R — | —
\5- ‘ L _‘ ~ !
6N N T T l
L - & | | |
________ E Sl . | . ——— el v ] | |
S i = S Sy | | S,
- ~ CHRIS VEENEMAN
B CGSB LEVEL IT, REG.# 6651
O D\\\l} MT/PT/RT/UT
SNT-TC-1A LEVEL II
- = , \ \ "‘f'7/\‘ MT/PT/RT/UT
\ e

KV Inspection Technician

Customer Representative

Date ocr, {/J

0CT 0 82013

Date




KVlnspectlon Services Ltd.

Radiographic Examination Report

1486 Wallace Road Specification — Acceptance Criteria
Oakviile, Ontario L6L 2Y2
Phone: 905-844-9448 @.@ UW-52 B311 B213NS CSA  Other
Fax: 905-844-6697 -
_____ — _General Data I B
Customer /4,_,- _‘d% Date oL~ M 3
Loc.ation l Seitrdonovir TP‘O #
Project ‘ VLIP3 | Shop Order # 1176 Ph- 7448
|
Procedure | jd/! b 2 | Worksheet #
Technician | /7 |/ aeqgsnan cGSB Reg# 47 ASNT/SNT-TC-1A Level
. Technical Datacpgd
Material Type Alloys Isotope @ Physical/Focal Size /9?
Base Material Thickness 2% . Exposure W Double Wali  Film per Cassette
Weld Thickness . View (Single Wa)  Double W PWHT
Reinforcement Al/‘{ " Number of Exposures |
Film Mfg. W( Minimum Source to Object Distance PMC”"M"— { z. b-)
Film Type A/j_ Maximum Distance from Source Side of Object to Film 2 2 Y N
UNIT No. SIZE/LLOC SLAG L.O.P. L.O.F. CRACK POROSITY uc OTHERS ACC REJ
7-5 (e
s’ _
/s S
£-7 —
w
I et A | -l
L ?—f | S B BE B -
9-10 1 . -
-t S (- I T
=t | | | I -
le-g | | A ] -l
-4 S ~
3 - I B .
/-0 NS CHRIS VEENEMAN |
| NN CGSB LEVEL I, REG.# 66511 |
E - — — = \__.__ . M JUT L =
. | 4( 55 SNT-TC-1A LEVEL II l |
H | - - —p- Yﬂ& ~MTPT/RTUT =
. ! i |
KV Inspection Technician ﬁ Date W(/B
) \ 0CT 0 82013
Customer Representative o ) Date




KVInspectlon Services Ltd.

(

1486 Wallace Road
Oakyville, Ontario L6L 2Y2

P ——

RT

Radiographic Examination Report

Specification — Acceptance Criteria

Phone: 905-844-9448 -- UW-52 B31.1 B31.3NS CSA  Other
o Fax: 905-844-6697 @ @

B General Data _
Customer et weo\ Date o 5—% 3 _‘
Location Stitredonevir P.O. #

Ergoject VLT P o | Shop Order # | /_?5 pg_ 77é? _____
Procedure j K I&/ Worksheet # |
Technician | /7 |/ qepomwan CGSB Reg# 47 ASNTISNT-TC-1A Level |

Technical Data¢cg0® ‘

Material Type Alloys Isotope @ Physical/Focal Size /99 .
Base Material Thickness 2h" Exposure (Shnglé WalD Double Wall  Film per Cassette

Weld Thickness View (Single W)  Double Wall | PWHT No |
Reinforcement A'/‘i n Number of Exposures
 Film Mfg. Kod A Minimum Source to Object Distance _PMW.L /{ z. b)
F|Im Type p V8 Maximum Distance from Source Side of Object to Fllm 2 7/q I

_UNIT No. | SiZEmoc | SLAG | LOP. | LOF. | CRACK | POROSITY UC. | OTHERS | Acc | "REJ
| | |

|>. } ‘; I S ) S AL S N S —

- —_
|(/ol&i 0 / l +—t == — —+ — {
LA Y Al A T N S I -l |

- |
; Z Z = e I ___?_.___/_____ _____l
g vi i e LIkt T, - — — e — e ——— - | _'[_ / JI
'd
y-~ | _ L~
- - - 4 /
| T L _ B B —
. 6-1 N (R R I _: - | |
] |
- 2-% N | | [ DU ____.T . ./___ B
g% ) -
) 9-t0 o B Bl B
[0-11 N B -
-1z A B 7]
NY e
12-13 Lot -
[3-4 — ANP - 1 -~
/M0 SRR CHRIS VEENEMAN | .~
> CGSB |EVEL II, REG.# 6651
N N W 4 MT/PT/RT/UT
\ch SNT-TC-1A LEVEL II
_-( E—— o HT/’P!,I’\ [’U.ur —
KV Inspection Technician ﬁ e Date 057’_(//3
Customer Representative Date 0CT 0 82013




KVInspectlon Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y2
Phone: 905-844-94438

| Radiographic E“xaminatioF Report

RT

Specification — Acceptance Criteria

s

B31.1 B31.3NS CSA Other
Fax: 905-844-6697

General Data S ]
Customer /) ,yspd  Date oers /3 S
Location _.S'Cﬁﬂf’mfzu&H P. O. #
Project | Uimpa-pnG | shop Order# /}76 p@ 7947 |
Procedure Yo & pv Worksheet # B !
Technician (3 Leontran CGSB Reg # M{/ ASNT/SNT-TC-1A Level Z

| Material Type

Base Material Thickness

Weld Thicknes

| Reinforcement

.3y
[}

Ay?'
Kotd .

S

Alloys

Isotope

Technical Data
Other“_

Exposure

View

Single Wall
Single Wall

Number of Exposures

Physical/Focal Size

i

Film per Cassette

PWHT

2 fort

l Film Mf_g;_ Minimum Source to Object Dlstance L /Z "_ I
| Film Type B M _Maxnmum Distance from Source deQ of Obje(iiiofl}nl | - 2 # |
| UNIT No. SIZELOC | SLAG LOP. | LOF. | CRACK | POROSITY U.C. | OTHERS | AcC | |
| ,' | | |
! S | N | ! | S 1 i il
17 . \ |
..A{ CI A- === === B i_r“_/“_l =
' 4 | P ‘ |
gk = n P t——
— & m_ < |
e ’ ,
e e | a __4‘
P2 p B B o I
L4 ] —1
I B8 _ o - I ARt
/ |
S L Lo — |
] | |
I S S S —— S I S
Wi-3 A 1 . ¢ |
8 - B ’ |
C S
L ‘ . |
}W\/A\aﬁ CHRIS VEENEMAN
““‘ o < \gWwW ! CGSB LEVEL I, REG.# 6651
NP a1, PT/RT/UT
Q O SNT-TC-1A LEVEL II
T —e X%Q‘\ JUT
Vi i ici -
KV Inspection Technician y _ N Date ot $ Ag
Customer Representative @ Date 0CT 0 12013




nLIt-+G10-<1 o

X EIN]

A9 @3NJvd3d

| ok 29NGYsS reyw

# ONIMYNA

‘NOLLdIY¥OS3a gor

L "AlQ "llIA NOILD3S JINSY f - - RN XIIENT

# H3AH0 MHOM

swmg Sl —dvw AN |

Oy h IN3IND

- 'dll o0 d1amM-lv

i L LLYKGE -
_ (P'v) oML P o'¢
ﬁ Liyees _ M

\*ﬂ AR ..l.lm.un.
, d
| | \ D
7 2 s \ D
| ]
n@. . \.\ L e ¢\~ ¢ ;

“ Y

~ 2\ V7

n;.r SWadS ...+ W<

Aﬁ_z,xd:/(_d/ 10y VIS ﬁd.&_au s\ < N wﬁ%ﬂ.ﬁu&. d,Crl_l

V) s

+Hlkre
HH




KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y2
Phone: 905-844-9448
Fax: 905-844-6697

Ultrasonic Examination

ut

Ge;{eral Data

i_é_ﬁéibmer Veld Com
| Shop Order
' Component

_Date
Project

~ February 26, 2013

| P.o.#

~ Worksheet #: 36451

Fws PQ Serial # 7468

! Rev.

g
KV- -UT# 1 R. 02

Drawmg Technician L3 Frank Marunde SNT-TC-1A Level
| NDT Spec!f‘c_a_tlon _AiT_r\_’I_lE _79_7 Appendlx Ul NDT Procedure

| Technical Data — Ultrasonic Examination (UT)
Material Type Carbon Steel Technique @ Pulse Echo-Contact
Material Thickness Instrument

Brand
Weld Type Surface

| Weld Thickness
Heat Treated

l Heat Treatment

O Immersion O Dual ‘

® Olympus Epoch 1000i ‘ Serial # ‘ 090054812
O Butt O TJoint O Fillet .
N/A

O NO

@ AsRolled O Ground O Machined

® Ut-X 0O Ol
| 50 dB
1

O Shot Blasted
Couplant O Other | Temperature
Sensitivity (PRL)
_ ) _S_u_rface C_onditions |
Transducers/Calibration Blocks

Size | Beam Angle | Frequency i Manufacturer
5/8" X 5/8" O 45° | O 100MHz | O Techsonic
%' x 1" | o 60° | O 225MHz e Panametrics
1" x1" . o 70° e 500 MHz O Krautkramer | O Back Reflection
B | e Normal o 10 l ® Micrometer Shell

~ Scope of Testing _‘

® YES

Diameter

e O %
" O 1"
v Io 118" |

Blocks !
O Iw A2 \
| O ASTME164 MAB '

- i

Thickness Examinations

| Head to C1 | Head to C2 | L1
2636 |  2.663
2.549 2.535 2.549
2.538 2.499 | 2.491

All Dimensions are in inches

l | Shell
' 2.559

<

. ! c1 c2

o

S
/\ \/ ’W
Scanning ‘
From | Length | Amplltude

Test Area

Disposition ‘

I I ] ]

Evaluation - Acceptance

%ﬂ’/v// Date

8885

KV Inspection Services — Technician February 26, 2013

. 0 Accepted

O Rejected  cgsB No. 48.9712-2000 Reg. No.

Place Scarborough, ON.




Ultrasonic Examination Report
KVlnspectlon Services Ltd. Ut

Oakville, Ontario L6L 2Y2
Phone: 905-844-9448

1486 Wallace Road

Fax: 905-844-6697

General Data

Customer Ali-Weld Company Date February 26, 2013

Shop Order | 1176 PQ Serial # 7468 Project

Component P.O. # [ Worksheet #: | 36451
Drawing | Rev. | Technician | Frank Marunde | SNT-TC-1ALevel | III
NDT Specification | ASME SA 578 Appendix | NDT Procedure | KV-UT# 1 R.02

Technical Data — Ultrasonic Examination (UT)

Material Type | Carbon Steel | Technique ® PulseEcho-Contact O Immersion O Dual
Material Thickness | 2 1" '“sé:gn'“de"t ® Oympus Epoch 1000 LSerial#T090054812
_Weld d Type . _: O Butt O TJomt O_F_llle_t—_: Surface - _ | ® As &o;ed O_Ground O Machined —o s;c;élas;ad R
Weld Thickness N/A Couplant |® uTx ool 0 Other_[Temperature_[
| Heat Treated ® YES 0 NO Sensitivity (PRL) 56 dB
Heat Treatment Surface Conditions
| _ Transducers/Calibration Blocks - -
| Diameter | Size _B_eanlAngle N Frequency | Manufacturer | Blocks —1
o W O % O s5m"x58" O 45° e} 1.00 MHz | O Techsonic | O ||W A2
O W o 1" o ¥%x1 | O 60° - ® 225MHz | @ Panametrics | O ASTME164 MAB i
0% |O01w| O tx1" | O70° | O 5.00 MHz jO t(rautkr_amer ® Back Reflection
0O 0 e Normal O o) | O ASME
- - Scope of Testing .
1
Lamination scan 3" both sides of joints C1, C2 & L1
s et
s i 2 A
FEB 2 7 QL/),://\A\/ f@b%
/1013 } 1§ \/ 3;‘
{5 /
Mt 2o 279
Scanning
Test Area _ Disposition_ ~_From Length. |  Depth N Amplitude
Evaluation - Acceptance i
» Accepted KV Inspection Services — Technician %/V/V// Date February 26, 2013
O Rejected | cgsB No. 48.9712-2000 Reg. No. 8885 Place Scarborough, ON.
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|r Ultrasonic Examination Report
KV Inspection Services Ltd. uT

1486 Wallace Road
Oakville, Ontario L6L 2Y2
Phone: 905-844-9448
Fax: 905-844-6697

Genei'él Datg

Customer  All-Weld Company ’ Date  October4,2013 ]
Shop Order | 1176PQ S/N7468 : | Project . .

Component P.O. # Worksheet#: 37757
' Drawing | Rev. _ Technician  Frank Marunde  SNT-TC-lALevel  III

NDT Spec1ﬁcat|on ) ASME Sec VIII Appendix 12 NDT Procedure ~ KV- UT#l Rev 02

Technical Data — Ultrasonic Examination (UT)

Material Type Carbon Steel Technique ® Pulse Echo-Contact O Immersion O Dual

Material Thickness 2 A" Inth::r::nt ® Olympus Epoch 1000i | Serial # | 090054812

Weld Type O Butt @ TJoint O Filet ~ Surface @ AsRoled O Ground O Machined O Shot Blasted

Weld Thickness 2 " Couplant ® UTX O Ol O Other  Temperature '

HeatTreated O YES O NO _ Sensitivity (PRL) | 48 dB/ 54 dB /63dB

Heat Treatment Surface Conditions !

Transducers/Calibration Blocks
Diameter | Size ! Beam Angle ‘ Frequency | Manufacturer | Blocks

o % | O %" e 58" x%" ® 45° | O 1.00MHz | O Techsonic | O 1w A2

O _3{_5_ ) O 1" ] O ' x 1" O 60° I e 225MHz ® Panametrics i O ASTME164 MAB
o O 1w 1"x 1" I e 70° O 500MHz ‘ O Krautkramer | O  Back Reflection

o T O J O Normal | O 0 | ® ASME

| 1

Scope of Testing

. Examination of Category ‘D’ attachment welds after P.W.H.T.
N1-W1, N2-W1, N3-W1, N4-W1, N5-W1, N6-W1, N7-W1, N8-W1,
N9-W1, N10-W1, N11-W1, N12-W1, N13-W1

v

miwmmwmmﬁms
for and on behalf of: [ TAaN v pP %Ag’

Pnn(Name: (J.#l\&\d' q&”_ AFpus@

VELOS!

046

| |

T S I

Evaluation — Acceptance

: =
» Accepted KV Inspection Services ~ Technician / Date October 4, 2013

O Rejected ;555 o, 48.9712-2000 Reg. No. 8885 Place Scarborough, ON

Si
4;_&__}4&.}. Velosi America LLC
- - - : Sc_:annlng - ]
Test Area ! Disposition From | Length Depth Amplitude
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‘Magnetic Particle Inspection Report |
KVInspection Services Ltd. | MT

1486 Wallace Road Specification — Acceptance Criteria
Oakville, Ontario L6L 2Y2
Phone: 905-844-9448 As per ASME Sec. VIII, Appx. 6, Div. 1

o Fax: 905-844-6697 | _ - _ _ -
i - General Data B - -
Customer All-Weld Company Date October 3 2013
| Locﬂ)n ] _I Scarboroug_h, Ontario [ P. O. #_ |

Pro;ect Shop Order # 1176 PQ S/N 7468

Procedure —KV #3 Rev_ 02 . | Worksh_e;t# i 37756 | 1|
Technician | Frank Marunde - tcess Reg# | 8885 ASNT/SNT-TC-1A Level | II |

o Technical Data - M%Eﬁetu:Parhcle(M?}
Material Type ® Carbon Steel O Other | Materlal Thickness |
e R A Ch s ~ Test Method T _ e
® Dry O wet O Wet Fluorescent
- Test Equipment .

| Indicators @ B825R -Red O 66- Yellow O Magnaglow 20B Fluorescent _
‘ O 3A -Black O 803/1- Black Ink O 8800A Fluorescent |
| Background ® 8901W Contrast Aid O None
| Equipment ® AC Yoke O Calibrated Blacklight O Other |
Method @ Continuous O Residual =
| Light Meter Type EA31 Serial # 07076803 Intensity 1400 Lx |

Lighting Equipment Description: Flashlight
Inspection ‘
Description: After PWHT

item # Description of Weld/Test Area Technique Defect Location Interpretation

1) Nozzle attachment welds L&T Acceptable to specifications
N1-W1, N2-W1, N3-W1, N4-W1,
N5-W1, NB-W1, N7-W1, N8-W1, NS-W1,
N10-W1, N11-W1, N12-W1, N13-W1
(internal and external)

2) Circ Seams C1 & C2 and LongseamL1 L&T Acceptable to specifications
(internal and external)

i mmm{wwl—wm e e
for and on behalf of: —————-Q'E'S&b'__—
Print Name: Q—ﬂ—-é-hl-—'—" Appll.‘lsQ

VELOS!

. Date: /o (4‘- 23 ) Velosi America LLC

._—7 lé__,.--‘

KV Inspection Technician /"_ Date October 3, 2013
\

Customer Representative Date 0CT 072013




KV Inspection Services Ltd.

1486 Wallace Road

& Oakville, Ontario L6L 2Y2
/ Phone: 905-844-9448

Fax: 905-844-6697

 Customer All-Weld Company
_Location Scarborough, Ontario
Project
Procedure KV #3 Rev. 02
| Technician | Frank Marunde
 Material Type ® Carbon Steel -
— he Dry
Indicators ® B25R -Red
O 3A -Black
Background ® 8901W Contrast Aid
Equipment ® AC Yoke
Method @ Continuous
Light Meter Type EA31
| Lighting Equipment Description: Flashlight

Description: After PWHT

Item #

Description of Weld/Test Area

1) Skirt - W1 and Skirt = L1
(interior and exterior)

2) Lifting lug attachment welds (x4)
Tailing lug (x1)

3) Name plate bracket &

Davit bracket welds

|

Technical Data - Magnetic Particle (MT) '

Magnetic Particle Inspection Report
MT

| Specification — Acceptance Criteria

As per ASME Sec. VIII, Appx. 6, Div. 1

|
General Data

Date October 3, 2013
P.O.# '
Shop Order # 1176 PQ S/N 7468
Worksheet# | 37756
? CGSB Reg # ‘ 8885 ASNT/SNT-TC-1A Level | I

O Other | Material TIJickness L B
Test Method
O Wet O Wet Fluorescent |

Test Equipment ‘

O 66- Yellow O Magnaglow 20B Fluorescent |
O 803/1- Black Ink O 8800A Fluorescent :
O None
O Calibrated Blacklight O Other

O Residual |
Serial# 07076803 Intensity 1400 Lx

Inspection

Technique Defect Location Interpretation

L&T Acceptable to specifications

|
L&T Acceptable to specifications ‘

L&T Acceptable to specifications

/

EWED/R ELEASED

Fon o pF ¢ Ve

I (——
Ry SAHF Applu

( p M — enosn
Signature ek "L%Ub. Velosi America LLC

Print Name, <t
T

ACCEPTEDIREVI
for and on

'S

. KV Inspection Technician

Customer Representative

o

Date October 3, 2013

Date




Magnetic Particle Inspection Report |
KV Inspection Services Ltd. MT |

1486 Wallace Road Specification — Acceptance Criteria
Oakville, Ontario L6L 2Y2
Phone: 905-844-9448 As per ASME Sec. VIII, Appx. 6, Div. 1
Fax: 905-844-6697 _ ) ) o
- - GeneraIData oy

Customer  All-Weld Company Date October 3 2013

”Loc—:at.ion Sca'rt-)grough, Ontaﬁo ] P. 0 # B __ :_ -_ o
Project - Shop Order# 1176 PQ S/N 7468 |
Procedure | KV #3 Rev. 02 | Worksheet# | 37756 :
Technician | Frank Marunde CGSB Reg# | 8885 ASNT/SNT-TCAA Level | II .

Technical Data - Magnetu:Parhcle(MT

| Material Type ® Carbon Steel O Other I Materlal Thickness

T S Test Method B -
L . ®Dy O wet O WetFluorescent .
' Test Equipment

indicators ® 825R -Red O 66- Yellow O Magnaglow 20B Fluorescent |

O 3A -Black O 803/1- Black Ink O 8B00A Fluorescent

Background @ 83901W Contrast Aid O None f
' Equipment ® AC Yoke O Calibrated Blacklight O Other
| Method @ Continuous O Residual
| Light Meter Type EA31 Serial# 07076803 Intensity 1400 Lx i

Lighting Equipment Description: _Fl_ashlight B - -
Inspection
Description: After PWHT ‘

‘ Item # Description of Weld/Test Area Technique Defect Location Interpretation !

| |
1) Nozzle support welds L&T Acceptable to specifications
. N1, N2, N3, N4, N5, N6, N7,
| N8, N9
2) Item 6/4 (x2) L&T Acceptable to specifications
3) N1-C1, N1-C2, N1-C3 L&T Acceptable to specifications
\/ 046

ACCEV T EDVREVIEWED/RELEASED FF 5 ol

Print Name:

Signature:
‘ Date: Vatk 7—3,}J— Velosi America LLC

e =
KV Inspection Technician e / Date October 3, 2013
Q
Customer Representative (< > Date 0CT 0 72013
o




KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y2
Phone: 905-844-9448
Fax: 905-844-6697

—

| Customer AII Weld Company
Location Scarborough Ontario

—Prae; -

| Procedure | KV #3 Rev 02

| Tecmla_n Frank Marunde

_Material Type_ ® Carbon Steel

L e Dy

" Indicators @, 825R -Red

| O 3A -Black

! Background @ 8901W Contrast Aid
Equipment ® AC Yoke

' Method @ Continuous
Light Meter Type EA31

Lighting Equipment Description: Flashlight

|
| Description: After PWHT

Item # Description of Weld/Test Area
1) Vortex Breaker
‘ Attachment weld
' 2) Item 21/2 - N12 Weld
‘ 3) Item 2/3 - Skirt weld
4) Internal attachment welds

Item 19/2, 22/2, 23/2 (x8),
24/2 (x4)

Technical Data - Magnetlc Particle (MT)

'Magnetic Particle Inspection Report |
MT

Specification — Acceptance Criteria

As per ASME Sec. VIII, Appx. 6, Div. 1

'General Data

Date October 3 2013

|TP o# _
. Shop Order # 1176 PQ S/N 7468

| Worksheet# L37756 _ -
CGSB Reg# 8885 ASNT/SNT-TC-1A Level | II

= 2

_0 Other l Matenal Thlckggss | B B
Test Method
O  wet O Wet Fluorescent
~ Test Equipment - |
O 66 - Yellow O Magnaglow 20B Fluorescent
O 803/1- Black Ink O 8800A Fluorescent
O None ‘
O Calibrated Blacklight O  Other |
O Residual
Serial# 07076803 Intensity 1400 Lx ‘

Inspection

Technique Defect Location Interpretation
L&T Acceptable to specifications |
L&T Acceptable to specifications |
L&T Acceptable to specifications ‘
L&T Acceptable to specifications

i
ACCEY FD/REVI!WED:LIEA<LD PFKH‘UA&,

fot and on behalf of:
% H Spn
AFpELOSl

_é.rﬁﬂ

M ——
i o\ ”)} L/’J Velosi America LLC

et
Ire.

Prim N

Date:

KV Inspection Technician

| Customer Representative

Date October 3, 2013

) Date 0CT 0 77043
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| ‘Hardness Testlng Report
KVInspectlon Services Ltd. | HT |

1486 Wallace Road Specification — Acceptance Criteria
Oakville, Ontario L6L 2Y6

Phone: 905-844-9448
Fax: 905-844-6697

- General Data B e i
Customer  All-Weld Company Date October 2, 2013 ;
Location | Scarborough, ON W o ]
Project - ~ |ShopOrder# 1176 PQS/N 7468 B }
Procedure | KV HT# 35 Rev.00 | Worksheet# | 37734 . o
Tec[ulicia;l Frank Marunde - -_ - ]LjT Cert@ v CGSB Reg # 8885 ) -
: Technical Data - Hardness Testlng (HT) '—_—_";
Material Carbon Steel
Test Method & Equipment
' Technique @® |mpact Load - Digital Readout O Impact Load — Ocular Viewing
| Equipment | @ Equotip D Impact Device
Readings Taken O Averageof Sreadings @ Average of 3 readings O Other - ]
Scale O Brinell Hardness ® Hv J Unit Senttmg P !

Inspection

i Description:  After PWHT

|
ltem # Description of Test Area N'I’:t’:r’l‘;l HAZ | Weld |L HAZ J:t':r’l‘;'
— e i = T —— { = S St dt
| Ser# 7468 N9-W1 139 137 | 140 137 114
| g P 1 [ — — 1 — ) | T
" X 3 N10-W1 128 148 | 191 L 151 155
2yl : O Y e O O
‘ gﬂ P N11-W1 146 154 191 161 134
| f 5 e - = —_— = 't__ — ] - — = L — e B |
| << [
AL N12-W1 136 145 173 | 148 128
< R e
Y b N13-W1 158 142 146 119 134
[ -{N S — = L = ¥ 2 = = F— S N =
53
Exta | I N S R R
\ h L1 147 140 191 138 157
E%\: B - M { Y . i - — e P
3 E c1 120 105 175 148 132
E Xy T L I e
-5 2 §° c2 149 131 190 130 114
63 E& | . 1 S R | N
§: &
Skirt - W1 142 111 168 168 158
Skirt - L1 136 151 133 155 120
KV Inspection Technician = 120 October 2, 2013
Customer Representative Date OCT U 720]3




|
KV Inspection Services Ltd. |

Oakville, Ontario L6L 2Y6

Hardness Testing Report

HT

1486 Wallace Road Specification — Acceptance Criteria

Phone: 905-844-9448
Fax: 905-844-6697 |

General Data

Customer

Locatuon

Prolect

Procedure

Techmcnan

All-Weld Company Date October 2, 2013
Scarborough, ON po.# -

. _ | shop Order # 1176 PQ S/N 7468

KV HT#35Rev.00 | Worksheet# 137734 -
Frank Marunde . HT Certified v CGSB Reg# 8885 -

Technical Data — Hardness Testmg (HT)

Material Carbon Steel
Test Method & Equnpment
|
Technique | @ |mpact Load - Digital Readout O Impact Load ~ Ocular Viewing
Equipment @ Equotip D Impact Device
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
. ‘| g€ O ¢ Averag v — e -
Scale | O Brinell Hardness ® HV | Unit Setting: |
Inspection
Description:  After PWHT
L Parent | Parent
Item # _ Desctuitlon of T_est Area Material l i HAZ 4 erld ‘ HAZ B ‘ _ Material
Ser# 7468 N1-C1 . 138 138 217 135 145
g @aal || PSSl Sl : !
gg " N1-C2 | 167 185 191 168 163
g e { — { L i
'g N1-C3 137 | 152 212 137 | 150
) = + — . L 1
i i N1-W1 152 191 175 | 139 145
Q% Q _"{: B - - o - i - O i ]
@ey . | N2-W1 148 183 197 149 140
‘él‘-\ - R o R B ] I
o
T { § N3-W1 158 164 . 156 152 133
0 HL B R | I 4* — P | . |
b § ° N4-W1 147 136 126 126 128
fi ;| E_— -~ _ I e ! R
g g 4 N5-W1 152 190 159 167 161
E € & N6-W1 140 154 160 132 147
- I oo
N7-W1 133 184 150 136 114
N8-W1 167 160 129 138 128
KV Inspection Technician = — 120 October 2, 2013
; z
Customer Representative @ Date OCT 0 72(“3




8610t} 'O'd

NOZ 915-VS TVIIILVIN

L “Ald “IIIA NOILD3S JNSY

318V IIddV J¥IHM 3AISLNO / IAISNI ._
Od9lll —dVIN SINIWHOVLLVY /S1HOddNS 1H _

€102 ‘¥ YaIeW :31va

0S3aN'A A8 ARIVdI™Hd

L-9LLL # ONIMYNA

HOLOVLNOD TVILLYIAA "A’l .09:NOILdIRIOSIA gOor

89V. NS Dd9.ll :# d¥3AUO XHOM

avavilIn:IN3IND

dVIN SINIWHOVLLYV / SLHOddNS 1H

1HMd ¥31dv 'alil‘od aiam-iiv
/0\ S Plarpy
_._ _ Vo (8od2)¥/9 o
13NOVHE LIAVA Exosu,_m\_
o CLN 3Lvidawvn \Q
\%l@ .. \ ..ﬂ.w\ﬁni&f SN
CIN— | | T m LN
Mo~ <fe W2t /
\j &JJJPde@
! Iﬂm! Aui(, ,....{;,d ) |
\\ n RENVENT 6N’
X3L1HOA N
/TN
\ nal\ﬁ\:
\\l.. M,Tﬂ&fw N
— T3 5ED |
F(s0d V) 2vT (REN o2z
N., C(s0d 8) ZicZ [ gy — L1 4 o2 I:dm?mmuw
e | e T
AT\ TO sl ZN \ \. -/ S9N ONILAN
SINIWHOVLLY wo _lOgN N- . \.*z.
TVNNILNI 9N _ ¢




Hardness Testing Report

KV Inspection Services Ltd. HT

1486 Wallace Road Specification — Acceptance Criteria
Oakville, Ontario L6L 2Y6
Phone: 905-844-9448

Fax: 905-844-6697 _ | - S - B
General Data

Customer AII Weld Company Date _“October 2, iC_)13 )
Tocation Scarborough ON - P.O O # - - ]
_Fﬁect - Shop Order # B 1176 Pa S/_N 7_468 -
 Procedure | KV HT# 35 Rev.00 | worksheet#  [37734 _
Teéhmcnan Fr_a_r_1k_M;rLEe - __ _ ___ _LHT Certified v C_GSB_.Reg_# 8885 N o
Technical Data - Hardness Testlng (HT)

Material Carbon Steel

_-Test Method i Equip;nent“ _ | |

Technique ® Impact Load - Digital Readout O Impact Load — Ocular Viewing |
Equipment | ® Equotip D Impact Device i
Readings Taken | O Average of 5 readings ® Average of 3 readings O Other
i ik g _ 1
| Scale | O Brinell Hardness ® HV | Unit Setting: | '
‘Ins pectl on
Description:  After PWHT Ser# 7468
I | Parent - | Parent
Item # _D_e_scn_ptlﬂof Test_lir_e_a | Material HAZ Weld ) ‘ HAZ Material
N1 Support Weld # 1 119 ' 125 ‘ 160 l 136 125
g - g Support Weld # 2 | 165 170 159 131 139
T e
|
:;" E ' Support Weld # 3 117 114 173 140 128
> L 5 - = | ( e 1 S { SR
3‘ L. 2 Support Weld # 4 163 149 167 134 140 ‘
§l5 - R . ] o i | L
| (%! gQ
87 4| - p— ——
go N = Support Weld # 1 150 156 197 129 114 ,
\' gg q Support Weld # 2 157 154 197 121 127 |
NS fg ] ————— gt
12 g [ Support Weld # 3 151 160 191 119 119
i & g - R e IS U | S — | —
!? - ‘é g\g Support Weld # 4 143 153 207 123 121
c:dg8) — 4 L Y S A
I:.I:- s - 3
gs £° L I N I (R S
_—/ - .
KV Inspection Technician / 120 October 2, 2013
Customer Representative (% j Date 0CT 0 710“




KV Inspection Services Ltd.

Hardness Testing Report

HT

1486 Wallace Road

Specification — Acceptance Criteria

Oakville, Ontario L6L 2Y6
Phone: 905-844-9448

- Fax: 905-844-6697 ) _!L B -
L S ~General Data S -
Customer Ail-Weld Company Date October 2, 2013 -
' Location Scarborough, ON P.O. # - R
Project Shop Order # 1176 PQ S/N 7468
Procedure KV HT# 35 Rev.00 Worksheet# J 37734
| Technician | Frank | Marunde - ALHT Certified v CGSB Reg#8885
Technical Data - Hardness Testlng (HT)
Material Carbon Steel
Test Method & Equipment
Technique | ® Impact Load - Digital Readout O Impact Load — Ocular Viewing
. i
Equipment | @ Equotip D Impact Device
 Readings Taken | O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® HV | Unit Setting:
Inspection
Description:  After PWHT Ser# 7468
Item # Description of Test Area Parer_:t HAZ Weld HAZ ! Parar]t
|« o ) Material 1 ) (S Material
‘ N3 Support Weld # 1 166 135 i 181 4 127 137
- Support Weld # 2 141 134 171 150 142
‘ g ng g el R o |- . o
' = P 5 Support Weld # 3 147 142 172 144 138
[ > I S B S S J[ = I
4:? g Support Weld # 4 157 166 181 153 | 173
‘ 1
q WAl — I S S - . - W B
go N4 N Support Weld # 1 155 139 167 140 133
aZ. S h T — - i o T
gq& Support Weld # 2 143 141 164 167 150
\ E "a’( Support Weld # 3 162 144 159 131 136
. E g\jé g Support Weld # 4 146 148 174 156 161
[t | SwportWeldd | ™ B
g5 £° - o - - |
I
= _—/~;
KV Inspection Technician M 120 October 2, 2013
Customer Representative Date OCT 0 7713




‘Hardness Testing Report
KV Inspection Services Ltd. | HT

( 1486 Wallace Road Specification — Acceptance Criteria
Oakville, Ontario L6L 2Y6

Phone: 905-844-9448
Fax: 905-844-6697

General Data

= 2 SR . W E— — B
Customer Ali-Weld Company Date October 2, 2013
Location Scarborough, ON P.O. # - -
Project Shop Order # 1176 PQ S/N 7468
Procedure | KV HT# 35 Rev.00 Worksheet # | 37734
Technician | Frank Marunde HT Certified f__ CGSB Reg # 8885 -
Technical Data — Hardness Testing (HT)
Material Carbon Steel
Test Method & Equipment
|
Technique ® |mpact Load — Digital Readout O Impact Load — Ocular Viewing
Equipment ® Equotip D Impact Device
Readings Taken | O Average of Sreadings @ Average of 3 readings O Other .
| Scale O Brinell Hardness ® HV ! Unit Setting:
Inspection
Description:  After PWHT Ser# 7468
( ltem # Description of Test Area | =2t | HAZ Weld HAZ parent
N5 Support Weld # 1 | 151 164 185 138 126
- - o =y T - i
3 ng g Support Weld # 2 147 156 }f 174 135 140
:JA " [ o — - —— - o s o —
‘& E'g Support Weld # 3 129 147 1 184 143 137
é 5 Support Weld # 4 145 140 I 190 129 141
a5 || — T
§ *\I\6 - Support Weld # 1 128 156 181 142 130
BRI — -
\g 4_51 Support Weld # 2 140 162 179 139 135
| Yasa P T T T T
g 3\5 %\ Support Weld # 3 132 153 185 140 160
— S S | S I (N AU
28 E é g Support Weld # 4 129 147 167 136 141
-
j31) 5 E 3 —_— — _ —_— _
g
|
KV Inspection Technician = 120 October 2, 2013
w
Customer Representative 05‘ Date 0CcT 0 7 (is

[l
wn
'



KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y6
Phone: 905-844-9448
Fax: 905-844-6697

e

' Hardness Testing Report

HT

Specification — Acceptance Criteria

|

General Data

| Customer | All-Weld Company Date October 2, 2013 -
Location Scarborough, ON P.O. #
Prolect Shop Order # 1176 PQ S/N 7468
Procedure KV HT# 35 Rev 00 Worksheet # l 37734
Techni_cian Frank Marunde HT Certified v CGSB Reg # 8885
Technical Data — Hardness Testlng (HT)
Material Carbon Steel
| Test Method & Equipment
' Technique ® |mpact Load - Digital Readout O Impact Load - Ocular Viewing
Equipment ® Equotip D Impact Device
Readings Taken O Average of 5 readings ® Average of 3 readings O Other -
Scale O Brinell Hardness ® Hv IUnit Setting:
Inspection
Description:  After PWHT Ser# 7468
| .
Item # Descrlptlon of Test Area | Parer_:t HAZ | Weld HAZ Parerlt
e - _Material ¢ o __11‘__ o Material
N7 Support Weld # 1 120 121 168 | 114 | 111
§ 8 a g Support Weld # 2 119 128 181 126 126
0o | e Sk = : :
\g gg Support Weld # 3 121 131 163 149 164
.g I S — . I =1 =
€= 3 3 Support Weld # 4 131 133 163 170 132
‘-"&i - ~ U | — : S S
g %
AN 1)
8o A ] — - ]
g{_: W% Support Weld # 1 118 130 170 127 121
o ) S — 1 - - o T o T 1
| 53‘% Support Weld # 2 130 145 185 130 131
< . D i - i N | -
_\ % 3G Support Weld # 3 129 143 174 150 140
123 —— Sl | e i
? £ g Support Weld # 4 133 137 183 141 139
oo Z [ S -— —— I I
S 1
HE:
- —-::;7
KV Inspection Technician P 120 October 2, 2013
Customer Representative Oz' Date 0CT 0 7013




| Hardness Testing Report
KV Inspection Services Ltd.

1486 Wallace Road Specification — Acceptance Criteria
Oakville, Ontario L6L 2Y6

Phone: 905-844-9448
~ Fax: 905-844-6697 l

| Customer

"General Data

AII-WeId Company Date October 2, 2013
b | Weli A A shalickid I . bl — =
Location Scarboroug_h, ON ] P. O.# -
Project Shop Order # 1176 PQ S/N 7468
Procedure KV HT# 35 Rev /.00 Worksheet # W 37734
Techmcnan Frank Marunde HT Certlfe_d - v CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material Carbon Steel
Test Method & Equipment
Technique @ |mpact Load - Digital Readout O Impact Load - Ocular Viewing
Equipment ® Equotip D Impact Device
| Readings Taken O Average of 5 readings ® Average of 3 readings O Other
[ 1 T,... . - ’.
Scale Brinell Hardness ® Hv | Unit Setting: ;
Inspection
Description:  After PWHT Ser# 7468
Parent | Parent
Item # Deisipt_lon f)fTe_stArea Material i HAZ ggV\{e_ld“ | HAZ | Material
N9 Support Weld # 1 128 164 204 129 141
Support Weld # 2 146 137 | 201 164 121
$ o7 3] = i B : B — .
53 g Support Weld # 3 137 | 147 170 100 109
> e 4 — 4 —— — P S
% g Support Weld # 4 121 173 194 142 145
<
=< e —— ————— — ( == — =
% g £\ Lifting Lugs @ 45° 119 121 119 146 157 .
TR — e 1 - ‘—”*1
3 ,,& = Lifting Lugs @ 135° 134 135 126 137 129
AL i3 “S:SU R S g . - I
=l
\ g o @ 8o Lifting Lugs @ 225° 131 137 169 118 130
15 2%} D o - [ R A j - i . . R
g % g ¥y Lifting Lugs @ 315° 120 138 166 150 151
g & - - N R B T 1 |
== 2 g’
|o 3 B @
15 & - S (S SE—
KV Inspection Technician = — 120 October 2, 2013
Customer Representative Date
( p_e. 0CT 0 7 2ui




KV,

Oakville, Ontario L6L 2Y6

HT

nspection Services Ltd.

"Hardness Testing Report

1486 Wallace Road

Specification — Acceptance Criteria

Phone: 905-844-9448
Fax: 905-844-6697

L GeneralData [F———g1
Customer All-Weld Company - Date ~ October 2, 2013 A . l
Location | Scarborough, ON P.O. # gm 5
Project Shop Order # 1176 PQ S/N 7468 § i
Procedure | KV HT# 35 Rev.00 Worksheet# | 37734 =
Technician | Frank Marunde HT Certified v CGSB Reg#8885 | I

i = T T Lowh . . . T, 1T

Technical Data - Hardness Testing (HT) =re it A

Material Carbon Steel § b (P ;,;

- - 3 . A o o 0 ~

Test Method & Equipment \ $ ? b

. -

Technique ® Impact Load ~ Digital Readout O Impact Load - Ocular Viewing 3 < q\*g |

' Equipment @ Equotip D Impact Device g E} \1

I Readings Taken O Average of 5 readings ® Average of 3 readings O Other = EL zg 5 g

B M T o R bt —— . -2 Bt

Lscale O Brinell Hardness ® Hv Unit Setting: Jg B g

| Inspection .

|

l Description:  After PWHT Ser# 7468

- Parent | Parent
(__ Item # _De_sgnpt_ugn_of Test_l_\:ea l Material Hf\Z | Weld | HAZ Material |
Item 6/4 Weld #1 } 150 140 140 l 121 119 ,
- ; _ i | —

‘ Weld #2 148 137 137 t 119 124

| Weld #3 129 160 147 T 127 130

| =) ——— — e —— — — e S— - —— d.

| Weld #4 133 173 | 150 133 117

S S A — == S == =iy
Item 24/2 Weld #1 159 160 128 147 144
Weld #2 140 140 150 130 131
Weld #3 148 158 167 132 166
Weld #4 147 156 166 139 141
( KV Inspection Technician 120 October 2, 2013
Customer Representative Date 0CT 0 7 tudy




—

KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y6
Phone: 905-844-9448

Hardness Testing Report

HT

Specification — Acceptance Criteria

General Data

— ~ Fax: 905-844-6697
| Customer All-Weld Company
Location Scarborough, ON

Pl‘OjeCt
Procedure - KV HT# 35 Rev.OO

Technician l Frank Marunde

Date
P.O. #

Shop Order #
Worksheet #

October 2, 2013_

' HT Certified v

1176 PQ S/N 7468
137734 o
CGSB Reg #8885
Technical Data - Hardness Testing (HT)

’/’-Q'_

Material Carbon Steel - ]~
B — = _ e - - a4
| Test Method & Equipment gﬁ:miﬁ
' . ] *

Technique @ Impact Load — Digital Readout O Impact Load — Ocular Viewmgx g < \i\ﬁ

Equipment ® Equotip D Impact Device ;
| Readings Taken O Average of 5 readings @ Average of 3 readings O Other __E_zg é §
' X o - A S T 188 5.
| Scale O Brinell Hardness ® Hv Unit Setting: | 5 E°

Insp ection
Description:  After PWHT
L Parent | ' Parent
Item # Descir_lp_tlon (3f Iest Areé  Material ‘ HAZ ‘ Weld |I B HAZ  Material
| Ser# 7468 Nameplate bracket | 139 169 ! 197 | = i 146
{ i | -
| |
Davit bracket 150 | 175 i 137 143 ' 114
! 1 ' | 1'
Tailing lug 129 120 133 150 | 121
Vortex breaker 116 190 185 163 135
Item 19/2 133 136 132 163 132
Item 19/2 128 132 141 170 150
Item 22/2 131 166 145 196 180
Item 2/3 140 171 173 144 130
Item 21/2 118 122 149 N/A 144
| ' .
KV inspection Technician (,.f' 120 October 2, 2013
< 0CT 0 77013
Customer Representative ; Date




Customer Representative

KV Hardness Testing Report
Inspection Services Ltd. HT
1486 Wallace Road Specification — Acceptance Criteria
Oakville, Ontario L6L 2Y6
Phone: 905-844-9448
B Fax: 905-844-6697 _ ) - ’2 B
L o __General Data . i il LR
Customer  All-Weld Company Date October 2, 2013 =
Location Scarborough, ON P. 0. f#_ ‘
Project Shop Order # 1176 6 PQ S/N 7468 '
Procedure | KV HT# 35 Rev.00 Worksheet# | 37734 P
‘Technicii_a_n Frank Marunde J_H_T__Certlf'ed v CGSB Reg # 8885 a‘?_i
Technical Data — Hardness Testing (HT) a7 19
s —
Material Carbon Steel &3 A3
Test Method & Eqmpment 3 %‘E‘J‘:j
0
Technique ® |mpact Load — Digital Readout O Impact Load — Ocular Viewing gj E 3 ‘{%‘i,
Equipment @ Equotip D Impact Device :3 g z§ g
5 9
'Readings Taken | O Averageof 5readings @ Average of 3 readings O Other s} g_;g & |
]
Scale O Brinell Hardness ® Hv J_U"lt Settmg |
Inspection
Description:  After PWHT Ser# 7468
- Parent | f Parent
Item # ’I—J_efcrl_ptlon of TiSt Area | Material HAZ _ﬂeli | __FTZ Material
Item 23/2 Weld #1 153 159 138 155 147
o o S I ) | i -
Weld #2 133 143 149 136 143
Weld #3 134 169 180 I 134 149
[ Weld #4 128 148 140 138 155
. | N S | I B — |
Weld #5 138 140 153 174 160 |
Weld #6 135 147 179 191 164
Weld #7 160 153 152 174 156
Weld #8 144 150 163 181 167
i |
KV Inspection Technician 120 October 2, 2013
Date 0CT 07113
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H HY H STAINLESS TO
Welding Procedure Specification (WPS) CARBON STEEL
Customer
Work Order # @ Provincial Registration (WP G186.5
l @ Company
plams/ ALL-WELD COMPANY LIMITED Procedure Identification
nadress/ 49 PASSMORE AVE. | 14 PASSMORE AVE. WPS NO. 2-1 Revision No. 4
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Section IX Dale 14 April, 07
Postal Code ( PLANT 1) Postal Code ( PLANT 2) PQR No. 2
M1V-4T1 M1V-2R6
@ 1 SMAW Manual | X Semi-auto. Auto.
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints (QW-402)
Pesian SINGLE & DOUBLE V GROOVE Backing Material WELD METAL
Backing Yes No X Other NONE
Sketch
o 0
75 o 75 <
+5°—15° _._50_15/
| ]
40
p—
I T ——— 1 I 1
3/32" 21132 —>| |t—3r32":1r32" 3s2rraa2 —)‘ l(—am":mz" ALL FILLET WELDS
Base Metals  (QW-403) P.No. 8  GrNo. 1 to P,. No. 1 Gr.No. 1&2
or Specifications type and grade
SA-240, 304, 304L, 316, 316L & 310 + 321 to SA-36, 53, 105, 106, 181, 234WPB, 285 & 516
or Chemical Analysis and Mech. Prop. NONE
Thickness Range Qualified Total 1) 3/16"to 1 1/2"
Other 1) NO SINGLE PASS TO BE GREATER THAN 1/2"
@ Filler Metals (QW-404)
1. AWS No E309-16 RETURN ELECTRODES | SFA 5.4 F-No 5 A-No. 8 Dia. 3/32"&1/8"
2. AWS No. E309-16 TO THE OVEN EVERY 4 | SFA 5.4 F-No 5 A-No. 8 Dia. 5/32" & 3/16'
3. AWS No. HOURS SFA F-No A-No. Dia.
Flux Tradename NONE Electrode Flux Classification NONE
Consumable Insert NONE Other MAX DEPOSITED METAL 1 1/2"
Positions (QW-405) @ Postweld Heat Treatment (QW-407)
Position(s) of Groove ALL Temperature Range NONE
Welding Progression up Time Range NONE
Position(s) of Fillet ALL Other NONE
Other NONE




@ Gas (QW-408)
@ Preheat (QW-406) Shielding Gas Composition NONE
Preheat Temperature Min. SEE 'OTHER' Gas Flow Rate NONE
Interpass Temperature Max. 350°F Backing Gas Compasition NONE
Preheat Maintenance SEE 'OTHER! Trailing Shield Gas Composition NONE
Other NONE Other NONE
@ Electrical Characteristics and Technique (QW-409)-(QW-410)
Filler Metal Current
Weld Layer(s) Process — : - Travel Speed Range
Classification Diameter Type Polarity Amp. Range Volt Range
ROOT SMAW E309-16 3/32" DC RP 65-95 N/A N/A
ROOT SMAW E309-16 1/8" DC RP 90-120 N/A N/A
FILL SMAW E309-16 5/32" DC RP 120-160 N/A N/A
FILL SMAW E309-16 3/16" DC RP 165-195 N/A N/A
Tungsten Electrode Size and Type NONE
Mode of Metal Transfer for GMAW NONE
String or Weave Bead STRING

Method of Back Gouging

GRINDING OR ARC AIR GOUGING AND GRINDING TO SOUND METAL

Initial and Interpass Cleaning (Brushing, Grinding, etc.)

WIRE BRUSH OR GRINDING

Orifice or Gas Cup Size

NONE

Oscillation Width

NONE

Frequency

NONE NONE

Contact Tube to Work Distance

NONE

Multiple or Single Pass (per side)

SINGLE AND OR MULTIPLE

Multiple or Single Electrode

SINGLE

Electrode Wire feed speed range

NONE

Other

Preheat Requirements: When welding to or together for the thickness noted below the preheat requirements must be
followed. For P1 -Thickness and minimum temperature 0 to 3/4™ thick preheat to 50° F, 1" thick and up 200° F.

(3

Supplementary Comments

NONE

Company Representative Signature

LT AT

Date 14 April, 07

Stephen White Q.I.T

(
Registration of this Welding Procedure (Specification plus Qualification Record) is required pursuant to the provisions of Section 36 (1) \
of the Boilers and Pressure Vessels Act of Ontario.
The registration becomes invalid when any essential variable changes, or any requirement of the ASME Code Section IX, affecting

this procedure, is altered.



Ministry of Boilers and Tel (416) 965-4121 400 University Avenue
: ‘ Toronto, Ontario
. W Consumer and =~ Pressure Vessels M5G 1S5
( Commercial Branch o .
Ontario  Relations Technical Standards Divisioh e
o . PROCEDURE QUALIFICATION RECORD
T
PQR-2
Date_December 1,1981
_All-Weld Company Limited
(Manufacturer) 4 _(Address o
Weld Proc. Spec. No. P8XPIxXF5 Weld Process(es) ___ SMAW . Tyms_w%__
. . v . anual, Automatic)

JOINTS (QW-402) 750
& Ty
\

| YA -
; %a-’ll*t— 752

Groove Design Used

BASE METALS (QW-403)
Material Spec. __ SA240 & SA 285C

Type or Grade 304 & C.S.

P Na. 8 to P No. 1
Thickness 3/4"

Dlametar FLAT

At B — PSR ATEA

Other NFA W%—Wj@ﬁ%
nHLks YoLd LY

FILLER METALS (QW-404)

POSITION (QW-405)
FLAT

N/A

Position of Groove

Waeld Progression

{Uphitl, Downhill)

Other

g\

Weld Metat Analysis A No. - A8

Size of Electrode /8 x 5/32

Filter Metat F No. F5

SFA Specification SFA 5.4

AWS Classificaion ___E308-16 . —
Other N/A

PREHEAT (QW-406) )
Preheat Temp._JOo F A MR
Intarpass Temp. R3S0% F tMax

Other N/A

POSTWELD HEAT TREATMENT (QW-407)

Temperature J\) OoONE
Time N/A
Other N/A

L

GAS (Qw-408)

Type of Gas dy-Gam N/A

Compos|tion’of Gas Mixture N/A
Other : ' N/ A

ELECTRICAL CHARACTERISTICS {(QW409)

Current D.C

Potarity REVERSE ‘
Amps. 120 Volts ')'R‘ 3
Travel Speed 7-10 1pPM

Other N/A

TECHN(QUE {QW-410)

String or Weav;a Bead STRING
Ocillation . N/A -
Multipan. or Single Pass MULTIPASS

& r&E6. S

(per side)

Single or Multipls Elsqtrpdet ilNC;I.-E o o I A



TENSILE TEST (QW-150)

SPECIMEN ULTIMATE ULTIMATE CHARACTEHOF‘
NO WIDTH THICKNESS AREA TOTAL LOAD UNIT STRESS FAILURE & ¥
: LB, PSI LOCATION |
_AW-7=-5__ | _.755 .370 280 64,000 PARENT MET
AW-7-6 .. 155 350 1 .264 63,000 PARENT MET
GUIDED BEND TESTS (QW-160)
TYPE AND TYPE AND
FIGURE NO. RESULT FIGURE NO. RESULT
AW-7-1 SATISFACTORY AW=7=13 SATISFACTORY
AW=T7~2 SATISFACTORY ' AW=-7=4 SATISFPACTORY
TOUGHNESS TESTS (QW-170)
SPECIMEN NOTCH NOTCH |  TEST IMPACT LATERAL EXP. DROPWEIGHT
NO. LOCATION: TYPE TEMP, VALUES
% SHEAR MILS BREAK NO BREAK
" e _ |
| 1
|
- — . 1 T
i . _ |
|
!
Type of Test
Deposit Analysis
Other __
Weld Test WitnessedBy__Mr, J, Clark Tensite Test Made By_The Warnock Hersey Co.- Ltd

Authorized Inspector

Laboratory Test No.__7735/TP63/TP96

We certify that the Statements in this record are correct and
the test welds were prepared, welded and tested in accordance
with ASME Boiler and Pressure Vessel Code Section 1 X,

Onrjo

REGISTERED
UNDER THE AUTHORITY OF THE BOILERS
AND PRESSURE VESSELS ACT

WP.S.: e YE-T 9

SIGNED: ‘4/
DATE: /). 7 2 -8B/

Signed— ALL=WELD COMPAN’ it
anutacturer

. Q%m) (

¢ MCINTYRE /
Q A. SUPERVISOR/




Welding Procedure Specification (WPS)

CARBON STEEL

Customer
Work Order # @ Provincial Registration |WP T4-6¢60.5
’
' @ Company
Name/ ALL-WELD COMPANY LIMITED Procedure Identification
Address/ 49 PASSMORE AVE. , 14 PASSMORE AVE. WPS NO. 29.2 Revision No. 0
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Section IX Date 15 APRIL, 13
Postal Code ( PLANT 1) Postal Code ( PLANT 2) PQR No. 20X
M1V4T1 M1V-2R6
@ 1 GTAW Manual | X Semi-auto. Auto.
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints (QW-402)
Design  SINGLE , DOUBLE V GROOVE & FILLETS | BackingMaterial WITH OR WITHOUT WELD METAL
Backing Yes X No X Other  BACKING FOR SINGLE OR DOUBLE V GROOVE
Sketch
75°
+5° —15° 750
+5° —15
1
_J_
L & 3
2~ 12 —>| |(—-3r32"+ 1732 332"+ 132" ﬁI |H3r32"+ -
ALL ALLET WELDS
Base Metals  (QW-403) P.No. 1 Gr. No. 1 to P,. No. 1 Gr. No. 2
or Specifications type and grade
SA-333-GR 6 to SA-36, 53-B, 105, 106-B, 234 WPB,350-LF2 & 516-GR70
or Chemical Analysis and Mech. Prop. NONE
e Total 1)  0.300" TO 0.600" FOR IMPACTS 2) 0.062" TO 0.600" NON IMPACT
Other 1) NO SINGLE PASS TO BE GREATER THAN 1/2"
7 Filler Metals (QW-404)
1. AWS No ER70S-2 SFA 518  F-No 6 A-No. 1 Dia.  1/16"
2. AWS No. ER70S-2 PRODUCT FORM - SOLID | SFA 518  F-No 6 A-No. 1 Dia. 1/8"
3. AWS No. SFA F-No A-No. Dia.
Flux Tradename NONE Electrode Flux Classification NONE
et LU L NONE oL MAX. DEPOSITED METAL 0.600" THICK
8 Positions (QW-405) 9 Postweld Heat Treatment (QW-407)
Position{s) of Groove 1G TO 6G ‘Temperature Range 1175F + or-25F
Welding Progression uP Time Range 6.25 HR'S MAX
Position(s) of Fillet ALL Other NONE
Other NONE




@ Gas  (QW-408)
Preheat (QW-406) Shielding Gas Composition ARGON 99 9%
Preheat Temperature Min. SEE 'OTHER' Gas Flow Rate 8-12 CFH
interpass Temperature Max. 350°F 1Backing Gas Composition ARGON 99.9% T
Preheat Maintenance SEE 'OTHER' Trailing Shield Gas Composition 3-5 CFH —
Other NONE Other NONE
@ Electrical Characteristics and Technique (QW-409)-(QW-410)
Filler Metal Current
Weld Layer(s) Process — - - Travel Speed Range
Classification Diameter Type Polarity Amp. Range Volt Range
ROOT GTAW ER70S-2 1/8" DC SP 110-130 16-20 3TO6
FILL GTAW ER70S-2 1/8" DC SP 110-130 16-22 3TO6

Heat Input ( Per QW-409.1 ) = 57,200 j/in

Tungsten Electrode Size and Type 2% THORIATED TUNGSTEN
Mode of Metal Transfer for GMAW NONE
String or Weave Bead STRING

|Method of Back Gouging

GRINDING OR ARC AIR GOUGING AND GRINDING TO SOUND METAL [

Initial and Interpass Cleaning (Brushing, Grinding, etc.) WIRE BRUSH OR GRINDING

Orifice or Gas Cup Size 3/8" TO 5/8"
Oscillation NONE Width NONE Frequency NONE
Contact Tube to Work Distance 112" TO 1"

Multiple or Single Pass (per side) MULTIPLE

Multiple o Single Electrode SINGLE

Electrode Wire feed speed range NONE

oter  Preheat Requirements: When welding to or together for the thickness noted below the preheat requirements must be

followed Thickness and minimum temnerature 0 to 3/4™ thick oreheat to 5§0° F

@ Supplementary Comments

1) CHARPY V NOTCH IMPACT TESTED TO - 50 F 2) MACROETCH EVALUATION TEST

3) VICKERS HARDNESS TRANSFER TEST UNDER 248 HV10

Company Representative Signature W‘ Date 15 APRIL, 13

Robert C. Bentley C.E.T.

Registration of this Welding Procedure (Specification plus Qualification Record) is required pursuant to the provisions of Section 36 (1)
of the Boilers and Pressure Vessels Act of Ontario.

The registration becomes invaiid when any essential variable changes, or any requirement of the ASME Code Section IX, affecting
this procedure, is altered.



PROCEDURE QUALIFICATION RECORD (PQR)

(Reference: ASME Section [X)

1 T Company @ Provincial Registration WP T 4‘6‘6 D 5
3 J
Name / ALL-WELD COMPANY LIMITED
T > 3 Record Identification
\7-5/ 49 PASSMORE AVENUE
SCARBOROUGH, ONTARIO WP
i’ostai Code 29-2
Mi1]Vv]4]T] _
@ Welding Process(es) @ Groove Design used
1 GTAW Type MANUAL 750
2 Type o5 — 450 >/
3 Type
@ Base Metals (QW-403) |[ 7 !
PNo. 1 GrNo. 1 to P.No. 1 GrNo. 2 | -1“— a)s [
Specification Tensile " " _4 L_
332" 21132 : o .
SA-333-GR6 60,000 psi T amraAm
SA-350-LF2 70,000 psi
Thickness " Diameter Postweld Heat Treatment /
0.300 -
Other NONE Temperature 1175 F +or-25F
@) Filler Metals @w-a0s) | | 5 HOURS
Classification (AWS) SFA-No. F - No. A - No. Other NONE
ER70S-2 5.18 6 1 (1) Gas ( QW-408 )
Shielding Gas Composition ARGON 99.9%
Gas Flow Rate 8- 12 CFH
Other NONE Backing Gas composition ARGON 99.9%
Positions  QW-405 Gas Flow Rate 8 - 12 CFH
Position(s) of Groove 6G Other NONE
Welding Progression Up D Down D @ Technique (QW-410)
Other NONE String or Weave Bead STRING
@ Preheat (QW-406) (s L NONE
Preheat Temperature  Min 50°F Multipass or Single Pass (per side) MULTIPLE
Interpass Temperature Max 350°F Single or Multiple Electrode SINGLE
Other NONE Other NONE
@ Electrica! Characteristics and Technique (QWwW-409) + (QW-410)
Filler Metal Current
Wl CILE FCE Classitication Diameter Type Polarity Amp Volt MO
ROOT GTAW ER70S-2 116" DC SP 130 20 3
FILL GTAW ER70S-2 1/8 " DC SP 130 22 4




Tensile Tests Reference:
Specimen Dimensions in Inches Area Uitimate Total Load Ultimate Unit Stress | Character and Location
P Width Thickness. in Inches? in Foot Pounds in PSI of Failure
T1 0.504" 0.287" 0.145" 9,598 66,500
T2 0.504" 0.299" 0.151" 9,550 63,500 All coupons failé
a ductile manne:
the base metal
@ Guided Bend Tests Reference:
Specimen { Face { Root | Side Result Specimen | Face | Root | Side Result
$1 X ACCEPTED s3 X ACCEPTED
S2 X ACCEPTED S4 X ACCEPTED
@ Toughness Tests Reference:
Specimen Notch Location Notch Type TSpecimen Impact Value StSrEspansion LicPIeioh
emperature Shear Mills Break No Break
1 HAZ SA-333-GR6 | V NOTCH -50 F 133 ft-lbf 100 76
2 HAZ SA-333-GR6 | V NOTCH -50 F 168 fi-lbf 100 74
3 HAZ SA-333-GR6| V NOTCH -50 F 171 ft-lbf 100 78
1 WELD V NOTCH -50F 129 ft-1bf 100 79
2 WELD V NOTCH -50 F 163 ft-Ibf 100 84
3 WELD V NOTCH -50 F 164 ft-lbf 100 86
1 HAZ SA-350-LF2 | V NOTCH 50 F 155 ft-lbf 100 81
2 HAZ SA-350-LF2 | VNOTCH -50 F 152 fi-1bf 100 74
3 HAZ SA-350-LF2 | V NOTCH -50 F 97 ft-ibf 100 90
. Reference:
@ FUEBL AL AT Heat Input ( Per QW-4091 ) = '57.200" /
Result - Satisfactory Yes I:I No D Penetration Into Parent Metal Yes D No L_.J
Macro - Results
Other Tests Refarence; WP-T4660. 5
1) MACROETCH EXAMINATION PER LAB REPORT 638502-13 (ReportA) _—~%
2} NACE MR0175/ISO 15156-2:2009/CIR..2011{E} VICKERS HARDNESS PER LAB REPORT 638502-13 { Report B )
;—1/—0,’:! =3, 2dl3
Welder's Name Hafeez Mirza Stamp No 53

637459 ~13 £~
§37260-13, 638500-2013, 638501-2013,
638457-2013, , 638502-13 (Report A}

Tests conducted by CAMBRIDGE MATERIAL TESTING LTD. Laboratory Test No 638502-13 (Report B)

We certify that the statements in this record are correct and that the test welds were prepared, welded and tested in accordance
with the requirements of section 1X of the ASME Code. '}'—'—l /{e( M(‘?L( (;: oc;pucf f:s‘c:w Sﬂréq/

'z&’ Zq - 2'////" A
Company Representative's Signature

Date 15 April, 2013
21

Samples Welded on

ROBERT C. BENTLEY, CE.T

Department Use only

Inspector

Record verified on Inspector




VVEIULIY FIUCEUUre SpesHivauull (vwro) varoon Steer

Customer :
Work Order # ( > Provincial Registration |WP _. —
l @ Company ! 4-6 53- 5
i ALL-WELD COMPANY LIMITED @ Procedure Identification
aqaress/ 49 PASSMORE AVE. | 14 PASSMORE AVE. WPS NO. 52.2 Revision No. 0
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Section IX Date 98 APRIL, 13
Postal Code ({ PLANT 1) Postal Code ( PLANT 2 ) PQR No. 52X
M1V-4T1 M1V-2R6
@ 1 SMAW Manual | X Semi-auto. Auto.
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints (QW-402)
Design DOUBLE V GROOVE Backing Material WELD METAL
Backing Yes No X Other NONE
Sketch
s 19° N
\+ 5° — 15
L
#Lﬁ :
"y (1]
Rz —’l |‘— 332" 21132" ALL FILLET WELDS
Base Metals  (QW-403) P.No. 1 Gr. No. 2 to P.. No. 1 Gr. No. 2
or Specifications type and grade
SA-516-GR 70N to SA-516-GR 70 N & SA-350-LF2
or Chemical Analysis and Mech. Prop.
Thickness Range Qualfied Total 1) 5/8"to 8" for Impact use 2) 3/16" to 8" Non Impact use
Other 1) NO SINGLE PASS TO BE GREATER THAN 1/2"
(7) Filler Metals (QW-404)
1. AWS No E7018-1H4 SFA 5.1 F-No 4 A-No. 1 Dia. /8"
2. AWS No. E7018-1H4 SFA 5.1 F-No 4 A-No. 1 Dia. 3/16"
3. AWS No. SFA F-No A-No. Dia.
Flux Tradename NONE Electrode Flux Classification NONE
Consumable Insert NONE Other MAX DEPOSITED METAL 8 "
Q Positions (QW-405) @ Postweld Heat Treatment (QW-407)
Position(s) of Groove 1G TO 6G Temperature Range 1175 +25°/-0°F
felding Progression UP Time Range - \mMpACT TEST 6 1/2 HRS AND PER CODE FOR NON IMPACT]
Position(s) of Fillet ALL Other
Other NONE




QU Gas (QW-408)
@ Preheat (QW-406) Shielding Gas Composition NONE
Preheat Temperature Min. IMPACT TEST 200° E/ NON 100° F Gas Flow Rate NONE
Interpass Temperature Max. 350° F Backing Gas Composition NONE
Preheat Maintenance IMPACT TEST 200° F/ NON 100° F Trailing Shield Gas Composition NONE ]
Other NONE Other NONE
@ Electrical Characteristics and Technique (QW-409)-(QW-410)
Filler Metal Current
Weld Layer(s) Process - - Travel Speed Range
Classification Diameter Type Polarity Amp. Range Volt Range
ROOT SMAW | E7018-1H4 1/8 " DC RP 100 - 150 21-25 5-10IPM
FILL SMAW | E7018-1H4 3/16 " DC RP 200 - 275 21-25 5-10IPM
Max Heat Input ( Per QW-409.1 ) = 79,200 j/in
Tungsten Electrode Size and Type NONE
Mode of Metal Transfer for GMAW NONE
String or Weave Bead STRING

Method of Back Gouging

GRINDING OR ARC AIR GOUGING AND GRINDING

tnitial and Interpass Cleaning (Brushing, Grinding, etc.)

WIRE BRUSH OR GRINDING

Orifice or Gas Cup Size

NONE
Oscillation NONE Ll NONE Frequency NONE
Contact Tube to Work Distance NONE
Multiple or Single Pass (per side) MULTIPLE
Multiple or Single Electrode SINGLE
Electrode Wire feed speed range NONE
Other NONE

©)

Supplementary Comments

NONE

.Company Representative Signature

@//MM Date 08 APRIL, 2013

" Robert C. Béntley C.E.T.

Registration of this Welding Procedure (Specification plus Qualification Record) is required pursuant to the provisions of Section 36 (1)
of the Boilers and Pressure Vessels Act of Ontario.
The registration becomes invalid when any essential variable changes, or any requirement of the ASME Code Section IX, affecting

this procedure, is altered.



FRUCVEDURKE WUALIFIGAITIUN REVLURKUD (FWK)

(Reference: ASME Section (X)

Poslal Code

Ml1]V][4]T|1

Welding Process(es)

O

1) Company @ Provincial Registration P ..r 4_ 6 5 3 5_
pame / ALL-WELD COMPANY LIMITED ’
rY— 3 Record ldentification

ress 49 PASSMORE AVENUE ERELT "
) 52-
SCARBOROUGH, ONTARIO TES R 50

©

Groove Design used

1 SMAW Type MANUAL
2 Type 75° N
3 Type \+ 5° —15 /
@ Base Metals (QW-403) l
P No. 1 Gr No. 2 to P. No. 1 Gr No. 2 % %
Specification Tensile 37327+ 132"
SA-516-GR70N 70,000 psi L—W“‘ 2" L FrLET LS
Thickness " Diameter Postweld Heat Treatment /
Gz NONE
Other NONE Temperature 1175 F +or-25F
@ Filler Metals @w-os) [ [ 5 HOURS
Classification (AWS) SFA-No. F - No. A - No. Other NONE
E7018-1H4 5.1 4 1 (1) Gas (Qw-408)
Shielding Gas Composition NONE
Gas Flow Rate NONE
Other NONE Backing Gas composition NONE
Positions QW-405 Gas Flow Rate NONE
Position(s) of Groove 3G Other NONE
Welding Progression Up . Down I:l @ Technique (QW-410)
Other NONE String or Weave Bead STRING
) Preheat (Qw-406) Oscillation NONE
Preheat Temperature  Min 200°F Multipass or Single Pass (per side) MULTIPLE
Interpass Temperature Max 350°F Single or Multiple Electrode SINGLE
Other NONE Other NO SINGLE PASS GREATER THAN 1/2"
@ Electrical Characteristics and Technique (QW-409) + (QW-410)
Filler Metal Curent
R —— Classification Diameter Type Polarity Amp Volt Lo
ROOT SMAW E7018-1H4 1/8" DC RP 150 24 5
FILL SMAW E7018-1H4 316" DC RP 275 24 5




L]

Qf) Tensile Tests [‘“""""‘"
Specimen Dimensions in Inches Area Ultimate Total Load Ultimate Unit Stress | Character and Location
P Width Thickness. in Inches? in Foot Pounds in PSI of Failure
T2A 0.750" 1.114" 0.836" 60,281 72,000
128 0.752" 1.220" 0.917" 64,554 70,500 Al coupons failed
T5A 0.750" 1.185" 0.889" 63,442 71,500 ductile manner in (
T58 0.751" 1.150" 0.864" 62,000 72,000 weld metal )
@ Guided Bend Tests Reference:
Specimen { Face | Root | Side Result Specimen | Face | Root | Side Result
S1 X ACCEPTED Ss3 X ACCEPTED
S2 X ACCEPTED S4 X ACCEPTED
Toughness Tests Reference:
Specimen Notch Location Notch Type TSpecimen Impact Value Sl Expansim.\ Drop Weight
emperature Shear Mills Break No Break
1 Weld ( 1/16" below) { V NOTCH -50 F 186 ft-Ibf 80 81
2 \Weld ( 1/16" below | V NOTCH -50 F 125 ft-Ibf 60 80
3 \Weld ( 1/16" below | V NOTCH -50F 19 ft-Ibf 20 10
1 HAZ V NOTCH -50F 152 ft-Ibf 80 81
2 HAZ V NOTCH -50 F 111 ft-Ibf 60 74
3 HAZ V NOTCH -50 F 107 ft-lbf 60 67
1 Weld ( 1/4t opposite) | V NOTCH -50 F 83 ft-Ibf 30 59
2 Weld ( 1/4t opposite) | V NOTCH -50F 28 ft-Ibf 20 14
3 Weld ( 1/4t opposite) | V NOTCH -50 F 136 ft-Ibf 60 79
. Reference:
@ AL LR Heat Input ( Per QW-409.1) = 79,200 j/in_|
Result - Satisfactory Yes Penetration Into Parent Metal Yes ;

NOD

D No ,\

Macro - Results

Other Tests

Reference:

1) MACROETCH EXAMINATION PER LAB REPORT 637267-13 ( Report A )

2} NACE MR0175/ISO 15156-2:2009/CIR..2011{E} VICKERS HARDNESS PER LAB REPORT 637267-13 ( Report B )

Welder's Name

Steve Liew

Stamp No. 90

Tests conducted by

CAMBRIDGE MATERIAL TESTING LTD.

637260-13, 637264-2013, 637265-2013,

637266-2013, , 637267-13 (Report A)
Laboratory Test No, 637267-13 (Report B)

We certify that the statements in this record are correct and that the test welds were prepared, welded and tested in accordance
with the requirements of section IX of the ASME Code.

Company R?‘

_M%%// Date 8 April, 2013

presentative's-Bignature——e

Aee G, 2903

Technlcal T ROBERT C. BENTLEY, GE.T.
| Standards Boilers anfl '
21 | :\Iuthorlty Safety pm@pnrtment Use only
Samples Welded on Inspector
REGISTERED
Record verified on = inspector
[N O M B P A e W el =]
IWES bl e S353 f’
R €2-X
dionn Sl e -
Fs v2-2



Welding Procedure Specitication (Wwro) CARBON STEEL

Customer
Work Order # @ Provincial Registration |WP P659.5
l @ Company
iamme! ALL-WELD COMPANY LIMITED @ Procedure Identification
address) 49 PASSMORE AVE. | 14 PASSMORE AVE. WPS NO. Revision No.
PLANT 1 PLANT 2 SAW-3-2 6
SCARBOROUGH, ONTARIO Code Section IX Date 27 March, 13
Postal Code ( PLANT 1) Postal Code (PLANT 2) PQR No.
M1V-4T1 M1V-2R6 SAW-3
@ 1 SAW Manual Semi-auto. Auto. | X
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints (QW-402)
Design DOUBLE V GROOVE Backing Material WELD METAL
Backing Yes No X Other NONE
Sketch
o
s 1D
+§5° — 15
i
o g :
3!32“’152“ 4 L3I32ll+1;32ll
FLAT POSITION FILLET WELDS
Base Metals  (QW-403) P. No. 1 Gr. No. 2 to P,. No. 1 Gr. No. 2
or Specifications type and grade
SA-516-GR 70 to SA-516-GR 70
or Chemical Analysis and Mech. Prop. NONE

Thickness Range Qualified Total 1) 5/8"TO 8" for Impactuse 2) Non Impact use 3/16" to 8"

Other 1) NO SINGLE PASS TO BE GREATER THAN 1/2"

(7) Filler Metals (QW-404)
1. AWS No EH11K SFA 5.17 F-No 6 A-No. 1 Dia. 0.15625
2 AWS No. EH11K SFA 517 F-No 6 A-No. 1 Dia. 0.125
3 AWS Ne. SFA F-No A-No. Dia.

Flux Tradename Electrode Flux Classification

LINCONWELD 880M E7P6-EH11K-HB
Consumable Insert NONE Other MAX DEPOSITED METAL 8"
Positions  (QW-405) (10) Postweld Heat Treatment (QW-407)
Position(s) of Groove 1G Temperature Range 1150 F -0 +25 F
Welding Progression UP
Time Range : for Impact use 2 1/2 Hours Maximum Time Limit

Bostticn(s) of Fillet FLAT

Time Range : per ASME

Other

1F




A Gas  (QW-408)
@ Preheat (QW-406) Shielding Gas Composition NONE
Preheat Temperature Min. 200° F Gas Flow Rate NONE
Interpass Temperature Max 300° F Backing Gas Compaosition NONE 5
| -
~reheat Maintenance & Tacking 200° F Trailing Shield Gas Composilion NONE
Other NONE Other NONE
12 ) Electrical Characteristics and Technique (QW-409)-(QW-410)
Filler Metal Current
Weld Layer(s) Process — — - Travel Speed Range
Classification Diameter Type Polarity Amp. Range Volt Range
ROOT SAW EH11K 0.1562 DC RP 745-750 30-32 18 IPM
FILL SAW EH11K 0.1562 DC RP 745-750 34-35 18 IPM
or
ROOT SAW EH11K 0.125" DC RP 450 - 550 33-35 20-25
FiLL SAW EH11K 0.125" DC RP 450 - 5650 33-35 20-25
Heat input ( Per QW-409.1 ) = 87,500 j/in Maximum
l I [
Tungsten Electrode Size and Type NONE
Mode of Metal Transfer for GMAW NONE
String or Weave Bead STRING
Melhod of Back Gouglng GRINDING OR ARC AIR GOUGING AND GRINDING
1itial and Interpass Cleaning (Brushing, Grinding, etc.) WIRE BRUSH OR GRINDING ) |
Orifice or Gas Cup Size 3/4"
Oscillation NONE Width NONE Frequency NONE
Contact Tube to Work Distance 'K
Multiple or Single Pass (per side) MULTIPLE
Multiple or Single Electrode SINGLE
Electrode Wire feed speed range 60 IPM
Other Preheat Requirements for welding and tacking : See Section # 9
@ Supplementary Comments
1) NACE MR0175/ISO 15156-2:2009/CIR.1:2011 Per Laboratory No. 636744-13
2) Macroetch to ASTM E3-11 Per Laboratory No. 634810-13
Company Representative Signature QW Date 27 March, 13

Robert C. Bentley C.ET.

Registration of this Welding Procedure (Specification plus Qualification Record) is required pursuant to the provisions of Section 36 (1)
of the Boilers and Pressure Vessels Act of Ontario.

The registration becomes invalid when any essential variable changes, or any requirement of the ASME Code Section IX, affecting

this procedure, is altered.




QW-483 SUGGESTED FORMAT FOR PROCEDURE QUALIFICATION RECORD (PQR)
(See QW-201.2, Sactizn 1X, ASME Boiler and Pressure Vessel Code)
Record Actual Conditions Used to Weld Test Coupon.

Company Neme___ALL-WELD CO. LTD., 49 PASSMORE AVE., SCARBOROUGH, ONTARIO, MIV 4Tl

Procedure Qualification Record No.___ SAW-3 bse_ OCT. 10, 1991
WPS No. SAW-3-1
Welding Process{es) SAW

Types {(Manual, Automatic, Semi-Auto.) AUTOMATIC

JOINTS (Qw-402)

50
€ Electrode

Q_Seamq.\ 5/32~

o

1-1/2 = 2.9/27

|

Back gouge Bfter\lﬁ \—Q Last

weiding first side

Groove Design of Test Coupon
{For combination qualifications, the deposited weld metal thickness shall be recorded for each filler metal or process used.)

__B—rl\SE METALS (QW-403) POSTWELD HEAT TREATMENT (Qw-4n7)
Material Spec. SA516-70 Temperature 110°F
Type or Grade Time 2 HOURS
P-No.___ 1 to P-No. 1 Other ,
Thickness of Test Coupon 2 " |
Diameter of Test Coupon _EPLATE
Other NONE -
GAS (Qw-408)
Percent Composition
Gasles) {Mixture) Flow Aate {
Shielding NONE '
1 Trailing NONE i
FILLER METALS (QW-404) Backing NONE
SFA Specification 5.17
AWS Classification F7P6-EHLIK ELECTRICAL CHARACTERISTICS (QW-409)
Filler Metal F-No. 6 Current DC
Weld Metal Analysis A-No. 1 Polarity__ POSITIVE (REVERSE)
Size of Filler Metal 5/32 Amps. ____ 145750 vois____30-34
Other R ,é//l/(fﬂ,éﬂ/ SE0H ‘ ";t:::rszen Elelt\:ItécIJ\]dE Size
Deposited Weld Meztal
POSITION {QW-405) TECHNIQUE (QW-410)
Position of Groove FL A’T Travel Speed 18' P.M,
Weld Progression (Uphiil, Downhill} String or Weave Bead __S LRLNG
Other Oscillation NONE
Multipass or Single Pass (per side) MULTZPA-SS‘
Single or Multiple Electrodes SINGLE
PREHEAT (QW-406) Other NONE
Preheat Temp. 200°F
Interpass Temp. 300°F
Other MAINT: 200°F
{12/86) This form (E00007) may be obtained from the Order Dept., ASME, 345 E. 47th St., New York. N {"’,3:7



Qw483 (Back)

PAR No.
Tentile Test (QW-150)
Uitimate Uitimate Typeof |
Specimen Total Load Unit Stress Failure &
No. Width Thickness Area ib psi Location
T2A .932 .758 .708 54,500 77,185 DUCTILE IN BASE ™
T2B .904 .752 .608 52,600 77,352 5 " "
TSA .873 .755 .659 50,500 76,631 " "
TSB .916 .739 .677 53,000 78,286 " "
Guided-Bend Tests (QW-160)
Type and Figure No. Result
SIDE BEND 3/8" X 2" X 11 ] BEND AROUND _
[ . " 1 1/2" D. PIN |NO CRACKS OR OPEN DEFECTS GREATER
" " 180° THAN 1/8" —]
" 14 J
Toughness Tests (QW-170)
Specimen Notch Notch Test Impact Lateral Exp. Drop Weight o
No. Location Type Ternp. Values % Shear Mils Break No Break |
1 WELD 1/16 | CHARPY | -50°F 51.6 10 146
2 | WELD 1/16 | CHARPY | -50°F |62.3 10 159 |
3 | WELD 1/16 | CHARPY | -50°F |85.6 20 171
i | WELD MIDYW | CHARPY [ -50°F 45.7 10 34
2 WELD MIDW | CHARPY | -50°F 60.5 10 46
3 | WELD MIDW | CHARPY |-50°F |79.7 L 20 161
1 HAZ, | CHARPY | -50°F 60.5 1 40 125
2 | HAZ. CHARPY | -50°T 140.1 | 90 88
3 | HAZ. | CHARPY | -50°T 143.1 90 190
REGISTERED
Other Tests UNDER THE AUTHORITY OF THE BOILERS
AND PRESSURE VESSELS ACT
Type of Test NONE
Deposit Analysis NONE
Other NONE
Welder's Name ROBERT DTAS Clock No. __ D4} StampNo. __8

Tests conducted by: C At BRIDG(E TesSTING SepuesS Limitep Laboratory Test No. 67507-91

We certify that the statements in this record are correct and that the test welds were prepared, weided, and tested in accordance with the
requirements of Section iX of the ASME Code.

ALL-WELD CO. LTD.

oy

By 7 QC MANAGEPR
P 4K 4
C;‘Wrallve only and may be modified to conform to the type and nénber of tests required by the Code.}
Oer. 1€ 173/

DATE

Manufacturer

owe _ CTF1570)

{ thof record of tests

/.
AUTHORIZED INSPECTOR



HOBART BROTHERS

L Ps Z2-| PU | 3-cAC5
Lu-0- 1173 P&

MeKay

CERTIFICATE OF ANALYSIS

CUSTOMER: EXOCOR €/O USF HOLLAND BUFFALQ P.O. # 021702

MARKED FOR:
PACK SLIP\ORDER #: A503500
LBS SHIPPED: 60

DATE: 5[712013 2:14:09 PM
WORK ORDER:

PRODUCT TYPE: STERL AP 309/308L /8 10 CAN
LOT NO: 23R0568
SPECIFICATION: AWS AB.4,/ASME SFA 5.4

STOCK NUMBER: $483944-033
HEAT NO: 743678
CLASS: E309/309L-16

ACTUAL CHEMICAL ANALYSIS (%)

c
Mn
[
s
S1
Cu
Cr

0.028 «
1.060
0.034
0.007
0.534 ~
0.114 -
22.853 ~
12.983 v
0.120

This material has not coms in contact with mercury or mercury containing compounds.

Measured FN: 9
Delong FN: 13
Schaeffler: 9

TYPICAL MECHANICAL PROPERTIES
Tensile 83,000 psi ( 575 Mpa)
Yield 66,000 psi ( 455 Mpa)
Elongation 46

Filler Metals Quality Assurance

Hobart Brothers
400 Trade Square
Troy, Ohio 45373

Authorized Signature :

e,

Brian Simpson, Q.A. Technician

Certification and Limited Warranty - Data for the above supplied product are those obtained when welded and tested in
accordance with the above specification. All tests for the above classification were satisfied. Other tests and procedures may
produce different results. Hobart Brothers produces welding consumables under continuing quality assurance programs
audited and approved by the American Bureau of Shipping ("ABS").




T Y //7}/7@\

weg 2~
e Y
HOBART BROTHERS et

CERTIFICATE OF ANALYSIS

CUSTOMER: EXOCOR % USF HOLLAND BUFFALO  P.O. #: 021769 .
MARKED FOR: DATE: 5/21/2013 7:33:38 AM
PACK SLIPORDER #: AT841/00 WORK ORDER:

LBS SHIPPED: 60

PRODUCT TYPE: STERL AP 309/309L 1/8 16 CAN STOCKNUMBER:  $483044.033
LOT NO: 29R048 HEAT NO: 744973
SPECIFICATION: AW AS.4,/ASME SFA 54/ CLASS; E308/300L-16 /

ACTUAL CHEMICAL ANALYSIS (%)
¢ 0032/
Mn 1.088 v
P 0.020/
8 0.008/
a8t 0.57
Cu  0.070 /
cr 22722/
NI 12736 /
Mo 0147/
This meterial has not come in contact with mercury or mercury oontaining compounds.

Measured FN: 10
Delong FN: 13
Schaeffler: 9

TYPICAL MECHANICAL PROPERTIES
Teasile 83,000 psi ( 575 Mpa)
Yield 66,000 psi { 455 Mpa)
Elongation 46
Filler Metals Quulity Assurance

Hobart Brothers
400 Teade Square
Tray, Ohio 45373

Tiw Wagner, Q.A. Technican .
Certification and Limited Warraaty - Data for the abave supplied product are those obtained when welded aad tested in
accordance wich the abave specification. All tests for the above classification were satisfied. Other tests and procedures may
produce different results. Hobart Brothers produces welding consumables under continuing quality sssurance programs
audited and approved by the American Bureau of Shipping ("ABS™).

Authorized Signature ;




-

HOBART BROTHERS

JSTOMER!
MARKED FOR:
PACK SLIP\ORDER #
LBS SHIPPED:

PRODUCT TYPE!

CERTIFICATE OF ANALYSIS

.U I
() PS

L ()3 FO-
MeKay

CPG P.O # 59751
DATE: 712412012 8:42:12 AM
44941/01 WORK ORDER:

{1

STERL AP 309/309L 5/32 10 CAN STOCK NUMBLER- S483951-033
LOT NO: 26P006 HEAT NO 740749
SPECIFICATION: AWS AS5.4,/ASME SFA 5.4 CLASS: E309/309L-16

NCTUAL CHENMICAL ANALYSIS (%)

C 0.028
Mn  1.102
P 0.021
S 0.005
St 0.647
Cu 0.048
Cr 22454
Ni 12.309
Mo 0.070

fing matenal has not come in contact with mercury or mercury contaming compaunds .

Measured FN: 9
Delong FN: 14
Schaeffler: 10

FYPICAL MECHANICAL PROPERTUS
Tensile  83.000 psi ( 575 Mpa)
Yield 66,000 psi (455 M
blongaton 46
Fidler Mutals Quality Assurance

tHobut Brothery
A0 Trade Square
Trox, Ohip 43373

ﬁ./«.r’. .

Authorized Signature :

Brian Simpson. Q.A. Technician

veartfication and Lienled Warranty - Data for the ghove suppiked product are those abtained whan vwolded sud 0sted i sccordance with the atave spaciicaton. Al tests for
thez above classification wera satisfied. Other tests and procedues miay produce ditferent recalts Hobart Biathers praduces walding consumiabios under cantinuirig nnality
ISEUHNCE [HDGrams udted and approvad by e Amnenican Burezu af Shipping 2087
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Covered electrodes D X 450mm 20kg (4N S.014g)
Electrodes erwobées 18° Hb (4AXI1D )
BLU2971712 0% o L 7
AW AL VADNMEDIADL E/VIO-L-Tkt

LOT#: 030515A3 (gr. FNo. 4. an. A No 1)
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(218) 481-8100 LINCOLNE

THE LINCOLN ELECTRIC COMPANY

PRODUCT CERTIFICATE
LINCOLNWELD 880M FLUX

The product named above and supplied on the referenced order number is of the same manufacturing process, and
materlal requirements as the material which was used for the tests and calculations, the resuits of which are shown
below. This certificate complies to the requirements of EN 10204, Type 2.2.

e Basicity Index

B.l*=33

*Calculated using Boniszewski formula shown below

B.l. = 0.5 (FeO + MnQ) + CaO + MqO + Na,0 + K.O + CaF,
SiOz + 0.5 (TiOz + ZrO, + Al;03)

Flux Sizing Distribution*

+20 MESH 54% Maximum
-20 +60 MESH 35% Minimum
-60 MESH 11% Maximum

*U.S. sieve number per ASTM E11-04
Flux Composition (Based on Elemental Values Determined by X-Ray Fluorescence)

Na;O 1% SiO2 12% MnO 1%
MgO 29% CaO 8% K20 1%
Al;Oq 18% CaF, 29%

Density (g/cm®): 1.2

Flux Classification: EN 760 - S AFB 1 )

Cert No. F880M
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Technical Standards and Safety Act .
Bonlars and Prossura Vassels Raquiation No. ) 3 7 q ﬂ '1

GREER RBN | Mol Aun . 9

B3S MwnTAW A RD. PETEREORVGH, INT, m T.8.K2|

AUL-WELD COMPANY LIMITED
9 Phssmre Ave,

Sopmayen. . Duruo

Bnolllt;ﬂll(l) SA 106 —B FSA 106 —:B

| “Provine sl ann-.mallon No

J74S.5

\ L ompany PQR No

! 20

| Company WPS Ne used
atan e

,,,.(.,l",?ﬂ' | 20.—| . -

0.2/8"

Thickness{ss)

Variables for All Processss

Actual Vatues Range Qualilied

Racling matenal lmnlnl waid metal, welded |mm both sides flux, sic )
ASME P or 5 Nu 1o ASME P or S No

( ) l’lale { & ) Pipe (untar tiameter i pipe)
fller Melnl Specification (SF A} Class (QW-404) (Informational Only)
Consumable Insert lor GTAW or PAW (QW-404)

Walkding Position {1G, 5G, atc ) (QW-405)

] \AEEILIZLJAIIH&L

W -
w Pl mum%f,] 341 PRX PL. 2
72/ op. %}:&4_4 _

(.:.1 -108-3

6Gr & Gr

Manua! or Semi-automatic Variables (QW-350) Actusl Values Range Qualilied
Filler Metal F- No. (QW-404} 6 | T

Filler Metal Product Form lor GTAW, PAW (QW-404) - -

Weld deposn 358 lor each g p (QW-404) Q.Zl&‘ %é. To D.BL"MA,X'
_Pmcess 1 3 layers mimmum _X Yes No 3 -

Procass 2 3 layers rminimum Yes No — - g

ngrassnon {uphilidownhiil} (QW-405)

LGTAW. PAW o GMAW baciing gas; or OFW tuel qus (QW 408)

GMAW lranstu mode {spray/globular or pulse to short circuit) (QW 409)

mnﬂéﬂ;? %o AR@N 99.9 Z B

GTAW welding current type & polanty (AC, DCEP. DCENYQW-409)

Sc/sp bc/sr -

Machine Weiding Variables [QW-361-2) 4 Actual Values Range Qualified
Dwect or remote visual control - -

Automatic a-rc »-/olmgs-x:t')r-\l:z;l(TlAW) - - R

Autoinatic joint tracking — - e

Muiuple or single pass per side -—— ——

Automastic Welding Varisbles (QW-381-1) Actusi Values Range Qualified
Filler matat (EBW or LBW) e -—

Lasar type for LBW (CO3 lo YAG elc) - ———

(Continuous dnve or Inerma welding (FW) N -

Vacuum or owlofvacuum (EBW) —- _

Note: Values in “Range Qualified™ are valid only when used with a Qualified Welding Procedure.

RESULTS

Visual Examination of Completed Weld (QW-302.4y _ ACCEPTED

){Bend test: x Transverse root and tace [QW-462.3(a)};
Pipe bend speciumen, cofrosion-resistant overlay [QW-462 5(c)},

Macro test for fusion [QW-462.5(b)},

Longitudinal root and face [QW-462 3(b)[, Side (QW-462.2),
Plate bend specimen. corrgsion-resistant overlay [QW-462.5(d));

Macro lest for tusion [QW-462 5(e))

Type Resuit Type Resuit Type Resuit

RodT PTED| FACE |[ACCEPIED

RoOOT CCEPIE)] FACE [ACCEPTED
Alternative radiographic examination results {QW-191) -
Fillet weld — fracture test (QW-180) _ _ - Length and percent of defects - o
Macro examination (QW-184) - Fillet size (in.) - 3 =— ___ Concavity/convexity {in.) - - I
Other tests - o
Film or specimens evaluated by Company -

Mechanical tests condumedx AL,L_
Welding supervised by

_U EL CD MBM_L_’_M_[E_)_ _____ _ Laboratory test no, ™=
NDREW LEW 1S

Test requested by (Pnnt name) D C— .

ested at (Print address) mumfmrb”

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the requirements

of Section IX of the ASME Boiler and Pressure Vessel Code.

Orgamzanon A’ LL— “ (= L‘) @MPMV U M ”a Signature

RN £

FOR TSSA INSPECTOR USE ONLY

The Welder namec above has passed the welding test required under Ontario's Technical Standards and Safety Act, Boilers and Pressure Vessels
Reguiation and 1s herepy althorized. subject to the limitations of s certificate.

Check (v) 2appiicable box below

IX To wald for the Employer named abcve only
_ For seeking emnirvmen: anly

)\L\\H\\Z SoM - ONTOUR R

i~sgector Name and Number (Print}
PY0830714.07)

This Certificate expires: (P -2 [\'i&\ (3 .

ATy
\l
’>'"5_5"’:££9



@ Tectniest L4 Fgr - Cona Toues Welder/Welding Operator Certificate
L

S Setety Mttt o s T Presa. o Vppasis Repuiation No. 257506

“WeldersLastNeme Tinkiel  Firet Name A . T Stamp Na.

VALENCIA CESAR /C( QLI “

Res. Address PMFOGO Provincial Registration Na.

25 RUBEN STREET WHITBY , ONTARIO L, R|0 AT e .
| gwase B R:M0S

Employer Name Company POR No.

Strest Address I8

48 PASSMORE AVE c y WPS No.used
Postal Code

SCARBOROUGH , ONT M1 VT ]
WeidingProoses(ss)Ussd  SMAW [/lmanuet [ |mechine [_|semt ] sutomatie
BassMaterieie) SA-240-304 TO SA-340-304 [ Thicimensiesy 38 | [7) rostconpan ] Productionwesd
Veriables for All Processes Actual Valuss Range Queiifisd

‘Backing maseriel (wahARhout) __WTHOUT WITH OR WITHOUT

Base Matal P-Number 10 P-Number 1o ] P1 THRU P1SF, P34 & PAX PLATE AND PIPE 2 18" 0D AND UP.
(X ) Piate ( ) Pips (enter dismetor i pipe)

Filer Motal Specification (SFA) Class (QW-404) (informational Only)

=
-

Consumabile ingert for GTAW or PAW {QW-404)
Woelding Position (1Q, 5G. alc.) (QW-406)
Sanusl or Sl (FN-350) Actusl Veluss
Fller Matal F- No. (QW-404)

Filer Metal Product Form for GTAW, PAW (QW-404)

Weld deposit thickneas for each weiding process (OW-404)

Process 1: 3 layers 7 Yes [~ No
Process 2: 3 layers mind ™ Yes [ No
Vertical progression (uphiiidowrshill) (QW-405)

GTAW, PAW or GMAW backing gas; or OFW tusl gas (QW-408)

GMAW transier mods (spray/globular or pules 1o short circult) (QW-408)
GTAW welding curent type & polerity (AC, DCEP, DCENXQW-409)
Machine Weiding Varisbise (QW-381.2)

Direct or remote visual conirol

Automatic arc voltages control (GTAW)

Automatic joint racking

Multiple or single pase per sids
Automatic Weiding Variables (QW-381.1)

Filler Metal (EBW or LBW)

Laser type for LBW (CO» t0 YAG aic.)
Continuous drive of inartis weiding (FW)

Al
PR

28
Fs

34" MAX_PLATE GROOVE + PIPE 2 78" 0D + UP.
+ALL AILLETS

E
i
i
§

|
E
s
E

SRR RRERR| FRERR "8

Vacuum or out of vacuum (EBW)

Nots: Vatuss in “Rangs Quaiified” ere vaiid only sood with @ Guaifiied o
RESULTS

Visual Examination of Completed Weid (QW-302.4) _ACCEPTED
[Z] Transverse root and face [QW-482.3(s); [ ] Longitudine! root and face [QW-462.3(b)}: [side (Qw-482.2);

D Pipe bend specimen, cotrosion-resistant overiay [QwW-482.5(c)); D Plats bend specimen, cormosion-resistant overlay [QW-482 5(d)).
[ Pipe specimen, macro test for fusion [QW-462.5(b)): ___[_] Plate spacimen, macro test for fusion [QW-462.5(e))

Type Result Type Result Type Resuit Type Result
| Qw-462.3(s) | ACCEPTED . | QW-4023(a) | ACCEPTED
Face) {ROOT)
Ahemative raciographic examination results (QW-191)_NONE
Fillet weld — fracture test (QW-181.2) _NONE Length and percent of dslects
[[] Filet weids In plate [QW-462.4(bN [T} Fillet weids in pipe [QW-482.4(c))
Macro examination (QW-184) NONE Filiet size (in.) NONE x NORE Concavityiconvaxity (in.) _NONE
Other tests _NOME
Fiim or specimens evaluated by _NONE Company NONE
M ical tests conducted by _ALL - WELD COMPANY LIMITED Laboratory tast no. _NONE
Welding supervised by, (Print name) ANDREW LEWS
Test requested by (Primt m)lmm Tested at (Print address) 40 PASSMORE AVE , SCARBOROUGH, ONT
mmmmumhmwumwmmmmmmwmm tested in with the requirements
of Section (X of the ASME Bolier and Pressure Vessal Code.
Organization _ALL WELD COMPANY LIMITED Signature Date 01 (M:m
| FOR TSSA INSPECTOR USE ONLY

mewuaummmpammemmummwmmwmrmmmwmaamwmwmwwua
Hmwwuwmmmmmmmwum
Chack (v) appiicable box below:
MTowddfmempbyvnamedaboveonly.
[ For seeking employment orly.

CoRca Do ASKSIS

Inspector Name and Number (Print)
PV 0307 (0B - -




(A

,@ Teiw ?%m‘%‘ E’..';x‘ - Welder/welding Uperator Lerurcae
""" AWNrtY  yyop ve: wew isas.oy Boders and Mvwm‘:'m No. 262456
il Twei Name 5&;—7«‘ THamg No
wuncu CESAR LM I T
Res Address Provincial Registration No
25 RUBEN STREET, WHITBY, ONTARIO L Y R0 A7 o
s el ens] Tﬂu%ﬁr
ALL - WELD COMPANY UMITED
Strest Address 52-2A
19 PASSHORE AVE Company WPS No used
Posial Code
SCARBOROUGH , ONT My vje Ty 522
Welding Presess(es)Ussd  SMAW [Typa(s) [Z]n-n- Dmuﬁho Dm D outometle
Sosolstariats) SA-SIGGRTON TO SA-S16-GATON Trichnession) 1° | [7] Testcoupmn [ 7] production wess
Veriabies for AR Presesezs Actusl Vahuse Renge Qualified
Backing meterial (wilhAwithout) WITH WITH
Base Metal P-Number 10 P-Number P1 1o P1 P1 THRU P15F, P24 & PAX PLATE AND FIPE 2 15" OD AND UP
(x )P ( ) Pipe (enter iameter § plpe) 1"
Filer Metal Speciication (SFA) Class (QW-404) (informaiionsl Only) (5.1} ET018-144
Consurnabis insertfor GTAW or PAW (QW-404) NONE
Weling Posiion (1G, 50, eiz) (QW-408) 26 16420
‘Warual or Semi-awiomstis Varlables (QW-308) Actusl Valuss Renge Qualified
Fillas Mgtal &- No. (OW-404) F4 1]
Filler Mot Product Form for GTAW, PAW (QW-404) NONE NONE
Weld deposk thickness for each weiding prooses (QW-404) 1 MAX TO BE WELDED (PLATE GROOVE ¢+ PIPE 2 7/8" 0D + UP
Procsss 1:_SMAW _dayernminivum [ Yea [ No . + ALL FILLETS)
Procees 2 Jayeruminkman [~ Yea [ No NONE NONE
Vertical progression (uphilidownhill) (QW-406) NONE _NONE
GTAW, PAW or GIMAW backing gas; ar OFW fust gms (QW-408) NONE _NONE
GMAW vransier mods (spray/globular or puiss 10 short ciraul) QW40  NORE _NONE
GTAW wekiing curment typs & polarity (AC, DCEP, DCENNQW-409) NONE NONE
Machine Weiding Verishiss (QW-381.2) Actusl Yeluss Range Quelifies
Direct or remote vieusl contvol NONE NONE
Aulometic arc volage conirol (GTAW) NONE _HONE
Automatic joint fecking NONE NONE
Mullipie or aingie pass per side NONE NONE
Automatie Widing Varisties (QW-381.1) Actual Valuss Range Cusiifisd
Filer Motal (EBW or LBW) NONE NONE
Laser typs for LBW (COz 10 YAG ec) NONE NONE
Continuous drive or inertia weiding (FW) NONE NONE

Vacuum or out of vecsum (EBW)

NONE

NONE

Note: Valuse in “Rangs Quaiified” are yaild anly whan used with g Cusiifiss Welding Procsdurs.

Visusi Examination of Completed Weld (QW-302.4) _ACCEPTED
D Transverse root and face [QW-482.3(a);
[ Pipe bend specimen, comusion-resistant overtay [QW-462.5(c)};

[]_ Pips specimen, macro test for fusion (QW-462 5(b));

RESULTS

DLNMU root and face {QW-462.3(b)}: [¢]side (Qw-482.2);

{0 Piats bend specimen, corrosion-resistant overiay [QW-462.5(d)};
(] Prate specimen, macro test for fugion (QW-462.5(e)}

Type Result Type Result Type Resuit Type Result
QW-462.2 ACCEPTED Qw4622 ACCEPTED
{SIDE) { SIDE)

Ahemative radiographic examination results (QW-191)_NOKE

Fiflet weid — fracture tesi (QW-181.2) _NONE

[ Fitlet weids in piate {QW-482.4(b}}
Macro examination (QW-184) NONE
Other tests _NONE

Fillet size (in) HOME

Length and parcent of defacts RIA

[ Fitet weids in pipe [QW-482.4(c)}

x NONE Concavitylconvexity (in.) HONE _

Fitm or specimens svaluated by _NONE

Company HONE

Mechanical tests conducted by _ALL- WELD COMPANYLUNIED

Welding supervised by, (Print name) ANDREWLEWS

Leboratory test no. _NONE

Test requested by (Print name) _ROBERT BENTLEY

We certify that the statements in this record are correct and that the test coupons were

of Section IX of the ASME Boller and Prassure Vessel Code.

orwm ALL - WELD COMPANY LIMITED

Signature

Tested st (Print address) 49 PASSMORE AVE , SCARBOROUGH . ONT

weided, {lesiad in accordenca with the requirements

Date 03-28-2013
{mm-ad-yyyy}

| FOR TSSA INSPECTOR USE ONLY

The Wsider named above has passed the weiding test required under Ontario's Technical Stasndarde and Safety Act, Bollars and Pressure Vessels
Regulation and is hereby authorized, subject to the imitations of this certificate.

Check (v) appiicable box below:
(7] To weid for the Employer named abave cnly.
[ For seeking empicyment onty.

OTCAT_ROSA NTUS

Thia Certificate

nspector Name and Number (Print)

. PER ASME SECTION IX
e

w2k R

Inspector Signature and Data



14th Floor - Centre Tower

Technical 3300 Bloor Strest West

Standards and

FOR PRLOCEN S WT QU ALITICAN W

Welder/Welding Operator Certificate

setety Auhority s i wista o Boners and Pressure vessels Bapuiion——— No. 262931
Welder's Last Name Initial First Name Signature Stamp No
MIRZA HAFEEZ | §3
Ras Address Poslal Cof cla“ Registration No.
2050 BRIDLETOWN CIRCLE # 607, ONTARIO Mot Wiz v s wP— ‘W_é‘é‘g J -
Employer Nama Company POR No.
ALL - WELD COMPANY LIMITED
Street Address 29X
49 PASSMORE AVE Company WPS No used
Postal Code
SCARBORQUGH , ONT M | 1 | v | 4 . T | 1 29.2
Welding Process(es)Used GTAW [Type(s) hi | i
BaseMaterialis) SA-333-GR6 TO  A-350-LF2 Thickness(es) 0.300" ¥ | TestCoupon Production Weld
Variables for All Processes ActualValues Range Qualified
Backing material (with/without) WITHOUT WITH OR WITHQUT
Base Metal P-Number to P-Number 1GR1 1o 1GR2 P1{ THRU P15F, P34, & P4X PLATE AND PIPE 1/2" OD AND UP
( } Plate ( X ) Pipa(enter diameter il pipe} 3" 0.300"
Filler Metal Specification (SFA) Class (QW-404) (Informational Only) 518 ER70S-2
Consumabie Insert for GTAW or PAW (QW-404) NONE
Welding Position (1G, 5G, atc.) (QW-405) 66 6G
Manual or Semi-automatic Varlables (QW-350) Actual Values Range Qualified
Fillar Metat F-No. (QW-404) Fé F6
Filler Metal Product Form for GTAW, PAW (QW-404) SOLID SOLID
Weld deposit thickness tor each welding process (QW-404) 0.300" 0.600 " MAX PLATE GRQOVE + PIPE 27/8"" 0D+ UP
Process 1 _GTAW ___ _ 3iayers minimum [/ Yes [~ No 3 + ALL FILLETS
Process 2 3 layers minimum [~ Yes [~ No NONE NONE
Vertical progression (uphill/downhill) (QW-405) UPHILL NONE -
GTAW, PAW or GMAW backing gas, or OFW lue! gas (QW-408) ARGON 99.9 % ARGON 99.9 %
GMAW transfer mode (spray/globular or pulse to short circuit) (QW-408) NONE NONE
GTAW welding current type & polarity (AC, DCEP, DCEN)[QW-409) DCISP DCISP
Machine Welding Variables (QW-361.2) Actual Values Range Qualified
Direct or remote visual control NONE
Automatic arc voltage control (GTAW) NONE -
Automatic joint tracking NONE
Multiple or single pass per side NONE
Automatic Welding Variables (QW-361.1) Actual Values Range Qualitied
Filler Metal (EBW or LBW) NONE . -
Laser type for LBW (CO5 to YAG elc.) NONE
Continuous drive or inertia welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE

Note: Values in "Range Qualified" are valid anly when used with a Qualified Welding Procedure.

Visual Examination of Completed Weld (QW-302.4)
Y| Transverse root and face [QW-462.3(a);

RESULTS

ACCEPTED
Longitudinal root and face [QW-462 3(b)},

Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)}

Pipe specimen, macro test for fusion [QW-462 5(b)]

Type Result Type
QW-462.3(a) ACCEPTED QW-462.3 (a)
( Face) (ROOT)

Alternative radiographic examination results (QW-191)_NONE

Fillet weld — fracture test (QW-181.2) NONE

Fillet welds in plate [QW-462.4(b)}
Macro examination (QW-184) NONE
Other tests _NONE
Film or specimens evaluated by _NONE

Fillet size (in.) NONE

Result Type
ACCEPTED | QW-462.3 (a)
| (Face)

Side (QW-462.2

Plate bend specimen, corrosion-resistant overlay [QW-462.5(d)]
Plate specimen, macro test for fusion [QW-462 5(e))

Result Type Result
ACCEPTED QW-462.3(a) ACCEPTED
(ROOT)

ength and percent of defects NONE
Fillet welds in pipe [QW-462.4(c)]

x NONE

Concavity/convexity (in.) _NONE

Company NONE

Mechanical tests conducted by _CAMBRIDGE MATERIAL TESTING

Laboratory test no. 638497

Welding supervised by (Print name) ANDREW LEWIS

Test requested by (Print name) ROBERT BENTLEY

of Section IX of the ASME Boiler and Pressure Vessel Code
Organization _ALL - WELD COMPANY LIMITED

FOR TSSA INSPECTOR USE ONLY

Signature

Tested at (Print address) 49 PASSMORE AVE, SCARBOROUGH , ONT

We certify that the statements in this record are correct and that the test coupons were prepared, welded,

ance with the requirements

Date 15-04-2013
{mm-dd-yyyy)

The Welder named above has passed the welding test required under Ontario's Technical Standards and Safety Act, Boilers and Pressure Vessels
Regulation and is hereby authorized, subject to the limitations of this certificate

Check (v) applicable box below:

Y| To weld for the Employer named above only
For seeking employment only

LOSTICAe

oW ot (S

Inspector Name and Number (Print)
PV 09397 (08/10)

This Certificate expires: _PER ASME SECTION IX

(mm-dd-yyyy)

o 1S oy

Inspector Signature and Date



AN\ Technical 3300 Boor Bireet Wedl. vvelger/vwelaing uperator ueruricae
. Standards 8ad  Toronto, Ontario MBX 2X4 Technical Standarde and Safety Act

S Satety AutherY  yveo ste: www resa.0g Boslern and Pressute Vessels Regulation No. 262457
“Weldars asl Farma PN (S — T Ne o
MRZA HAFFEZ(ABDUL) "
Fes. Address Foatnl Code Prigapciai Regairation No
2050 BRIDLETOWNE CIRCLE, 4507, SCARBOROUGH, ONTARIO MOV W[2 Vs

s o

ALL - WELD COMPANY LIMITED

Sirast Address 220

18 PASSMORE AVE Campany WPl No.used

Posial Code

SCARBOROUGH , ONT ML Ve Tt s
WeidingPreasss(es)Used  SMAW o) [[lmerust [Omastine [ Jsomieutomets [ ] sutomese
BosoMsterieiie) SASIBGR7ON TO SA-516.GRTON | Trvchmenteny 1= | [7] vestcopon [ Producton weis
Variabiss fer All Prosesses Actusi Veluss T Range Ousiified

Backing msterial (withvwithout) WITH with

Base Metal P-Number 10 P-Nurmber P1__ 1o [al P1 THRU P1SF, P34 & P4X PLATE AND PIBE 2 //8° OD AND UP_
(x ) Pate ( ) Pipe (snter diemater ¥ pips) 1°

Filer Motal Specification (SFA) Ciass (QW-404) (informational Only) {5.1) E7018-1H4

Consumabis Insart lor GTAW or PAW (QW-404) NONE

Weiding Posiion (1G, 50, efc.) (QW-405) G 1G4 26

Manual or Semi-autometis Vertsbies (QW-388) Actusl Values Renge Qualified

Filler Matal F- No. (OW-404) Fa 4

Filler Matal Product Form for GTAW, PAW (QW-404) NONE NONE

Weid daposil ihiciunsss for each welding process (QW-404) " MAX TO BE WELDED (PLATE GROQVE ¢ FIPE 2 118" 00 + UP
Procsss 1. SMAW _____Jlsyersminimum [ Yes [~ No - ¥ ALL FRLETS)

Process 2. Jlsyersminimum [ Yes [ No NONE NONE

Verticel progression (WhAiownF ) (TW-405) NONE NONE.

GTAW, PAW or GMAW backing gas: or OFW st gas (QW-408) NONE NONE

GMAW rareter mods (spray/giobules or pulse 1 short roul) [OW-409) o “HoNE

GTAW weiding curent type & polarily (AC, DCEP, DCENXQW-409) NONE NONE
Machine Welding Varisbles (QW-381.3) Actusl Vehuse Renge Qualified

Direct or remote vieual conirol RONE NONE

Automelic arc volage control (GTAW) NONE NONE

Automatic joint racking NONE NONE

Multiple or single pass per side NONE HONE

Automatie Welding Variablss (QW-381.1) Actusl Valuss Renge Quaiified

Filer Metal (EBW or LBW) NONE NONE

Laser typs for LEW (COz o YAG ei) NONE NONE

Continuous drive or insrika wekding (FW) NONE NONE

Vecuum or out of vacuum (EBW) HONE NONE

Note: Values i “Range Qualitied” are vaiid only when used with & Quaiified Walding Procsde.
RESULTS

Visual Examination of Compieted Weid (QW-302.4) _ACCEPTED
[] Transverss root and face [QW-462.3(a); [0 Longitudinal root and face [QW-482.3(b)}; [¢] side (Qw-482.2);
D Pips bend specimen, comosion-resistant overtay [Qw-482.5(c)}; D Plats bend specimen, cofrosion-resistant overlay [QW-482.5(d)};
[] Pipe specimen, macro test for fusion [QW-462.5(b)); [ Prate specimen, macro tast for fusion [QW-462.5(s))

Type Result - Type Result Type Result Type Resuit

Qw4622 ACCEPTED QW-4622 ACCEPTED

| (SIDE) ( SIDE)
Altemative radiographic examination results (QW-191)_NONE
Fillet waid — fracture test (QW-181.2) _HONE Length end percent of defects NA

(] Fitiet wekis in plate (QW-482.4(b)} [ Fitet weida in pipe {QW-482.4(c)]

Macro exsmination (QW-184) NONE Fillet size (in) NONE  x NONE __ Concavity/convenxity (in.) _ONE
Other fests _NONE
Film or specimens evsiuated by _NONE Company NOKE
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED Laboratory test no. _NOKE
Welding supervised by (Print name) ANOREW LEWIS
Tast requestad by (Print name) _ROBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH , ORT
Wommmwhmbmamwmmnmummmmpmmm in accordance with the requirements
of Saction X of the ASME Boiler and Pressure Vessel Code.
Organization _ALL \WELD COMPANY LIMITED Signature Date _03: 2(!-2)1_3_
[ FOR TSSA INSPECTOR USE ONLY T B

The Welder named above has passed the weiding test required under Ontario’s Technical Standarda and Safety Act, Bollers and Pressure Vesseals
Regulation and is hereby authorized, subject to the fimitations of this certificate.

Check (v) applicable box below:

To wetd for the Employer named abova only. This axpires; _PER ASME SECTION (X
(] For seeking employment anty. -GSV
CanCh W) CONT DY MR 28 22

Inspecior Name and Number (Print) [ Inspactor Signature and Date



\d..?) ::::‘.V.'::l:::hv w,':";?,'.?w,::::,:x‘ éonlou and Pressure V-o"u T 2 U I 5 8 3
Nelder's Last Name intisl  Firsi Name amp
MIRZA HAFEEZ (ABDUL)
Res Address Postal Code Proviggial Registration No
2050 BRIDLETOWN CIRCLE, # 607, SCARB. Miy pyp3 | B162.3
“"ALL-VELD COMPANY LINITED Compday FOR N
Street Address SAW-1
_A9 PASSMORE AVENUE Comoary WPBNo sed
| Posial Code L
ONTARIO way WTy AW
Waiding Process(es)Used ¢,y Typels) K I machine | semd tio |y
Base Materiaks) 6 7 1 . 10 Thicknese(ee) 1"
Varisbies for At Procsssss . Actuel Veluss Range Quaiified
Backing material (metal, weld metal, weided from both eides, fux. etc) BASE & WELD METAL BASE & WELD METAL
ASME P or S No. 1o ASME P or 8 No. Pl o Pl Pl THROUGH P1l & PAX PLATE & PIPE
(X VPwe () Pos entr camoter fogo) 1 2 7/8° 0.D, & UP MAX, TO BE WELDED
Filier Metal Sp (SFA) Class (QW-404) (informational Onily) 5.17  EMI2K
Consumable insert for GTAW or PAW (QW-404) - -
Weiding Position (1G, 5G, etc.) (QW-406) 1¢ ALL FILLETS (FLAT ONLY)
anuslor es = QW-350) Actusl Veluse Aange Quaiified
Fifler Matal F- No. (QW-404) _ E.ﬁ FQ
Fifler Metal Product Form for GTAW, PAW (QW-404) e -
Weld depost for sach wekding process (GW40%) 1= MAX. TO BE WELDED
Process1:________ Jlayersminimum Y Yes : No 12 —
Process2__________ dlsyeraminimum | Yes ' ' No - -
Progression (uphtitidownhill) (QW-405) -
GTAW, PAW or GMAW backing gas; or OFW fuel gas (QW-408) — —
GMAW transfer mode (spray/globuiar of puise to short circunt) (QW-409) -—
GTAW weiding current type & polanty (AC, DCEP. DCENNQOW-408) -— -
Machine Weiding Variables (QW-381-2) Actuel Vaiues Range Quaiified
Direct of remote visual control

Automatic arc voitage control (GTAW)
Automatic joint tracking

Multipie or single pass per side - -

Automatic Weiding Variables (QW-281-1) Actusl Veluse Range Qualified -
Filles metal (EBW or LBW)

Laser type far LBW (CO2 to YAG etc.}

Continuous drive or inertia weiding (FW)

Vacuum or out of vacuum (EBW) — -

Note: Values in “Range Quaiified™ are vaiid anly when used with a Quaiified Welding Procedure.

RESULTS
Visual Examination of Completed Weid (QW-302.4) ___ ACCEPTED = == @@
Bend test; * _ Transverse root and face (QW-462.3(a)); | | Longitudinal root and face (QW-462.3(b);; , _ Side (QW-482.2);
Pips bend specimen, corrosion-resistant overlay (QW-482.5(c)]; i_-j Plats bend specimen, cofrosion-resistant overiay [QW-462.5(d)]:
" Macro test for fusion [QW-482.5(b)); | _) Macro test for fusion (QW-462.5(e)]

Type Resulit Type Result Type Resuit
Afternative radiographic examination results (QW-181) ACCEPTED
Fillet weld — fracture test (QW-180) - Length and percent of defects -
Macro examination (QW-184) ___ ==  Fillet size (in.) - x == ___ Concavity/ xity (in.) -
Other tests -
Film or specimens evalusted by _ SCOTT PETERS Company KV_INSPECTION SERV
Mechanical tests conducted by __—= Laboratory test no. -
Welding supervised by ANDREV LEVWIS
Test requested by (Print name) _ROBERT C. BENTLEY Tested at (Print address) _49 P, AVE,, SCARBOROUGH,

Woconﬂymalmosmmnnlnmuroeommwndwmhotmmmwmwmnd.woﬂod.mmuﬁmmdmmmw
of Section iX of the ASME Boiler and Pressure Vesss! Code.

Organization _ ALL-WELD COMPANY LIMITED Signature Q B Date _JUNE 24, 200
v AN ) (me-dd-yyyy)

FOR TSSA INSPECTOR USE ONLY

The Weider named above has passed the welding test required under Ontario's Technical Standards and Safsty Act, Boilers and Pressure Vessels
Regulation and is hereby authorized, subject to the limitations of this certificate.

Check (v) applicable box below:

X To weld for the Empioyer named abave only. This Certificate expires: iﬁ Aenme IX
_' For sesking employment only. (mm-dd-yyyy)
vk SaNt  aONTan L2 '
Inspector Name and Number (Print) v —

PV0S397 (0407



Standards and
Safety Authority

3300 Bloor Htreet West
Toranto, Ontano MBX 2X4
Web site  www Issa org

N - - L]
Technical Standards and Safety Act
Boilers and Pressure Vessels Regulation

no. 181181

Weilder's Last Name Initial First Name Signalure‘t Slamp No
YANG FAN an /209 l 8
Res Address Postal Code 1{ Provincial Registration No.
76 LUCIENT STREET, MARKHAM, ONTARIO LI 3 lR | 5 IE | J745.5 & R7545.5
Compax}};.am;ELD COMPANY LIMITED Company PQR No.
Street Address 20 & 20-2A
49 PASSMORE AVENUE Tompany WPS NG used
Postal Code
SCARBOROUGH, ONTARIO Mly 4T ] 20-1
WeldingProcess(es)Used AW Type(s) Ed E ine D i ic | i
Base Material(s) SA 106-B / SA 106-B Thickness(es) 0.218"

Variables for All Processes

Actual Values

Range Qualified

Backing matanal (metal, weld metal, weided from both sides flux. etc )

WITHOUT WITH OR WITHOUT
ASMEF orS o o ASME Por s o Pl w___P1 Pl THRU P11 & P4X PLATE & PIPE
( ) Plate (X ) Pipe (anter diameler f pipe) 2 3/8" 0D 1" OD & UP

Filler Metal Specification (SFA) Class (QW-404) (Informational Only)

(5.18) ER 70s-

3

Consumable insert for GTAW or PAW (QW-404)

NONE
Welding Position (1G, 5G, etc ) (QW-405) 6G 6G
Manua! or Semi-automatic Variables (QW-350) Actual Values Range Qualitied
Filler Matal F-No (QW-404) F6 F6
Filler Metal Product Form for GTAW, PAW (QW.404) SOLID SOLID
Wald deposit thickness for each welding process (QW-404) 0.218" 1/16" TO 0.436" MAX.
Progression {uphi/downhili) (QW-405) —
GTAW, PAW or GMAW backing gas, or OFW fuel gas (QW-408) ARGON 99.9% ARGON 99.9%
GMAW transier mode (QW-409) N.QNE ——
GTAW welding current type & polanty (QW-409) DC/SP DC/SP

Machine Welding Variables (QW-361-2)

Actual Values

Range Qualified

Diract or remote visual control

Automalic voltage control (GTAW)

Automatic joint tracking

Multiple or singla pass per side

Automatic Welding Variables (QW-361-1)

Actual Values

Range Qualifiad

Filler matal (EBW or LBW)

Laser type for LBW (CO5 to YAG elc)

Manuracturer s LOpy

Continuous drive or inertia welding (FW)

Vacuum or out of vacuum {(EBW)

Note: Values in "Range Qualitied” are valid only when used with a Qualified Welding Procedure.

Visual Examination of Completed Weld (QW-302.4)

RESULTS
ACCEPTED

E] Bend test;

E] Transverse root and lace [QW-462.3(a));

D Longitudinal root and face [QW-462.3(b));

[] side (Qw-462.2);

D Pipe bend specimen, corrosion-resistant overlay (QW-462.5(c)]; D Plate bend specimen, corrosion-resistant overlay (QW-462.5(d));

D Macro test for fusion [QW-462.5(b)];

O

Macro test for fusion [QW-462.5(e)]

Type Result Type Resuit Type Result
| (FACE) ACCEPTED | (ROOT) ACCEPTED
(FACE) ACCEPTED (ROOT) ACCEPTED
Alternative radiographic examination resuits (QW-191) f—
Fillet weld — fracture test (QW-180) - Length and percent of defects -
Macro examination (QW-184) - Fillet size (in.) - X - Concavity/convexity (in.) _—

Other tests ==

Film or specimens evaluated by

Mechanical tests conducted by

ALL-WELD COMPANY LIMITED

Company

Laboratory test no.

Welding supervised by

ANDREW LEWIS

We certily that the statements in this record are correct and that the test coupons were prepared we nd tgsted inlaccordance with i
[N,
Organization ALL-WELD COMPANY LIMITED Signature

PER ASME

Expiry Date  SECT. IX
FAN_YANG _ == 83 -
Weider Symbol

Has passed the welding test required under Ontario's Technical Standards and
Safety Act, Boilers and Pressure Vessels Regulation and is hereby authorized to

weld Tor:

ALL-WELD COMPANY LIMITED
s :

jact 1o the limitations of this gentiticate

Authorized Examinar

Issued under Ontario's Technical Standards and Safety Act
Boilers and Pressure Vessels Regulation

Director

quirements of Section IX of the ASME Code

pate LJUNE 27, 2007

Office Use Oniy

Test Requested By

Tested At 49 _PASSMORE AVE., SCARBOROUGH, ONT.

ROBERT BENTLEY

{Prinl Person's Name)

ALL-WELD COMPANY LIMITED

Distrct #

(Print Address)

SgL Fee /Of”—

inspector #

PV09397(0904)




—

Manutaclurer s Lupy

2L \Y tecnnical 3300 Bloor Streel West TEYWIMWIS T WIMINIY WY ULV WS IUTTValiviL valu
J25.) Standards and  Tor0ni0 Ontaro MEX 2X4 Technical Standards and Safety Act

X\gm/  Safety Authority o o wwnw rssa org Boilers and Pressure Vessels Regulation No. 1 6 4 4 6 6
Walder's Last Name Irtral First Name Signature [ Stamp No
YANG FAN R 83
Res Address Postal Code Provificial Registration No R2060.5
39 - 1050 BRISTOL ROAD W. MISSISSAUGA, ONT. SR D700.5 § R2363.5
Company Name Company PQR No
ALL-WELD COMPANY LIMITED 1
Street Address
49 PASSMORE AVENUE Company WPS No used
Postat Code 1-1
SCARBOROUGH, ONTARIO Mly T 1
Welding Process(es) Used SMAW Type(s) El t i D semi !j i
Base Materials) SA 516-GR 70 / SA 516-GR 70 Thicknesses) 5/16"
Variables for All Processes Actual Values Range Qualified
Backing material (metal, weld metal, welded from both sides. flux. etc.) WITHOUT WITH OR WITHOUT
ASME P ar S NG 10 ASME P or S Na Pl w__ Pl Pl THRU P11 & P4X PLATE & ALL
(X ) Pate ( ) Pipe (enter diameter if pipe) 5/16" PIPE 2 7/8" 0.D. & UP
Fllar Metal Spectfication (SFA) Class (QW-404) (Informational Only) ( 5.1 ) E7018
Consumable Insert for GTAW or PAW (QW-404) -
Welding Positian (1G, 5G. etc.) (QW-405) 2 G 2 G
Manual or Semi-automatic Variables (QW-350) Actual Values Ranga Qualified
Filler Metal F- No (QW-403) F4 F4
Filler Metal Product Form for GTAW. PAW (QW-4014) — —
Weld deposit thickness for each welding process (QW-404) 5 / 16" 5/8 " MAX
Progression (uphil/downhil) (QW-405) - PLATE GROOVE & PIPE 2 7/8" 0.D.
GTAW, PAW or GMAW backing gas; or OFW fuel gas (QW-408) - & UP & ALL FILLETS
GMAW transfer mode (QW-108) — -_—
GTAW welding current type & polarity (QW-409) - -
Machine Welding Varlables (QW-361-2) Actual Values Range Qualitied
Dirgct or remote visual controf —— —
Autcmatic voltage controt (GTAW) — —
Automatic joint tracking - -
Muitiple or single pass per side - —
Automatic Welding Variables (QW-361-1) Actual Values Range Qualified
Filler metal (EBW or LBW) —— —
Laser type for LBW (COp to YAG elc.) - -
Continuous drive or inertia welding (FW) - —_—
Vacuum or out of vacuum (EBW) — -
Note: Values in “Range Qualified" are valid only when used with a Qualitied Welding Procedure.
RESULTS
Visual Examination of Completed Weld (QW-302.4 ACCEPTED
0_(] Bend test, [X] Transverse root and face [QW-462.3(a)); Longitudinal root and tace [QW-462.3(b)); Side (QW-462.2
D Pipe bend specimen, corrosion-resistant overlay (QW-462.5(c)j: Piate bend specimen, corrosion-resistant overlay [QW-462.5(d));
Macro test for fusion [QW-462.5(b)); Macro test for fusion [QW-462.5(e)]
Type Result Type Result Type Resuit
QW 462.3 (a)| ACCEPTED QW 462.3 (a) ACCEPTED
(ROOT) (FACE)
Alternative radiographic examination results (QW-191) -
Fillet weld — fracture test (QW-180) — Length and percent of defects -
Macro examination (QW-184) - Fillet size (in.) - X == Concavity/convexity (in.) -
Other tests -
Film or specimens evaluated by —— Company _——
Mechanical tests conducted by ALL-WELD COMPANY LIMITED Laboratory test no. -
Welding supervised by ~ANDREW_LEWIS
Wa certify thal the statements n this record are correct and thal the test coupons were prepared. w nd Jpsted in ac rrance with the requirements of Section IX of the ASME Code
Organizaton  ALL-WELD COMPANY LIMITED Signature :; ; g ——— pate FEB. 15, 2006
Issued under Ontano's Technical Standards and Safety Act Office Use Only
Botlers and Pressure Vessels Reguﬁm ASME
Bxpry oate. SECT. IX Tesl Requested By _ ROBERT BENTLEY
FAN YANG 83 {Print Person's Name)
Welder Symbol 49 PASSMORE AVE,, SCARBOROUGH, ONT.

Has passed the walding lest required under Ontario’s Technical Standards and
Safety Act, Bollers and Pressure Vessels Regulation and is hereby authorized 1o

Tesegat ALL~WELD COMPANY LIMITED

weld for (Print Address)
ALL-WELD COMPANY LIMITED ~ - -
Subject to the limitationggl rtiticate District # 4 Inspector # W 4 01‘7 Fea / p‘s_z

Director

Authorized Examiner, PV09397(0904)




— 14 Fioor - Canre Tower WelderIWeld@ @g&fﬁf Certificate

Standards and MBX 2X4
Setety Asthority Toronto, Ontario Technlical Standards and Safety A

Web site: www.1ssa.org Boilers and Pressure Vessels Regulation No. 262889
Welders Last Name Initial _ First Name Signature ., “Stamp No
ALROUBAYI A RAZZAK T 109
Res Aodress Postal Code Provincial Registration No
T AR . M t B|l1 L B
140 QUANTRELL TRIAL SCARBOROUGH, ONT [ I b WP-RT5425
Empioyer Name Company PQR No
ALL - WELD COMPANY LIMITED
Street Address 52-2A
13 PASSMORE AVE Company WPS No.used
Postal Cods
SCARBOROUGH , ONT My 1, V4 T 1 522
WeldingProcess({es)Used SMAW rype(s)y  [V] t [macni [Jeem ie [ )
BaseMaterial(s) SA-516-GR7ON TO SA-516-GR70N Thickness{es) 1" | TestCoupon [ _| ProductionWeld
Varlables for All Processes Actual Values Range Quailfied
g (withiwi WITH WITH 4
Base Metal P-Number to P-Number Pi to P1 P1 THRU P15F, P34 & P4X PLATE AND PIPE 2 7/8" QD AND UP
[$33 } Plate { ) Pipae (anter diameter it pipe} 1"
Filler Metal Specification (SFA) Class (QW-404) (Informational Only) {5.1) E7018-1H4
Consumable insert for GTAW or PAW (QW-404) NONE
Welding Position (1G. 5G, etc.) (QW-405) 26 1G & 2G
Manusl or Semi-sutomatic Variables (QW-350) Actual Values Range Qualified
Filler Metal F- No. (QW-404) F4 F1,F2,FI&F4
Filler Matai Product Form for GTAW, PAW (QW-404) NONE NONE
Waeld deposit thickness for each welding process (QW-404) 1" MAX TO 8E WELDED (PLATE GROOVE + PIPE 27/8" OD + UP
Process 1._SMAW 3 layers minimum  [7 Yes [~ No + ALL FILLETS)
Process 2 3 layers mini ™ Yes [~ No NONE NONE
Ver prog ion {uphil ifl) (QW-405) NONE NONE
GTAW, PAW or GMAW backing gas; or OFW fuet gas (QW-408) NONE NONE
GMAW transfer mode (spray/globular or pulsa 1o short circuit) (QW-409) NONE NONE
GTAW welding current type & polarity (AC, DCEP, DCENQW-408) NONE NONE
Machine Weiding Variables (QW-381.2) Actual Values Range Qualified
Direct ar remota visual control NONE NONE
Automatic arc voltage cantrol (GTAW) NONE NONE
Automatic joint tracking NONE NONE
Multiple or single pass per side NONE NONE
A ic Weiding (QW-361.1) Actual Values Range Qualified
Filler Metal (EBW or LBW) NONE NONE
Laser type for LBW (CO2 to YAG etc.} NONE NONE
Continuous drive or inartia welding (FW) NONE NONE
Vacuum or out of vacuum (EBW) NONE NONE
Nots: Vaiues in “Range Qualified” are valid only when used with a Qualified Wetding Procadure.
RESULTS

Visual Examination of Completed Weld (QW-302.4) _ACCEPTED

[J Transverse root and tace {QW-462.3(a); || Longitudinal raot and face [QW-462.3(b)]; Side (QW-462.2);
D Pipe bend specimen, corrosion-resistant overlay (QW-462.5(c)]; D Piate bend specimen, corrosion-resistant overiay [QW-462.5(d)].

[[] Pipe specimen, macro test for fusion [QW-462.5(b)}; [] Piate specimen, macro test for fusion [QW-462.5(e)]
Type Result Type Resuit Type Result Type Resuit
Qw-62.2 ACCEPTED QW-462.2 ACCEPTED
(SIDE ) (SIDE)

Aitemative radiographic examination resuits (QW-191)_NONE

Fillet weid — fracture test (QW-181.2) _NONE Length and percent of defects NIA
[[] Filet weids in plate [QW-462.4(b)] [] Fitiet weids in pipe [QW-462.4(c)]
Macro examination (QW-184) NONE Filiet size (in.) NONE x NONE Concavity/convexity (in ) _NONE

Other tests _NONE

Film or specimens evaluated by _NONE Company NONE
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED Laboratory test no NONE
Welding supervisad by (Print name) ANDREW LEWIS

Test requested by (Print name) _ROBERT BENTLEY Tested at (Print address) {3 PASSMORE AVE SCARBOROUGH . ONT

Wae certify that the statements in this record are correct and that the test coupons were prepased. welded and tesjed in accordance with the requirements
of Saction IX of the ASME Boiler and Pressure Vessel Code

Organization _ALL - WELD COMPANY LIMITED Signature

FOR TSSA INSPECTOR USE ONLY J

The Welder named above has passed the welding test required under Ontario's Technical Standards and Safety Act, Boilers and Pressure Vessels
Regulation and i1s hersby authorized, subject to the fimitations of this certificate.

Check V) applicable gox below

_T/ To weld for the Employer named above only. This Cartificate expires  ~E7 ASME SeCTION (X
] For sesking employment only e day)
Lovaek Qo%v oy DHVD kLol 2o\

Inspector Nama and Number (Print} inspector Sicnature and Date

o Ammam AR



Technical BN ol sl g Welder/Welding Operator Certificate

SNy S LSttt No_ 258827
Weldar's Last Name tnitial First Name Signature + Stamp No
ALROUBAY! A RAZZAK & 109
Res. Address Postal Code Provincial Registration No
140 QUANTRELL TRIAL SCARBOROUGH ,. ONT M 1, 8|1 L B|PIES
Employer Name Company POR No
ALL - WELD COMPANY LIMITED SAW -1
Street Address
49 PASSMORE AVE Company WPS No.used
Postal Code SAW-W-1
SCARBOROUGH , ONT Mo vse T
Welding Process(es)Used SAW Type(s) hi i ic v/ | av
BaseMaterial(s) SA-516-GR70 Thickness(es) 1" ¥ | TestCoupon Production Weld
Variables for All Processes Actual Values Range Qualified
Backing material (withMwithout) BASE & WELD METAL BASE & WELD METAL
Base Matal P-Number to P-Number P1 to P Pi THRU P15F, P34 & P4X PLATE AND PIPE 2 7/8" QD AND UP
(x ) Plate ( ) Pipe (enter diameter if pipe) 1,
Filler Matal Specification (SFA) Class (QW-404) (Infc i Only) 547 EMI2K
Consumable Insert (or GTAW or PAW (QW-404) NONE
Welding Position (1G, 5G, etc.) (QW-405) 16 1G
Manual or Semi-automatic Variables (QW-350) Actual Values Range Qualified
Filler Metal F- No. (QW-404) 6 §
Filler Metal Product Form for GTAW, PAW (QW-404) NONE
Weld deposit thickness lor each welding process (QW-404) [ MAX TO BE WELDED
Process 1 3 layers minimum [ Yes [~ No 12
Process 2 3 layers minimum [~ Yes [~ No NONE
Vertica! progression (uphill/downhill) (QW-405) NONE
GTAW, PAW or GMAW backing gas, or OFW fuel gas (QW-408) NONE
GMAW transfer mode (spray/globular or pulse to short circuit) (QW-409) NONE
GTAW waiding current type & polarity (AC, DCEP, DCEN)(QW-409) NONE
Machine Welding Variables (QW-361.2) Actual Values Range Qualified
Direct or remote visual control NONE
Automatic arc voltage control (GTAW) NONE
Automatic joint tracking NONE
Multiple or single pass per side NONE
Automatic Welding Variables (QW-361.1) Actual Values Range Qualified
Filler Metal (EBW or LBW) NONE
Laser type for LBW (CO3 to YAG elc.) NONE
Continuous drive or inertia welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE
Note: Values in “Range Qualified" are valid only when used with a Qualified Welding Procedure.
RESULTS
Visual Examination ot Completed Weld (QW-302.4) _ACCEPTED
Transverse root and tace [QW-462.3(a), Longitudinal root and face [QW-462.3(b)}. v . Side (QW-462.2)
_j Pipe bend specimen, corrosion-resistant overtay [QW-462.5(c)) Plate bend specimen, corrosion-resistant overlay {QW-462.5(d)]
- Pipe specimen, macro test for fusion [QW-462.5(b)] Plate specimen, macro test for fusion JQW-462 5(e)
'l_1_'y_pe Resuit i Type Resuit Type ! Result i Type Result
| QW-4622.2 ACCEPTED | QW-4622.2 ACCEPTED o
—— e
Alternative radiographic examination results (QW-191)_NONE
Fillet weld — fracture test (QW-181.2) _NONE Length and percent of defects NONE
Fillet welds in plate [QW-462 4(b)) Fillet welds in pipe [QW-462.4(c)]
Macro examination (QW-184) NONE Fitlet size (in.) NONE x NONE Concavity/convexity (in.) _NONE
Other tests _NONE
Film or specimens evaluated by _NONE Company NONE
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED Laboratory test no. NONE
Welding supervised by (Print name) ANDREW LEWIS
Test requested by (Print name) _ROBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH , ONT

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and test
of Section |X of the ASME Boiler and Pressure Vessel Code

Organization _ALL - WELD COMPANY LIMITED Signature

in accordance with the requirements

Date 03-06-2012
(mm-dd-yyyy)

FOR TSSA INSPECTOR USE ONLY

The Welder named above has passed the welding test required under Ontario's Technical Standards and Safety Act, Boilers and Pressure Vessels
Regulation and is hereby authorized, subject to the limitations of this certificate

Check (v') applicable box below:

v’ To weld for the Employer named above only This Certificat ires: PER ASME SECTION IX
{mm-dd-yyyy)
For seeking employment only
COSTCA ROSU  ONTAS M 09 ol
Inspector Name and Number (Print) ~ Inspector Signature and Date

PV 09397 (08/10



Standards and  Toronto, Ontaric MBX 2X4 Technical Standards and Safety Act

@ Technieat Lol itierd Welder/Welding Operator Certificate

Satety Authority  yep sis: ww.tssa.ong Bollers and Pressure Vaese|s Regulation No. 262458
“Weiders Lasi Nama nfial  Fist Name Stamp No.
NNIS A ANDREW M&w&g 110
Ties. AGGroas Poaial Code” ( Provincial Registration No.
21 BORNHOLM DRIVE TORONTO, ONTARIO MO B8 s
Employer Name Company POR No
ALL - WELD COMPANY LIMITED
Street Addross 52-2A
19 PASSMORE AVE Company WPS No used
Postal Code
SGARBOROUGH,ONT . ML Ve 522
Waiding Process(as)Used  SHAW Typels) [/]maswms [ Jmechine [ Jsembevtomatc [_] sutomstio
SaseMaterisl(s) SA-S16-GRTON TO SA-516-GRTON Trickness{ss) 1" | TemGoupon [ ProductionWeld
Variabies for All Processes Actusi Veluss Range Quaitfied
Backing matertal (with/without) WITH WITH
Base Meta) P-Numbar 1o P-Number P to ! P1THRU P15F, P34 & P3X PLATE AND PIPE 2 7/6° 0D AND UP
(x ) Piata ( ) Pipe (enter dametar ¥ pipe) 1"
Filer Metal Specification (SFA) Class (QW-404) (informationel Only) (5.1 E7018-1H3
Consumable Insestfor GTAW or PAW (QW-404) NONE
Weiding Position (1G, 58, 810.) (QW-405) 26 16426
Manuai or Semi-automatic Vartsbies (QW-350) ‘Actual Valves T Range Qualified
Fifler Matal F- No. (QW-404) s o
Fitler Matal Product Fom for GTAW, PAW (QW-404) NONE NONE
Weid deposil thickneas for sach weling process (QW-404) 1" MAX TO BE WELDED (PLATE GROOVE ¢ PIPE 2 7/8" 0D + UP
Process 1:_SMAW 3 layers minimum (7} Yes |, No . + ALL FILLETS}
Process 2: 3 layers miné I} Yes [~ No NONE NONE
Vertica! prograsaion (uphBtdownhili) (QW-405) NONE _NONE
GTAW, PAW or GMAW backing gas; or OFW fusi gas (QW~408) NONE _NONE
GMAWWM(WMNWMMMM NONE NONE
GTAW weiding curmen! type & polarity (AC, DCEP, DCEN)XQW-406) NONE NONE
Maohine Welding Variables (QW-381.2) Actust Vahues Range Cualified
Direct of remots visual control NONE NONE
Automatic arc voltags control (GTAW) NONE NONE
Automatic joint tracking NONE NONE
Multipla or singla pass per side HONE NONE
Automatic Welding Varisbles (QW-361.1) Actusi Values RAangs Qualified
Fitier Metat (EBW or LBW) NONE NONE
Laser type for LBW (COp to YAQ sic) NONE NONE
c drive or inertia 0 (FW) NONE HONE
Vacuum of out of vacuum (EBW) NONE NONE
mvum*nmow“w:u;yumo;mm.muwmmm
ESULT

Visusl Examination of Completed Weld (QW-302.4) _ACCEPTED
(] Transverse roat and face [QW-482.3(a); ] Longitudina! oot and face [QW-462.3(b)); (/] Side (QW-482.2);
] Pipe bend specimen, comosion-resistant overlay [OW-462.5(c); (] Plate bend specimen, corrosion-resistant overtay (QW-462.5(d));

[T Pipe specimen, macro test for fusion [QW-462.5(b)]: [] Piate specimen. macro test for fusion [QW-482.5(e)]
Type Result - Type Result Typs Result Type Resuft
Qw4622 ACCEPIED Qw4622 ACCEPTED
{SIDE ) ( SIDE)

Alteralive radiographic examination resuts (QW-191)_NONE

Fillat weld — fracture tast (QW-181.2) _NONE Length and parcent of detects NA
[ Fitlet waids in plats (QW-482.4(b)] (] Fitlet welds in pipe [QW-482.4(c)]
Macro examination (QW-184) NONE__ Fillet size (in) NONE  x NONE _  Concavityk ity (in.) _NONE
Other tests _NONE
Flim or specimens evaluated by _NONE Company NONE
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED Laboratory test no. NONE
Welding supervised by (Print name) ANUREW LEWIS
Tast requested by (Print name) ROBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH , ONY

Wae certify that the statements in this record are comect and that the test coupons wers prepared, waelded, and tested in
of Section X of the ASME Boiler and Pressure Vessei Code.

Organization _ALL - WELD COMPANY LIWTED Signature

with the requiremeants

Date 03-28-2013
{mm-dd-yyyy)

[ FOR TSSA INSPECTOR USE ONLY D

The Walder named above has passed ihe welding test required under Ontario's Technical Standards and Safety Act, Bollers and Pressure Vessels
Requiation and is hereby authorized, subject to the fimitations of this certificate.
Chack (v) applicable box belaw:

E To weid for the Employer named above only. This Certificate expires: PER ASME SECTION 1X
{T] For seaking employment only. mm
(osqCk ot AT ST MRR2], 2o

Inspacior Name and Number (Print) Inspector Signature and Dale



Technice L oot - Culte Lot Welder/Welding Operator Certificate

e ey pmcsaamiis, N, 262468

Weiders LastNama Tl Firet Name EW‘.:N/?L 7, | Stamp No.

STEWART STEPHEN 2 3 111
Res. Address Postal Code Pro Ragistratibn No.

43 MANDRAKE ROAD AJAX . ONT L 1, S5 M1 D700.5 , R2383.5 8 R2060.5

Empioyer Name Comparny PGR No.

ALL - WELD COMPANY LIMITED

Strest Addrass .,

49 PASSMORE AVE C "%%md

Postal Code

SCARBOROUGH , ONT JATASLES 11
Woking Proceseiee)Used_SHAW rvpeis)  /imenuel | machine |_iser 0
Baseisteriale) SA-S18GR70 TO SAS18-GRT0 | Thicknesstes) 38* (7 TesiCoupon  1__, Production Weid
Variables for Al Processes Actusi Valuss Range Queiified

Backing malerial (Withvwithout) WITHOUT WITH OR WITHOUT

Base Meta! P-Number to P-Number M to Lia} P4 THRU P4SF, P34 & PAX PLATE AND PIPE 2 7/8” 0D AND UP
(x ) Pisis ( ) Pipa (onter dlameter # pipe) 0.375",

Fiiler Mota! Spacification (SFA) Class (QW-404) (Informational Only) 51 ET018-1H4

Consumable Insert for GTAW or PAW (QW-404) NONE

Welding Posttion (13, 50, etc.) (QW-405) 26 16826
Wanuai or Semt-eutomath (QW-350) ~ Actusl Values — Range Qualified

Fifler Metal F- No. (QW404) Fé Fé

Fifler Metsl Product Form for GTAW, PAW (QW-404) NONE

Weld deposit for each 9P (QW-404) s 34" MAX PLATE GROOVE ¢ PIPE 2 7i8° 0D + UP
Process 1. 3 layers 71 Yes [T No 4 + ALL FILLETS

Process 2: 3 layers - Yes [ No NONE

Vertica! progression (uphiltidownhi) (QW-405) NONE

GTAW, PAW or GMAW backing gas; or OFW fual gas (QW-408) NONE

GMAW transfer mode (spray/giobulas of puise to short circult)(OW-409)  NONE

GTAW weiding cument type & potarlty (AC. DCEP, DCENYQW-409) NONE
Machine Welding Varisbies (QW-361.2) Actual Veiues Range Qualified

Diract or remota visual control NONE

Automnetic arc voltage controt (GTAW) NONE

Aulomatic joint tracking NONE

Mutiple of single pass pes side NONE
Automatic Wekiing Verisbles (QW-381.1) Actus! Values RAsnge Qualified

Filr Metal (EBW or LBW) NONE

Laser typs for LBW (CO3 to YAG sic.) NONE

Continuous drive of inertia weiding (FW) NONE

Vacuum or out of vacuum (EBW) NONE

Nota: Vaiues in “Ranga Qualified” are vaiid only when used with  Qualified Welding Procodure.
RESULTS

vVisual Examination of Completed Weld (QW-302.4) _ACCEPTED
/1 Transverse root and face |QW-462.3(a); L Longitudinal roct and face [QW-462.3(b)]; [T} side (QW-462.2),
™" Pipe bend specimen, comrosion-esistant overlay [QW-462.5(c)]; 7 Piate bend specimen, corrosion-iesistant overiay [QW-462.5(d)i;

ﬁ . Pipe specimen, macro tast for fusion [QW-4625(b)j; | . Piate specimen, macro test for fusion [QW-4625(e))
T Typs | Resur Type | Resut . Typs |  Resut |  Type |  Resul
| QW-482.3(a) | ACCEFTED _ _QW-4823(a) | ACCEPTED . L ; S
| (Face) i (ROOT) IO i I )= —
r i !
Altemative radiographic examination resuits (QW-191)_NONE
Fillet weld — fracture test (QW-181.2) _NONE Length and percent of defects
] Fillet welds in plate (QW-462.4(b)] 7] Fillet waids In pipe [QW-462.4(c)]
Macro examination (QW-184) NONE ___ Fillet size (in) NONE __ x NONE  Concavitykonveity (in) NOKE
Cther tasts _NONE
Film of specimens evaluated by _NONE Company NONE
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED Laboratory test no. NONE
Welding supervised by (Print name) ANDREW LEWIS
Test requesiod by (Print name) ROBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH , ONT
Wecenilyma!mestawnemslnlﬂsreeordmconectandmatmemswouponswemwepa! with the requiremants
of Section X of the ASME Boiler and Pressure Vessel Code.
Organization ALL - WELD COMPANY LIMITED Signature Dats __ _09-12-2012
(mm-ad-yyyy)
FOR TSSA INSPECTOR USE ONLY r

The Welder named above has passed the welding test required under Ortario's Technical Standards and Safety Act, Bollers and Pressure Vesseis
Regulation and is hereby authorized, subject to the iimitations of this cartificate.

Check (v) applicable box beiow:

¥ To wald for the Employer named above only. This Certiticate . PER ASME SECTION IX
For seeking employment only. —_ -G8y
WG QO ONTANN Sev \2, 20\2
inspector Name and Number (Print} inspector Signature and Date

PV 03397 (08/10)



Teannlast 3300 Bloor Street West

VS IUDI TTDIMINY WUIMLWE Wwwiwiiwane

1N
&) i, TR e e vensos e No. 262446
Welders LasiName indal _ Firsl Name Stamp No
WRIGHT JOHN 18
Res. Address vinclal Regisiration No

130 BOYERS S8 ROAD KESWICK . ONTARIO Lff P c s g rensa Rl

Employer Name /8 Company POR NG,

ALL - WELD COMPANY LUMITED

Sireet Address 18,1814

49 PASSHORE AVE G y WPS No.used

Postal Code

SCARBOROUGH , ONT W vie T 1] gy

Vg PressscicalUesd STARY Tyoete)  [/] [ (Joomt o [ th
Basetisteriaits) SA-516GR T8 TO SA-516-GRTO [ Thicknesseny 38° | (7] restcoupon ] Production weld
Verisbise for ANl Processes Actusi Values Range Quaiified

Backing matariel (withwwRhout) __ WATHOUTY WITH OR WITHOUT

Base Metal P-Number 10 P-Number [a] 10 [al P1 THRU P1 AND PIPE 178" 0D
(x )Pt ( ) Pipe (snter dlameter I pipe) 0.375".

Filler Metal (SFA) Class (QW-404) (l Onty) 5.1 _E7018-1H4

Congumabie insert for GTAW or PAW (OW-404) NONE

Wekding Posttion (1G, 50, eto.) (QW-405) 26 16426

Manusl or Semt (QW-380) ‘Actusi Valves ~ Aange Guaiified

Fisiar Mota! F- No. (QW-404) F4 F4

Filies Matal Product Form for GTAW, PAW (QW-404) NONE

Weld deposi for sach L) (QW-404) w V4" MAX PLATE GROOVE + PIPE 2 7/8° 00 ¢+ UP
Process 1: 3 tayers 2 Yes (T No 4 + ALL FILLETS

Process 2: J layers [ Yes [ No NONE

Vertical progression (uphiiidownhill) (QW-405) NONE

GTAW, PAW or GMAW backing gas; or OFW fusil ges (OW-408) NONE

GMAW transfer mods (spray/giobulsr of putse to short clroull) (QW-400)  yoNE

GTAW welding curment type & polarity (AC, DCEP, DCENKQW-408) NONE

Machine Welding Verisbles (QW-381.2) Actusi Veluss Range Quaiified

Direct or remote visual control NONE

Aulomstio arc voltage control (GTAW) _NONE

Automatic joint tracking NONE

Muitiple or single pess per side NONE

Automatic Weiding Vartables (QW-381.1) Actusi Veluss Range Cuaiified

Fiser Metal (EBW or LBW) NONE

Laser type for LBW (CO7 1o YAG efo.) NONE

Continuous drive of inertis weiding (FW) NONE

Vacuurn or out of vacuum (EBW) NONE

Note: Veluss in “Rangs Quaiified” are vaild only when used with a Qualified Weiding Procedure.
RESULTS

Visual Examination of Completed Weid (QW-302.4) _ACCEPTED

[Z) Transverse root and face [QW-462.3(a), [ Longtudinal root and face (QW<4623(b)l; [ ]Side (Qw-4s2.2);

”] Pips bend specimen, corrosion-resistant overiay [QW-482.5(c)];
7] Pipe specimen, macro test for fusion [QW-462 5(b));

[ Fidte bend specimen, corrosion-rasistant overlay [QW-462.5(d)];
[7) piate specimen, macro test for tusion (QW-462.5(e)]

Type Result Type Result Type Result Type Resuit
| OW-462.3(a) | ACCEPTED | QW-A823(a) | ACCEPTED
| {Face) {ROOT)
Alternative radiographic examination results (QW-191)_NONE
Fillet weld — fracture test (QW-181.2) _NONE Length and percent of defects
|:] Fillet weids in plate [QW-462 4(b)} E] Fiilet weids in pips (QW-462.4(c)]

Macro examination (QW-184) NONE
Other tests _NONE

Fillet size (in.) NONE

x NONE __ Concavitylconvexity (in.) _NONE

Fitm or specimens evaluated by _NONE

COmmnym

Mechanical tests conducted by _ALL - WELD COMPANY LIITED

Laboratory test no. _NONE

Weiding supervised by (Print name) ANDREW LEWS

Test requasied by (Print name) _ROBERT BENTLEY

Tested at (Print address) 48 PASSMORE AVE , SCARBOROUGH , ONT

w.mmwwmwermmwmmuammww. weided,

of Section IX of the ASME Boller and Pressure Vessel Code.
Organization _ALL - WELD COMPANY LISITED

mmmmmwmrmﬂ«u

08122012
(mm-ad-yyyy)

Signature

FOR TSSA INSPECTOR USE ONLY

The Welder named above has pls—;&m;wddlm test required under Ontario’s Technicsl Standards and Safety Act, Boilers
Regulation and is hersby authorized, subject to the limitations of this certificats.

Pressure Vessels

Check (v) applicable box below:
E_/_] To weld for the Employer named above only.
{ -] For seeking employment only.
(OTCA o o SRS

Inspector Name and Number (Print)

PV 08397 (08/10)

This Certificate expires: PER ASME SECTION iX

>0E (4T

Inspector Signature and Date




14th Floor - Centre Tower
Technical 3300 Bloor Strast Wast
Standards and Toronto, Ontario M8X 2X4

Welder/Welding Operator Certificate

Technical Standards and Safety Act
Safety Authorlty  yep site: www.tssa.org Bollers and Pressure Vessels Regulation No. 262449

Welders LastName Tnftal  First Name Sralihy” ) Stamp No.

YUMUL MANOLITO (i 120

Res. Address Postal Provincial Registration No.

131 KENNEDY ROAD, ONTARIO w 1{ K|2 E s| D705 REQILR0NS

p Name Company PQR No.

ALL - WELD COMPANY LIRITED

Straet Address 78,18 1A

49 PASSMORE AVE C WPS No.usad

Postal Code

SCARBOROUGH , ONT Mo V4T 4y
Welding Process{es)Used  SMAW iypets) V] (a {"jsomi tic | ]
SasaMaterialis) SA-516-GR70 TO SA-518-GRT0 Thickness{es) 38" | (] Testcoupon . [] Production Weld
Varlables for All Processes Actual Values Range Qualified

Backing material (with/without) WITHOUT WITH OR WITHOUT

Base Matal P-Number to P-Number P to P1 P1 THRU P1SF, P34 & PAX PLATE AND PIPE 2 7/8" OD AND LIP
(X } Plate { ) Pipe (enter dlameter if pipe} 0.375".

Filier Metal Specification (SFA) Class (QW-404) ( Only) 5.1  E7018-1H4

Consumable Insert for GTAW or PAW (QW-404) NONE

Welding Posttion (1G, 5G, elc.} (QW-405) 26 16426

Manual or Semi-sutomatic Variables (QW-350) Actual Velues Range Qualified

Filler Metal F- No. (QW-404) F4 F4

Filler Melat Product Form for GTAW, PAW (QW-404) NONE

Wald deposit thickness for aach welding process (QW-404) 38" /4" MAX PLATE GROOVE + PIPE 2 7/8" 0D + UP

Process 1: 3 layers V1 Yes [ No 4 + ALL FILLETS

Process 2: 3 layers [ Yes [ No NONE

Vertical progression (uphill/downhill) (QW-405) NONE

GTAW, PAW or GMAW backing gas; or OFW fuel gas (QW-408) NONE

GMAW lranster mode (spray/globular or puise to short circuit) (QW-408) NONE

GTAW welding current type & polarity (AC, DCEP, DCENYQW-409) NONE
Machine Welding Variables (QW-361.2) Actual Velues Range Qualified

Diract or remota visual control NONE

Automatic arc voltage control (GTAW) NONE

Automatic joint tracking NONE

Muttiple or single pass per side NONE

A Weiding (QW-381.1) Actual Values Range Quaiified

Filler Matal (EBW or LBW) NONE

Laser type for LBW (COp to YAG alc.} NONE

Continuous drive or inartla welding (FW) NONE

Vacuum or out of vacuum (EBW) NONE

Note: Values in “Range Quallfied” are valid only when used with a Qualified Welding Procedure.
RESULTS

Visual Examination of Completed Weid (QW-302.4) _ACCEPTED
[7) Transverse root and face (QW-462.3(a); |_) Longitudinal root and face [QW-462.3(b)); |_{ Side (QW-462.2);
L__] Pipe bend specimen, corrasion-resistant overiay (QW-462.5(c)]; [j Plate bend specimen, corrosion-resistant overlay (QW-462.5(d)];

{_-l Plpe specimen, macro test for fusion (QW-462.5(b)]; i_] _Piate specimen, macro test for fusion (QW-462.5(e)]
Type Resuit Type Resuit Type Resuit Type Resuit
| QW-482.3 (2 ) ACCEPTED QW-462.3(a) ACCEPTED
{Face) (ROOT)

Altemative radiographic examination resuits (QW-191)_NONE

Filiet weld — fracture test (QW-181.2) _NONE

|j Fillet welds in plate [QW-462.4(b)]
Macro examination (Qw-184) NONE
Other tests _NONE

Length and percent of defects

[} Filet weids in pipe [QW-462.4(c)]

Fillet size (n.) NONE  x NONE

Concavity/convexity (in.) _NONE

Film or specimens evaluated by _NONE

Company NONE

Mechanical tests conducted by _ALL - WELD COMPANY LIMITED

Laboratory test no. _NONE

Welding supervised by, (Print name) ANDREW LEWIS

Test requasted by (Print name) ROBERT BENTLEY

Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH , ONT

We certify that the statements in this record are correct and that the test coupons were preparg o ed.ir.a e Wi pauirgfments
of Section IX of the ASME Bolier and Pressure Vesssl Code. ;

Organization _ALL - WELD COMPANY LIMITED Signature

FOR TSSA INSPECTOR USE ONLY

The Wel&e;_nar;\ed abové m-xs passed the welding test required under Ontario’s Technical Standards and Safety Act, Boilers and Pressure Vessels
Reguiation and is heraby authorized, subject to the limitations of this certificate.
Check (v) applicable box below:

Iv] To weld for the Employer named above only. This Canjﬂ‘@; PER ASME SECTION iX

[ For seeking employment only. (m-ad-yyyy}
o (6ol
/k\spéﬁar Signature and Date

e\ LOSs) AT AS -

Inspector Name and Number (Print)

PV 09397{08/10)
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edmonton exchanger

& manufacturing Itd.

CERTIFICATE OF COMPLIANCE

MTR L’s

| 19 Street Edmonton, Alberta Canada T6E 5W8  www.edmontonexchanger.com

tel 780.468.6722 « QC fax 780.466.4668 * sales fax 780.466.5155

Customer ALLL-WELD COMPANY LIMITED

P012-1619-1178Q

Work Order C96984 pate2013/01/21 cotct 38471

Page 1 of

MTR ID Pages Heat# Thickness Material Grades
w031 | 4 |33291419027 26"  |SAS516-70N R
(33291419130 000 | 25" SAS516-T0N -

" 1s033 | 3 |332914-18895 26"  |SAs1670N -
" 15749 | 4 |350397-57045 | 25 |saste70N o

Heatit Material Grades MTRID
332914-18895  |SAsieroN | 1s033 |
asetare0zr  [sAseoN  op | e
332914-19130 |SAS16-70N - BRTM | 15081
350397-57045 SA 51670 N 15749
(

o

ACCEL"! mb%\‘f Vi

for and on behalf o& A N

Print Nam®® = «I—L’—T\Tf\-—__ﬂ_ VEL°S| Q,C;‘., . /-,.

Signature: —"‘m) I iosi America LLC E//
Dale  cosmmets
FER 0 4 7703



D)
edmonton exchanger

& manufacturing itd.

0CC-001 (01-01-2012) A.15

CERTIFICATE OF COMPLIANCE

5545-89 Street Edmonton, Alberta Canada T6E SW9

www.edmontonexchanger.com

tel 780.468.6722 » QC fax 780.466.4668 » sales fax 780.466.5155

Customer ALL-WELD COMPANY LIMITED

P012-1619-1178Q

Work Order C96984 0ame2013/01/21 corca 38471

Page 1 of 1

— - et o | eacrte | Fom.
H96984-1 HEAD(S) - Semi-Elliptical 2:1 - 2.5000" NOM 1]350397-57045 ~ 12.28207[2.4630°[1
:Eﬁa:gigaiMég;cx 2}/5{2—70 Normalized) 11332914-18895 B 2.28207{2.4590" |1
Conforms to NACE MRO175 / IS0 15156-2 2009 Annex A 11332914-15027 2.28207|2.4590" )1
1[332914-19130 2.2820" | 2.4350" |1

Forming Procedure:

1. Hot Formed @ 1650F/898C and Alr Cooled

Brinell Equlpmént: Newage Calibrated Pin

Brinell Hardness Tester

Suppiementary Requirements

pproved Weld Procedure WP-2 (as welded) or WP-63 (PWHT). Ali repaired areas were MT examined.

Normalized Material ldentification Marking:

'MT indicates normalized by the mill per ASME Code Section li, Part A, SA 20, Paragraph 13.1.1.

‘GMT indicates normalized by Edmonton Exchanger per ASME Code Section 11, Part A, SA 20, Paragraph 13.1 2.

‘GT' indicates normalized by Edmonton Exchanger per ASME Code Section VIl Division 1, UG-85 or ASME Code Section |, PG-77.4

Pem H36984-1-3, HI6984-1-4 had cosmetic surface repalrs done In accordance with ASME Sec.Viil, Div.1 and ASME Sec.iX. Repairs were done per

~The ltem(s) listed above comply with the requirements of ASME Code Sectlon |, PG-29, PG-81 and ASME Code Section Vi1, Divislon 1, UCS-79(d),

3-79 & UG-81. All welders and procedures are quallfled to ASME Code Sectlon IX. Material belng supplied conforms to the latest ASME Code
I oectlon I, Part A, 2010 Edlition, Addenda July 1, 2011.

Supplementary Examination - ltems

Edmonton Exchanger
MPI - Dry MPI

(for -1-3, <1-4)
Acceptable to ASME Code

X SEC. VIIl, DIV _SECTV

_SEC. VI, DIv.2 _B311

_SEC.| _B31.3

_ Bevelled Edge _ Backgouge

_ Completed Welds

X Surface Repair Area v
EE Procedure: MPI-001 REV.13 —

Material: SA 516-70 N ACC
Thickness: 2.5"

Parker B300 Yoke
Magnafiux 8A-Red {Dry)

FEB 0 4 2013

—_— . ————— e R e

romzmwumumw ' 046
for nnd on behalf of: h l’)

AC Continuous

Light: Natural

Tech: Roy Brown (#16669)
CGSB/SNT: Level Il

Date: 2013/01/18

Time: Day Shift

Print Name: __L( ﬂg?f_}_ﬁﬂﬂ
Slgruurc’

"1 Velosi

f

Q
VELOSI
America L1C




@

»

CONRERX STEEL LIMITED PAGE # 1

50 TABER ROAD
REXDALE, ONTARIO M9W 3A®
HEAT TRACING RECORD

CSL WO# QTY DESCRIPTION CUSTOMER CUST PO#

¢ o 13- oely

_______H_,,..-a...,.—\-s_m_,..‘

EASED

mymmz\'mw"’zimn CEES

ptl

ey PUTTREL e
Print Name: VEL

Signature: e Amet
HEAT TREATMENT SPECIFICATION:Cgt - AR -oo| ) __,J_-&wlu Velosi Amet

Diafe

HEAT ATQ“ Yo' @ PER HOUR FROM & o
HOLD i R MINUTES AT ]gggg Y-zs'p

<>

FEB 07 2513

THERMOCOUPLES: * |, 2,3 tY

NOTES:
All temperfitures in degees Fahrenheit unless noted
SIGNED FOR CSL J DATE _ fals gp‘h'a,
CHART TEMPERATURES

TIUE ETE? ZETPT 7o TCha TC#H3 TC#4 TC#5 TC#6
48D 1 133 124 106 130 141 0 9

5 230 i 213 221 173 201 235 0 0
13390 % 255 303 245 273 321 C ¢
P70 1 266 291 00 352 412 Q V]
13:30 1 443 469 378 416 482 0 0
15:40 1 521 544 453 487 555 0 0
15:50 1 598 624 528 569 639 0 0
16:00 1 676 699 607 646 711 0 0
16:10 1 753 771 679 725 789 0 0
16:20 2 817 840 764 792 852 0 0
16:30 2 858 873 808 833 881 0 0
16:40 2 900 910 857 874 919 0 0



~»

C®

TIME

16:50
17:00
17:10
17:20
17:30
17:40
17:50
18:00
18:10
18:20
18:30
18:40
18:50
19:00
19:10
19:20
19:30
19:40
19:50
20:00
20:10
20:20
20:30
20:40
20:50
21:00
21:10
21:20
21:30
21:40
21:50

22:00 ,

22:10
22:20
22:30
22:40

-a

STEP

.udsh.b-una»nnoawwwuwwwwwuwwwwwuuNNNNNNN

SETPT
942
983

1025

1067

1108

1150

1192

1233

1275

1310

1335

1359

1384

1409

1433

1458

1483

1507

1532

1557

1581

1606

1631

1655

1670

1670

1670

1670

1670

1670

1670

1670

1370

1158
921
761

TC#1
949
989

1028

1067

1111

1152

1194

1232

1273

1311

1335

1358

1379

1403

1433

1455

1478

1501

1531

1554

1578

1606

1630

1655

1675

1674

1674

1672

1672

1672

1675

1674

1480

1216

807

CHART TEMPERATURES

TC#2
895
948
977

1024

1068

117

1160

1203

1242

1285

1313

1339

1364

1386

1408

1435

1463

1486

1512

1537

1564

1590

1617

1641

1661

1664

1664

1665

1664

1665

1667

1668

1454

1243

1023
880

REF#2617

TC#3
920
958

1008

1049

1091

1132

1178

1215

1262

1296

1323

1348

1375

1397

1422

1449

1473

1497

1526

1551

1574

1603

1627

1650

1669

1667

1670

1670

1665

1670

1672

1671

1402

1170
977
809

TC#4
962
994

1039

1079

1118

1158

1203

1235

1281

1316

1337

1362

1386

1406

1438

1463

1487

1508

1538

1564

1584

1610

1633

1657

1674

1672

1673

1673

1669

1672

1674

1671

1409

1181
948
775

PAGE # 2

[}
aQ
o
o

TC#6

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

Motk wa

5 fH
c;zp, w},.,&i' AEP v\é{g

ﬂm¥ iﬂl}vmmAmrv



LCONREYX STEFEL

A EONBEY COMPANY =

03/09/90
Rev. 0

PROCEDURE_FOR NORMALIZING
CSL~-NR-001

The following is a standard procedure for normalizing

followed unless otherwise specified by the customer.

l.

The component shall be heated uniformly to a temperature
range of 1600 to 1700 degrees Fahrenheit. The exact
temperature depends on the material specification.

The temperature of the furnace shall not exceed 800 degrees
F at the time the component is placed in it.

Above 800 degrees F, the maximum heating rate shall be 400
degrees F/hour. During the heating period, variation in
temperature throughout the portion of the component being
heated shall not be greater than 250 degrees F within any 15
feet interval of length.

The component shall be held within the specified temperature
1imit for a minimum of time specified in the following
table, based on the component thickness, to ensure
homogenization :

Minimum Holding Tinme

Up to 2 inches Oover 2 inches
1/2 hour/inch, 30 minutes 1/2 hour per inch up to
minimum 2 inches, 15 minutes per

inch thereafter

The component shall be cooled in still air.



CONREX STEEL LTD.

50 Taber Road. Rexdale. Ontario, MSW 3A9 Phone (416)-747-4665 Fax (416)-747-4667
CALIBRATION CERTIFICATE

INSTRUMENT : Stress  flelat Farnace )
MANUFACTURER: Bllen Bradlew (sic sos )
J A
SERIAL NUMBER: Conrex )
Standard As Found Calibrated Standard As Found Calibrated
LOAD#1 ADDITIONAL TEMPERATURE CONTROLS
1125°F /W28 < | sl har |18 15F H27F | &lnlw
Ul 652 'E| glqla —— /6S2F | glnlnv
2#: 1125°F 12 8 0 st
LOAD#2 1650°F /32 - 17 ot
1125°F [126%< | sllunn |38 125F 112657 | H v
1650F | /652 ¢ | #lnlen 1650°F [65/ x| il
a#: 1125°F [J26F | ¥l
LOAD#3 1650°F /e F | ¢l han
1125°F [12¢ %7 | 8111 pnr [5% 1225F /126F T
1650°F /6 Sz glir v 1650°F [/ °F | #luban
64: 1125°F 12e%F | e
1650°F J6S/F | "l
7% 1125 L
e e e
o 1125\ forsadjon bebalf of T2 == n Tq @
1650°F | cboe LY
TG ==

If ‘calibrated’ column is blank. No adjustments were necessary

COMMENTS:

QC INSPECTOR: A/Zsm QC MANAGER: \4.\4’(-—1 DATE: é.;,gg 2017
’ =

STANDARD: PPS MINITEMP MODEL 1062, SER# B67568




T RATRANSUT Sertvices™

CERTIFICATE OF CALIBRATION

C

Customer: CONREX STEEL
50 TABER ROAD
REXDALE, ON M9W 3A9 .

Cert/'SONbr: 33-8X7EE-1-1
Manufacturer: Transmation
Model Nbr: 1062

Description: Thenmocouple Calibrator
Serlal Nbr: B67568
ID Nbr: NONE
Unit Barcode: 900A3296141

ey

NVLAP LAB CODE
2009050

Customer Nbr: 9-283590-000
PO Nbr: 2292

Date Received: March 29, 2012

Dsate Completed: April 12,2012
Due Date:  April 12,2013

Calibrated To: Manufacturer Specification
Callbration Proc: |-AC17451-1

item Received: |n Tolerance
Item Returned: [n Tolerance

For calibration data, see Supplemental Report for SO Nbr 33-8X7EE-1-1

Tianscat Calibeation Laboratories have bemn audited and found in compliance with ISGEC 170252005 Acsredited calibrations performed within the Lals Scope of Accreditation are indicated by the presence of the
Accrediting Body's Logo and Certificate Number on this Certificate of Calibraion Any measurements on an sccredited calibration not covercd by that Laks Scope are listed 1n the notes section of the certificate This
i 1

1epont must nat be used ta claim product certifi pp or

Transcat calibrations as applicahle are pesformed in compliance with the requirements of 1SQ9001 2008, (SO TS16949, ANSINCSL Z540-

JOCFR2L, 10CFRS0 App: B and NQA-1 are also covered.

Traceability includes ao less than An unbroken chain of

of 51 unita

uncerainty, d

by NVLAP, NIST, oc any agency of the Federal Government

1994, and 1SO 10012-1992 When speaified contracwsally the requirements of

the traceability of measurements ta the St units through the National Institute of Standards and TechnologyNIST) o the National luzm:t Counctl of Canada(NRQ), or uther
(NMI'3) or internalional sundard bodies of W0 measurable conditions created in our laboratory, or sccepied fundamental and'or natural physical

penodic ibration and Tramscat d

d national
ratio type of cahb of by isoe 10

siandsrds The specific path of traceability for the reported measurement rosulls is maintained at the Transcat facility and is available there for review

Complete records uf work petfornicd arc maintined by Transcat and are available for i ion | Y dards used in the perfc of this are shown on the Suppiemental Repont
The results in this repon relate only te the nem calibrated of tested and the determination of in or ot of tolerance 13 specific 1o the modelsenal na referenced above based on the shown on the suppl: i
report, thesa lolerances ars either the original oq! ip £ e (OEM's) d specifications or the chient’s requesied specificanons

A

' The applied 13 the inty of the processThe Test Uncertsinty Rana (TUR) in calculated as per NCSL Internationsl RR9, section 8 2 All have been performed using p

havinga TUR of 4 | o better, uniess otherwise noted on the Supp | Report U inties have been esti d at 195 percent level(k=2) Cslibration at a4 1 TUR (ur gresier) provides reasonabie
confidence that the jastrument is within the stated tol For iag i in ordes 10 consider the to the inty from rep bility of the unit under tes{UUT), edd 0 & of the UUT's
least significant digit 1o the reported inty For mass calibrations C. jonul mass refe d to8 0 g/em’
Any number of fsctors can cause 8 unit to dnfl out of tol at any time (ollowing its cahb ol on the uses of this tnstrument are detniled in the OEM's operating instrucuons

Notes:

Calibrated At

4043 Carling Avenue

Ottawa, ON K2K 2A4

By: Keith Manson -~
g’ Digitally Signed On Apni 12,2012

Eacility B .
4043 Carling Avenue
Ottawa, ON K2K 2A4
613-591-8140

Revision 0

gzbigitnlly Signed By Keith Powell
' Datc: April 13,2012

Kelth Powell
Lab Manager

PONITRL2 KI2I00E

This certificate may not be reproduced except in fulf without the written approval of Transcat Additional i jon tf

N

icable may be included on auparate reports)

Certificate - Page | of 1
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G
edmonton exchanger

& manufacturing ltd.

CERTIFICATE OF COMPLIANCE

MTR Lis

{ 19 Street Edmonton, Alberta Canada T6E 5W9  www.edmontonexchanger.com

tel 780.468.6722 » QC fax 780.466.4668 * sales fax 780.466.5155

Customer ALL-WELD COMPANY LIMITED P012-1619-1178Q Work Order C96984 Date 2013/01/10 cotc¥ 38253  Pagetof
MTRID Pages Heat# Thickness Material Grades
16196 5 358699-92224 25" SA516-70N o
Heat# Material Grades MTRID
358699-92224 SA516-70N 16196
2 .
= S --...._._-..—04(} -(\ QE‘%‘ .
Ct | EDREVIEWEL/KELEASED ~E.Y _~
ACCE!"| ENVRE US M O}'}’SH‘U‘Q J e
for and on behall Off a2 3 e e 2013
N asH QA HY FEB O &
Print Name: &4 NV S AFP‘US@
Signature: Yty ~ VELOS!

Date:

J gty M ’,’,5 Velosi America LLC




—

QCC-004 (01-01-2012) R 12

& CERTIFICATE OF COMPLIANCE
edmonton exchanger

& manufacturing Itd,

5545-89 Street Edmonton, Alberla Canada T6E 5W8  www.edmontonsxchanger.com tel 780.468.6722 » QC fax 780.466 4668 * sales fax 780.466.5155

Customer ALL-WELD COMPANY LIMITED P012-1619-1178Q Work Ordor C96984 Date 2013/01/10 cotcr 38253 Pagetott
tem? Dascription Qty Heats Weld Proc. F;:g:
596984-2-1 SHELL(S) ——2.5000' NOM X 60" ID X 96" 1/358699-92224 i Wwp600 4
(Material Spec: SA/316—70 Normalized)
Conforms to NACE MRO175 / I80 15156-2 2009 Annex A
$96984-2-2 SHELL(S) - 2.5000" NOM X 60" ID X 96" 11358699-92224 WPE00 4
(Material Spec: SA516-70 Normalized)
Conforms to NACE MRO175 / ISO 15156-2 2009 Annex A

Forming Procedure:
4. Cold Formed

Brinell Equipment: Newage Calibrated Pin
Brinell Hardness Tester

Supplementary Requirements

Igtem $96984-2-2 had cosmetlc surface repalrs done In accordance with ASME Sec.VIil, Div.t and ASME Sec.IX, Repairs were done per approved Weld
Procedure WP-2 (as welded) or WP-63 (PWHT). All repaired areas were MT examined.

Normalized Materlal Identlflcation Marking:

'MT" Indlcates normalized by the mill per ASME Code Section |I, Part A, SA 20, Paragraph 13.1.1.

‘GMT" indicates normalized by Edrmonton Exchanger per ASME Code Section II, Part A, SA 20, Paragraph 13.1.2.

'GT indicates normalized by Edmonton Exchanger per ASME Code Section Vil Dlvislon 1, UG-85 or ASME Code Section |, PG-77 4.

1e tem(s) llsted above comply with the requirements of ASME Code Section |, PG-80 and ASME Code Sectlon VII|, Dlvislon 1, UCS-79(d), UG-79 & |
UG-80. All welders and procedures are qualified to ASME Code Sectlon IX. For tacking carbon steel Items, roundbar used Is 1018 Cold Rolled.
Materla! being supplled conforms to the latest ASME Code Sectlon il, Part A, 2010 Edition, Addenda July 1, 2011,

Supplementary Examination - items

Edmonton Exchanger

MPI - Dry MPI
(for -2-2)

Acceptable to ASME Code

X'SEC. VI, DIV _SEC'IV FEB 0 lf 2013

_SEC. VI, DIv.2 _B31.1

_SEC.! _B31.3

_ Bevelled Edge _ Backgouge

_ Completed Welds

X Surace Repair Area /

EE Procedure: MPI-001 REV.13 3 "‘""";50'33'

Material: SA 516-70 N T

Thickness: 2.5" ACE L E DIREVIE‘WED E ]ﬁpﬂn

Parker B300 Yoke for and on behalf of:

Magnaflux 8A-Red (Ory) C' A N@SH CAHA

AC Continuous Print Name: A_Fp

Light: Natural /% o/ —
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J"'(. Cambridge

materials testing limited

1177 Franklin Boulevard,

Cambridge, Ontario N1R 7W4

Tel: (519) 621-6600 Fax: (519) 621-6082
www.cambridgematerials.com

15017025 Accredited

Report for: Quality Plates & Profiles Ltd.
20 Nicholas Beaver Road
R. R. # 3
ABERFOYLE, Ontario
N1H 6H9
Phone: 1-800-268-2853
Fax: 1-519-837-2224

Attention: Dave Braga

Laboratory No. 598087-2012

Report Date: January 24, 2012
Received Date: January 19, 2012

Customer P.O.#: P006311

Specimen: Material: ASME SA516 - 70 Normalized ./
.25" Thick x 3" x 3", Algoma Heat # 88881-38625

ROCKWELL HARDNESS TEST REPORT

80,79,79 HRBW ’

NACE MRO0175/ISO 15156-2 (A.2.1.2) Rockwell Hardness Requirement:

22 HRC maximum
Conclusion: Pass

Testing performed /% ccordmg to

NACE MRO0175/ISO 15156-2:2009/Cir.1:2011(E),

ISO 6508-1:1999(E),

ASME Boiler and Pressure Vessel Code Section I, Part A, SA-370
(2010 Edition, 2011 Addenda) and ASTM E18-08b.

| o

377

Thiz report 15 subiject Lo Lhe fotlowing lerms and canditions: 1 This repoil relales only lo the spceimen
provided and lhere is no representation or warranly that il apphes lo similar subslances o1 malenals ar
Ihe bulk of which [he specimon is a pant. 2 The conlent of lhs report is for the information of the

ustomer identified above only and il shalt not be reprinled, published or disclosed 1o any other parly
excepl in full. Prior widlen consent friom Cambndge Materials Testng Limiled s iequited. 3 The name
Cambndge Materials Tesling Limiled shall nol be used in connection wilh the specimen repoited on oi
any subslance or malerials similar to lhat specimen wilhoul the pror writien consent of Cambrdge
Malerials Tesling Limited. 4 Meither Cammbridge Malesials Testing Lunited nor any of ils employees
shall be responsible or held liabie for any clams loss or damages ansing in consequence of iehance
on this report or any defaull, ersor or omission inils preparalion oi the lesls conducled. 5 Specimnens
are ielaned 6 months, test iepotls and test data are retained 7 years from dale of final lest report and
then disposed af, uniess inslrucled othenvise in writing

Page 1 of 1

Cambridge Materials Testing Limited

- Quality Assurance
Per /‘&%

Technician




CANPRESS WmETAL FABRICATORS INC.

1610 Feldspar Court, Pickering, Ontario, L1W 3R7, CANADA
tel. (905) 831-2882 fax (905) 831-2880
http://www.canpressmetalfab.com e-mail: info@canpressmetalfab.com

Certfificate Of Complionce

Customer: All-Weld Date: March12/13

Attn: Quality Control

Purchase Order: 13-0209

Work Order #9913

Material SA 516-70N Impact Tested -20 degree min.

ltem #1176-19 Qty 2 %" x 61 %" ID x 25" Long

We hereby certify that these shells conform to the above description and that they

were cold formed to A.S.M.E. Code section VIl division 1 latest edition and latest
addenda including UG 79 and were not post formed heat treated.

/7 ﬁ %
Au\‘/horized ?i}%ture
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r ILSENBURGER
Ny GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1 No. (A3 761758
DINPEN 10204 / Page 2/11
1402) Daie 10.07.2012
No {A0l] 9381 20.04.2012 Najam) o
Puchaser Olbert Metal Sales Limited Cuslomer  Olbert Metal Sales Limited
{A06) MISSISSAUGA,ONT.LST 2J8 [A08] MISSISSAUGA,ONT.LS5T 2J8
KANADA KANADA
Produt Heavy plate Warks order Nu 0000059029
{801) 1AD8)
Inspaction WS
Steel grade and terms of defsary SA 516 Gr. 70 MTL1V (Ag5{
{B02-B03| HSME sect. 11 part A ed.2010, adsd, 2011
ASME SA 20, SA 516
ASTM A 20 -10, A 516 -10
PO 9381
Material data (o-ssy
ltem | Quanuty | Product No Heat No Cond of defivery Thekness x Width x Length in X in x 1n
{B08] (807} {807 {B04) {B09-B 11| o S
0sS 1 283937 1 225644 N 0,562 x 120,000 x 480,000 m3 =
06 1 283932 1 74313 N 0,625 x 120,000 x 480,000 :_1 o
06 1 283933 1 74313 N 0,625 x 120,000 x 480,000 ( w
06 1 283934 1 74313 N 0,625 x 120,000 x 480,000 ‘V >
06 1 283935 1 74313 M 0,625 x 120,000 x 480,000 Q g
07 1 289030 1 23206 N 0,750 x 120,000 x 480,000 A §
07 1 289031 1 23206 N 0,750 x 120,000 x 480,000 \‘; c
07 1 289032 1 23206 N 0,750 x 120,000 x 480,000 ‘:)
07 1 289033 1 23206 N / 0,750/i 120,000 x 480,000 % i
D7 1 2890345k 23206 12 0,750%x" 120,000 x 480,000 a Y eh
07 1 289035 1 23206 N 0,750 x 120,000 x 480,000 _;Zk/\ Sy |f
08 1 288317 1 22059 N 1,000 x 120,000 x 480,000 2 -
08 1 288318 1 22058 18] 1,000 x 120,000 x 480,000 _1@“& i
08 1 289041 1 23206 M 1,000 x 120,000 x 480,000 =N Y
08 1 289042 1 23206 i3] 1,000 x 120,000 x 480,000 d\f \S\\ /
08 1 289043 1 23206 N 1,000 x 120,000 x 480,000 a g. T~
08 1 289649 1 23206 M 1,000 x 120,000 x 480,000 \i o N "_:
09 1 284096 1 22058 N 1,250 x 120,000 x 480,000 g "5% Z
09 1 286958 1 21795 N 1,250 x 120,000 x 480,000 i b= \ \"_3
10 1 284095 1 22058 N 1,500 x 120,000 x 480,000 g 8 [
10 1 286956 1 21795 ] 1,500 x 120,000 x 480,000 5-§ }: g 2
12 1 282733 1 22059 8] 2,250 x 120,000 x 288,000 - 3 8 & qQ
12 1 282734 1 22059 N 2,250 x 120,000 x 288,000 T 2 { ‘3.,
14 1 286430 1 44451 N 2,750 x 120,000 x 288,000 v E ‘E &%
14 1 286959 1 21795 N 2,750 x 120,000 x 288,000 % 2
15 1 282730 1 22059 N 3,000 x 120,000 x 242,000
15 1 282731 1 22059 N 3,000 x 120,000 x 242,000
16 1 286587 1 22910 H 3,250 x 102,000 x 242,000
17 1 286589 1 22910 N 3,500 x 102,000 x 242,000
17 1 286590 1 22910 H 3,500 x 102,000 x 242,000
18 1 286559 1 22577 N 3,750 x 102,000 x 182,000
18 1 286560 1 16412 N 3,750 x 102,000 x 182,000
19 1 286577 1 22910 N 4,000 x 102,000 x 178,071
19 1 286578 1 22910 N 4,000 x 102,000 = 169,291
20 1 286576 1 22910 M 4,250 x 102,000 x 182,000
21 1 286573 1 22910 N 4,500 x 102,000 x 182,000
21 1 286574 1 22910 I8} 4,500 x 102,000 x 182,000
N normaiized
e — — — _—
MAR 1312013
We hereby cenify that the delivered matenal complies with the terms of the ordir
{201}
QM-System Cenification as per 150 9001 since 28 February 1330
f Trademark lseaburger Grobblech GmbH Inspection 9 /, inspection Representatve
3 oy Veckenstedter Weg 10 (2m)

(202
0-38871 llsenburg

(A0t} Cyraon




ILSENBURGER
GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

ﬁ

Inspection certificate 3. 1/
DIN EN 10204

{A02]

No (A7} 9381

Puchaser Olbert Metal Sales Limited
1A05) MISSISSAUGA,ONT.LST 2J8

KANADA

Product
{Ba1}

Heavy plate

70 MTLTY 1

20.04.2012 No (M)

Customer
{A0B|

No. (403} 761758
Page 4/11
Date 10.07.2012

Olbert Metal Sales Limited
MISSISSAUGA,ONT.LST 2J8

KANADA
iks ordar No
\/’IZ;
Inspectien

0000059029
WS

produced with shape control

Ca- treated

Fully killed and fine grained steel

SECTION II (SA-20)
CU +Ni + CR + MO= <{{?

CR+MOQO=-

Steel grade and lerms of delvery SA 516 Gr . 1 [ FD/REVIEWED/RE LEASED 046
{B02-B03) ASME sect. II part A ed.2010,add %‘f‘lt D/REVL / 5—’5 H Of/QL[wQ
ASME SA 20, SA 516 for and ou behalf of: =
ASTM A 20 -10, A 516 -10
PO 9381 Prnt Name: _{aPp o/ PSH SAN A g;pllus@
. Signaiure: _,L‘gf—:’——-—_...__" . VELOS!
. ( )
Ladle analysis cncm D Jige ’“’ \"‘“ 2 Velosi Apuerica LLC
Manufacturer standard P —— T s
Heat No C Si Mn p S N Al Cu Cr Ni
1807) % % % % % % % % % %
015-049 0.85 - 1,50 <0015 <0005 2000 <040 5030 <040
22058 0,20 0,25 1,15 0,013 0,002 |0,003 0,047 |0,03 0,04 0,04
22059 0,21 0,25 1,18 0,010 |0,002 |0,003 0,043 (0,02 0,03 0,04
22577 0,17 0,20 1,43 0,011 |0,001 |0,004 0,033 (0,03 0,04 0,03
22644 0,17 0,36 1,14 0,014 10,001 |0,004 0,053 |0,03 0,03 0,17
22910 0,17-2¢40,21 /1,48 /0,012 0,001 J0,003 0,032 (0,02 0,03 /|0,03 /
23206 L3 £ 0,24 153 0,018 "0,001 0,004 0,049 (0,03 0, 04 0, 04
44491 0,19 0,25 1,14 0,007 {0,002 |0,005 0,036 0,01 0,02 0,03
74313 0,15 0,33 1,16 0,013 |0,001 |0,005 0,046 |0,01 0,03 0,17
Heat No Mo v Ti Nb B Ca EV1 1) |Nb+V EV2 2)
1801} 3 % % % % % % 3 %
932 <0M <003 <002 $0.00! <048 <03
22058 0,01 0,003 J0,003 |0,02 0,0002|0,001 (0,41 0,02 0,03
22059 0,003 0,003 |0,003 0,02 0,0002;0,001 |0,42 0,02 0,03
22577 0,004 |0,01 0,002 |0,02 0,000 |0,001 |0,42 0,03 0,03
22644 0,004 |0,004 ,004 (0,02 0,000 |0,002 0,38 0,02 0,03
22810 0,003 0,003 40,002 0,02 40,0001 0,001 0,43/ 0,02 0,03
23206 ]0,003 ‘0,003 |0, 01 0.02 “lo,00010,00: |0.35¢ 0,02 (0,03
44491 0,002 |0,003 0,003 |0,02 0,0002{0,001 0,39 0,02 0,03
74313 0,003J0,004 0,004 |0,02 0,0004(0,001 0,38 0,02 0,03
— g — - —_— —_— P —
1 BV CEV=0eMaBoMo/SsNY1S+ Cr5e S+ Cuts U B2 VeNEsTi
Steel making: Basic OoXygen process -
1C70)
LIMITS OF UNSPECIFIED en
Material is vacuum degassad .t
7 ELEMENTS PER ASME N

T wpp 111

[W.o. ¢.~ '(
M.L. #
rf<#- be

/a

l?> u,).c‘l

We hereby certly that the delivered ma(enai comphes with the terme of the arder
1201]

QM-System: Certification as per IS0 3001 since 28 February 1990

f Trademark

3w
[1-3887) Hsenburg
{an1)

lisenburger Grohblech GimbH
Veckenstedier Wag 19

HT#

Certification of M .mnal Per ASM
E (-389¢6s

%&;&1“ s to all rcquu)’bme#ls ON ;

Seet. 11 _{_l:,__ Edition _{{  Adden

Inspec:ion 5t
(203}

’/—l;Ispecuon Represemative

(202!

Cyren



r ILSENBURGER
‘ GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

v .
Inspection certificate 3.1 / :omn: Z%.ZSB
DIN EN 10204 392
1A02) Dae 10.07.2012
No{ap7 9381 20.04.2012 Holam o
Purchaser Olbert Metal Sales Limited Cusomer  Olbert Metal Sales Limited
L] MISSISSAUGA,ONT.LST 2J8 {Ac6] MISSISSAUGA,ONT.LST 2J8
KANADA KANADA
Product  Heavy plate WorsorderNo 0000059029
(801} 1A
Inspection WS
Steelgrade and terms of dabvery SA 516 Gr. 70 MTLIY (805)
1802-8031 ASME sect. II part A ed. 2010,add.2011
ASME SA 20, SA 516
ASTM A 20 —lO A 516 -10
PO 9381
e A RE S e _——_'_—'"___“—‘_-—‘ﬁ
Tensile test oo
'Specrr;nN; - Heat No Locationf Owect | Cond [ Type Yield strangth Tensie sirength | Elongatian £iongation
|Coo! 1837) {Cot} | (coa Bos) iCi0) fcny c12) 113 €13)
RpoO, 2 Rm 8in 2in
IFERET 5) 5l N/mm2 N/mm2 % %
2260 485 - 620 21
286577 22910 KeV| Q N C 313 514 39
286578 22910 Kev| Q N C 321 509 36
286587 22910 Kev| Q N c 339 515 39
286589 22910 Kev| Q N C 327 513 41
286590 22910 Kev| Q N C 319 513 37
286889 74313 K6G| Q N P 390 518 23
286956 21795 K6G| Q N P 352 523 28
286958 21795 K6G| Q N P 354 527 27
286959 21795 Kev| Q N C 340 514 (39
287048 20870 K6G| Q N P 416 535 24
288317 22059 K6G| Q N P 350 528 24
288318 22058 K6G| Q N P 340 527 20
289030 23206 KeG| Q N P 360 522 29
289031 23206 K6G| Q M P 360 522 28
289032 23206 K6G| Q N P 365 523 26
289033 23206 K6G| Q NJ‘/P 363 525 29 _-
289034 » 23206 K6G| Q H B 366 | wHpz ~ 28
289035 23206 K6G| Q N P 371 528 27
289041 23206 KeG| ©Q N P 356 521 29
289042 23206 K6G| Q N P 351 520 27
289043 23206 K6G| Q N P 359 523 29
289649 23206 K6G N P 357 523 24
7 | 23206 |Gl o | n 1]
K Top 4 0 wansversal
A4 6 EWidia 5| N normalized
3G Thickness of proguct 6 C  cylndnc
V. /A Thickaess P orsmauc
ASE
ACCEF ILomEVIEWED“*E"E 1{ f)\n(
£:
for and on behalf o 18
e G ,«wa o Arplus
Pnnt Mane: L7 ELosI R 13 13
SH AP U e 7 NCV}’L\ 1&\"._5 vebgmrHLw MA
Theids
We hereby certdy that the delvered matenal complies with the tarms of the ordes
1201}
OM-System Certification as per IS0 3001 sincs 28 Febraary 1930
f Trademark lisenburger Grobblech GmbH Inspartion Syé /—;speclm" Representatrve
3w Veckensiedter Waq 10 (203) 20z

D-38871 lisenburg

1A01) Cyron



f“\‘.

r ILSENBURGER
N GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

v .
Inspection certificate 3.1/ :n (03| ;?i.']I-SB
age
I{\)OfiN EH 10204 Date 10.07.2012
No (a0l 9381 20.04.2012 Noiam o
Purchaser Olbert Metal Sales Limited Cusomer Olbert Metal Sales Limited
{A05) MISSISSAUGA,ONT.LST 2J8 {A05) MISSISSAUGA,ONT.LST 2J8
KANADA KANADA
Product  Heavy plate WorksardertNe 0000059029
{A08)
feon tnspecticn WS
Steelgrade and terms of delvery SA 516 Gr. 70 MTLTV [AG5|
{B02-Ba3) ASME sect. II part A ed.2010,add.2011
ASME SA 20, SA 516
ASTM A 20 -10, A 516 -10
PO 9381
Impact test oo
Specimen No Heat No Locationy Owect | Cond | Type of specimen Temperature | Impact energy
|ro0| (827 [CON | (Cc2) | IBes) | iCdo-Can) {Co3/ {C42-C43)
1 2 3 MW 6)
nay |4 3 °oF ftlbf ftlbf
286578 22910 Kev| L N Charpy V-notch [-051 65 131 144 114
286587 22910 Kev| L N | Charpy V-notch [-051 127 41 119 96
28658¢ 22910 Kev| L N | Charpy V-notch |-051 125 122 118 121
286590 22910 Kev| L N | Charpy V-notch [-051 45 124 119 96
286889 74313 KeO| L N Charpy V-notch |-051 75 75 44 65
286956 21755 Kev| L N | Charpy V-notch |-051 50 78 61 63
286958 21795 Kéev| L M | Charpy V-notch |-051 107 87 72 89
286959 21795 Kev| L N | Charpy V-notch | 051 56 71 34 54
287048 20870 KeO| L M | Charpy V-notch |-051 76 83 50 69
288317 22059 Kev| L N | Charpy V-notch |-051 78 49 95 74
288318 22058 KeV| L N | Charpy V-notch |-051 27 83 47 52
289030 23206 Kéev| L N | Charpy V-notch |-051 100 63 106 89
289031 23206 Kev| L N Charpy V-notch |-051 92 74 46 71
285032 23206 K6eVv| L N Charpy V-notch |-051 66 77 66 70
289033 23206 K6V| L N | Charpy V-notck [-051 L. 72 S8 30 53
289034 24s0u K6V L | N | Charpy V-notch |-051 4 82 o 91 907
289035 23206 K6V| L N | Charpy V-notch |-051 67 34 86 63
289041 23206 K6V| I, N | Charpy V-notch |-051 1C6 91 70 89
289042 23206 Kev| L N Charpy V-notch [-051 74 118 74 89
289043 23206 Kéev| L N | Charpy V-notch |-051 79 20 86 62
289649 23206 K6v| L 13 Charpy V-notch |-051 72 80 67 73
—— S T F—ESEl R —l — ——
1< Top 4 L longrudinal
208 116 Width 5 N normalzed
30 pearsurdface B MW Average
V. 14 Thickness
- = = v NS T
Specimen size:
5,0 x 10 x 55 mm (from 5,00 mm up to 8,99 mm plate thickness)
7,5 x 10 x 55 mm (from 9,00 mm to 11,99 mm plate thickness)

[10 x 10 x 55 mm

(from 12,00 mm

plate thi

ckness)

27 E—— 036

for and on behalf

of:

\ 1398/
ACCES rE twavxswm) ! xEAS If S LL — Q.C.l.

\\E !s/

(P aﬂzW SGMAFP‘US

f.
Print Name: P VELOSMAR 13 2013
YIS,
Sygnat tf( ju ljwdogannmullc
Date
We hereby certify that the delvered matenal complies with the ferms of the orge:
{2041
OM-System Certification as per IS0 9001 since 78 Februsry 1990
f Trademark liseaburges Grabblech GmbH Inspection St //Tnspecuon Representatie
3 e Veckenstedter Weg 10 f203) 202
D-33871 lisenburg

[A01) Cyron



ILSENBURGER
Ny croBBLECH
J Ein Unternehmen der Salzgitter Gruppe
Inspection certificate 3.1 No. (A03) 761758
DIN EN 10204 Page 10/11
1A02) Date 10.07.2012
No (A97) 9381 20.04.2012 Nojan o
Puchaser Olbert Metal Sales Limited Customer  Olbert Metal Sales Limited
{A08) MISSISSAUGA,ONT.LST 2J8 (A0} MISSISSAUGA,ONT.LST 2J8
KANADA KANADA
Product  Heavy plate Works order No 0000059029
(801} (A03)
Inspecton WS
Steelgrade and tems of delivey SA 516 Gr. 70 MTLTV [A03)
(802-Baa) ASME sect. II part A ed.2010,add.2011
ASME SA 20, 8A 516 ./
ASTM A 20 -10, A S16 -10
PO 9381
Rther tests (so-csy
I o — = |
Specimen No Heat No Locavon| Direct. | Cand | Hardness test
{Cooj (B2} {0 iCo2l 18081 | {C30-C39)
HB30
11213} {4 *J 5i 193
286589 22910 Ké N |152
286590 22910 K6 N (153
286889 74313 K6 N [156
286956 21795 K6 N |156
286958 21795 K6 N |157
286959 21795 K6 N (152
287048 20870 Keé N |158
288317 22059 K6 N [155
288318 22058 K6 N 155
289030 23206 K6 N 155
289031 - 23206 Ke N |154
289032 / 23206 |Ke N [156
289033 23206\/1(6 N {156
2890347 23206 V|Ke N (155
289035 23206 K6 N |158
289041 23206 K6 N |155
289042 23206 Ké N |153
289043 23206 K6 N (155
289649 23206 K6 N |156
1 K Top 5| N. normalzed
26 1i€ Width

Our products ar
clearing limit
limit values gi
the unrestricte
S) for ferrous

e free of radioac
value of 100 Bg/kg,
ven in the Radiation
d clearance of solid
nuclides.

tive substances and d
which guarantees t

Protection Ordina
material (Strl1Schv

O not exceed the
he compliance with
nce (StrlSchv) for

Annex III, Section

Heat treatment: Temperature 910 +/-10°C Pt m—=ics ELBASED 4 ¥
Soaking time: 30 min/ineh ACCEP FED/REBVIEWED/R il C'/H'(’ o
Cooling in still air for and on behalfl of: — 22 w,’ﬂ
-~ 5 '
NACE MR-0103 (£.1.1-2.1.4) - 2010 Print Name: &4 ﬁ,ﬂru“ o AFp
NACE MP-0U175 £ 2003 : ¥ & v
‘ S.g‘w[:j!'f- [":’_'\-(n.)l:l/‘ '\A”’; Velosi A
no weld repair Date! . = o8
Melted and manufactured in Germany MAR 1 3 20’3
We hereby cendy that the delivered material comphes with tha terms of the order
(2011
OM-System Certification as per SO 9001 sincs 28 February 1350
f Trademark lisenburger Grobbiech GmbH Inspectuion Stam /——lnspzcc«:n Representatve
T Veckenstedter Weg 10 12034

1202)
D-38871 tisenburg

{A01) Cyron
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r ILSENBURGER
N J GROBBLECH
Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1 No (AG3 761758
DIN EN 10204 Page 1/11
(A2l Date 10.07.2012
No (a0} 9381 20,04.2012 wNo(amn
Puchaser Olbert Metal Sales Limited Cusamer Olbert Metal Sales Limited
{A06) MISSISSAUGA,ONT.LST 2J8 [A06) MISSISSAUGA,ONT.LST 2J8
KANADA KAMNADA
Pojur  Heavy plate Works order No 0000059029
{Bo1) {A08I
Iaspecuon WS

Steel grade and terms of delvery SA. §16 Gr. 70 MTLTVY 1A05)
1B02-B03) ASME sect. II part A ed.2010,add.2011

ASME SA 20, SA sSle6

ASTM A 20 -10, A 516 -10

PO 9381
Marking of the product |B06)
Trademark/Steelgrade/Heat—No/Product~No/
inspector‘'s stamp

Material data (-8
ltam | Ouantity | Product No Heat Mo Cond of delivery | Thickness x Width x Length in x in X in
{B08) {Bo7) (807 1BE4 {B09-B1i}
01 1 282780 1 22644 N 0,250 x 120,000 x 480,000
01 1 282783 1 22644 N 0,250 x 120,000 x 480,000
01 1 282783 2 22644 N 0,250 x 120,000 x 480,000
01 1 2835904 1 22644 N 0,250 x 120,000 x 480,000
01 1 283904 2 22644 N 0,250 x 120,000 x 480,000
01 1 286889 1 74313 N 0,250 x 120,000 x 480,000
01 1 286889 2 74313 N 0,250 x 120,000 x 480,000
01 1 287048 1 20870 N 0,250 x 120,000 x 480,000
02 1 283899 1 22644 N 0,312 x 120,000 x 480,000
02 1 283895 2 22644 N 0,312 x 120,000 x 480,000
02 1 283900 1 22644 N 0,312 x 120,000 x 480,000
02 1 283900 2 22644 N 0,312 x 120,000 x 480,000
02 1 283901 1 22644 N 0,312 x 120,000 x 480,000
02 1 283901 2 22644 N 0,312 x 120,000 x 480,000
02 1 283902 1 22644 N 0,312 x 120,000 x 480,000
02 1 283502 2 22644 N 0,312 x 120,000 x 480,000
02 1 2835903 1 22644 N 0,312 x 120,000 x 480,000
02 1 283903 2 22644 N 0,312 x 120,000 x 480,000
03 1 2833905 1 22644 N 0,375 x 120,000 x 480,000
03 1 283905 2 22644 M 0,375 x 120,000 x 480,000
03 1 283906 1 22644 N 0,375 x 120,000 x 480,000
03 1 283906 2 22644 I8 0,375 x 120,000 x 480,000
03 1 283907 1 22644 N 0,375 x 120,000 x 480,000
03 1 283907 2 22644 M 0,375 x 120,000 x 480,000
03 1 283308 1 22644 N 0,375 x 120,000 x 480,000
03 1 283908 2 22644 N 0,375 x 120,000 x 480,000
03 1 283909 1 22644 N 0,375 x 120,000 x 480,000
03 1 283909 2 22644 N 0,375 x 120,000 x 480,000
04 1 283939 1 22644 N 0,500 x 120,000 x 480,000
04 1 283939 2 22644 N 0,500 x 120,000 x 480,000
04 1 283940 1 22644 N 0,500 x 120,000 x 480,000
04 1 2835940 2 22644 N 0,500 x 120,000 x 480,000
04 1 283941 1 22644 H 0,500 x 120,000 x 480,000
04 1 283941 2 22644 N 0,500 x 120,000 x 480,000
04 1 286153 1 74313 3] 0,500 x 120,000 x 480,000
04 1 286153 2 74313 N 0,500 x 120,000 x 480,000
0S 1 283936 1 22644 M 0,562 x 120,000 x 480,000
= —
N normalized

We hereby ceriiy that the delverad matena cemplies with the tarms ol the ordes
{201}
QM-System Certlicanon as per IS0 9001 since 28 February 1390
f Trademark lsenburger Grobblech GmbH Inspect an St /‘—-—l;spe:unn Repesentauve
VJ {AD4) Veckenstedier Weg 10 A‘] {203 {202)

0-38871 llsenburg

(AD1} Cyron



r ILSENBURGER
N J GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1 No. (Am3) 35}358

N EN 10204 Page
(I:B:gl Date 10.07.2012
No (A7) 9381 20.04.2012 No.fAon o
Puchaser Olbert Metal Sales Limited Cusomer Olbert Metal Sales Limited
{AC6) MISSISSAUGA,ONT.LST 2J8 1AGE) MISSISSAUGA,ONT.LST 2J8

KANADA KANADA
Predut  Heavy plate Warks ordar No 0000059029
{801) {A08)
Inspection WS

Steel grade and terms of delvery SA 516 Gr. 70 MTLTV {AB(
1802-B03) ASME sect. II part A ed.2010,add.2011

ASME SA 20, SA 516
ASTM A 20 -10, A 516 ~-10
PO 9381

Material data o-ss

01
02
03
04
05
06
Q7
08
09
10
12
14
15
16
17
18
19
20
21

z

Waight
1812)

=

NERNNNNHEOMDNNNNOAOABNDO O @

74

14.816 kg3
23.100
27.800
29.640
8.326
18.528
33.342
44.460
18.524
22.228
20.006
24 .450
22.414
10.320
22.228
17.912
18.231
10.150
21.494

407.969

Dimensional check and visual examination of the surface condition:
without objection

Ladle analysis n-csy

Manufacturer standarg

Heal No C Si Mn P S N Al Cu Cr Ni
{8 % % % % % % % % % %
0,15-040 085- 1,50 <0015 $0,005 20,02 $0,40 $0,30 S04
16412 0,18 0,19 1,46 0,014 0,004 0,004 |0,042 0,06 0,03 0,06
20870 0,15 0,35 1,16 0,010 0,003 0,005 (0,040 0,04 0,04 0,17
21795 0,20 0,24 1,16 0,006 |0,002 0,007 |0,042 0,03 0,02 0,04
Heat No Mo v Ti Nb B Ca EV1 1) [Nb+V EV2 2)
{801 % % % % % % % % %
Q12 50,03 <003 <oz soc0t <045 $00
16412 0,004 0,01 0,003 |0,02 0,0002/0,001 {0,441 0,03 0,03
20870 0,004 0,003 {0,002 |0,02 0,000 {0,002 (0,37 0,02 0,03
21795 0,004 0,002 (0,003 0,02 0,0001(0,001 0,40 0,02 0,03

1 e CEV=CrMnB+Mor5+Ni1 5+ Cr/54Y55: Cufts A EVI ViNbeTi

We hereoy cartity that the delivered matenal zomplies with the terms of the order

{201

QM-System: Certification a5 per IS0 9001 since 28 February 1980

5

Trademark
(A4

lsenburger Grobblach GmbH Inspection 9 Inspacuon Representatve
Veckenstedter Weg 10 1203) {202}

0-38371 lisenburg

{A01)

Cyron



ILSENBURGER
GROBBLECH

Ein Unternehmen der Salzgltter Gruppe

ﬁ

Ingpection certificate 3.1
DIN EN 10204
JA02|

No.lAl 9381 ‘
Purchaser Olbert Metal Sales Limited
{A08) MISSISSAUGA, ONT.LST 2J8

No.)Am3) 761758
Page 5/11
Date 10.07.2012

20.04.2012 Nojam

tussmer Olbert Metal Sales Limited
1A06) MISSISSAUGA,ONT.L5T 2J8

KANADA KANADA
Podit  Heavy plate orks order No 0000059029
1B0Y} {A08)
Inspection WS
Steel grade and terms of delvery SA 516 Gr. 70 MTLTV 1A0S)
1B02-B03) ASME sect. II part A ed.2010,add.2011
ASME SR 20, SA 516
ASTM A 20 -10, A 516 -10
PO 9381
Tensile test s
Sgecimen No Heat No Locavory Dwrect | Cond. |Type | Yield strength Tensile stength | Elangation Elongation
1C0) 1B07) IC01) | 1C32) | IBOs) | ICi0) icny 1€12) IC13) 1IC13)
Rp0, 2 Rm 8in 2in
HHERTT 5) 5l N/mm2 N/mm2 % %
2 %60 485-620 207
282730 22059 K6V} Q N C 334 517 39
282731 220589 Kev| Q N C 310 513 36
282733 22058 K6G| Q N P 320 508 32
282734 22059 K6G| Q N P 325 511 31
282780 22644 KeG| Q N P 407 522 19
282783 22644 K6G| Q N P 405 528 23
283899 22644 K6G| Q N P 393 531 25
283500 22644 K6G| Q N P 392 528 21
283901 22644 K6G| Q N P 398 531 24
283902 22644 K6G| Q N P 398 530 25
283903 22644 K6G| Q N P 403 530 24
283904 22644 K6G| Q N P 397 523 23
283905 22644 K6G| Q N P 389 524 21
283906 22644 K6G| Q N P 388 527 22
283907 22644 K6G| Q N P 402 530 23
283908 22644 KeG| Q N P 401 528 23
283909 22644 K6G| Q N P 392 527 21
283932 74313 K6G| Q N P 365 507 26
283933 74313 KeG| Q N P 357 504 27
283934 74313 KeG| Q N P 347 503 26
283935 74313 KeG| Q N P 356 503 26
283936 22644 K6G| Q N P 376 520 24
283937 22644 K6G| Q N P 377 517 25
283939 22644 K6G| Q N P 373 519 22
283940 22644 KeG| Q N P 384 522 25
283941 22644 K6G| Q N P 380 520 25
284095 22058 K6G| Q N P 350 520 28
284096 22058 K6G| Q N P 346 524 27
286153 74313 K6G| Q N P 369 512 27
286430 44491 Kev| Q N C 330 506 38
286559 22577 Kev| Q N C 333 503 40
286560 16412 KeVv] Q N C 341 522 38
286573 22910 K6V| Q N C 329 507 41
286574 22910 Kévi Q N c 323 507 37
286576 22910 Kev| Q N C 314 511 39
K Top 4 0 ansversal
2 6 1EWidin 5) N normalized
3 G Thickness of product B C eylindric
V. V4 Thickness P pnsmatc
We hereby certify that the delivered matena complias with the terms of the order
{201)
OM-System. Certification as per S0 5001 since 28 February 1390
f Trademark lIsznbusges Grobblech GmbH Inspection /lnspectpun Representatve
2 ) Veckenstedter Weg 10 1203) 1202)

D-38874 ifsenburg
{AD1}

Cyron
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ILSENBURGER
GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1

DIN EN 10204

1A02)

No.jAl} 9381

Purchaser Olbert Metal Sales Limi

1Ac8) MISSISSAUGA,ONT.LST 2J8

20.04.2012 No(am)
ted

No.jAD3)
Page
Date

761758

7/11

10.07.2012

Customer  Olbert Metal Sales Limited
{AGG) MISSISSAUGA,ONT.LS5T 2J8

KANADA KANADA
Produict Heavy plate :I:;sr'kscvderNa 0000059029
1B} Inspecuon W3
Sieel grade andtems of delvery SA 516 Gr. 70 MTLTV (AGS}
1602-803) ASME sect. II part A ed.2010,add.2011
ASME SA 20, SA 516
ASTM A 20 -10, A 516 -10
PO 9381
Impact test cio-ua
Specimen No Hzat No Location] Owect | Cond Type of specimen Temgerature | Impact energy
{Ceo) (807 1001} fice2) [ iBos) f(C40-Car) ice2) 1042-C43)
1 3 MW 6)
w3y |4 5) o ftlbf ftlbf
282730 22059 Kevi L N Charpy V-notch [-051 41 18 32 30
282731 22059 Kev| L N Charpy V-notch {-051 20 55 45 40
282733 22059 Kev| L N Charpy V-notch (-051 44 40 59 48
282734 22059 Kev: L N Charpy V-notch |-051 53 45 46 48
282780 22644 K6O| L N Charpy V-notch |-051 49 43 74 55
282783 22644 Ke6O| L N Charpy V-notch |-051 41 69 43 51
283899 22644 K60| L N Charpy V-notch |-051 30 44 35 36
283900 22644 K60O( L N Charpy V-notch {-051 36 23 4] 33
283901 22644 K60 L N Charpy V-notch -051 35 47 38 40
283902 22644 K60O| L N Charpy V-notch |-051 42 38 58 46
283903 22644 K60 L N Charpy V-notch -051 39 46 34 40
283904 22644 K60| L N Charpy V-notch |~051 28 44 44 38
283905 22644 K60| L N Charpy V-notch [-051 122 107 93 107
283906 22644 K60| L N Charpy V-notch |-051 148 135 140 141
283907 22644 K60O| L N Charpy V-notch {-051 142 147 99 129
283908 22644 K60| L N Charpy V-notch [-051 136 139 132 136
283909 22644 KeO| L N Charpy V-notch [-051 145 99 139 128
283932 74313 Kev] L N Charpy V-notch {-051 206 100 140 149
283933 74313 K6vV| L N Charpy V-notch |[-051 225 224 204 218
283934 74313 Kev}l L N Charpy V-notch |~051 128 131 207 156
283935 74313 Kev}l L N Charpy V-notch ~-051 105 129 96 110
283936 22644 Kev( L N Charpy V-notch -051 170 114 119 134
283937 22644 Kev|( L N Charpy V-notch |-051 S0 69 107 89
283939 22644 Kev| L N Charpy V-notch -051 110 117 102 109
283940 22644 Kev| L N Charpy V-notch |-051 119 132 105 119
283941 22644 Kev| L N Charpy V-notch ~051 115 46 58 73
284095 22058 Kev| L N Charpy V-notch -051 64 61 35 53
284096 22058 Kev| L N Charpy V-notch {-051 44 30 46 40
286153 74313 Kev|( L N Charpy V-notch -051 211 204 99 171
286430 44491 Kev| L N Charpy V-notch -051 61 35 47 48
286559 22577 Kev| L N Charpy V-notch [-051 131 145 130 135
286560 16412 KeV| L N Charpy V-notch ~051 72 116 106 98
286573 22910 Kev) L N Charpy V-notch |-051 96 114 105 105
286574 22910 KevV| L N Charpy V-notch |{-051 114 134 126 125
286576 22910 KeV| L N Charpy V-notch |-051 112 140 136 129
286577 22910 Kev| L M Charpy V-notch |-051 205 128 58 131
1 K Top 4 LU longrudinal
2 B M Width S\ N normalized
3 O nearsurace 6 MW Average
V:©  i/4 Thickness
We hereby certify that the deivered matenaf complis with the terms of the arde:
{z01)
QM-System: Certification as per IS0 9001 since 28 Febraary 1930
f Trademark lisenburger Grobblech GmbH tnspection Stam /—lnspe:uon Reprzsertaive
> 1AM Veckenstedter Weg 10 2m) 1202}

D-38871 lisenburg

1A01)

Cyron



r ILSENBURGER
N J GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1 :u.(Aos) ;5%;58
4 age
ﬁ;n ez Date 10.07.2012
Ne (a7} 9381 20.04.2012 Nojaon o
Puchaser Olbert Metal Sales Limited Cusomer Olbert Metal Sales Limited
1A6) MISSISSAUGA,ONT.LST 2J8 JAGS) MISSISSAUGA,ONT.LST 2J8
KANADA KANADA
Podut  Heavy plate Warks order No 0000055029
1801) {A03)
Inspection WS
Steel grade andtems of delivery SA 516 Gr. 70 MTLTV 1A05)
{B2-B03) ASME sect. II part A ed.2010,add.2011
ASME SA 20, SA 516
ASTM A 20 -10, A 516 -10
PO 9381
Other tests (so-ces
Specimen No Heat No Locauony Owact | Cond | Hardness test
1Co0} (807) iCo) | (Ca2) |1BoS) | 1C30-C39
HB30
Ha3 {4 5) <19
282730 22059 K6 N [155
282731 22059 Ké N 1153
282733 22059 K6 N [151
282734 22059 K6 N (150
282780 22644 K6 N (156
282783 22644 K6 N 1155
283899 22644 K6 N (157
283900 22644 K6 N [157
283901 22644 Ke N 156
283902 22644 K6 N [157
283903 22644 K6 N [159
283904 22644 K6 N |156
283905 22644 Ké N |155
283906 22644 K6 N [158
283907 22644 K6 N |157
283908 22644 K6 N |158
283909 22644 K6 N |157
283932 74313 K6 N (151
283933 74313 K6 N {150
283934 74313 K6 N 149
283935 74313 K6 N (148
283936 22644 K6 N 156
283937 22644 K6 N 1153
283939 22644 Ké N |155
283940 22644 K6 N 1156
283941 22644 K6 N 154
284095 22058 K6 N |154
284096 22058 K6 N {155
286153 74313 K6 N 1150
286430 44491 K6 N [151
286559 22577 K6 N 1149
286560 16412 Keé N {154
286573 22910 Keé N 149
286574 22910 Ké N [152
286576 22910 K6 N (151
286577 22910 K6 N 1152
286578 22910 K6 N [151
286587 22910 K6 N |153
oK Top 5} N normalzed
2 6 1/6 Width
We hereby certfy that the deliverad matenal complies with the terms of the order
{201}
QM-System. Certification as per 1S0 9001 since 28 February 1390
f Trademark Hseaburger Grobblach GmbH Inspectian Stam /ﬂspftllbn Representative
2w Veckanstedter Weg 10 1203 202)

D-38871 lisenburg

{A01) Cyron




r ILSENBURGER
N J GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1 Ho. {AD3) 761758
DIN EN 10204 Page 11/11
1A02) Date 10.07.2012
No (A7) 9381 20.04.2012 No.fan
Puchaser Olbert Metal Sales Limited Cusamer Olbert Metal Sales Limited
{ACE) MISSISSAUGA,ONT.LST 2J8 {A08) MISSISSAUGA,ONT.LST 2J8
KANADA KANADA
Podut  Heavy plate Wortsoderhe 0000059029
1801) {A08)
Inspestion WS

Steel grade and temns of delivery SA 516 Gr. 70 MTLTV {A0S|
1B02-Ba3) ASME sect. II part A ed.2010,add.2011

ASME SA 20, SA 516

ASTM A 20 -10, A 516 -10

PO 9381

BED 97/23 EG l

We hereby certify that the delivered material comphies with the terms of the order
{201}

UM-System: Certification as per IS0 9001 since 28 February 1990

f‘l Trademark lisenburger Grobblech GmbH Inspection St /'—lF;srecllon Representative
J 1A02) Veckenstedter Weg 10 (203} {207
0-38871 lIsenburg
{A01)

Cyron
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Page 1 of 1
14527 Smith Rd REPORT NUMBER 73175

FAX: (261) 441-8859 FCI ORDER NUMBER 59801

mnlm Humble, Texas 77396
m INc. 24/7 TEL: (281) 441-4088 DATE 3/25/2013
/

( STOMER ORDER NUMBER
SULD/SHIPPED TO

Processed . AW. EN10204 3.1
13-0216 I AW. NACE MR0175
ALL-WELD CO., LTD.
49 PASSMORE AVE.

SCARBOROUGH ONT MIV 4T1 CANADA
ltem Quantity Description
5
1 2 2" X900 X 11 75'LG RTJ LWN ITEM# 1176-34
HEAT NUMBER: MATERIAL TYPE: Manufactured in
G820 SA350LF2CL1 USA
W

CHEMICAL ANALYSIS

C .191/

Mn 993

P 0270 v

S 0240 v/

Si 243V

Cr 131 \J/

Mo 007

Y] 002V

Cu ‘048‘5

Ni 035

Ch .001 /

( N4-
C icati )
Il q S\ }"0

LAW. ASME 2010 ED 11AD.
PHYSICAL PROPERTIES

Yield PSI 49366 *

Tensile PSI 71,634 »

Elongation 32

Reduction of Area 67 //

Hardness _ 144/150 HBW
CYN@ -58 °FFTLBS o8/27/29 7

% Shear

MLE

_—

B

Sect. II b___ J | APE 1 713
/ /37*- CrE | e .

V i

CE 39 ‘g
, LIMITS OF UNSPECIFIED '

Heat Treatment NORMALIZED ” ELEMENTS PER ASME
Temperature 1670 °F SECTIQN IT (SA-20) 92
Time at Temperature  1/2 HR/IN THK MIN CU +Ni + CR + MO=
Cooling Media AR CR+MO=_-{

We hereby certify that all test results and process information contained herein are correct and true as c?/nvt(’nned in the

records of the company.

Prepared W; ; Z /7 JrJOJ’V\ p%\ Af‘h@}

Name Helen Fielder

Title QA Representative >
279

”vﬁ)

Page 1 of 1 Date printed. 3/25/2013 351 26 PM
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Order#. 266245 - B Seq: 7 PO#: 13-0249 Heat#: J2L.9676 Mill; Sumitomo
Pari#: PC 8 STD S3 112IN Part Desc: Crop Pipe 8 STD SMLS SA/A333-6 112IN

.t NIPPON STEEL & NIPPON STEEL & SllhlIT\?Athwoh{{Pi(TAL CORPORAT 10N
R AL 1850 WTATO. TAKEYANL IAPAY
INSPECTION CERTIFICATE CERTIFICATE NO. -WYYK1969-02 PAGE ©  1/2  DATE :2012-11-04
CUSTOMER :COMCO PIPE AND SUPPLY LTI
ORDER NO. :E1-3125 ITEM NO. 18
SHIPPER :SUMITOMO CORPORATION 057 KEQ 0809/2 2P175243710
COMMODITY :SEAMLESS HOT FINISHED CARRON STFEL PIPE WITH BEVELED ENDS
STANDARD CASTM A333M-10 7 ASME 2010 (A1) SY-830M GR 6 [54 7245. 1-07 CAT. 11 GR 359
SPECIFICATION : v
MILL WORK ¥O.  -WYYK1969 0.1 :NPSS B S10 LENGTH-40feet QUANTITY:3pes.  MASS: 1554ke
/
HEAT NO. - J2KA102 JIL9676

PRODUCTS PCS. 1 2 Lo ( M/)j}
T # 6—

IEAT TREATMENT :QUENCHED & TEMPERED (950'C X 5miv W.Q & 650°C ¥ 30min A C.)

VELTING BASIC OXYGEN ' 3’4’-{ l
DEOXIDATION  -KILLED JE. L
CIEMICAL CONPOSITION (3 , 7 o

C Si Ma P § Cu Cr Ni Mo Ti V Nb B +CEQ
1] I I R - B
SPEC. MIV. U =10 2 - - . B ® e o o o =
HAY. Ll 26 50 106 25 25 - W= I Ir 1140
MIY, | b - - - - = - s s o= e == o= . .
AL _IPl 2% 5020 30 35 - - 10 - 11 1 1 1 4 A R__ﬂ L7013
AT NO. £ . F F
12KA102 L6 2613 10 2 2 § 0 3 1 0 0 0 20
Pb7T 28129 10 2 2 10 0 3 1 0 0 0 21
9] 867 L7 %125 9 2 1 ¢ 0 1 1 0 0 0 27
PO7T 25125 9 2 1 9 0 1 1 0 0 0 2l
o P 7 2135 9 2 1 9 0 1 1 0 0 o2 N
£1 L:LADLE AVALYSIS P:PRODUCT AVALYSIS +2:X10 $3:X1000 OTHER. X100
+CEQ: CHF (Mn/6+Si/24+0u/ 15 +Yi/20+ (CriMosViNb) /5+5B) F=COEFFICIENT BY CSA STANDARD

“FOR EACH REDUCTION OF 0.01% CARBON BELOW 0.30% AN INCREASE OF 0.05% MANGANESE ABOVE L 06% 1S PERMITTED T0 A
MAYINDY OF 1 35% MANGANESE '

TENSILE TES.[T

' ¥$ 15 EL
N A L) 0. .2 SO %
SPEC. MIV. LB | N 359 M 455 30
HAX, LB . M 5% M 625 -
[EAT NO. - 7
19KA102 L B i485 M 532 33
121 370 LB MNOo428 M 515 4D i '
L B Mo419 M 506 40 -
TYPE OF SPECIMEN:STRIP 38mm WIDTH #1 SAMPLING DIRECTION L:LONGITUDINAL #2 SAMPLING POSITION B:BASE METAL

+3 UNIT M:MPa  GAUGE LENGTH50.Omm KIND OF YS:0.5% EXTENSION UNDER Lmn

%fg\v“

WE HEREBY CERTIFY THAT THE MATERIAL DESCRIBED HERFIN HAS BEEN MADE 1Y ACCORDAVOEE%Eﬁiﬁﬁé RULES OF THE CONTRACT.

T B onip—

HEAD OF DEPARTMENT
QUALITY ASSURANCE DEPARIMEﬂ&D 173600710
n Important Message To Our Customers) { |
ﬁls cerllfxrat?OE 1s 1ntended only for products listed. Modification to or upauthorized use of this certification
ls strlclly prohibited. Offences may be regarded as forgery of documents amd be subject to crimjnal prgsecution
you have any questlona on this certification, vou can contact us by facsimile or e-mail as shown below:
Fax. No. : +831-3-6867-4926 [E-mail:pipe-ipo€ip. nssmc. com




Order#: 266245 - B Seq: 7 PO#: 13-0249 Heat#: J2L.9676 Mill: Sumitomo
Part#: PC 8 STD S3 112IN Part Desc: Crop Pipe 8 STD SMLS SA/A333-6 112IN

% g NIPPON STEEL &
SUMITOMO METAL
CORPORATION

INSPECTION CERTIFICATE
HARDNESS TEST ( HBW )

CERTIFICATE NO.

:WYYK1969-02

NIPPON STEEL & SUMITOMO METAL CORPORATION
FAKAYAMA WORKS
1850. MINATO, WAKAYAMA, JAPAN
PAGE :

2/2  DATE -2012-11-04

|

| B 12 +3 ]
SPEC. MIN. 'BC .
L MAX BC 200 -
HEAT NO. IR 0\ I ) - ]
12KA102 BC 169 172 174
121,967 BC 158 157 158
BC | 137 158 158 -

#] SAMPLING POSITION B:BASE METAL #2 LOCATION C:CROSS SECTION +3 EACH - B ]
INPACT TEST(-50. 0°C 2mm V-Nolch 10%6. 67)
[ o ] 42 |43 %d AVG
'SPEC. MIN. LBlET  9/12 12
| WX LB |E ! -/- -

N m e o -
[IEAT NO
1KAIOZ | LB | E T 26T 2710 270 260 |
1219676 LB 'L 20 270 270 270

l (1} (2] [3: SPECIMEN NO. TYPE OF SPECIMEN:NONFLATTENED

ABSORBED ENERGY #5:VALUE OF ONE PIECE/EACH VALUE OF TWO PIECES AVG:AVERAGE VALUE OF ONF SET(} PIECES)

*] SAMPLING DIRECTION L:LONGITUDINAL #2 SAMPLING POSITION B:BASE METAL

+3 E:ABSORBED ENERGY +4 INIT J:Joule |

IMPACT TEST (-45.0°C  2mm V-Notch 1036 70)
‘ a

(10 (2} [31: SPEC{NEN NO. TYPE OF SPECIMEN:NONFIATTENED

SIEAR ARCA #6:VALUE OF ONE PIECE AVG AVERAGE VALUE OF OXNE SET (3 PIECES)
#1 SAMPLING DIRECTION T:TRANSVERSE 2 SAMPLING POSITION B:BASE METAL
#4 UNIT J:Joule %:%

oo

| t1#2 43 44 AVG 43 41 VG -
SPEC. MIN. | TB 'EJ % - 18 S % 6 50 60
MAX. | TB E I - S % . =
! - L 3 B ¢ W
HEAT NO. {
J2KA 102 TB E J 260 260 260 260 S % 160 100 100 {00
1219676 TB FJ 255 252 258 255 S % 100100 100 100

ABSORBED ENERGY #5:VALUE OF ONE PIECE AVG:AVERAGE VALUE OF ONE SET (3 PIECES)

+3 E:ABSORBED ENERGY S:SHFAR AREA

FLATTENING TEST: ACCEPTABLE

VISUAL & DIMENSIONS: ACCEPTABLE
IIYDROSTATIC TEST 20. [MPaX3sec. : ACCEPTABLE
ULTRASONIC EXAMINATION: ACCEPTABLE
RESIDUAL MAGNETISN (EACIE READING MAX. 3. 5mT / AVG. OF 4 REA

BN 10gng 31 7
SOIR SERVIPF.)PS-\\
UACE MROETS IS0 15156-2 (2009) ANNEX A 2 REGION 3 .\NIAW wilY
WE HEREBY CERTIFY THAT THE MATERIAL DESCRIBED I
Y "
%15 certification is intended only for products listed. Modification t
s stricily prohibited. Offences may be regarded as forgery of document

11 vou have anv_questions on this certification, vou can contact us by
Fax. No. - +81-3-6867-4926
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A}

e

n Important Message To Our Customers)

E-mail:pipe-ipp€)p. nssmc. com

y SEC. 2.1+ ACCEPTABLE

o

APR D & 70

0mT) : ACCEPTABLE

ACCORDANCE WITH THE RULES OF THE CONTRACT

EAD OF DEPARTMENT
QUALTTY ASSURANCE DEPARTMENT

) . NO.. 17360912
0 or unauthorized use of this certification
s ang be subject to criminal gr secution
facsimile or e-mail as shown below;
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Sold Tu:  COMCO PIPE & SUPPLY
(PUSLINCH)

14 KERR CRESCIN
NUCLEAR PRODUCTS PUSLINCH (™ NOB 211

Man afactucer of Piping and Fressure Vessel Componeny

1104 Hoyyood St - Houston, TN 7170122 MIR E 2306800
Phione 713-695-3633 Fax 713-69°-3528

-269324-13
A Bunney Forge Cemparny PO# G1-269324-Lik

Sales Order#: - C001205091 Date. 01/042013
This product has not come n diret contact wath mercury or
any of 1ts compounds nor with any mercury-contaiming
device employing a single boundary of cortsinment bo g P
e ' Certified Materiil est Repurt

welding pertormed
We certify that the contents of this report are correct and MeaUnde =810y
accurate. und that all test results and operations pertormed

by WTT or 1ts subcontractors are in comphance wilth the

material specilication and requirements of the referenced

code or standard, and that the material conforms 1o the

dimenstonal requirements uflhu/ml:r This document 15

aceordance soth EN1OI0T

Material A SA3IS0D00a LF2 CLI

[tem Quarntity Ieseription
| i -8 X 2 3NCEHP
NAZSOT2 CL

EA WS N ACE MIH TR 2000
Chemical Composition

Ladic c s < cu 7 M Mo ¢ WB < KI~s g

0.200 0.4 0.070 1.082 0.000 0,015 g.02 0. 008

R ST ¥ i

0.022 0.18 o,004 /
Lashon Bguvalency Ladle 0.39

- i
Tensile P! < Nield sl I'long %o R % Handie /,
Product 72,504 18.750 30 10 04,70 13t /{;I[N R 1B
Charpy V-Nuotch Properues: est Tempurature =30 i
1 TRS: 1721 45 o Shear: NBANBNB ML MRS
Nonnalized ‘/
ertificatipn.of Material - Per ASME T W.0. # ' L\_ &)
HT# g i R (e, T fae p L

| M | </
JRaliz u,“‘o 11 requirements of | AlLe ore B ('f') = [
ég‘c\ S <y W o I, ;%

= . A per HK. #

:‘:c-%T C Edition l‘nlund ) <3
/5 ) [ ().#[?yC;‘)j;)

S
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| ;”D‘Mvimsﬂm oCi G Pl

fot 8o on behalf

e G PR ;)QHA
Prnt Name:

" Loty
v T w01 Velos America LLC
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Quality Assurance Fepresentative
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J"'(. Cambridge

materials testing limited

1177 Franklin Boulevard,

Cambridge, Ontario N1R 7W4

Tel: (519) 621-6600 Fax: (519) 621-6082
www.cambridgematerials.com

18017025 Accredited

Report for: Quality Plates & Profiles Ltd.
20 Nicholas Beaver Road

R. R. # 3

ABERFOYLE, Ontario

N1H 6H9

Phone: 1-800-268-2853

Fax: 1-519-837-2224

Attention: Dave Braga

Material:
.25" Thick x 3" x 3",

Specimen:

Laboratory No. 598087-2012

Report Date: January 24, 2012
Received Date: January 19, 2012

Customer P.O.#: P006311

ASME SA516 - 70 Normalized
Algoma Heat # 8888L-38625

ROCKWELL HARDNESS TEST REPORT

80,79,79 HRBW

ACLl:l’l‘!:DIREV[E WEL/RELEASED. 046

} SH\'—"&
for and on behalf of: oM D EL
or and 0D WYY l“}

NACE MRO175/ISO 15156-2 (A.2.1.2) Rockwell Hardness Requirement:

22 HRC maximum
Conclusion: Pass

Testing

performefi/accordln to
NACE MRO0175/[SO 15156-2:2009/Cir.1:2011(E),
ASME Boiler and Pressure Vessel Code Section I,

(2010 Edition, 2011 Addenda) and ASTM E18-08b.

This ropost is subject Lo he followang tenms and condilions 1 This roport relales only 1o the specancn
provided and Ihere is no representalion or wanianly thal it apphes lo simtlar subslances ot materials or
the buk of which the spicimen s a pait 2 The conlent of this report s for tho information of the
cuslumer identified above only and il shall not be seprnled, published o5 disclosed lo any olher party
except m full Poor wiitien consent fiom Cambndge Malenals Tosling Liniled is required 3 The nami
Cambndge Mateiials Tesling Lrmiled shall nol be used in conneclion wilh the specmen repotied on o
any substan.e or malenals similar 10 thal specimien without the prior wilten consent of Cambrdge
Malerials Testing Limited 4 Neilher Cambndge Malenals Tesling Limiled not any of ils employees
shalt be responsible or held fiabie for any claims loss of damages ansng i conseauence of reliance
o0 this tepen or any delaull, enor o1 onussion 1nits preparalion or the lests conducled 5 Specimess
are ictaned 6 monlhs, lest teports and lest dala are relained 7 years from date of final fesl repoil and
then disposed of uniess inalrucied othenwvise in wiling

. D
Print NV: e us
Si;n:um;ﬁ ks AFF\’IlE.LOSI
Date: i [\"TYL IS\‘5 Velosi America LLC
ISO 6508-1:1999(E),
Part A, SA-370
13 Page 1 of 1
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R+

‘STOMER ORDER NUMBER
~D/SHIPPED TO

(

-~

mumulm

2417

13-0279 ADD
ALL-WELD CO., LTD.

14527 Smith Rd.
Humbte, Texas 77396
TEL: (281) 441-4088
FAX: (281) 441-8899

Page 1 of 1

REPORT NUMBER 73595

DATE 4/5/2013

FCI ORDER NUMBER 60029

Processed | AW. EN10204 3.1

49 PASSMORE AVE.

SCARBOROUGH

Item Quantity 'Descrription _
2 2 2" X 900 RTJ WN S/160

HEAT NUMBER:
B859

CHEMICAL ANALYSIS

PRODUCT
C 180 181 V7
1160 1176 - -
gn 0080° 0000 Yield PSI 46,300
S .0030 .0000 Tensile PSI 73.900“-
Si 220 232 Elongation 27
Cr 070 076 Reduction of Area 70 .
Mo 020 - 022 Hardness 149 HBW
\Y} 020 014 CVN@ -50 ‘FFTLBS 58/55/54
Cu 130 140 % Shear
Ni 060 - 063 MLE
Chb 001 002
0103
gn 008 Nl _
an of Mates
PF o S ci
Ti 0010 = 2.,3 LRyl |
Al 029 030 ' 'L‘ [L\L ML \
B 0002
CE 41 410 LIMITS OF UNSPECIFIED

MATERIAL TYPE:
SA350LF2CL1

ONT MIV 4T1

ILAW. NACE MRO175

CANADA

ITEM# 1176-7

Material Origin:
USA

Manufactured in
USA

L.AW. ASME 2010 ED 11AD.

PHYSICAL PROPERTIES

ELEMENTS PER ASME

SECTION II (SA-20) ..

CU + Ni + CR. + MO=*
CR+MO= »&

7 7]

waY

Heat Treatment NORMALIZED
Temperature 1650 °F

Time at Temperature 1/2 HR/IN THK MIN
Cooling Media AIR

We hereby certify that all test results and process information contained herein are correct and true as contained in the

records of the company.

Prepared W Z i;

Name Helen Flelder

L

ACCEFTEDREVIEWEDRELEASED - (y 15

T ALd 00 ok ” ’}
Title QA Representative s Sl (—i HL;\T: N S il use
Siemature  ZGLL LD VELOS!

Jysis \CT12, Velosi Ameria LLC

Date:

Page 1 of 1

Date printed 4/12/2013 12:07 10 PM
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160-2 County Court Blvd. Suite & 205, Brampton, ON, L6W 4V
Tel: 416-473-8207 Fax-905-455-7844

Email; u& hitzcihntde com

ULTRASONIC INSPECTION REPORT

Client: Canadian Plate & Profiles Inc Report No: 0513 -
PO #: 19945 Part Description: Plate
WO # 2427 Procedure: UT/GP/101
Heat No: See below Client Specifications: ASME Sec V At -23,2010
addenda 2011, SA578, Level- *C’
Material: SA516, Gr 70MT, NACE Technique: ‘A’ Scan contact
Thickness: See below Cal. Block: HW-1 & BW itself | SL#-
Surface: As Rolled/Rough Couplant: Water Batch #-
Type of Fabrication: Plate Time Base: As required
Dwe. No: - Guain: As Requirad o
Work Location: Kamato Road. Mississauga Scanning Speed: 6 per sec.
Customer: - Test Date: Apr 24, 2013
UT EQUIPMENT TRANSDUCER
CALIBRATION
~ Make Model Sl # Date Valid Angle Size Irequency | SL#
Panametrics | Epoch-1V | 03155409 | Nov, 2012 Nov 2013 0’ I 225 Mhz 43629
Scope: To inspect the following plate for lamination scan before {lame cut: ]
QTY SIZE HEAT#
i ~ 1Platc  0.2500” X 48" X 120" D/L 102" X 129" _4019P3-AC5977
| Plate 0.3750” X 120" X 304™ 4582P3-AC7419
| Plate 0.5000” X 120" X 191" 4927P3-AD0156
f i Plate 0.6250” X 120" X 289" 2259P3-AB6514
- I Plate  0.7500" X 96" X 94" DL 43"X179" 4582P3-AC7352 -
1 Plate 1.0000" X 96" X 171" D/L 70"X79" 4582P3-AC7350 ]
. ~ LPlate  1.2500" X 120" X 240" 1966P3-AB5386
[ Plate 1.5000" X 120" X 288" 3441P3-AD1562
1 Plate 2.0000” X 120" X 1517 5441P3-AD1559

Results: I -

L. 100% plate arca scanned with normal probe.

2. No reject able indication detected during inspection.

3. The plates ingpected meet the requirsment of ASTM SA378, Level-*C.

CLIENT REPRESENTATIVE:

i

ACCH Y1 ED/REVIEWED 't i LEASED

for and on behaif of: _é@'\ l‘JJ:'j" S Hdﬂ‘é’

Print Name: bﬂ—i— Lol HA (23]
L — S
Signat re: VELOSI
Date: Velosi America LLC

Total Parts Examined - Parts Accepted Parts Rejected -
9 G )
Name & Signature of Inspecror Certiticution Represcntative Dated
N WRAICH CGSB Level-Il-  [¥]
SNT - Level-Il  [v] Hi-Tech NDE Inc Apr 24,2013
%ﬁ ACCP- Leveldll [V]
T Namue Signature - Date
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NUEaRrR Mill Certification

" 611412013 AUBORN-RY 13031
NUCOR STEEL AUBURN, INC. Fax: 1315} Za3a0e
oaTe S ST SRS GRS SHoTo: SAILSIESE P
CANADA (Gu5) 384560
{905) 254-5691 ax: (305) 356-0809
Customer P.O. | 46911 Sales Order | 296351.5
Product Graup | Merchant Bar Quality Part Number | 2020025024004'70
Grade | A36/A529gr50/CSA44W/S0W Lot# { AU1310159402
Size | 2x2x1/4 Angle . Heat& | AU13101504
Product | 2x2x1/4 Angle 20° A36/A52950/CSA44W/50W B.L. Mumber | Y{-423553
Description | A36/A529gr50/CSA44W/50W Load Number | Y1-170457
Customer Spec Customer Part & .

| hereby certify that the matena! dascribed nere n has been manufactured in sccontance with the specificabions and standards lisled abeve ond that d sulisflas those requiraments

Roli Date: 4/5/2013  Melt Date: 3/48/2013  Qty Shipped LBS: 15,504  Qty Shipped Pcs: 243

ASTM A36/A36M-08, A709/709M-11 GRBB ASMr SA36-10 E4 11 Ad.
ASME SA35-2007 EDITION-2G11 ADDEN
ASTM Amgmmem 11 GR 36 [250]

G 7 Mny P s S 8 7 Cu i Cr Mo
0.14% 0.91% 0.016% 0.032% 0.13% 0.32% 0.10% 0.13% 0.022%,
- T - =
i .
Yield 1: 54,500psl (370MPa) Tenslle 1: 75,800psi (523MPa) Elengation: 30 1% in 8"(% in 203.3mm)
Yield 2: 53,900ps1 (372MPa} Tensile 2; 75,800psi (523MPa) Efongation 30 8% In 87(% in 203.3mm)

cification Comments; MEETS OR EXCEEDS THE REQUIREMENTS OF ASTM A36/A36M-08, AS529/A529-05 GRSO&E FH%(ﬂo
!

S
AT09/AT09M-10 GR36£250) A708 GR50(345) CSA G40.21-04 GRA4W(300W)EGR50W(350W) AASETO N270/27004-1
ASME SA36/SA36

?LL MANUF/\CTURlNG PROCESSES OF THE STEEL MATERIALS IN THIS PRODUCT lleL DlraG MELTING. HAVE OCCURRED WATHIN

HE UNITED STATES PRODUCTS PRODUCED ARE WELD FREE. M E URY, IN ANY FORM, HAS NOT BEEN USED IN THE
PRODUCTION OR TESTING OF THIS MATERIAL

'I:C‘;% 1,“f¢(‘°()> AU (;(4‘»_1.5‘1‘.{-
sejes |

JAEE

Jim Blernat
JBMG-10 January 1, 2012 Divislon Metallurgist Paged aof §



ALL-WELD COMPANY LIMITED

49 Passmore Avenue,
Toronto, Ontario,
Canada M1V 4T1

www.allweld.ca
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COMPRESS Pressure Vessel Design Calculations

ltem:
Vessel No:
Customer:
Designer:
Date:

60" ID Vertical Carbon Steel H2S Contactor
772-VECO-102 and 202

Ultrafab Industries Limited

Todd Clark, P. Eng.

Tuesday, July 16, 2013
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Nozzle Schedule

Nr:::'l(e Service Size Materlals ;.";g‘a:; Normalized | Fine Graln Flange Biind
N1 Bottom Drain NPS 2 Sch 160 | Nozzie | SA-333 1 Wid & smis pipe | No No No yviség(')aﬁ:oo No
N10 | Outlet 11.75 0D x 1.875 | Nozzle | SA-350 LF2 Ci1 No No No [‘\f’vi ig;%sﬁf:?:“ No
Ni1 | Inspection Nozzte |11.75 0D x 1.875 | Nozzie | SA-350 LF2 CI 1 No No No N s 900,11 | o & Class 900
N12 | iniet Nozzle 11.75 0D x 1.875 | Nozzle | SA-350 LF2 CI 1 No No No f\i’/ii\%%sir?:%n No
Ni3 | Manway 3500x5.5 Nozzle | SA-350 LF2 CI 1 No No No U: i:f;o?_'izségo 2;’?02&2'3:51 900
N2 |Purge 4120Dx1.06 |Nozzle | SA-350 LF2 CI 1 Na No No E\f’viig;ﬁgzo%m No
N3 Level Bridai Low |4.1200x1.06 |Nozzie | SA-350 LF2 Gl 1 No No No [‘&i igé%sf,f’,‘?gm No
N4 |Diff PressHigh |4.420Dx1.06 |Nozzle | SA-350 LF2 Ci1 No No No N ages 590 1 o
N5 Level Bridal High |4.1200x1.06 |Nozzle | SA-350 LF2 CI 1 No No No fv?/i igé%sﬁf:&. s |No
N8 | FilvWaterFlush |4.120Dx1.06 |Nozzle | SA-350 LF2 CI1 No No No E\f’vii\g;%sfr?;%m No
N7 Vent 4120Dx106 |Nozzie | SA-350 LF2 Ci 1 No No No fv';i igé?ﬁfrf%.. s |ne
N8  |Oifpresslow  |4.120Dx106 |Nozzle | SA-350 LF2 i1 No No No E\f’v?qz;\g;%sfr?zogm No
N9 gg[j’:j:f" 50D x1 Nozzle |SA-350 LF2 Cl 1 No No No ?v?/i 3\%%5552&. , |ne
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t,
Reqt,:
Nom t:
Design t:

User t:

1176

Nozzle Summary

Shell Relnf:rc:mem
Nozzle | OD | t 1 Reat | a2 | Az? a Corr | AJA
n n 1 2 T
mark | (n) | oM | () i | G
Nomt | Designt | Usert | Width t .
o | om | am | om | G
N1 2375 }0.344 |0.2969 |Yes |Yes |2.491° N/A N/A N/A 0.125 | Exemnpt
Ni0 11.75 | 1.875 | 05057 |Yes |Yes |2.491" |1.8983 N/A N/A 0.125 | 109.5
Nit 11.75 11.875 | 0.5501 |Yes |[Yes |25 2.2916 N/A N/A 0.125 |101.6
N2 11.75 | 1.875 0.5501 |Yes |Yes |25 2.2965 N/A N/A 0.125 |1011
N13 35 55 1.3828 |Yes |Yes |25 2.2952 N/A N/A 0.125 1110.3
N2 412 |1.06 103324 |Yes [Yes |25 N/A N/A N/A 0.125 | Exempt
N3 412 |1.068 |0.3324 |Yes jYes |25 N/A N/A N/A 0.125 | Exempt
N4 412 |1.06 |0.3324 |Yes |Yes |25 N/A N/A N/A 0.125 | Exempt
NS 412 |1.06 |0.3324 |Yes |Yes |25 N/A N/A N/A 0.125 | Exempt
N6 412 |1.06 |0.3324 |Yes |Yes |25 N/A N/A N/A 0.125 | Exempt
N7 412 |1.08 |0.3324 |Yes |Yes |2491" 2.491 N/A N/A 0.125 [136.5
N8 412 |1.06 |0.3324 |Yes |Yes |25 N/A N/A N/A 0.125 | Exempt
N9 5 1 0.3508 |Yes |Yes |2.491° |2.3917 N/A N/A 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

Rev. 6
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Pressure Summary for Chamber bounded by 60 ID BOTTOM SE HEAD and 60 ID TOP SE HEAD

Pressure Summary

P T T
Identifler Deslgn | Deslgn IV(I,:\SI:)P n(ﬁ:::; extele'nal "('?“g Exhenrzrt.:.on ITn;:‘a:;
(psh) | (°F) (°F)
60 1D TOP SE HEAD 1,378 140 1,566.92 | 750.1 140 -32.9 Note 1 Yes
Straioht Flanae on 60 1D TOP SE HEAD 1,378 140 1,5672.94 | 876.28 | 140 -32.9 Note 2 Yes
60 10 SHELL 1,378 140 1,501.48 | 838.94 | 140 -28.6 Note 3 Yes
Straght Flange on 60 1D BOTTOM SE HEAD 1,378 | 140 1,569.04 |876.28 | 140 -32.7 |Note5 Yes
60 10 BOTTOM SE HEAD 1,378 140 1,562.35 {750.1 140 -32.7 Note 4 Yes
Bottom Dramn (N1) 1,378 140 1,378 750.1 140 -55 Note 6 No
Qutlet IN10 1,378 140 1,378 750.1 | 140 -55 Note 7 No
Inspection Nozzle (N11) 1,378 140 1,378 838.94 | 140 -55 Note 7 No
Inlet Nozzig {MN12) 1,378 140 1,378 838.94 | 140 -55 Note 7 No
Manway (N13 1,378 | 140 1,378 838.94 [ 140 -55 Note 8 No
Purge (N2) 1,378 [ 140 1,378 838.94 1140 -55 Note 7 No
Level Bridal Low (N3} 1,378 140 1,378 838.94 | 140 -65 Note 7 No
Diff Press High (N4) 1,378 140 1,378 838.94 | 140 -55 Note 7 No
Level Bridal High (N5} 1,378 140 1,378 838.94 | 140 -55 Note 7 No
Eilly Water Flush (N6} 1,378 140 1,378 838.94 | 140 -55 Note 7 No
Vent (N7) 1,378 140 1,378 750.1 140 -55 Note 7 No
Diff press Low (N8) 1,378 140 1,378 838.94 | 140 -55 Note 7 No
Corrasion Coupon (N9) 1,378 140 1,378 718.17 | 140 -55 Note 7 No

Chamber design MDMT is -20 °F

Chamber rated MDMT is -28.6 °F @ 1,378 psi

Chamber MAWP hot & corroded is 1,378 psi @ 140 °F
This is due to the MAWP limit set in the Calculations tab of the Set Mode dialog.

Chamber MAEP is 718.17 psi @ 140 °F
Vacuum rings did not govern the external pressure rating.

Notes for Maximum Pressure Rating:

Note #

Detalls

dialog.

Option to calculate MAP was not selected. See the Calculation->General tab of the Set Mode

1176
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Notes for MDMT Rating:

Note #

Exemptlon

Detalls

1.

Straight Flange governs MDMT

Material is impact tested per UG-84 to -20 °F

UCS-66(i) reduction of 12.9 °F applied (ratio = 0.8707).

Material is impact tested per UG-84 to -20 °F

UCS-66(i) reduction of 8.6 °F applied (ratio = 0.9144).

Straioht Flanae governs MOMT

Material is impact tested per UG-84 to -20 °F

UCS-66(i) reduction of 12.7 °F applied (ratio = 0.8733).

Nozzle is impact tested to -50 °F with an additional 5 °F reduction per UCS-66(g)

UCS-66 governing thickness = 0.301 in.

Flange rating governs:

UCS-66(b)(1)(b)

o (~]oo]a]olwe

Nozzle is impact tested to -50 °F with an additional 5 °F reduction per UCS-66(g)

UCS-66 governing thickness = 2.5 in.

Design notes are available on the Settings Summary page.

1176
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Settings Summary

COMPRESS 2013 Build 7320

Units: U.S. Customary

Datum Line Location: 0.00" from top seam

Design

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

Design or Rating:

Minimum thickness:

Design for cold shut down only:

Design for lethal service (full radiography required):
User has limited MAWP to:

Design nozzles for:

Corrosion weight loss:

UG-23 Stress Increase:

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

No

Yes

1,378 psi

Vessel MAWP

100% of theoretical loss

1.20

Skirt/legs stress increase: 1.3
Minimum nozzle projection: 4"
Juncture calculations for o > 30 only: Yes
Preheat P-No 1 Materials > 1.25" and <= 1.50" thick: No
UG-37(a) shell tr calculation considers longitudinal stress: No
Butt welds are tapered per Figure UCS-66.3(a).
Hydro/Pneumatic Test
. 1.3 times vessel
Shop Hydrotest Pressure: MAWP
Test liquid specific gravity: 1.00
Maximum stress during test: 90% of yield
Required Marking - UG-116
UG-116(e) Radiography: RT1
UG-116(f) Postweld heat treatment: HT
Code Cases\Interpretations
Use Code Case 2547: No
Apply interpretation VI1I-1-83-66:  Yes
Apply interpretation VI1I-1-86-175: 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
1176 Rev. 6
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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

(
UG-22(d
(

)
)

Superimposed static reactions from weight of attached equipment (external loads):
(2) Vessel supports such as lugs, rings, skirts, saddles and legs:

UG-22(f) Wind reactions:

UG-22(f

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.

1176

)
)

Seismic reactions:

Rev. 6
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No
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Yes
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Thickness Summary

Component Materlal Dlameter | Length | Nominalt | Deslgnt | Total Corroslon | Joint Load
Identifler (In) (in) (in) (Im) (in) E

60 1D TOP SE HEAD SA-51670 |60 1D 17.491 |2.491" 22038 |0.125 1.00 | Internal
Straight Flanae on 60 10 TOP SE HEAD SA-516 70 | 60 ID 2 2.612 2.2906 0.125 1.00 | Internal
601D SHELL SA-516 70 | 601D 96 2.5 2.2968 0.125 1.00 | internal
Straight Flange on 60 1D BOTTOM SE HEAD SA-516 70 | 601D 2 2.612 2.297 0.125 1.00 |internal
60 1D BOTTOM SE HEAD SA-516 70 {6010 17.491 | 2.491° 2.2108 0.125 1.00 |internal
63-1/4" OD Skirt SA-516 70 | 63.250D |23.25 0.75 0.0557 0 0.55 | Seismic

Nominal t: Vessel wall nominal thickness

Design t:  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

1176
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Weight Summary

Welght ( Ib) Contributed by Vessel Eiements
Component Metal | Metal ineulition Piping | Operating Liquld TestUiquid | o oeg ATe2
New' | corroded* | ""S21" Supports "9 [, Lquid | New |corroded | New | corroded
60 ID TOP SE HEAD 3,428 3,272.2 0 0 0 0 7146 720.8 1,239.6 |1,259.7 37
601D SHELL 12,445.3 |11,848.4 0 0 0 0 10,913.1 111,008.3 |9,921 10,007.5 |127
601D BOTTOM SE HEAD (3,524.5 |3,363.9 0 0 0 0 1,347.6 [1,368.4 1,225.1 {1,244 38
831 4" OD Skirt 927.3 927.3 0 0 0 0 0 0 0 0 64
Skirt Base Ring 451 451 0 0 0 0 0 0 0 0 27
TOTAL: 20,776.2 | 19,862.7 0 0 0 0 12,975.3 [13,097.5 |12,385.7 |12,511.2 |294
* Shells with attached nozzles have weight reduced by material cut out for opening.
Welght ( Ib) Contrlbuted by Attachments Surface
Companent Body Flanges Ng;‘;:s& Packed | Ladders & Trays Tray Rings & | Vertlcal Af::a
Beds Piatforms Supports | Clips Loads
New | Corroded | New | Corroded
60 1D TOP SE HEAD 0 0 452.8 435.8 0 0 0 0 323 0 7
60 1D SHELL 0 0 7.439.9 |7,333.4 0 0 0 0 0 0 52
60 1D BOTTOM SE HEAD 0 0 29 27.7 0 0 0 0 0 0 1
63-1,4" OD Skint 0 0 85.3 85.3 0 0 0 0 15.8 0 1
TOTAL: 0 0 8,007.1 |7,882.2 0 0 0 0 48.1 0 61

Vessel operating weight, Corroded: 40,891 Ib

Vessel operating weight, New:
Vessel empty weight, Corroded:
Vessel empty weight, New:

Vessel test weight, New:

Vessel test weight, Corroded:

Vessel surface area:

41,807 Ib
27,793 b
28,831 1b
41,217 1b
40,304 Ib
355 ft2

Vessel center of gravity location - from datum - lift condition

Vessel Lift Weight, New: 28,831 Ib

Center of Gravity:

Vessel Capacity

Vessel Capacity** (New):
Vessel Capacity** (Corroded): 1,483 US gal
**The vessel capacity does not include volume of nozzle, piping or other attachments.

1176

52.5931"

1,469 US gal
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Long Seam Summary

Shell Long Seam Angles

Component Seam 1
60 D SHELL 30°
83 14" OD Skin |135°

Shell Plate Lengths

Starting
Angle

60 1D SHELL 30° 196.3495"

Component Plate 1

53 14" OD Skint |135° 196.3495"

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

@
&E
&E
&%
&F

SOC;'SM \
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Shell Roliout
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Hydrostatic Test

Shop test pressure determination for Chamber bounded by 60 ID BOTTOM SE HEAD and 60 ID TOP SE HEAD
based on MAWP per UG-99(b)

Shop hydrostatic test gauge pressure is 1,791.4 psi at 50 °F (the chamber MAWP = 1,378 psi)

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

Local test | Test liquid | UG-99(b) | UG-99(b)
Identifier pressure | static head | stress |pressure
psi psi ratio factor
60 ID TOP SE HEAD (1) 1,793.945 2.545 1 1.30
Straight Flange on 60 ID TOP SE HEAD 1,793.945 2.545 1 1.30
60 ID SHELL 1,793.945 2.545 1 1.30
Straight Flange on 60 ID BOTTOM SE HEAD 1,793.945 2.545 1 1.30
60 ID BOTTOM SE HEAD 1,793.945 2.545 1 1.30
Bottom Drain (N1) 1,792.892 1.492 1 1.30
Carrosion Coupon (N9) 1,793.566 2.166 1 1.30
Diff Press High (N4) 1,791.689 0.289 1 1.30
Dift press Low (N8) 1,791.689 0.289 1 1.30
Fill/ Water Flush (N6) 1,794.324 2.924 1 1.30
Inlet Nozzle (N12) 1,791.918 0.518 1 1.30
Inspection Nozzle (N11) 1,793.522 2.122 1 1.30
L_evel Bridal High (N5) 1,792.058 0.658 1 1.30
Level Bridal Low (N3) 1,792.058 0.658 1 1.30
Manway (N13) 1,793.295 1.895 1 1.30
Outlet (N10) 1,793.006 1.606 1 1.30
Purge (N2) 1,793.921 2.521 1 1.30
Vent (N7) 1,792.248 0.848 1 1.30

Notes:
(1) 60 ID TOP SE HEAD limits the UG-99(b) stress ratio.
(2) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top-most

flange.
The field test condition has not been investigated for the Chamber bounded by 60 D BOTTOM SE HEAD and 60 ID
TOP SE HEAD.

The test temperature of 50 °F is warmer than the minimum recommended temperature of 1.4 °F so the brittle fracture
provision of UG-99(h) has been met.
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Vacuum Summary

Elevatlon
Component Line of Support above Datum Lengrt:)l Le
(In)
60 ID TOP SE HEAD -19.491 N/A
- 1 3 depth of 60 ID TOP SE HEAD -7.0417 N/A
Straiaht Flanae on 60 1D TOP SE HEAD Top - -2 110.0833
Straight Flange on 60 1D TOP SE HEAD Bottom - 0 110.0833
60 ID SHELL Top - 0 110.0833
60 1D SHELL Bottom - 96 110.0833
Straight Flange on 60 10 BOTTOM SE HEAD Top - 96 110.0833
Straight Flanae on 60 1D BOTTOM SE HEAD Bottom - 98 110.0833
- 1.3 depth of 80 ID BOTTOM SE HEAD 103.0417 N/A
60 1D BOTTOM SE HEAD - 115.491 N/A

Note

For main components, the listed value of 'Le' is the largest unsupported length for the component.

Rev. 6
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Engineering Notes

1. External loads have not been considered in the flange pressure rating.
2. The minimum thickness of the top and bottom heads are from the readings taken by KV Inspection Services.

Reports dated February 26, 2013.
3. The style of lifting lug analysed here is only analysed for vertical lifting only. The software will not complete a

"rigging analyses" on this style of lifting lug.

4. The Compress software does not analyse the siesmic and wind loads simultaneously so this information is not
contained within this report. The magnitude of the wind loading in comparision to the motion "siesmic" loads is
miniscule when compared to the motion loads. The total wind load on this vessel equates to a force of 660 pounds

acting on one side of the vessel.
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Method of seismic analysis: User-defined
Base Shear Multiplier 0.5000
Portion at Top 0.0700
Vertical Accelerations Considered: Yes

Force Multiplier: =1.4738
Minimum Weight Multiplier: = 1.0000

Vessel Characteristics

Vessel height: 12.1832 ft
Vessel Weight:

Operating, Corroded: 40,891 Ib
Empty, Corroded: 27,793 b
Vacuum, Corroded: 40,891 Ib

Period of Vibration Calculation

Fundamental Period, T:
Operating, Corroded: 0.018 sec (f = 56.5 Hz)
Empty, Corroded: 0.015 sec (f = 68.3 Hz)
Vacuum, Corroded: 0.018 sec (f = 57.0 Hz)

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

Seismic Code

T=2"PI* Sar({Sum(W,*y2)}/{g* Sum(W, *y,)} ), where

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

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

Seismic Shear Reports:

Operating. Corroded

Empty. Corroded
Vacuum. Corroded

Base Shear Calculations

1176
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Seismic Shear Report: Operating, Corroded

Bending
Component Elevation of bottom Elastic modulus E Inertia 1 Selsmic shear at Moment at
P above base (in) (106 psi) (ft4) Bottom (Ibf) Bottom
(Ibf-ft)
60 ID TOP SE HEAD 126.7075 29.1 - 5,197 5,392
60 ID SHELL 30.7075 29.1 11.0628 | 19,545 135,547
60 ID BOTTOM SE HEAD (top) 23.25 29.1 . 19,897 147,809
63-1/4" OD Skirt 0 29.1 3.468 20,445 187,180
*Moment of Inertia | varies over the length of the component
Seismic Shear Report: Empty, Corroded
Bending
Component Elevation of bottom Elastic modulus E Inertla | Seismic shear at Moment at
P above base (in) (106 psl) (f14) Bottom (Ibf) Bottom
(Ibf-ft)
60 ID TOP SE HEAD 126.7075 29.4 4,178 4,509
60 ID SHELL 30.7075 29.4 11.0628 13,220 101,019
60 ID BOTTOM SE HEAD (top) 23.25 294 13,437 109,306
63-1/4" OD Skirt 0 29.4 3.468 13,897 136,015
*Moment of Inertia | varies over the length of the component
Seismic Shear Report: Vacuum, Corroded
Bending
Component Elevatlon of bottom Elastic modulus E Inertia | Selsmic shear at Moment at
P above base (in) (106 psl) (ft9) Bottom (Ibf) Bottom
(Ibf-ft)
60 ID TOP SE HEAD 126.7075 29.1 . 5,197 5,392
60 ID SHELL 30.7075 29.1 11.0628 19,545 135,547
60 ID BOTTOM SE HEAD (top) 23.25 29.1 19,897 147,809
63-1/4" OD Skirt 0 29.8 3.468 20,445 187,180

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

Vertical Acceleration Term, V

Accel

Factor is applied to dead load.

Compressive Side: =1.0 +V

Accel

V'

Accel

 Termis:
greater of (Force Mult * Base Shear / Weight) or (Min. Weight Mult.)

Force multiplier = 1.4738 Minimum Weight Multiplier = 1.0000
Condition Base Shear ( Ibf) | Weight ( Ib) %}iﬂ Vace
Operating, Corroded 20,445 40,890.5 0.7369 1
Operating, New 20,903 41,806.6 0.7369 1
Empty, Corroded 13,897 27,793 0.7369 1
Empty, New 14,416 28,831.4 0.7369 1
Vacuum, Corroded 20,445 40,890.5 0.7369 1

1176

Rev. 6




Base Shear Calculations

Operating. Corroded

Empty. Corroded
Vacuum. Corroded

Base Shear Calculations: Operating, Corroded

V = Base Shear Multiplier * W
= 0.5000 * 40,890.5156
=20,445.26 |b

Base Shear Calculations: Empty, Corroded

V = Base Shear Multiplier * W
= 0.5000 * 27,793.0352
=13,896.52 Ib

Base Shear Calculations: Vacuum, Corroded
V = Base Shear Multiplier * W

= 0.5000 * 40,890.5156
=20,445.26 Ib
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Building Code:

Elevation of base above grade:
Increase effective outer diameter by:
Wind Force Coefficient Cf:

Vessel Characteristics

Vessel height, h:

Vessel Minimum Diameter
Operating, Corroded: 5.4167 f

Fundamental Frequency, n,
Operating, Corroded: 56.4765 Hz

Damping coefficient, B

Wind Code

User
Defined

0.0000 ft
0.0000 ft
0.8000

Empty, Corroded:

12.1832 ft

Empty, Corroded: 5.4167 ft

68.3053 Hz

Operating, Corroded: 0.0250
Empty, Corroded: 0.0200

Wind Deflection Reports:

Operating. Corroded
Empty. Corroded
Vacuum. Corroded
Wind Pressure Table

Wind Deflection Report: Operating, Corroded

Elevation of Platform Total wind bending
Component bottom above Effec(t:l\;e oD Elaétz::or;\o:t;)lus '?ff:?)a wind shear at shear at moment at gf:[:m(ii?";

base (in) p Bottom (Ibf) | Bottom (Ibf) | Bottom (Ibf-f) P
60 ID TOP SE HEAD 126.7075 5.43 29.1 0 88 79 0.0007
60 ID SHELL 30.7075 5.42 29.1 11.06 |0 625 25,969 0.0006
60 ID BOTTOM SE HEAD (top) | 23.25 5.43 29.1 0 667 26,371 0.0001
63-1/4" OD Skirt 0 5.27 29.1 3.468 |0 793 27,785 0
*Moment of Inertia | varies over the length of the component
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Wind Deflection Report: Empty, Corroded

Elevation of Platform Total wind bending
Component bottom above Effec(tfltv)e op Ela;tzforgo::l)lus "I-'Ff;g)a wind shear at shear at moment at l:::l:ct(li?‘t;
base (in) P Bottom (Ibf) | Bottom (Ibf) | Bottom (Ibf-f1) P
60 ID TOP SE HEAD 126.7075 5.43 29.4 . 0 88 79 0.0007
60 ID SHELL 30.7075 5.42 29.4 11.06 |0 625 25,969 0.0006
60 ID BOTTOM SE HEAD (top) | 23.25 5.43 29.4 . 0 667 26,371 0.0001
63-1/4" OD Skirt 0 5.27 29.4 3.468 |0 793 27,785 0
*Moment of Inertia | varies over the length of the component
Wind Deflection Report: Vacuum, Corroded
Elevation of Platform Total wind bending
Component bottom above Eﬂectfil\;e op Ela;‘;:&:m;;ms I:\:fl;:l)a wind shear at shear at moment at l:;z:l:ct(llc:‘r)\
base (In) ( P Bottom (Ibf) | Bottom (ibf) | Bottom (Ibf-ft) P
60 ID TOP SE HEAD 126.7075 5.43 29.1 : 0 88 79 0.0007
60 ID SHELL 30.7075 5.42 29.1 1106 |0 625 25,969 0.0006
60 ID BOTTOM SE HEAD (top) |23.25 5.43 29.1 . 0 667 26,371 0.0001
63-1/4" OD Skirt 0 5.27 29.8 3.468 |0 793 27,785 0
*Moment of Inertia | varies over the length of the component
Wind Pressure (WP) table
Wind Force Coefficient Cf: 0.8000
Design Wind Pressures
. . Adjusted
To Height 2 Wind Pressure bly cf
L}
sf
§) (psf) (osf)
15.00 15.5000 12.4000
Design Wind Force determined from: F = Pressure * Af , where Af is the projected area.
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60 ID TOP SE HEAD
ASME Section Viil, Division 1, 2010 Edition, A11 Addenda
Component: Ellipsoidal Head
Material Specification: SA-516 70 (II-D p.18, In. 19)
Straight Flange governs MDMT
Internal design pressure: P = 1,378 psi @ 140 °F
External design pressure: P, = 15 psi @ 140 °F
Static liquid head:

P,=0.18 psi (SG=1.1, H;=4.5" Operating head)
P= 2.54 psi (SG=1, H,=70.5" Horizontal test head)

Corrosion allowance: Inner C =0.125" Quter C =0"
Design MDMT = -20°F Impact test performed
Rated MDMT = -32.9°F Material is normalized

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

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

Estimated weight*: new = 3,428 Ib corr=3,272.2 b

Capacity™: new = 146.9 US gal corr = 149.1 US gal

* includes straight flange

Inner diameter = 60"

Minimum head thickness = 2.491"

Head ratio D/2h = 2(new)

Head ratio D/2h = 1.9917 (corroded)

Straight flange length L = 2"

Nominal straight flange thicknesst;, = 2.612"

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) = 2.2038"
Design thickness due to external pressure (t)) = 0.2819"
Maximum allowable working pressure (MAWP) = 1.566.92 psi
Maximum allowable external pressure (MAEP) = 750.1 psi

K (Corroded)
K=(1/6)*[2 + (D / (2*h))3)=(1/6)*[2 + (60.25 / (2*15.125))2]=0.994502
K (New)

K=(1/6)*[2 + (D / (2*h))2]=(1/6)"[2 + (60 / (2*15))?]=1

1176 Rev. 6 20/201



Design thickness for internal pressure, (Corroded at 140 °F) Appendix 1-4(c)
t P*D*K/(2*S*E - 0.2*P) + Corrosion

1,378.18"60.2570.994502 / (2*20,000*1 - 0.2*1,378.18) + 0.125
2.2038"

The head internal pressure design thickness is 2.2038".
Maximum allowable working pressure, (Corroded at 140 °F) Appendix 1-4(c)

P

2'S"E*t/ (KD + 0.2*t) - P,
2*20,000"172.366 / (0.994502*60.25 +0.2*2.366) - 0.18
1,566.92 psi

The maximum allowable working pressure (MAWP) is 1.566.92 psi.
Design thickness for external pressure, (Corroded at 140 °F) UG-33(d)

Equivalent outside spherical radius (R,)

Ro = Ko*Do
= 0.8359"64.982
= 54.3193in

A = 0.125/(R,/1)
= 0.125/(54.3193/0.156888)
= 0.000361

From Table _ 5,193.454

Cs-2: ~ psi

P, = B/R,/Y
= 5,193.454/(54.3193/0.1569)
= 15psi

t = 0.1569" + Corrosion = 0.1569" + 0.125" = 0.2819"

Check the external pressure per UG-33(a)(1) Appendix 1-4(c)

1

1.867*P,"D*K/ (2"S*E - 0.2*1.67*P,) + Corrosion
1.67%15"60.25*0.994502 / (2*20,000*1 - 0.2*1.67*15) + 0.125
0.1625"

The head external pressure design thickness (t,) is 0.2819".
Maximum Allowable External Pressure, (Corroded at 140 °F) UG-33(d)

Equivalent outside spherical radius (R )

Ro = Ko*Do
= 0.8359"64.982
= 54.3193in
A = 0.125/(R,/t)
= 0.125/(54.3193 / 2.366)
= 0.005445
From Table B - 17,220.94
CS-2: ~ psi
1176 Rev. 6
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B/(R,/1)
17,220.94 / (54.3193 / 2.366)
750.0974 psi

Check the Maximum External Pressure, UG-33(a)(1) Appendix 1-4(c)
P 2'S*E"t/ ((K*D + 0.2°1)*1.67) - P,

2¥20,000*1*2.366 / {(0.994502760.25 +0.272.366)*1.67) - 0
938.38 psi

The maximum allowable external pressure (MAEP) is 750.1 psi.

% Extreme fiber elongation - UCS-79(d)

EFE = (75%t/R)*(1-R,/R,)
(75*2.612 /11.506)*(1 - 11.506 / =)
17.0259%
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Straight Flange on 60 ID TOP SE HEAD
ASME Section VI Division 1, 2010 Edition, A11 Addenda
Component: Straight Flange
Material specification: SA-516 70 (lI-D p. 18, In. 19)
Material is impact tested per UG-84 to -20 °F
UCS-66(i) reduction of 12.9 °F applied (ratio = 0.8707).

Internal design pressure: P = 1,378 psi @ 140 °F
External design pressure: P, = 15 psi @ 140 °F

Static liquid head:

P 0.26 psi (SG = 1.1, H, = 6.5",Operating head)
(8G =1, H, = 70.5", Horizontal test

Phn = 2.54psi head)

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

Design MDMT = -20 °F Impact test performed

Rated MDMT = -32.9 °F Material is normalized
Material is not produced to Fine Grain Practice
PWHT is performed

Radiography: Longitudinal joint - Seamless No RT

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

Estimated weight New = 290.8 Ib corr=277.4 b

Capacity New = 24.48 US gal corr = 24.68 US gal

ID = 60"

Length _ .

L, -2

t = 2612"

Design thickness, (at 140 °F) UG-27(c)(1)
t P*R/(S*E - 0.60*P) + Corrosion

1,378.26*30.125/ (20,000%1.00 - 0.60*1,378.26) + 0.125
2.2906"

Maximum allowable working pressure, (at 140 °F) UG-27(c)(1)
P S*E*t/ (R + 0.607t) - P,

20,000"1.00*2.487 / (30.125 + 0.60"2.487) - 0.26
1,572.94 psi

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, = 110.0833/65.224 = 1.6878

D,/t = 65.224/0.2616 = 249.3220

From table G: A = 0.000195

From table .

CS-2: B = 2,804.8786 psi

P, = 4*B/(3*(D, /1))

1176 Rev. 6
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15 psi

4*2,804.88 / (3*(65.224 / 0.2616))

Design thickness for external pressure P, = 15 psi

a

Maximum Allowable External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, 110.0833/65.224
D,/t = 65.224/2.487
Fromtable G: A = 0.005788

t = t+ Corrosion = 0.2616 + 0.125

1.6878
26.2260

From table .
CS.2: B = 17,236.009 psi
P, = 4'B/(3*(D, /1)

876.28 psi

)
4*17,236.01 / (3*(65.224 / 2.487))

% Extreme fiber elongation - UCS-79(d)

EFE = (50t/R)*(1-R,/R,)

= (50*2.612/31.306)*(1 - 31.306 / =)

=  41717%

= 0.3866"

The extreme fiber elongation does not exceed 5%.

Design thickness = 2.2906"

The governing condition is due to internal pressure.

The cylinder thickness of 2.612" is adequate.

1176
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Thickness Required Due to Pressure + External Loads

Aliowable
Conditlon Pressure P ( ?}g:g g:_':sr: Temperature ( | Corrosion C Load Req'd Thk Due to Req'd Thk Due to
psi) increase ( psi) F) (in) Tenslon (in) Compresslon (in}
Sl sc
Operating, Hot & Comoded 1,378 20,000 | 17.358 | 140 0.125 Wind _0.8542 0.8942
Seismic | 0.8551 0.8526
Overating, Hot & New 1,378 20,000 | 17.a71 [ 140 0 Wind | 0.8507 08506
Seismic | 0 8515 08489
Hot Shut Down, Conoded 0 20,000 | 17.359 | 140 0.125 Wind | 0.0009 2.0009
Seismic | 0.0001 0.0028
Hot Shut Down, New 0 20,000 | 17.371 | 140 0 Wind _ [0.0009 2001
Seismic | 0.0001 0.0029
Empty. Corroded 0 20,000 | 17.359 | 70 0.125 Wind _[0.0009 8.0009
Seismic | 0.0001 0.0027
Emoty. New 0 20,000 | 17.371 [ 70 0 Wind | 0.0009 0.001
Seismic { 0.0001 0.0028
Vacuum 45 20,000 | 17.359 | 140 0.125 Wind 00117 40118
Seismic | 0.0108 0.0137
Hot Shut Down, Corroded. Weiaht . .
PR p——— 0 20,000 | 17.359 | 140 0.125 Weight |0.0011 0.0011

Allowable Compressive Stress, Hot and Corroded- S ., (tabie CS-2)

A = 0.125/(R,/1)
= 0.125/(32.612/2.487)
= 0.009533
B = 17,359 psi
S = 20,000/1.00 = 20,000 psi
Sche = min(B, §) = 17.359 psi

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

A = 0.125/(R,/1)
= 0.125/(32.612/2.612)
= 0.010012
B = 17,371 psi
S = 20,000/1.00 = 20,000 psi
Sern = min(B, §) = 17.371 psi

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

A = 0.125/(R,/t)
= 0.125/(32.612/2.612)
= 0.010012
B = 17,371 psi
S = 20,000/1.00 = 20,000 psi
Scen = min(B, S) = 17.371 pst
1176 Rev. 6
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Allowable Compressive Stress, Cold and Corroded- S ., (table CS-2)

A = 0.125/(R,/1)
= 0.125/(32.612/2.487)
= 0.009533
B = 17,359 psi
S = 20,000/1.00 = 20,000 psi
S = min{B, S) = 17.359 psi

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

CSs-2)
A = 0125/ (R, /1)
= 0.125/(32.612/2.487)
= 0.009533
B = 17,359 psi
S = 20,000/1.00 = 20,000 psi
Sue = min(B, S) = 17.359 psi

Operating, Hot & Corroded, Wind, Bottom Seam

t, = P'R/(2'SKSE, + 0.40%|P) (Pressure)
= 1,378*30.125/(2*20,000%1.20*1.00 + 0.40%|1,378)
= 0.855"
t, = M/ (@R ¥S'K E) (bending)
= 949/ (n*31.3685%*20,000*1.20*1.00)
= 0"
t, = W/ (@nR,S"K E) (Weight)
= 3,740.2/(2*1*31.3685*20,000"1.20"1.00)
= 0.0008"
total required,
b= hrlech iensile)equ
= 0.855+0-(0.0008)
= 0.8542"
0= et b ool (total, net

tensile)
= |0+ (0.0008) - (0.855)]
= 0.8542"

Maximum allowable working pressure, Longitudinal Stress
P=2"S"KJES(t-t,+1,)/(R-040%(t-t +t,))
= 2*20,000*1.20*1.00%(2.487 - 0 + (0.0008)) / (30.125 - 0.40%(2.487 - 0 + (0.0008)))
= 4,099.34 psi

Operating. Hot & New, Wind, Bottom Seam

t, = P*"R/(2'SKE; + 0.40%|P)) (Pressure)
= 1,378"30/(2*20,000%1.20*1.00 + 0.40*|1,378|)
= 0.8515"
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t, =M/ (TR 2SK 'E,) (bending)
= 970/ (r*31.3062*20,000*1.20*1.00)
=0Q"

t, = W/ (2R *S/K 'E,) (Weight)
= 3,913.1/ (2*7*31.306*20,000*1.20*1.00)
= 0.0008"

=t +t_ - total required, tensile
P m q

= 0.8515 + 0 - (0.0008)

= 0.8507"

o= e + tye - ol (total, net tensile)
= |0 + (0.0008) - (0.8515)}
= 0.8506"

Maximum allowable working pressure, Longitudinal Stress

P=2"S K E S (t-t, +1,)/ (R-0.40%(t-1_+1)

= 2*20,000*1.20*1.00*(2.612 - 0 + (0.0008)) / (30 - 0.40*(2.612 - 0 + (0.0008)))

= 4,331.4 psi

Hot Shut Down, Corroded, Wind, Bottom Seam

t, =0 (Pressure)
t, =M/ ("R 2*SK,) {bending)
= 949/ (n*31.36852%17,359.27*1.20)
=0"
t, =W/ (2 t"R_*S.'K,) {(Weight)
= 3,740.2 / (2*n*31.3685%17,359.27*1.20)
= 0.0009"

b=t + -ty (total, net compressive)
=10+ 0 - (0.0009)|
= 0.0009"

to = tne+ tue - toe (total required, compressive)
=0 +(0.0009) - (0)
= 0.0009"

Hot Shut Down. New, Wind, Bottom Seam

t, =0° (Pressure)

t, =M/ (m"R2*SK,) (bending)
=970/ (n*31.306%*17,371.43*1.20)
=0"

t, = W/ (2'n*R*S.*K,) (Weight)
=3,913.1/(2"n*31.306*17,371.43*1.20)
= 0.001"

b=+t -t (total, net compressive)
=10+ 0-(0.001)|
= 0.0009"
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te + twe ™ toc (total required, compressive)
=0+ (0.001) - (0)
0.001"

Empty. Corroded, Wind, Bottom Seam

t, =0 (Pressure)
tn, = M/ ("R 2*S."K,) (bending)
= 949/ (x*31.36852*17,359.27*1.20)
=0"
t, = W/ (2'n"R"S.'K,) (Weight)
= 3,740.2/(2*n*31.3685*17,359.27*1.20)
= 0.0009"
b=ty -t (total, net compressive)
=0+ 0 -(0.0009)|
= 0.0009"
te =thet byt (total required, compressive)
=0 + (0.0009) - (0)
= 0.0009"

Empty. New, Wind, Bottom Seam

t, =0" (Pressure)
tn, =M/ ("R, 2*SK,) {bending)
=970/ (n*31.3062*17,371.43*1.20)
=0"
t, = W/ (2'n"R*S.'K,) (Weight)
= 3,913.1/(2*x*31.306*17,371.43*1.20)
= 0.001"

b=+t -t (total, net compressive)
=10+ 0 - (0.001)]

t =t e -t (total required, compressive)

Vacuum. Wind. Bottom Seam

t, = P'R/(2'S.°K, + 0.40"|P]) (Pressure)
= -15%30.125 / (2*17,359.27*1.20 + 0.40*|15))
=-0.0108"

t =M/ (TR _2*SK) (bending)
= 949/ (n*31.36852*17,359.27*1.20)
= 0"

t, = W/ (2R *S’K) (Weight)
= 3,740.2 / (2*n*31.3685*17,359.27*1.20)
= 0.0009"

1176 Rev. 6

28/201



b=+t -t (total, net compressive)
= |-0.0108 + 0 - (0.0009)|
=0.0117"
to = tme + e - T (total required, compressive)
= 0 +(0.0009) - (-0.0108)
=0.0118'

Maximum Allowable External Pressure, Longitudinal Stress

P=2'S K (t- toe - tye) / (R- 0.40%(t-t__-t.))
= 2*17,359.27*1.20*(2.487 - 0 - 0.0009) / (30.125 - 0.40*(2.487 - 0 - 0.0009))
= 3,555.56 psi

Hot Shut Down. Corroded. Weight & Eccentric Moments Only. Bottom Seam

t, =0" (Pressure)
t, = M/ (n*R2*S_*K,) {bending)
= 213/ (n*31.36852*17,359.27*1.00)
="
ty = W/ (2*1"R*SK,) (Weight)
= 3,740.2/(2*7*31.3685"17,359.27*1.00)
= 0.0011"
t = |tp +t, -t (total, net compressive)
=10+ 0-(0.0011)]
= 0.0011"
to =ttty -t (total required, compressive)
=0+ (0.0011) - (0)
= 0.0011"

Operating. Hot & Corroded. Seismic. Bottom Seam

t, = P'R/(2'S’K'E, + 0.40%|P)) (Pressure)
= 1,37830.125/ (2*20,000%1.20*1.00 + 0.40*|1,378))

= 0.855"
t, =M/ (@R _2S'KE,) (bending)

m
= 64,702 / (n*31.3685220,000*1.20*1.00)
= 0.0009"

t, =W/ (2't"R*S;’K*E,) (Weight)
= 3,740.2 / (2*'n*31.3685*20,000%1.20%1.00)
= 0.0008"

o=t et -, (total required, tensile)
= 0.855 + 0.0009 - (0.0008)
= 0.8551"

twe = (1 + VAccel)*'W / (2**R *S,"K,*E ) (Weight)
= 2.00"3,740.2/ (2*n*31.3685*20,000*1.20*1.00)
= 0.0016"

b= e + e - bl (total, net tensile)
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= |0.0009 + (0.0016) - (0.855)]
= 0.8526'

Maximum allowable working pressure, Longitudinal Stress

P=2§"KSES(t-t, +1,) /(R-0.40%(t-t +t,)
= 2*20,000*1.20*1.00%(2.487 - 0.0009 + (0.0008)) / (30.125 - 0.40*(2.487 - 0.0009 + (0.0008)))
= 4,097.88 psi

Operating. Hot & New. Seismic. Bottom Seam

t, = P'R/(2'S7KE, +0.40"|P)) (Pressure)
= 1,378*30/(2"20,000*1.20*1.00 + 0.40%|1,378])
= 0.8515"
t = M/@R2SK E) (bending)
= 66,830/ (n*31.3062*20,000*1.20*1.00)
= 0.0009"
t, = W/@R, S K E) (Weight)
= 3,913.1/(2*n*31.306"20,000*1.20*1.00)
= 0.0008"
Lo b o)
= 0.8515 + 0.0009 - (0.0008)

=  0.8515"

t,. = (1+VAccelfW/(2'n*'R, 'S 'K, 'E,) (Weight)
= 2.00%3,913.1/(2*7*31.306*20,000*1.20*1.00)
= 0.0017"

t = e+ tye- 1:pcl
= |0.0009 + (0.0017) - (0.8515}|
= 0.8489"

(total, net
tensile)

Maximum allowable working pressure, Longitudinal Stress

P=2'S/K S Ej(t-t, +1,) / (R-0.40%(t - t, +1,)
= 2*20,000*1.20*1.00%(2.612 - 0.0009 + (0.0008)) / (30 - 0.40*(2.612 - 0.0009 + (0.0008)))
= 4,329.87 psi

Hot Shut Down, Corroded, Seismic. Bottom Seam

t, =0 (Pressure)
t, =M/ ("R 2SK*E,) (bending)
= 64,702/ (n*31.36852*20,000%1.201.00)
= 0.0009"
t, =W/ (2't"R*S’K'E,) (Weight)
= 3,740.2 / (2"'n*31.3685720,000%1.20*1.00)
= 0.0008"
t o=ttt -ty (total required, tensile)
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=0+ 0.0009 - (0.0008)
= 0.0001"

tne = M/ ("R 2*S'K,) (bending)
= 64,702/ (n*31.36852*17,359.27*1.20)
= 0.001"

tye = (1 + VAccel)*'W/ (2*n*R*SK,) (Weight)
= 2.00"3,740.2/ (2'n*31.3685*17,359.27*1.20)
= 0.0018"

e (total required, compressive)
= 0.001 + (0.0018) - (0)
= 0.0028"

Hot Shut Down. New, Seismic. Bottom Seam

t, =0 (Pressure)
t, =M/ (mR S K] E,) (bending)
= 66,830/ (n*31.3062*20,000%1.20*1.00)
= 0.0009"
t, =W/ (2't"R,"S;"K'E,) (Weight)
=3,913.1/(2*x"31.306*20,000"1.20*1.00)
= 0.0008"
o=ttty -t, (total required, tensile)
=0+ 0.0009 - (0.0008)
= 0.0001"
tne = M/ (m"R,2*S'K)) (bending)
= 66,830/ (n*31.306217,371.43*1.20)
= 0.001"
twe = (1 + VAccel)*'W/ (2*n*R_*S *K,) (Weight)
= 2.00"3,913.1/(2*x*31.306*17,371.43*1.20)
= 0.0019"
b=ttt -t (total required, compressive)
= 0.001 +(0.0019) - (0)
= 0.0029"

Empty, Corroded. Seismic. Botiom Seam

t, =0" (Pressure)
t, =M/ ("R 2*S.K,) (bending)
= 54,112/ (n*31.36852*17,359.27*1.20)
= 0.0008"
t, =W/ (27"R,"S.'K,) (Weight)
= 3,740.2/(2"n*31.3685%17,359.27*1.20)
= 0.0009"
L=t -ty (total, net compressive)
= [0 + 0.0008 - (0.0009)|
= 0.0001"
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tye = (1 + VAccel)*'W/ (2*n*R"S"K) (Weight)
= 2.00"3,740.2 / (2*n*31.3685"17,359.27*1.20)
= 0.0018"
to=te+he -t (total required, compressive)
= 0.0008 + (0.0018) - (0)
= 0.0027"

Empty. New, Seismic. Boitom Seam

t, =0° (Pressure)
t, =M/ (n"R2*SK,) (bending)
= 56,321/ (n*31.306217,371.43"1.20)
= 0.0009"
t, =W/ (2'"R*S.'K,) (Weight)
= 3,913.1/(2*n*31.306*17,371.43"1.20)
= 0.001"
t = |’tp +i -t (total, net compressive)
= |0 + 0.0009 - (0.001}|
= 0.0001"
t,e = (1 + VAccel)*W/ (2*nt*R,*S"K,) (Weight)
= 2.00*3,913.1/(2"x*31.306*17,371.43"1.20)
= 0.0019"
to =ttt -t (total required, compressive)
= 0.0009 + (0.0019) - (0)
= 0.0028"

Vacuum, Seismic. Bottom Seam

t, =P'R/(2"S;'K, + 0.40%|P|) (Pressure)
= -15*30.125/(2*17,359.27*1.20 + 0.40"|15()
= -0.0108"
t, =M/ ("R 2*S *K,) (bending)
= 64,702/ (*31.3685%*17,359.27*1.20)
= 0.001"
t, =W/ (@2 7R, S K,) (Weight)
= 3,740.2/ (2*n*31.3685"17,359.27*1.20)
= 0.0009"
o=t -t (total, net compressive)
= |-0.0108 + 0.001 - (0.0009}|
=0.0108"
t,c = (1 + VAccel)'W/ (2*n*R_*S.'K)) (Weight)
= 2.00*3,740.2/ (2*'n*31.3685"17,359.27*1.20)
= 0.0018"
t =ttt (total required, compressive)
= 0.001 + (0.0018) - (-0.0108)
= 0.0137"
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Maximum Allowable External Pressure, Longitudinal Stress

P=2"S K (t -ty - tyo) / (R-0.40%(t-t -t )
= 2*17,359.27*1.20*(2.487 - 0.001 - 0.0018) / (30.125 - 0.40*(2.487 - 0.001 - 0.0018))
= 3,552.75 psi
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Vent (N7)

ASME Section VIil Division 1, 2010 Edition, A11 Addenda

2.4910)

DA
F-3
tor
pury
(=]
e

tugowen = 2.49110n
Leg,, = 0.375in
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Location and Orientation
Located on:

Orientation:

End of nozzle to datum line:
Calculated as hillside:

Distance to head center, R:
Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Opening chord length:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

Local vessel minimum thickness:
Liquid static head included:;
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

Liquid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

1176

60 ID TOP SE HEAD
0°

-24.51in

Yes

18 in

No

No
SA-350 LF2 Cl 1 (II-D p. 18, In. 10)
2in

1.06 in
0.125in
2.3928in
5.5086 in
7.2586 in
2.491in
0 psi

1

NPS 2 Class 900 LWN A350 LF2 CI.1
SA-193 B7 Bolt <= 2 1/2 (II-D p. 334, In. 32)

No

-55°F per UCS-66(b)(1)(b)
0 psi

2,146 psie 140°F

2,220 psie 50°F

3,350 psie@ 50°F
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PWHT performed: Yes
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (in2) Thickness
For P = 1,378 psi @ 140 °F Summary
The opening is adequately reinforced (in)
The nozzle
passes UG-45
A A A
required | avallabie A A2 A3 | As | weids treq tmin
4.4824 | 7.3864 |3.2529 [3.9929 |-- |-- |0.1406 |10.3324 |1.06

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 weid Actual weld
Weid description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legss) | 0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,378 psi @ 140 °F

Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.0865).

Nozzle UCS-66 governing thk: 1.06 in
Nozzle rated MDMT: -155 °F
Parallel Limit of reinforcement per UG-40

Ly MAX(d, R, + (t, - C,) + (t- C))

= 4.4974in
Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5*(t - C), 2.5%(t, - C,)) + 1,)

MIN(2.5%(2.491 - 0.125), 2.5*(1.06 - 0.125) + 0)
= 2.3375in

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

t

™m

PR,/ (S,"E - 0.6"P)
1,378%1.125/(20,000*1 - 0.6*1,378)
0.0809 in

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

t = P D/(2*S'E-0.2'P)
1,378*0.896360.25 / (2'20,000*1 - 0.2*1,378)

1176 Rev. 6
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= 1.8733in

Area required per UG-37(c)

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

A = dtF+27%1F(1-1,)

= 2.3928%1.8733'1 + 2°0.935"1.8733*1*(1 - 1)
= 4.4824in?

Area available from FIG. UG-37.1

A, = larger of the following= 3.2529 in?

= d"(Et-Fr) - 20 N(E - PR - 1)
= 2.3928%(1*2.366 - 1*1.8733) - 2*0.935*(1*2.366 - 1*1.8733)*(1 - 1)
= 1.179in2

= 2f(t+t)"(Et- FE) - 27 (Bt - FrE)T(1 - )
= 2%(2.366 + 0.935)"(172.366 - 1*1.8733) - 2*0.935*(1*2.366 - 1*1.8733)*(1 - 1)
= 3.2529in?

A, = smaller of the following= 3.9929 in?

= 2%t - t)"fLL,
= 2%(0.935-0.0809)*1"5.5086

= 9.4098in?

= 5%t -t )it
= 5*(0.935 - 0.0809)"1*0.935
= 3.9929 in2

A, = Leg¥f,
= 0.375°1
= 0.1406 in?

Area= A +A,+A,
=  3.2529 + 3.9929 + 0.1406
= 7.3864in2

As Area >= A the reinforcement is adequate.
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UW-16(c) Weld Check

Fillet weld: t_,, =lesserof 0.75ort,ort=0.75in
to(miny = lesser of 0.25 or 0.7*t,, = 0.25 in

t(actay = 0-77Leg = 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

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

t,ugey = P*R/(S*E-0.6"P) + Corrosion
= 1,378*1.125/(20,000*1 - 0.6*1,378) + 0.125
= 0.2059in

t, = max[t, g7 taugez ]
= max[0.2059,0]

= 0.2059in

toy =  2.2035in

by = max[ty, tygs ]
= max[2.2035, 0.1875]
= 2.2035in

t, = min[t,,t,]
= min[0.3324,2.2035]
= 0.3324 in

tigas = max[ty, 4]
= max[ 0.2059, 0.3324 ]
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (in?) | Thickness
For Pe = 750.1 psi @ 140 °F Summary
The opening is adequately reinforced (in)
The nozzle
passes UG-45
A A A
required | avallable A A2 A3 A5 | yeids treq tmin
2.8278 (3.8609 [-- [3.7203 |- {-- |10.1406 {0.3324 |1.06

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Required weid Actuat weid
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) 0.25 0.2625 weld size is adequate

Calculations for external pressure 750.1 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t,- C,) + (t- C))

= 4.4962in
Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5*(t - C), 2.5*(t, - C,) + )
MIN(2.5*(2.491 - 0.125), 2.5*(1.06 - 0.125) + 0)
2.3375in

Nozzle required thickness per UG-28 t, = 0.1392 in
From UG-37(d)(1) required thickness t, = 2.366 in
Area required per UG-37(d)(1)

Allowable stresses: S, = 20,000, S, = 20,000 psi

f,=lesserof1orS /S, =1

fo,=lesseroftorS /S, =1

A = 0.5%d'F + 27t P -1,)

1176 Rev. 6
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0.5%(2.3904*2.366"1 + 2*0.93572.366*1*(1 - 1))
2.8278 in?

Area available from FIG. UG-37.1

A, = larger of the following= 0 in®

= d'(Et- Frt) - 20 (Et- PPty (1 - )
= 2.3904*(1*2.366 - 1*2.366) - 20.935"(1*2.366 - 1*2.366)*(1 - 1)
= 0in?

= 2"t+t)(Et-F) - 2%t *(Et-F)t(1 - 1)
= 2%(2.366 + 0.935)*(1*2.366 - 1*2.366) - 20.935"(1*2.366 - 172.366)*(1 - 1)
= 0in?

A, = smaller of the following= 3.7203 in?

= 2'(t, - )L L,
= 2%(0.935-0.1392)*1*5.5086
= 8.7672in?

= 5t -t )Lt
= 5%(0.935-0.1392)*1*0.935
= 3.7203in?

A, = Leg¥f,
= 0.375°11
= 0.1406 in?

Area= A, +A,+A,
= 0+ 3.7203 + 0.1406
= 3.8609in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t_,,, = lesser of 0.75ort ort=0.751in

min ~
temin) = lesser of 0.25 or 0.7, = 0.25 in

t(actay = 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).
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UG-45 Nozzle Neck Thickness Check

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

0.2642 in

ta uG-28

a max[ t, yg.28 + taugan ]
= max[0.2642,0]

= 0.2642in

too = 1.25291in

too = max[ty,, tyugs ]
= max[ 1.2529, 0.1875]
= 1.2529 in

ty = min[t,,t,]
= min[ 0.3324 , 1.2529 ]
= 0.3324in

tuges = max(ty, b))
= max| 0.2642, 0.3324 ]
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, 8.7407 /412 2.1215
D,/t = 412/0.1392 29.5928
Fromtable G: A = 0.003723

From table .
CS-2: B = 16,648.1137 psi
P, = 4'B/(3*(D, /1))
= 4%16,648.11/(3*(4.12/0.1392))
= 750.1 psi

Design thickness for external pressure P, = 750.1 psi

t = t+ Corrosion = 0.1392 +0.125 = 0.2642"

a
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Outlet (N10)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

=}

3750

~

tytowen = 2.491 10
Leg,; = 0.375in

I

2.4N UJ, | 2.4N ﬂ\l»
!
|

[
=

Location and Orientation
Located on:

Orientation:

End of nozzle to datum line:
Calculated as hillside:

Distance to head center, R:
Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Projection available outside vessel, Lpr:
Projection available outside vessel to flange face, Lf:
Local vessel minimum thickness:

Liquid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

Liquid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

PWHT performed:

1176

60 ID TOP SE HEAD
0°

-29.1875in

No

Oin

No

No

SA-350LF2CI 1 (II-D p. 18,1n. 10)
8in

1.875in

0.125in

7.2348in

9.9848 in

2.491in

0 psi

1

NPS 8 Class 900 LWN A350 LF2 CI.1
SA-193 B7 Bolt <= 2 1/2 (II-D p. 334, In. 32)

No

-55°F per UCS-66(b)(1)(b)
0 psi

2,146 psie 140°F

2,220 psi@ 50°F

3,350 psi@ 50°F

Yes
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Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (in2)

For P = 1,378 psi @ 140 °F
The opening is adequateiy reinforced

UG-45 Nozzle
Wall
Thickness

Summary (in)
The nozzle passes

UG-45
A A A
required | available A1 A2 A3 1 As | weids treq tmin
15.4546 116.9236 |4.0649 112.7181 |- |-- 10.1406 {0.4531 {1.875
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
e gosortpton | Fedursdwelt | it | g
Nozzle to shell fillet {Legsy) |0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,378 psi @ 140 °F

Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.1694).

Nozzle UCS-66 governing thk:
Nozzle rated MDMT:

1.875in
-155 °F

Parallel Limit of reinforcement per UG-40

Lr

= 825in

MAX(d, R, + (t. - C,) + (t - C))
MAX(8.25, 4.125 + (1.875 - 0.125) + (2.491 - 0.125))

Outer Normal Limit of reinforcement per UG-40

Ly

= 4375in

MIN(2.5*(t - C), 2.5%, - C,) +t,)
MIN(2.5*(2.491 - 0.125), 2.5*(1.875 - 0.125) + 0)

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

i

0.2965 in

w = P'R,/(S,E-06'P)
1,378*4.125/ (20,000*1 - 0.6*1,378)

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

t = P *D/(2*S*E-0.2P)
= 1,378%0.8963"60.25 / (2"20,000*1 - 0.2*1,378)
- 1.8733in

1176
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Area required per UG-37(c)
Allowable stresses: S = 20,000, S, = 20,000 psi
f,=lesserof torS /S, =1

f,=lesserof 1orS /S, =1

>
I

d F + 2%, (1 - )
8.25"1.8733"1 + 2*1.75*1.8733*1*(1 - 1)
15.4546 in?

Area available from FIG. UG-37.1
A, = larger of the following= 4.0649 in®
= dY(E;*t-Ft) - 27 (B - B - 1)

= 8.25%(1*2.366 - 1*1.8733) - 2*1.75%(1*2.366 - 1*1.8733)*(1 - 1)
= 4.0649in2

= 2%+ t)NE - F) - 20 (B - BT - 1)
= 2%(2.366 + 1.75)*(172.366 - 1*1.8733) - 2*1.757(1*2.366 - 1*1.8733)"(1 - 1)
= 4.0561in2

A, = smaller of the following= 12.7181 in?

= 5t -t
= 5%(1.75-0.2965)*1"2.366
= 17.1949in?

= 5t -ttt
= 5%1.75-0.2965)'1*1.75
= 12,7181 in?

A, = Leg®f,
= 0.375°1
= 0.1406in?

Area= A, +A,+ A,
= 4.0649 + 12.7181 + 0.1406
= 16.9236in?

As Area >= A the reinforcement is adequate.
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UW-16(c) Weld Check

Fillet weld: t_, = lesser of 0.75 ort ort=0.75in

min ~
tomin) = lesser of 0.25 or 0.7*t ;, = 0.25 in

tactuay = 0-77Leg = 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

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

tbuger = P'R/(S*E-0.6"P) + Corrosion
= 1,378%4.125/(20,000*1 - 0.6*1,378) + 0.125
= 0.42151in

t, = max[t, ygo7  taugas ]
= max[0.4215,0]
= 0.4215in

toq = 2.2035in

by = max[ty, tugre ]
= max[2.2035, 0.1875]
= 2.2035in

t, = min[t,, t,]
= min[ 0.4531,2.2035]
= 0.4531in

lugas = max(ty, 4]
= max[0.4215, 0.4531]
= 0.4531in

Available nozzle wall thickness new, t, = 1.875 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
For Pe = 750.1 psi @ 140 °F Th":knes_s
The opening Is adequately reinforced Summary (in)
The nozzie passes
UG-45
A A A
required | available | A1 A2 A3 |As | eids treq tmin
9.7598 |12.1224 |-- [11.9818 [-- |-- |0.1406 |0.5057 | 1.875
UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for
external pressure
UW-16 Weld Sizing Summary
Requilred weid Actual weld
Weld description throst sizs | (in) | throat size (in) Status
Nozzle to shell fillet {Legsq) |0.25 0.2625 weld size is adequate

Calculations for external pressure 750.1 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(d, R, + (t,- C,) + (t- C))

MAX(8.25, 4.125 + (1.875 - 0.125) + (2.491 - 0.125))
= 825in

Outer Normal Limit of reinforcement per UG-40

L, MIN(2.5%(t - C), 2.5%(t, - C,) + )
MIN(2.5%(2.491 - 0.125), 2.5*(1.875 - 0.125) + 0)

4.375in

Nozzle required thickness per UG-28 t = 0.3807 in

From UG-37(d)(1) required thickness t, = 2.366 in

Area required per UG-37(d)(1)
Allowable stresses: S, = 20,000, S, = 20,000 psi
f,=lesseroflorS,/S, =1

f,=lesserof1orS /S, =1

>
]

0.5%(d"F + 2*t *t*F*(1 - f,,))
0.5*(8.25*2.366*1 + 2*1.75*2.366*1*(1 - 1))
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= 9.7598in?

Area available from FIG. UG-37.1

A, = larger of the following= Q in?

= d(Et- Fr) - 2t N (E - PR -
= 8.25%(172.366 - 1*2.366) - 2*1.75*(1*2.366 - 172.366)*(1 - 1)
= 0in2

= 2"+ t)(E-F) - 27 (B - B - f)
= 2%(2.366 + 1.75)*(1*2.366 - 1*2.366) - 2*1.75*(1*2.366 - 1*2.366)*(1 - 1)
= 0in?

>
nS
1]

smaller of the following= 11.9818 in?

= 5t -t )t
= 5%1.75-0.3807)*1"2.366
= 16.1993 in2

= 5t -t )Mt
= 5%1.75-0.3807)*1*1.75
= 11.9818in2

A, = Leg®f,
= 0.375%*1
= 0.1406 in?

Area= A +A,+A,
= 0+11.9818 +0.1406
= 12.1224in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t_;, = lesser of 0.75 ort, ort = 0.75in
t(min = lesser of 0.25 or 0.7t = 0.25 in

t(actuan = 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).
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UG-45 Nozzle Neck Thickness Check

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

buses = 0.5057in

ta = maX[ ta UG-28 » ta uG-22 ]
= max[0.5057,0]
= 0.5057in

to = 1.2529in

too = max[ty, ., tuais ]
= max[ 1.2529, 0.1875]
= 1.2529 in

ty = minft;, t,]
= min[ 0.4531,1.2529]
= 0.4531in

fugas = max{t, t]
= max[0.5057 , 0.4531 ]
= 0.5057in

Available nozzle wall thickness new, t, = 1.875in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 140 °F) UG-28(c)
L/ D, 9.9848/11.75 = 0.8498

D,/t = 11.75/0.3807 = 30.8677
From table G: A = 0.009769

From table .
CS-2: B = 17,365.3559 psi
P, = 4'B/(3*(D, /1))
= 4*17,365.36 / (3*(11.75/ 0.3807))
= 750.1 psi

Design thickness for external pressure P, = 750.1 psi

t = t+ Corrosion = 0.3807 +0.125 = 0.5057"

a
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Corrosion Coupon (N9)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

|
[
e

2.491 U\L | 2{4910 |

tugowen = 2:4911in
Leg,, = 0.375in

Location and Orientation
Located on:

Orientation:

End of nozzle to datum line:
Calculated as hillside:

Distance to head center, R:
Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Opening chord length:

Projection available outside vessel, Lpr;

Projection available outside vessel to flange face, Lf:

Local vessel minimum thickness:
Liquid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

Liquid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

1176

60 ID TOP SE HEAD
180°

-24.51in

Yes

18in

No

No
SA-350 LF2 CI 1 (lI-D p. 18, In. 10)
3in

1in
0.125in
3.4569 in
5.3776 in
7.1276 in
2.491in
0 psi

1

NPS 3 Class 900 LWN A350 LF2 CI.1
SA-193 B7 Bolt <= 2 1/2 (II-D p. 334, In. 32)
No

-55°F per UCS-66(b)(1)(b)

0 psi

2,146 psi@ 140°F

2,220 psi@ 50°F

3,350 psi@ 50°F
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PWHT performed: Yes
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (in?) Thickness
For P = 1,378 psi @ 140 °F Summary
The opening is adequately reinforced (in)
The nozzle
passes UG-45
A A A
required | avallable A A2 A3 [As | weds treq tmin
6.4757 (6.651513.1938 |3.3171 |-- |-- 10.1406 [0.3508 |1

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 weid
Weld description throat size (in) | throat slze (in) Status
Nozzle to shell fillet (Legs1) | 0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,378 psi @ 140 °F

Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.1335).

Nozzle UCS-66 governing thk: 1 in
Nozzle rated MDMT: -155 °F
Parallel Limit of reinforcement per UG-40

La

MAX(d, R, + (t,- C,) + (t- C))

MAX(3.4569, 1.7285 + (1 - 0.125) + (2.491 - 0.125))
= 4.9695in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5*(t - C), 2.5*(t, - C,) + t,)
MIN(2.5%(2.491 - 0.125), 2.5*(1 - 0.125) + 0)
2.1875in

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

1

. P*R,/(S,’E - 0.6°P)
1,378"1.625 / (20,000*1 - 0.6*1,378)

0.1168in

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

t P*K,*D/ (2*S*E - 0.2*P)

1,378%0.8963"60.25 / (2*20,000*1 - 0.2*1,378)

r
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= 1.8733in

Area required per UG-37(c)

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

f,=lesserof torS, /S, =1

A = dtF+27ttF(1-1)

= 3.4569*1.8733*1 + 2*0.875"1.8733*1*(1 - 1)
= £.4757in?

Area available from FIG. UG-37.1

A, = larger of the following= 3.1938 in?

= d'(Ejt- PR - 2t (- Bt - £y)
= 3.4569*(1*2.366 - 1*1.8733) - 2*0.875*(1*2.366 - 1*1.8733)*(1 - 1)
= 1.7033in2

= 2+ U)NE M- Pt - 2% (Bt - PR - )
= 2*(2.366 + 0.875)*(1*2.366 - 1*1.8733) - 2*0.875*(1*2.366 - 1*1.8733)*(1 - 1)
= 3.1938in2

A, = smaller of the following= 3.3171 in?

= 2t - )L L,
= 2%(0.875-0.1168)*1*5.3776

= 8.1546in?

= 5t -t )L
=  5%(0.875-0.1168)*1°0.875
= 3.3171in?

A, = Leg¥i,
= 0.375%"1
= 0.1406 in?

Area= A +A, +A,
= 3.1938 + 3.3171 + 0.1406
= 6.8515in?

As Area >= A the reinforcement is adequate.
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UW-16(c) Weld Check

Fillet weld: t,,, = lesser of 0.75 0ort, ort = 0.75in
temin) = lesser of 0.25 or 0.7*t ;= 0.25 in

t(actuay = 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

Interpretation VI11I-1-83-66 has been applied.

tiugor = P*R/(S'E-0.6P) + Corrosion
= 1,378"1.625/ (20,000*1 - 0.6*1,378) + 0.125
= 0.2418in
tiusee = 0.2384in
L, = max[t, g7 taugee |
= max[0.2418, 0.2384 ]
= 0.2418in
to; = 22035in
Loy = max[ty, tygrs]
= max[2.2035, 0.1875]
= 2.2035in
ty = min[ty,, t,]
= min[ 0.3508, 2.2035]
= 0.3508in
tugas = max[t,. 4]
= max[ 0.2418, 0.3508 ]
= 0.3508in

Available nozzle wall thickness new, t, = 1 in

The nozzle neck thickness is adequate.
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Applied Loads

Radial load: P,= 642 b,
Circumferential moment: M, = 8,629 Ib-in
Circumferential shear: V,= 787 |Ib;
Longitudinal moment: M, = 8,629 Ibin

Longitudinal shear: V=787 b
Torsion moment: M, = 12,2141bqin
Internal pressure: P= 1,378 psi
Head yield stress: Sy = 36,200psi

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)
Mean dish radius R, = 565.578 in

U=r,/Sar(R,'t) =0.218
Pressure stress intensity factor, | = 1 (derived from PVP-Vol. 399, pages 77-82)

Local pressure stress = I"P*R, / (2*t) =15,840 psi

Maximum combined stress (P +P +Q) = 16,538 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 ) = 15,839 psi
Allowable local primary membrane stress (P ) = +-1.5"S = +-30,000 psi

The maximum local primary membrane stress (P ) is within allowable limits.
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Stresses at the nozzle OD per WRC Bulletin 107

Figure |value| A, | A, | B, | B, | C, | C, | D, | D
SR-2" 02178 |25 |25 |25 |25 |25 |25 |25 |25
SR-2 01824 |-126 |126 |[-126 126 |-126 126 |-126 126
SR-3* 0.1614 |0 0 0 0 22 |22 |22 22
SR-3 06952 |0 0 0 0 561 |561 |s561  |-561
SR-3° 01614 |22 |22 |22 22 0 0 0 0
SR-3 06952 |[-561 {561 |[se1 [-s61 {0 0 0 0
Pressure stress* | 15,840 | 15,840 | 15,840 | 15,840 { 15,840 | 15,840 | 15,840 | 15,840
Total Oy stress 15,106 | 16,480 | 16,272 | 15,402 115,106 | 16,480 | 16,272 | 15,402
gfe";';f"’"eo" 15,793 {15,793 | 15,837 | 15,837 | 15,793 | 15,793 | 15,837 {15,837
SR-2* 0.0675 |-8 -8 -8 -8 -8 -8 -8 -8
SR-2 00544 |37 |37 37 a7 a7 a7 a7 far
SR-3* 0.0487 |0 0 0 0 7 7 7 7
SR-3 0202 |o 0 0 0 163|163 |63 |-163
SR-3* 0.0487 |-7 -7 7 7 0 0 0 0
SR-3 0202 |[-163 |63 |183 [-163 |o 0 0 0
Pressure stress” 15,840 | 15,840 | 15,840 | 15,840 | 15,840 | 15,840 | 15,840 | 15,840
Totat Oy stress 15,625 [ 16,025 | 15,965 | 15,713 { 15,625 | 16,025 | 15,965 | 15,713
Z‘:‘:’;’;{a"eoy 15,825 | 15,825 | 15,839 | 15,839 | 15,825 | 15,825 | 15,839 | 15,839
Shear from M, 131 (131 J13r |13 [131 0 [131 [131 [13
Shear from V4 0 0 0 0 -42 -42 42 42
Shear from V3 42 42 -42 -42 0 0 0 0
Total Shear stress | 173 173 89 89 89 89 173 173
g,‘l'f';:l%d)s"ess 15,677 | 16,538 | 16,296 | 15,737 | 15,640 | 16,497 | 16,350 | 15,790

Notes: (1) * denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads

Gn Pm

(2) The nozzle is assumed to be a rigid (solid) attachment.

= PR,/ (2,)

= 2,433 psi

-P,/

T

(t*(R,2-R2) + M'R_ /|
=1,378*1.625/ (2*0.875) - 642 / (n*(2.52 - 1.6252)) + 12,203.2*2.5 / 25.2031

The average primary stress P, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external
loads is acceptable ( £ S = 20,000 psi)

Shear stress in the nozzle wall due to external loads

Ochear = (VL2 + ch)o's / (n*Ri*tn)

= (7872 + 7872)95 / (1*1.625*0.875)

= 249 psi

Gtorsion

= 841 psi

1176

=M,/ (2*T'R2')
= 12,214/ (2*x*1.62520.875)
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Ototal = Oshear T Ctorsion
=249 + 841

= 1,090 psi

UG-45: The total combined shear stress (1,090 psi) is below than the allowable (0.7*S, = 0.7*20,000 = 14,000 psi)
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Reinforcement Calculations for MAEP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (in?) Thickness
For Pe = 718.17 psi @ 140 °F Summary
The opening is adequately reinforced (in)
The nozzle

passes UG-45

A A A
required | available A1 A2 A3 | A5 | \elds treq tmin

3.9146 |3.9146 {0.6438 |3.1302 0.1406 (0.3508 |1

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Required weid Actuai weid
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legsq) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 718.17 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t. - C_) + (t- C))
MAX(3.454, 1.727 + (1 - 0.125) + (2.491 - 0.125))
= 4.968in

Outer Normal Limit of reinforcement per UG-40

L

MIN(2.5%(t - C), 2.5%(t, - C,) +1,)
MIN(2.5*(2.491 - 0.125), 2.5*(1 - 0.125) + 0)
2.1875n

Nozzle required thickness per UG-28 t, = 0.1595 in

From UG-37(d)(1) required thickness t, = 2.2667 in

Area required per UG-37(d)(1)

Allowable stresses: S, = 20,000, S, = 20,000 psi

fy=lesserof 1orS, /S, =1

fo,=lesseroftorS, /S, =1

A = O5MAF + 2t FH(1-1,))
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0.5"(3.454*2.2667*1 + 270.875"2.2667*1*(1 - 1))
3.9146 in®

Area available from FIG. UG-37.1

A, = larger of the following= 0.6438 in?

= dY(Et- Pty - 24 (Bt - PR -1,
= 3.454*(172.366 - 1*2.2667) - 2*0.875*(1*2.366 - 1*2.2667)*(1 - 1)
= 0.3431in2

= 2'(t+t)N(E,t-Frt) - 2% (E - Fry)t(1 - 1)
= 2%(2.366 + 0.875)*(1*2.366 - 172.2667) - 2*0.875%(172.366 - 1*2.2667)*(1 - 1)
= 0.6438in°

A, = smaller of the following= 3.1302 in?

= 2t -t )L,
= 2%(0.875-0.1595)*1"5.3776
= 7.6951in?

= 5t -t )
=  5%0.875-0.1595)*1*0.875
= 3.1302in2

A, = Leg?t,
= 0.3752"1
= 0.1406in?

Area= A +A,+A,
= 0.6438 + 3.1302 + 0.1406
= 3.9146 in2

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t_;, = lesser of 0.75ort ort=0.75in
tominy = lesser of 0.25 or 0.7* ;. = 0.25 in

to(actuay = 0-77Leg = 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).
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UG-45 Nozzle Neck Thickness Check

Interpretation VI1I-1-83-66 has been applied.

Licss = 0.2845in

tiugee = 0.2031in

L = max[t, g8 tavg2z |
= max[ 0.2845, 0.2031 ]
= 0.2845in

t, = 12047in

tys = max[ty, ., tues]
= max[ 1.2047,0.1875]
= 1.2047in

t, = min[t;, t,]
= min[ 0.3508, 1.2047 ]
= 0.3508in

tgas = max(t,, 4]
= max[ 0.2845, 0.3508 ]
= 0.3508in

Available nozzle wall thickness new, t, = 1in
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, = 893/5 = 1.7860
D,/t = 5/0.1585 = 31.3435
Fromtable G: A = 0.004190
From table .
CS-2: B = 16,882.5165 psi
P, = 4*B/(3*(D,/t))
= 4"16,882.52/ (3*(5/0.1595))
= 718.17 psi

Design thickness for external pressure P, = 718.17 psi

t, = t+ Corrosion = 0.1595+0.125 = 0.2845"
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Geometry Inputs

Lifting Lug #1

Attached To 60 ID TOP SE HEAD
Material A36

Orientation Longitudinal
Distance of Lift Point From Datum -15"

Angular Position 135.00°

Length of Lug, L 5"

Height of Lug, H 7.5"

Thickness of Lug, t 1.5"

Hole Diameter, d 1.5625"

Pin Diameter, Dp 1.5"

Load Eccentricity, a, 0"

Distance from Load to Shell or Pad, a, |5"

Weld Size, t,, 0.75"

Load Angle Normal to Vessel, 139.0635 °

Load Angle from Vertical, ¢ 98.1270 °
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Intermediate Values

Load Factor 1.5000
Vessel Weight (new, incl. Load Factor), W 43247 Ib
Lug Weight (new), W, . 16 1b
Distance from Center of Gravity to Top Lug, |, 67.5931"
Distance from Center of Gravity to Tail Lug, |, 70.6144"
Distance from Vessel Center Line to Tail Lug, |, | 36.625"
Allowable Stress, Tensile, o, 19980 psi
Allowable Stress, Shear, o 13320 psi
Allowable Stress, Bearing, o, 29970 psi
Allowable Stress, Bending, o, 22201 psi
Allowable Stress, Weld Shear, .0 13320 psi
Allowable Stress set to 1/3 Sy per ASME B30.20 |[No

Summary Values

Required Lift Pin Diameter, d,..; |1.0166
Required Lug Thickness, {4 0.481"

Lug Stress Ratio, ,,, 04

Weld Shear Stress Ratio, 1, 0.48

Lug Design Acceptable
Local Stresses Acceptable

Lift Forces

Lift force on lugs during rotational lift (0° < o < 90°):
2*Ftop = W*(l,*cos(a) + Iy"sin(a)) / (I, *cos(a) + |, *cos(a) + I;*sin(a) )

Fiaii =W - (2°F)

1176
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ol°] Fioollbl | Figylibf]
0 11,048 | 21,151
15 11,749 | 19,749
30 12,451 18,344

45 13,264 16,720
60 14,375 14,497
75 16,307 10,634
90 21,624 0
90! 21,624 0
902 21,624 0

1Lift angle at maximum lug
stress.

2Lift angle at maximum weld
stress.

Shell angle at lift lug 1229.06°

Lug Pin Diameter - Shear stress

dreqd (Z*Fr/ (n*cs))o's

= (2"21,624/ (1t*13,320))°'5
dreqd/ Dp = 1.0166/1.5
o = F./A

= Fr / (2*(0.25*1I*Dp2))

= 21,624 /(2*(0.25*n*1 .52))
ol/o = 6,118/13,320

s

Lug Thickness - Tensile stress

t

reqd Fr / ((L - d)*c‘)

= 21,624/ ((5 - 1.5625)*19,980)

tea/t = 0.3148/15
c = F/A

= F/((L-d))

= 21,624/ ((5- 1.5625)*1.5)
6/o, = 4,194/19,980

Lug Thickness - Bearing stress

reqd F,/ (Do)

1176

21,624/ (1.5'29,970) =

0.68 Acceptable

6,118 psi

0.46 Acceptable

0.3148"

0.21 Acceptable

4,194 psi

0.21 Acceptable
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teg/t = 0481715 = 0.32 Acceptable

c = Fv/Abearing
= F,/(D,(t)
= 21,624./(1.5*(1.5))

9,610 psi

c/o, = 9,610/29,970 0.32 Acceptable

Lug Thickness - Shear stress

[Fv / Gs] / (Z*Lshear)

= (21,624/13,320)/(2*2.0153) 0.4028"

/t = 04028/1.5

0.27  Acceptable

T = Fv/Ashear
= F/ (2*t*Lshear )
= 21,624/(2*1.5*2.0153) = 3,577 psi
t/o, = 3,577/13,320 = 027 Acceptable

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

o = 55'D,/d
= 55"1.5/1.5625
= 52.8°
Lehear (H-a2-0.5"d) + 0.5"D*(1 - cos(¢))

= (7.5-5-0.5*1.5625) + 0.5*1.5*(1 - cos(52.8))
= 2.0153"

Lug Plate Stress

Lug stress tensile + bending during lift:
O o = [Ften / (A1en*61)] + [Mbend / (Zbend*cb)] <1

= [(F*cos(a) ) / ('L*o))] + [(6*abs(F,*sin(a)*Hght - F *cos(a)*a,) ) / (t*L2*o,)] < 1
21,624%cos(139.1) / (1.5*5"19,980) + 6*abs(21,624*sin(139.1)*5 - 21,624*cos(139.1)*0) /
(1.5*52*22,201)
= 040 Acceptable
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Weld Stress

Weld stress, tensile, bending and shear during lift:

Direct shear:
Shear stress at lift angle 139.06°; lift force = 21,624 Ibf

= 2%(0.707)"t,*(L + 1)

weld
= 2*(0.707)*0.75*(5 + 1.5) = 6.8933 in?
1, = Fcos(a)/ A4
= 21,624*cos(139.1)/6.8933 = -2,370 psi
T, = Fsin(a)/A,qqg
= 21,624*sin(139.1) / 6.8933 = 2,055 psi
Ty = M*c/l

3*(F,*sin(a)*"Hght - F *cos(a)*a,) /
(0.707*h*L*(3*t + L))
3*abs(21,624"sin(139.1)*5 -
21,624*cos(139.1)*(0)) / (25.1869)
= 8,438 psi

ratio = sqr( (Tt + Tb)z + 152 ) /Tallowable <1
= sqr((-2,370 + 8,438)2 + (2,055)2 )/ 13,320
4

—

]
O
los}

Acceptable

|

EN 13445 Lift Lug Procedure

Geometry Inputs - EN13445

Nominal Vessel Thickness, e, [2.491"
Pad Thickness, e, 0"
Length of Lug, b, 5"
Width of Pad, b, 0"
Length of Pad, by 0"

Intermediate Values - EN13445

Equivalent Diameter of Vessel at Lug, ID,, |36.2456"

Shell Allowable Stress, f igiooo

Pad Allowable Stress, f, N/A

Design Factor, K, 1.2500
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Summary Values - EN13445

Force on Vessel, F, 21.624 Ibf
Maximum Allowable Load, Fg_,,, 135.388 Ibf
Load Acceptance Ratio, Fg / Fr., |0.1597
Lug Design Acceptable

Equivalent Inner Diameter

IDeg = Dy'sar(1-3*(x/Dy)?)

IDgg = 60%sqr(1 - 3*(27.6059/ 60)2)

ID,;, = 36.2456"

where t)r:e{s| l};e distance between the axis of semi-ellipscidal head and the center of

Applied Force

F, = force on vessel at lug
Foo= IW/cos(@)I"(1 - Xy 7 (xy + %))
(43,247) / cos(98.1270)*(1 - 0/ (0
+0))
= 21624 Ibf

where 'x,'is the distance between this lug and the center of gravity
'x,' is the distance between the second lift lug and the center of gravity

Lug factors

A = line load factor
A = b/sqr(IDy"e,)
= 5/sqr(36.2456%2.491)
= 0.526
v, = ratio between local membrane stress and local bending stress
v, = min(0.08"A, 0.2)
= 0.042

global membrane

m stress
On = PlIDg/(2%,)
= 0736.2456 / (2*2.491)
= 0.0000 psi
v _  ratio between global membrane stress and
2 ~  allowable stress
vy = o,/ (K)
= 0/(1.25*20,000)
= 0
Kz = 1/(1.2%sgr(1 + 0.06*A?))
= 1/(1.2*sqr(1 + 0.06*0.5262?2))
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= 0.8265

K, = 1/(0.6%qgr(1+0.03"A%)
= 1/(0.6*sqr(1 + 0.03*0.52622))
= 1.6598

Bending Limit Stress

K, = (1-v 2/ ((1/3+v,"vy) +8qr( (113 + v,*V,)2 + (1 - v,2)*v,2))
(1-02)/((1/3 +0.0421*0) + sqr( (1/3 + 0.0421*0)2 + (1 -
02)*0.04212 ) )

= 1.4941

o, = K/ K)f
= 1.4941*1.25*20,000
= 37,352 psi

Maximum Allowable Load

Famax = o,'e.2/ (K 5" lcos(B)l + K,,*[a,"sin(B) - a,*cos(p)| /b,)

37,352*(2.491)2/ (0.8265*|cos(139.0635)| + 1.6598*|5*sin(139.0635) - 0*cos(139.0635) | /
5)

= 135388 bt
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Geometry Inputs

Lifting Lug #2

Attached To 60 ID TOP SE HEAD
Material A36

Orientation Longitudinal
Distance of Lift Point From Datum -13.5"

Angular Position 225.00°

Length of Lug, L 5"

Height of Lug, H 7.5"

Thickness of Lug, t 1.5"

Hole Diameter, d 1.5625"

Pin Diameter, Dp 1.5"

Load Eccentricity, a, 0"

Distance from Load to Shell or Pad, a, |5"

Weld Size, t,, 0.75"

Load Angle Normal to Vessel, B 133.8604 °

Load Angle from Vertical, ¢ 87.7207 °
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Intermediate Values

Load Factor 1.5000
Vessel Weight (new, incl. Load Factor), W 43247 Ib
Lug Weight (new), W, 16 Ib
Distance from Center of Gravity to Top Lug, |, 67.5931"
Distance from Center of Gravity to Tail Lug, I, 70.6144"
Distance from Vessel Center Line to Tail Lug, I;  |36.625"
Allowable Stress, Tensile, o, 19980 psi
Allowable Stress, Shear, o, 13320 psi
Allowable Stress, Bearing, 6, 29970 psi
Allowable Stress, Bending, o, 22201 psi
Allowable Stress, Weld Shear, T,,apie 13320 psi
Allowable Stress set to 1/3 Sy per ASME B30.20 |No

Summary Values

Required Lift Pin Diameter, d, ., [1.0166
Required Lug Thickness, t .4 0.481"

Lug Stress Ratio, 6., 0.46

Weld Shear Stress Ratio, t 5, 0.56

Lug Design Acceptable
Local Stresses Acceptable

Lift Forces

Lift force on lugs during rotational lift (0° < o < 90°):

2*F
Far = W~ (2°F)

1176

1op = W¥(ly"cos(a) + I3"sin(a)) / (Iy*cos(at) + I,"cos(ar) + I5"sin(a) )
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of°] | Fiof] | Fyfib]
0 11,048 21,151
15 11,749 19,749
- 30 12,451 18,344
45 13,264 16,720
60 14,375 14,497
75 16,307 10,634
90 21,624 0
90! 21,624 0
902 21,624 0

stress.

'Lift angle at maximum lug

stress.

2Lift angle at maximum weld

Shell angle at lift lug 1223.86°

Lug Pin Diameter - Shear stress

reqd

Oreqa/ D

o/ oy

Lug Thickness - Tensile stress

treqd

reqa / 1

o/ o,

Lug Thickness - Bearing stress

reqd

1176

p =

(2°F,/ (n*c,))0s

(221,624 / (1*13,320))05

1.0166/1.5

F./A

F,/(2°(0.25"7*D,2))
21,624 / (2*(0.25*1*1.52))

6,118 /13,320

F./((L-d)c)

21,624 / ((5 - 1.5625)*19,980)

0.3148/1.5

F,/A

F. /(L -d)*t)

21,624/ ((5 - 1.5625)*1.5)

4,194 /19,980

F,/(D,*c,)
21,624 / (1.529,970) =

1.0166"

0.68 Acceptable

6,118 psi

0.46 Acceptable

0.3148"

0.21 Acceptable
4,194 psi

0.21 Acceptable
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treqd /t =

olop

0.481/1.5 = 0.32 Acceptable

I:v / Abearing
F, /(D (1)
21,624 / (1.5*(1.5))

9,610 psi

9,610/29,970 0.32 Acceptable

Lug Thickness - Shear stress

[Fv / Gs] / (Z*Lshear)
(21,624 / 13,320) / (2"2.0153) = 0.4028"

0.4028/1.5 = 0.27  Acceptable
I:v/Ashear

I:v / (2*t*Lshear )

21,624 /(2*1.52.0153) = 3,577 psi

3,577 /13,320 = 027 Acceptable

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

shear

55°D, / d

55*1.5/1.5625

52.8°

(H - a2 - 0.5°d) + 0.5°D,"(1 - cos(¢))

(7.5 - 5 - 0.5*1.5625) + 0.5*1.5*(1 - cos(52.8))
2.0153"

Lug Plate Stress

Lug stress tensile + bending during lift:

c ratio

1176

[Ften / (Aten*o-t)] + [Mbend / (Zbend*o-b)] <1

[(F,*cos(a) ) / {t'L*o,)] + [(6*abs(F,*sin(a)*Hght - F *cos(a)*a,) ) [ {t'L>o,)] <1
21,624*cos(133.9) / (1.5*5*19,980) + 6*abs(21,624"sin(133.9)*5 - 21,624*cos(133.9)*0) /

(1.5*52*22,201)
0.46 Acceptable
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Weld Stress

Weld stress, tensile, bending and shear during lift:

Direct shear:

Shear stress at lift angle 133.86°; lift force = 21,624 Ibf

A

2%(0.707)"t,*(L + 1)

weld
= 2%(0.707)*0.75*(5 + 1.5) =6.8933 in?
T, = Fcos(a)/ A,y
= 21,624*cos(133.9) / 6.8933 =-2,174 psi
T, = Fsin(a) /A qq
= 21,624%sin(133.9) / 6.8933 = 2,262 psi
Ty = M*c/l

3*(F"sin(c)*Hght - F *cos(a)*a,) /
(0.707*h"L*(3*t + L))
3*abs(21,624"sin(133.9)*5 -

21,624*cos(133.9)*(0)) / (25.1869)

= 9,285 psi

Trato = SAM( (T + %)% + T2 ) / Tayonaple < 1

= sqr((-2,174 + 9,285)2 + (2,262)2 ) / 13,320

= 0.56 Acceptable
EN 13445 Lift Lug Procedure
Geometry Inputs - EN13445
Nominal Vessel Thickness, e, |2.491"
Pad Thickness, e, 0"
Length of Lug, b, 5"
Width of Pad, b, 0"
Length of Pad, b, 0"
Intermediate Values - EN13445
Equivalent Diameter of Vessel at Lug, ID,, |33.1911"
Shell Allowable Stress, f o
Pad Allowable Stress, f, N/A
Design Factor, K, 1.2500
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Summary Values - EN13445

Force on Vessel, F, 21.624 bt
Maximum Aliowable Load, Fg., 131.003 Ibf
Load Acceptance Ratio, Fg/ Fg ., {0.1651

Lug Design Acceptable

Equivalent Inner Diameter

Dgg = Dysar(1-3*(x/Dy)?)

IDg; = 60"sqr(1-3%(28.858/ 60)2)

Dy = 33.1911"

where :[)'(1'e|si Jge distance between the axis of semi-ellipsoidal head and the center of

Applied Force

F, force on vessel at iug

F, W/ cos(d )1 (1 - %,/ (X + Xp))
(43,247) / cos(87.7207)*(1 - 0/ (0
+0))

= 21.624 Ibf
where 'x,' is the distance between this lug and the center of gravity
X,' is the distance between the second lift lug and the center of gravity

Lug factors

A = line load factor
A = b/sqr(IDgge,)
= 5/sqr(33.1911*2.491)
= 055
v, = ratio between local membrane stress and local bending stress
\2 = min(0.08%2, 0.2)
= 0.044
global membrane
6, =
stress
6, = P'ID,/(2%,)
= 0733.1911/(2"2.491)
= 0.0000 psi
N _  ratio between global membrane stress and
2 ~ allowable stress
v, = o,/ (K
= 0/(1.25"20,000)
= 0
Kiy = 1/(1.2%sgr(1+ 0.06"22))

= 1/(1.2*sqr(1 + 0.06*0.5499?))
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= 0.8259

K, = 1/(0.6*sqgr(1+0.03*A2))
= 1/(0.6"sqr(1 + 0.03*0.54992))
= 1.6592

Bending Limit Stress

Ky = (1-v A7 (13 +v,°v,) +sqr( (113 + v,*v,)2 + (1 - v,2)*v,2) )
(1-02)/( (1/3 + 0.044*0) + sqr( (1/3 + 0.044*0)2 + (1 -
02)0.0442 ) )

= 1.4935

oy = KKt
= 1.4935"1.25*20,000
= 37,338 psi

Maximum Allowable Load

Famax = Oy €2/ (Kig'[cos(B)l + Ky *|ay"sin(B) - a,*cos(B)| / b,)

37,338*(2.491)2 / (0.8259*|cos(133.8604)| + 1.6592*|5%sin(133.8604) - 0*cos(133.8604) | /
5)
= 131.003 Ibf
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60 ID SHELL
ASME Section VIl Division 1, 2010 Edition, A11 Addenda

Component: Cylinder

Material specification: SA-516 70 (ll-D p. 18, In. 19)

Material is impact tested per UG-84 to -20 °F
UCS-66(i) reduction of 8.6 °F applied (ratio = 0.9144).

Internal design pressure: P = 1,378 psi @ 140 °F
External design pressure: P, = 15 psi @ 140 °F

Static liquid head:

P

s 4.07 psi (SG = 1.1, H, = 102.5",Operating head)
. (SG =1, H,=70.5", Horizontal test
2.54 psi s

Pth

head)
Corrosion allowance Inner C =0.125" OuterC =0"
Design MDMT = -20 °F Impact test performed
Rated MDMT =-28.6 °F Material is normalized
Material is not produced to Fine Grain Practice
PWHT is performed
Radiography: Longitudinal joint - Full UW-11(a) Type 1
Top circumferential joint -  Full UW-11(a) Type 1
Bottom circumferential joint - Full UW-11(a) Type 1
Estimated weight New = 12,445.3 Ib corr =11,848.4 b
Capacity New = 1,175.04 US gal corr = 1,184.85 US gal
D = 60"
Length - 96"
LC
t = 2.5"

Design thickness, (at 140 °F) UG-27(c)(1)
t P*R/ (S*E - 0.60*P) + Corrosion

1,382.07*30.125/ (20,000*1.00 - 0.60*1,382.07) + 0.125
2.2968"

Maximum allowable working pressure, (at 140 °F) UG-27(c)(1)

P S*E*t/ (R + 0.60*t) - P,
20,000*1.00*2.375 / (30.125 + 0.60*2.375) - 4.07

1,501.48 psi

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, = 110.0833/65 = 1.6936
D,/t = 65/0.261 = 249.0199
From table G: A = 0.000195

From table .
cS-2: B = 2,801.4783 psi
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0
Il

4*B/ (3*(D, / 1))
4*2,801.48 / (3*(65/0.261))
15 psi

Design thickness for external pressure P, = 15 psi

t, = t+ Corrosion = 0.261+0.125 = 0.386"
Maximum Allowable External Pressure, (Corroded & at 140 °F) UG-28(c)

L/ D, 110.0833 /65 1.6936
D,/t = 65/2375 = 27.3684
From table G: A = 0.005433

From table .
CS-2: B = 17,220.3969 psi
P, = 4*'B/(3*(D, /1))
= 4%17,220.4 / (3*(65/2.375))
= 838.94 psi

% Extreme fiber elongation - UCS-79(d)

EFE

(50"t/R)*(1 - R,/ R,)
(50*2.5/31.25)*(1 - 31.25 / o)
4%

The extreme fiber elongation does not exceed 5%.

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

P, = W/ (@2 R,) + M/ ('R _2)
22,9221/ (2*1*31.3125) + 311,627 /
(n*31.31252)

- 217.6776 Ibfin
a = P,/ (P,"D,)

= 217.6776 / (15*65)

= 0.2233

n = 3
m - 1.23/(L/D,)?
= 1.23/(110.0833/ 65)2
= 0.4288
Ratio P, = (n2-1+m+ma)/(n?-1+m)

(32- 1+ 0.4288 + 0.4288%0.2233) / (32 - 1 +
0.4288)

= 1.0114
Ratio P, * P, < MAEP design cylinder thickness is satisfactory.

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

P, (1 + VAccel)*'W / (2*'R_) + M/ (n*R_2)
2.00"22,922.1 / (2*7*31.3125) + 1,626,562 /
(n*31.31252)

761.0786 Ib/in
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o = P,/ (P,D,)
= 761.0786 / (15*65)
= 0.7806
n = 3
m = 1.23/(L/D,)?
= 1.23/(110.0833 / 65)2
= 0.4288
Ratio P, = (MP-1+m+m*a)/(n2-1+m)

(32- 1+ 0.4288 + 0.4288%0.7806) / (32 - 1 +
0.4288)

= 1.0397
Ratio P, * P, < MAEP design cylinder thickness is satisfactory.

Design thickness = 2.2968"
The governing condition is due to internal pressure.

The cylinder thickness of 2.5" is adequate.
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Thickness Required Due to Pressure + External Loads

Allowable
Pressure P ( Stress Before Temperature ( | Corrosion C Req'd Thk Due to Req'd Thk Due to
Condition psi) UG-23 Stress °F) (in) Load Tenslon (in) Compression (In)
Increase { psi)
St Sc
Operatina. Hot & Carroded 1,378 20,000 | 17.349 | 140 0.125 Wind |0.8544 0846
Seismic | 0.8722 0.8233
Operating. Hot & New 1,378 20,000 | 17.361 | 140 0 Wind | 0.8507 98422
Seismic | 0.869 0.8188
Hol_Shut Down. Corroded 0 20,000 | 17348 | 140 0.125 Wind | 0.0007 00105
Seismic § 0.0171 0.0366
Hot Shut Down, New 0 20,000 | 17.361 | 140 0 Wind | 0.0008 00107
Seismic | 0.0175 0.0377
Empiv, Corroded 0 20,000 | 17.348 | 70 0.125 Wind 0.0007 0.0105
Seismic § 0.0115 0.0301
Emoty. New 0 20,000 | 17.361 | 70 0 Wwind  0.0008 00107
Seismic | 0.012 0.0312
Vacuum -15 20,000 | 17349 | 140 0.125 Wind _ 10.0118 00213
Seismic [ 0.0077 0.0474
Hot Shut Down. Corroded. Weight .
2 Fecontric Momems O |© 20,000 | 17,349 | 140 0.125 Weight [ 0.0015 00119

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

A

B
S

ScHC

0.125/(R, /1)
0.125/(32.5/2.375)
0.009135

17,349 psi

20,000/1.00 = 20,000 psi

min(B, S) = 17.349 psi

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

A

B
S

ScHN

0.125/ (R, /1)
0.125/(32.5/2.5)
0.009615

17,361 psi

20,000/1.00 = 20,000 psi

min(B, S) = 17.361 psi

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

A

w

cCN

1176

0.125/(R, /1)
0.125/(32.5/2.5)
0.009615

17,361 psi

20,000/1.00 = 20,000 psi

min(B, S) = 17.361 psi
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Allowable Compressive Stress, Cold and Corroded- S ., (table CS-2)

A = 0.125/(R,/1)
= 0.125/(32.5/2.375)
= 0.009135
B = 17,349 psi
S = 20,000/1.00 = 20,000 psi
Scce = min(B, S) = 17.349 ps|

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

CS-2)
A = 0.125/(R,/1)
= 0.125/(32.5/2.375)
= 0.009135
B = 17,349 psi
S = 20,000/1.00 = 20,000 psi
Scvc = min(B, S) = 17.349 psi

Operating, Hot & Corroded. Wind, Bottom Seam

t, = P'R/(2'SK/E, +0.40"P)) (Pressure)
= 1,378'30.125/(2*20,000*1.20*1.00 + 0.40*|1,378))
= 0.855"
t, = M/(TR 2S'K E) (bending)
= 311,627/ (x*31.31252*20,000*1.20*1.00)
= 0.0042"
t, = W/(@2®R S'KSE,) (Weight)
= 22,9221/ (2*n*31.3125%20,000*1.20*1.00)
= 0.0049"

- ) (total required,
o= bl tensile)

= 0.855 + 0.0042 - (0.0049)
= 0.8544"

(total, net
t = (et e - ol tensile)

= ]0.0042 + (0.0049) - (0.855)|
= 0.846"

Maximum allowable working pressure, Longitudinal Stress

P=2"§ KSES (t-t, +t,)/ (R-040%(-t +1,)
= 2*20,000"1.20*1.00*(2.375 - 0.0042 + (0.0049)) / (30.125 - 0.40%(2.375 - 0.0042 + (0.0049)))
= 3,908.54 psi

Operating. Hot & New, Wind. Bottom Seam

t, = P*R/(2'S/K,'E, + 0.40°|P)) (Pressure)
= 1,378*30/ (2*20,000*1.20*1.00 + 0.40*[1,378))
= 0.8515"
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tn, = M/ (m*R,>*S,'"K,*E,) (bending)
= 314,448/ (n*31.252*20,000*1.20*1.00)
= 0.0043"
t, = W/ (2*n"R,,"S;’K,*E,) (Weight)
= 23,798.4/ (2"n*31.25*20,000%1.20*1.00)
= 0.0051"
b=t +t-t, (total required, tensile)
= 0.8515 + 0.0043 - (0.0051)
= 0.8507"
= It + tye - Lol (total, net tensile)
= |0.0043 + (0.0051) - (0.8515)|
= 0.8422"

Maximum allowable working pressure, Longitudinal Stress

P=2'S/KJE -t +1,)/ (R-0.40*(t-t_+1,))

= 2*20,000*1.20*1.00*(2.5 - 0.0043 + (0.0051)) / (30 - 0.40*(2.5 - 0.0043 + (0.0051)))

= 4,139.27 psi

Hot Shut Down. Corroded, Wind, Bottom Seam

t, =0° (Pressure)

t, =M/ (m*R,2*S.*K,) {bending)
= 311,627/ (n*31.31252*17,348.7*1.20)
= 0.0049"

t, = W/ (2*t"R*S;'K,) (Weight)
=22,922.1/(2"n*31.3125"17,348.7*1.20)
= 0.0056"

t = |’tp + 1, -t (total, net compressive)
= |0 + 0.0049 - (0.0056}|
= 0.0007"

o=t + bt (total required, compressive)
= 0.0049 + (0.0056) - (0)
= 0.0105"

Hot Shut Down. New, Wind, Bottom Seam

t, =0" (Pressure)

t, =M/ ("R 2*S.'K,) (bending)
= 314,448/ (n*31.252*17,361.41*1.20)
= 0.0049"

t, = W/ {2"n"R,,*S;'K,) (Weight)
=23,798.4/(2*n"31.25"17,361.41*1.20)
= 0.0058"

t = ltp + 1, -1, (total, net compressive)
= |0 + 0.0049 - (0.0058)|
= 0.0009"
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te = tne+ e -t (total required, compressive)
= 0.0049 + (0.0058) - (0)
= 0.0107"

Empty. Corroded, Wind, Bottom Seam

t, = 0" {Pressure)
t, = M/ ("R 2*S."K,) {(bending)
= 311,627 / (n*31.31252*17,348.7*1.20)
= 0.0049"
t, = W/ (2'm"R,,*S.'K,) {Weight)
=22,922.1/(2*n*31.3125*17,348.7*1.20)
= 0.0056"

b=+t -t (total, net compressive)
= |0 + 0.0049 - (0.0056)|
= 0.0007"
to =t + tue e (total required, compressive)
= 0.0049 + (0.0056) - (0)
= 0.0105"

Empty. New, Wind, Bottom Seam

t, = o" {Pressure)
t, = M/ (n*R,2*S."K,) (bending)
= 314,448/ (n"31.252*17,361.41*1.20)
= 0.0049"
t, = W/ (2"'n"R,*S_"K,) (Weight)
= 23,798.4 / (2*n*31.25"17,361.41*1.20)
= 0.0058"
b=+t -t (total, net compressive)
= |0 + 0.0049 - (0.0058)|
= 0.0009"
to = tne+ e -t (total required, compressive)
= 0.0049 + (0.0058) - (0)
= 0.0107"

Vacuum, Wind, Bottom Seam

t, = P*R/(2°S;*K; + 0.40%|P|) (Pressure)
= -15*30.125/ (2*17,348.7*1.20 + 0.40*|15|)
=-0.0109"

t, = M/(n*R_2*S.'K,) (bending)
= 311,627 / (r*31.31252*17,348.7*1.20)
= 0.0049"

t, = W/ (2't"R,*S.K,) (Weight)
= 22,922.1/(2*n*31.3125"17,348.7*1.20)
= 0.0056"
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b=+t -t (total, net compressive)
=|-0.0109 + 0.0049 - (0.0056)|
=0.0116"

teo=tne+ tae b (total required, compressive)
= 0.0049 + (0.0056) - (-0.0109)
=0.0213"

Maximum Allowable External Pressure, Longitudinal Stress

P=2'S K (-t - t,o) / (R-0.40%t-t -t )

= 2*17,348.71.20*(2.375 - 0.0049 - 0.0056) / (30.125 - 0.40*(2.375 - 0.0049 - 0.0056))

= 3,374.06 psi

Hot Shut Down. Corroded. Weight & Eccentric Moments Only., Bottom Seam

t, =0" (Pressure)
tn = M/ ("R 2*S."K,) (bending)
= 276,644 / (1*31.31252*17,348.7*1.00)
= 0.0052"
t, = W/ (2*t"R,,"S."K,) (Weight)
=22,922.1/(2*n*31.3125%17,348.7*1.00)
= 0.0067"

o=ty -t (total, net compressive)
= |0 + 0.0052 - (0.0067)|
= 0.0015"
te = tme+ tae e (total required, compressive)
= 0.0052 + (0.0067) - (0)
= 0.0119"

Operating, Hot & Corroded. Seismic, Bottom Seam

t, = P'R/(2'S{'K{'E, + 0.40%|P) (Pressure)
= 1,378*30.125/ (2*20,000*1.20*1.00 + 0.40*|1,378|)
= 0.855"

n = M/ ("R 2*S/'K,"E,) (bending)
= 1,626,562 / (1*31.31252*20,000*1.20%1.00)
= 0.022"

t, =W/ (2 1"R,"SK;"E,) (Weight)
=22,922.1/(2*n*31.3125*20,000*1.20*1.00)
= 0.0049"

t

o=+t -t, (total required, tensile)
= 0.855 + 0.022 - (0.0049)
= 0.8722"

t,. = (1 + VAccel)'W/ (2*'n*R*S;"K,"E,) (Weight)
=2.0022,922.1/ (2*n*31.3125"20,00071.20%1.00)
= 0.0097"

te = Itoe + tae - ol (total, net tensile)
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= 10.022 + (0.0097) - (0.855)]
= 0.8233'

Maximum allowable working pressure, Longitudinal Stress

P=2"SKSJES(t-t, +1,)/ (R-040%(t-t +1t,))
= 2*20,000%1.20%1.00*(2.375 - 0.022 + (0.0049)) / (30.125 - 0.40*(2.375 - 0.022 + (0.0049)))
= 3,878.33 psi

Operating. Hot & New. Seismic, Bottom Seam

t, = P"R/(2"S;KSE; + 0.40*|P|) (Pressure)
= 1,378*30/ (2*20,000%1.20*1.00 + 0.40%|1,378|)
= 0.8515"
t, =M/ (mR 2*S;KE,) (bending)
= 1,662,898 / (n*31.252*20,00071.20*1.00)
= 0.0226"
t, =W/ (2 n"R,"S"K;"E,) (Weight)
= 23,798.4 / (2*'n*31.25720,00071.20*1.00)
= 0.0051"
bt o =trtg-t, (total required, tensile)
= 0.8515 + 0.0226 - (0.0051)
= 0.869"
t,e = (1 + VAccel)*'W/ (2*n*R*"S;"K"E,) (Weight)
= 2.00"23,798.4 / (2'n*31.2520,000%1.20*1.00)
= 0.0101"
t = Ioe + tae - bl (total, net tensile)
= |0.0226 + (0.0101) - (0.8515)|
=0.8188"

Maximum allowable working pressure, Longitudinal Stress

P=2'S K E (-1, +1,)/ (R-0.40*(t-t, +1,)
= 2*20,000*1.20*1.00*(2.5 - 0.0226 + (0.0051)) / (30 - 0.40*(2.5 - 0.0226 + (0.0051)))
= 4,107.92 psi

Hot Shut Down, Corroded, Seismic. Bottom Seam

t, =0" (Pressure)
t, =M/ (TR ZSKSE) (bending)
= 1,626,562 / (n*31.31252*20,000%1.20%1.00)
= 0.022"
t, =W/ (2R, *S;KSEy) (Weight)
= 22,922.1/(2*x*31.3125"20,000*1.2071.00)
= 0.0049"

to=to+tn-ty (total required, tensile)
= 0+ 0.022 - (0.0049)
=0.0171"
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toe = M/ (R 2*S_*K,) (bending)
= 1,626,562/ (n"31.31252*17,348.7*1.20)
= 0.0254"

tye = (1 + VAccel'W / (2R _*S,'K,) (Weight)
=2.00"22,922.1/ (2*n*31.3125"17,348.7*1.20)
=0.0112"

o=t et (total required, compressive)
= 0.0254 + (0.0112) - (0)
= 0.0366"

Hot Shut Down. New, Seismic. Bottom Seam

t, =0 (Pressure)
t, =M/ (TR, Z*S K 'E,) (bending)
= 1,662,898 / (n*31.252*20,000*1.20*1.00)
= 0.0226"
t, =W/ (2n"R_"S"K,"E,) (Weight)
= 23,798.4/ (2*'1*31.25"20,000%1.20%1.00)
= 0.0051"
o=+t -t, (total required, tensile)
= 0+0.0226 - (0.0051)
=0.0175"
the =M/ ("R 2*S K,) (bending)
= 1,662,898 / (n*31.252*17,361.41*1.20)
= 0.026"
t,. = (1+ VAccel)*W / (2T R,"S.K,) (Weight)
= 2.00"23,798.4 / (2'n*31.2517,361.41*1.20)
= 0.0116"
b =tne +tae -t (total required, compressive)
= 0.026 + (0.0116) - (0)
= 0.0377"

Empty. Corroded. Seismic, Bottom Seam

t, =0 (Pressure)
t, =M/ ("R S K E,) (bending)
= 1,212,233 / (=*31.31252*20,000*1.20*1.00)
=0.0164"
t, =W/ (@2 7R,"S;K'E,) (Weight)
= 22,9221/ (2*x*31.3125*20,000*1.20*1.00)
= 0.0049"
L=ttt -t {total required, tensile)
=0+ 0.0164 - (0.0049)
=0.0115"
toe = M/ ("R 2*S *K,) (bending)

= 1,212,233/ (n*31.31252*17,348.7*1.20)
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= 0.0189"
t,c = (1 +VAccel)*W/ (2*n*R*S.*K;) (Weight)
=2.00"22,922.1/ (2*n*31.3125%17,348.7*1.20)
=0.0112"
to=toe+ et (total required, compressive)
=0.0189 + (0.0112) - (0)
= 0.0301"

Emptyv. New. Seismic. Bottom Seam

t, =0" (Pressure)
t, =M/ (m"R,2*S"K'E,) (bending)
= 1,252,311 /(n*31.25%*20,000%1.20*1.00)
=0.017"
t, =W/ (2R, SKE,) (Weight)
= 23,798.4 / (2'n*31.25*20,00071.20%1.00)
= 0.0051"
o=ttt (total required, tensile)
=0+0.017 - (0.0051)
=0.012"
tne = M/ (*R,2*S_*K,) (bending)
= 1,252,311/ (n*31.252*17,361.41%1.20)
= 0.0196"
t,. = (1+ VAccely'W/(2'n*R *S_*K,) (Weight)
= 2.00"23,798.4 / (2'n*31.25*17,361.4171.20)
=0.0116"
to =t et (total required, compressive)
= 0.0196 + (0.0116) - (0)
=0.0312"

Vacuum. Seismic, Bottom Seam

t, = PR/ (2'S7K{E, + 0.40%|P|) (Pressure)
= -15*30.125 / (2*20,000*1.20*1.00 + 0.40*|15])
= -0.0094"
n =M/ (mR S KSE)) (bending)
= 1,626,562 / (1*31.31252*20,000%1.20"1.00)
= 0.022"
t, =W/(2'n"R,*S;'K'E,) (Weight)
=22,922.1 /(2*n*31.3125"20,000%1.20"1.00)
= 0.0049"
o=ttty -t (total required, tensile)
= -0.0094 + 0.022 - (0.0049)
=0.0077"
te = PR/ (2"S.*K, + 0.40%|P|) (Pressure)
= -15*30.125/ (2*17,348.7*1.20 + 0.40*|15|)

1
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= -0.0109"
toe = M/ (*R2*S_*K,) (bending)
= 1,626,562 / (n*31.3125%17,348.7*1.20)
= 0.0254"
tye = (1 + VAccel)'W/ (2'n*R*S"K,) (Weight)
=2.00"22,922.1/ (2'n*31.3125%17,348.7*1.20)
=0.0112"
b=ttt -t (total required, compressive)
= 0.0254 + (0.0112) - (-0.0109)
= 0.0474"

Maximum Allowable External Pressure, Longitudinal Stress
P=2"S K" (t-to - tye) / (R-0.40%(t -t .- t,.)

= 2%17,348.7*1.20%(2.375 - 0.0254 - 0.0112) / (30.125 - 0.40*(2.375 - 0.0254 - 0.0112))
= 3,335.62 psi
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Purge (N2)

ASME Section Vil Division 1, 2010 Edition, A11 Addenda

2.5000\1/

Y
()

5p00 |

tw(Iower) = 25in
Leg,, = 0.375in

= 7 L
|
!
|

Location and Orientation

Located on:

Orientation:

Nozzle center line offset to datum line:
End of nozzle to shell center:

Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

Local vessel minimum thickness:
Liquid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

Liquid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

PWHT performed:

1176

60 ID SHELL
225°

88in

40.5in

No

No

SA-350LF2 CI1 (II-D p. 18,In. 10)
2in

1.06 in

0.125in

6.25in

8in

2.5in

3.792 psi

1

NPS 2 Class 900 LWN A350 LF2 Cl.1
SA-193 B7 Bolt <=2 1/2 (II-D p. 334, In. 32)
No

-55°F per UCS-66(b)(1)(b)

3.7523 psi

2,146 psi@ 140°F

2,220 psi@ 50°F

3,350 psi@ 50°F

Yes
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For P = 1,381.79 psi @ 140 °F (il‘l)
The nozzle
passes UG-45
A A A
required | available At Az 1 As | As | eigs treq {min
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) D.3424 1.0

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

Weid description

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

Status

Nozzle to shell fillet (Leg41)

0.25

0.2625

weld size is adequate

Calculations for internal pressure 1,381.79 psi @ 140 °F

Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.0895).
External nozzle loadings per UG-22 govern the coincident ratio used.

Nozzle UCS-66 governing thk: 1.06 in

Nozzle rated MDMT:

-155 °F

Parallel Limit of reinforcement per UG-40

La

Ly

MAX(, R, + (t,-C,) + (t- C))
MAX(2.25, 1.125 + (1.06 - 0.125) + (2.5 - 0.125))
4.435in
Outer Normal Limit of reinforcement per UG-40

MIN(2.5%(t - C), 2.5%(t, - C,) +1,)
MIN(2.5%(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)

2.3375in

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

1

m

1176

P*R,/ (S,"E - 0.6*P)
1,381.7921.125 / (20,000*1 - 0.6*1,381.792)

0.0811 in
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Required thickness t, from UG-37(a)

t

T

P*R/(S*E - 0.6*P)
1,381.792*30.125/ (20,0001 - 0.6"1,381.792)
2.1713in

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 = 0.75in
tominy = lesser of 0.25 or 0.7*t .. = 0.25in
cfactual) = 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

tyuger = P'R/(S'E-0.6"P) + Corrosion
= 1,381.792*1.125/(20,000*1 - 0.6*1,381.792) + 0.125
= 0.2061in
tiugee = 0.2087in
t, = max[t,ygar s taugee ]
= max[ 0.2061 , 0.2087 ]
= 0.2087in
toq = P*R/(S'E - 0.6"P) + Corrosion
= 1,381.792*30.125/(20,000*1 - 0.6"1,381.792) + 0.125
= 2.2963in
b = max{ty ;s tyugrs)
= max[2.2963,0.1875]
= 2.2963in
ty = minft,, t,]
= min[0.3324 ,2.2963 ]
= 0.3324in
tugas =  max(t,, 4]
= max{ 0.2087 , 0.3324 ]
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.
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Applied Loads

Radial load: P = 334 (o8
Circumferential moment: M_ = 2,965 Iby-in
Circumferential shear: V_ = 409 Ib,
Longitudinal moment: M, = 2,965 Ibi-in
Longitudinal shear: V, = 409 Ib,
Torsion moment: M= 4,160  Ibqin
Internal pressure: P= 1,381.792psi
Mean shell radius: R, =31.3125 in
Local shell thickness: t= 2375 in
Shell yield stress: S,= 36,200 psi

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

R, /t=31.3125/2.375=13.1842

Pressure stress intensity factor, | = 1.08139 (derived from PVP-Vol. 399, pages 77-82)

Local circumferential pressure stress = I"P*R,;/ t =18,954 psi
Local longitudinal pressure stress = I"P*R, / (2*t) =9,477 psi

Maximum combined stress (P +P +Q) = 19,117 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)
Allowable local primary membrane stress (P)

18,952 psi
+-1.5*S = +-30,000 psi

The maximum local primary membrane stress (P} is within allowable limits.
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Stresses at the nozzle OD per WRC Bulletin 107

Figure |value | B A, | A |B, | B |C,| C | D, | D
3c 2.6447 |0.0576 |0 0 0 0 -12 -12 -12 -12
4C* 2.6412 0.0576 |-12 -12 -12 -12 0 0 0 0

1C 0.2321 0.0576 |0 0 0 0 -82 82 -82 82
2C-1 0.1857 |0.0576 {-70 70 -70 70 0 0 0 0

3A° 0.1018 0.0576 |0 0 0 0 -2 -2 2 2

1A 0.1082 |0.0576 |0 0 0 0 -189 189 189 -188
3B* 0.4471 0.0576 |-10 -10 10 10 0 0 0 0

1B-1 0.0651 0.0576 |-114 114 114 -114 0 0 0 0
Pressure stress* 18,954 | 18,954 | 18,954 | 18,954 | 17,527 | 17,527 | 17,527 | 17,527
Total clrcumferentlal stress | 18,748 | 19,116 | 18,996 {18,908 | 17,242 | 17,784 | 17,624 {17,410
E{:;a';’;e'r';':}:{ o 18,932 | 18,932 [ 18,952 | 18,952 | 17,513 17,513 [ 17,517 [17,517
3acr 2.6447 0.0576 [-12 -12 -12 -12 0 0 0 0

4C* 2.6412 0.0576 |0 0 0 0 -12 -12 -12 -12
1C-1 0.2327 10.0576 |-83 83 -83 83 0 0 0 0

2C 0.1925 |0.0576 |0 0 0 0 -68 68 -68 68

4A° 0.1414 0.0576 |0 0 0 0 -3 -3 3 3

2A 0.0642 0.0576 |0 0 0 0 -112 112 112 -112
48" 0.1101 0.0576 |-2 -2 2 2 0 0 0 0

2B-1 0.1039 0.0576 |-182 182 182 -182 0 0 0 0
Pressure stress* 8,764 8,764 |[8,764 |8,764 |9,477 |9,477 |9,477 |9477
Total longltudinal stress 8,485 |9,015 [8853 |8,655 |9,282 |9,642 |9512 |9,424
::’:;‘;L‘;;::ﬂ':r’::: 8750 [8,750 [8754 |8,754 [9462 |9.462 9,468 |9,468
Shear from M, 66 66 66 66 66 66 66 66
Clirc shear from V¢ 27 27 -27 -27 0 0 0 0
Long shear from V_ 0 0 0 0 -27 -27 27 27
Total Shear stress a3 93 39 39 39 39 93 93
Comblned stress (P +Pp+Q) | 18,749 | 19,117 | 18,996 | 18,908 | 17,242 | 17,784 | 17,625 | 17,411

Note: * denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads

Oppm = PRI/ (271) - P/ (1*(R 2 - R2)) + MR, / |

=1,381.79*1.125/ (2*0.935) - 334 / (n*(2.062 - 1.125%)) + 4,193.1*2.06 / 12.8855

1,466 psi

The average primary stress P (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external
loads is acceptable ( < S = 20,000 psi)

Shear stress in the nozzle wall due to external loads

Oshear = (VL2 + ch)o's / (n*Ri*tn)

= (4092 + 4092)05 / (1*1.125*0.935)

=175 psi

0-(orsion

=M,/ (@R,

= 4,160/ (2*1*1.125%*0.935)

1176
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=560 psi

Oiotal = Oshear T Otorsion

=175 + 560
=735 psi

UG-45: The total combined shear stress (735 psi) is below than the allowable (0.7*S,, = 0.7*20,000 = 14,000 psi)
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Reinforcement Calculations for MAEP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For Pe = 838.94 psl @ 140 °F (in)
The nozzle
passes UG-45
A A A
required | avaliable | A1 | A2 | A3 | A5 | \eiqs | rea tmin

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

0.3324 |1.06

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Requlred weld Actual weld
Weld description throat size (In} | throat size (In) Status
Nozzle to shell fillet (Legst) | Q.25 0.2625 weld size is adequate

Calculations for external pressure 838.94 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Ln

MAX(d, R, + (t, - C,) + (t- C))

= 4435in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5*(t - C), 2.5*(t_- C,) +1,)
MIN(2.5%(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)
2.3375 in

Nozzle required thickness per UG-28 t, = 0.1518 in

From UG-37(d)(1) required thickness t = 2.375 in

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

UW-16(c) Weld Check

Fillet weld: t
t.(min) = lesser of 0.25 or 0.7t

=lesserof 0.750rt ort=0.751in
=0.25in

min

min

to(actuay = 0-7°Leg = 0.7*0.375 = 0.2625 in

The fillet weld size is satisfactory.

1176

MAX(2.25, 1.125 + (1.06 - 0.125) + (2.5 - 0.125))
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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
tiuees = 0.27681in

tiusze = 0.1847in

t, = max[t, ygog+ taug2z ]
= max[ 0.2768, 0.1847]
= 0.2768in

too = P'R/(S"E-0.6"P) + Corrosion
=  838.9424'30.125/(20,000"1 - 0.6*838.9424) + 0.125
= 1.4213in

too = max[ty,, Y ugre]
= max[ 1.4213,0.1875]
= 1.4213in

ty = min[t;,t,]
= min[0.3324,1.4213]
= 0.3324in

tuges = max(t,. 4]
= max[ 0.2768, 0.3324 |
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 140 °F) UG-28(c)
L/D, = 8.0654/4.12 = 1.9576

D,/t = 412/0.1518 = 27.1437
Fromtable G: A = 0.004676

From table .
CS-2: B = 17,078.9811 psi
P, = 4*B/(3*(D, /1))
= 4*17,078.98/(3*(4.12/0.1518))
= 838.94 psi

Design thickness for external pressure P, = 838.94 psi

t, = t+ Corrosion = 0.1518 +0.125 = 0.2768"
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Level Bridal Low (N3)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

2.5000 | 2.5L00¢ |

tw(Iower) = 25in

Leg,, =

Location and Orientation

Located on:

Orientation:

Nozzle center line offset to datum line:
End of nozzle to shell center:

Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

Local vessel minimum thickness:
Liquid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

Liquid static head:

MAWRP rating:

MAP rating:

Hydrotest rating:

PWHT performed:

1176

60 ID SHELL
45°

88 in

40.5in

No

No

0.3751in

SA-350 LF2 Cl 1 (II-D p. 18, In. 10)

2in

1.06 in
0.125in
6.25in
8in
2.5in
3.792 psi
1

NPS 2 Class 900 LWN A350 LF2 Cl.1
SA-193 B7 Bolt <=2 1/2 (II-D p. 334, In. 32)

No

-55°F per UCS-66(b)(1)(b)

3.7523 psi

2,146 psie 140°F
2,220 psi@ 50°F
3,350 psie 50°F
Yes
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Reinforcement Calculations for Chamber MAWP

(in?)

For P = 1,381.79 psl @ 140 °F

UG-45
Nozzle Wall

UG-37 Area Calculation Summary | Thickness

Summary

(in)
The nozzle
passes UG-45

A A

requlred | avallable A1

Az | Az | As

welds treq tmin

This nozzle is exempt from area
calculations per UG-

36(c)(3)(a)

0.3324 | 1.06

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 slze (In)

Status

Nozzle to shell fillet (Lega+)

0.25

0.2625

weld size is adequate

Calculations for internal pressure 1,381.79 psi @ 140 °F

Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.0867).

Nozzle UCS-66 governing thk:

Nozzle rated MDMT:

Ln

= 4435in

1.06in

-155 °F
Parallel Limit of reinforcement per UG-40

MAX(d, R, + (t,- C,) + (t- C))
MAX(2.25, 1.125 + (1.06 - 0.125) + (2.5 - 0.125))

Outer Normal Limit of reinforcement per UG-40

Ly

= 2.3375in

MIN(2.5%(t - C), 2.5%t, - C,) +1,)
MIN(2.5%(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)

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

t, P*R,/ (S,'E - 0.6°P)

0.0811 in

Required thickness t_from UG-37(a)

t = PR/(SE

T

1176

- 0.6*P)

1,381.792*1.125 / (20,000*1 - 0.6*1,381.792)
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1,381.792*30.125 / (20,0001 - 0.61,381.792)
2.1713in

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

UW-16(c) Weld Check

Filletweld: t_, =lesserof 0.750ort ort=0.751in
tc(min) =lesser of 0.25 0r 0.7*t ;, =0.251in

tc(amual) =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

t,ugey = P*R/(S'E-0.6"P) + Corrosion
= 1,381.792*1.125/(20,000"1 - 0.6*1,381.792) + 0.125
= 0.2061in
ty = max[t, 6275 taugee ]
= max[0.2061,0]
= 0.2061in
toq = P*R/(S*E- 0.6"P) + Corrosion
= 1,881.792*30.125/(20,000"1 - 0.6*1,381.792) + 0.125
= 2.2963in
b1 = max[ty, tyae]
= max[2.2963, 0.1875]
= 2.2963in
t, = min[t,,t,]
= min[ 0.3324 , 2.2963 ]
= 0.3324in
tygas = max(ty. 4]
= max[ 0.2061, 0.3324 ]
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For Pe = 838.94 ps| @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avaliable | A1 [ A2 | A3 1 As | aigs | trea tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.3324 (1.06

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Requlred weld Actual weld
throat size (In) | throat size (In)

Nozzle to shell fillet (Leg41) [ Q.25 0.2625 weld size is adequate
Calculations for external pressure 838.94 psi @ 140 °F

Weld descriptlon Status

Parallel Limit of reinforcement per UG-40

Lq MAX(d, R, + (t,- C,) + (t- C))
MAX(2.25, 1.125 + (1.06 - 0.125) + (2.5 - 0.125))
= 4.435in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t, - C,) + 1)
MIN(2.5*(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)
2.3375 in

Nozzle required thickness per UG-28 t,, = 0.1518 in

From UG-37(d)(1) required thickness t, = 2.375 in

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

UW-16(c) Weld Check

Fillet weld: t_, = lesserof 0.75 ort ort=0.75in
temin) = l€Sser of 0.25 or 0.7*t;, = 0.25 in

te(actuan = 0.7"Leg = 0.770.375 = 0.2625 in

The fillet weld size is satisfactory.
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Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

t,yses = 0.2768in

t, = max[t, ygos s tavg22]
= max[0.2768,0]
= 0.2768in

to = P*R/(S"E - 0.6"P) + Corrosion

= 838.9424*30.125/ (20,0001 - 0.6"838.9424) + 0.125

= 1.4213in

too = max[t, .t ugs ]
= max[1.4213,0.1875]
= 1.4213 in

ty = min[ty, t,]
= min[ 0.3324 , 1.4213]
= 0.3324in

tieas = max(t,, ]
= max[ 0.2768 , 0.3324 ]
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 140 °F) UG-28(c)
L/D, 8.0654 /4.12 1.9576

D,/t = 412/0.1518 = 27.1437
From table G: A = 0.004676

From table .
CS-2: B = 17,078.9811 psi
P, = 4'B/(3*(D,/t))
= 4*17,078.98/(3*(4.12/0.1518))
= 838.94 psi

Design thickness for external pressure P, = 838.94 psi

t = t+ Corrosion = 0.1518 +0.125 = 0.2768"

a
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Diff Press High (N4)

ASME Section Vil Division 1, 2010 Edition, A11 Addenda

> ;—_ULQITSU

2.5000 35000 l

tuioweny = 2.5 1N
Leg,,= 0.375in

Location and Orientation

Located on:

Orientation:

Nozzle center line offset to datum line:
End of nozzle to shell center:

Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

Local vessel minimum thickness:
Liquid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

Liquid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

PWHT performed:

1176

60 ID SHELL
0°

8in

405in

No

No

SA-350 LF2 Cl 1 (lI-D p. 18, In. 10)
2in

1.06in

0.125in

6.25in

8in

2.5in

0.6155 psi

1

NPS 2 Class 900 LWN A350 LF2 Cl.1
SA-193 B7 Bolt <= 2 1/2 (lI-D p. 334, In. 32)
No

-55°F per UCS-66(b)(1)(b)

0.5757 psi

2,146 psie 140°F

2,220 psi@ 50°F

3,350 psi@ 50°F

Yes
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For P = 1,378.62 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avallable A1 | A2 | A3 | A5 | oigs treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.3324 1 1.06

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 filiet (Legat) | 0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,378.62 psi @ 140 °F

Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.0865).

Nozzle UCS-66 governing thk: 1.06 in
Nozzle rated MDMT: -155 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(d, R, + (t,- C,) + (t- C))

MAX(2.25, 1.125 + (1.06 - 0.125) + (2.5 - 0.125))
= 4.435in

Outer Normal Limit of reinforcement per UG-40

Ly

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

MIN(2.5%(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)
= 2.3375in

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

t

. PR, /(S,'E - 0.6'P)
1,378.6155*1.125 / (20,0001 - 0.6*1,378.6155)
0.0809 in

Required thickness t, from UG-37(a)

t = P'R/(S'E-0.6P)
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1,378.6155"30.125 / (20,000*1 - 0.6*1,378.6155)
2.1661 in

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

UW-16(c) Weld Check

Fillet weld: t ., =lesserof 0.75 ort ort=0.75in
tomin) = l€Sser of 0.25 or 0.7*t; = 0.25 in
to(actuay = 0-77Leg = 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

t.ugey = P*R/(S*E-0.6P)+ Corrosion
= 1,378.6155%1.125 / (20,000*1 - 0.6*1 ,378.6155) + 0.125
= 0.2059 in

a max[ ta uG-27 ta uG-22 ]
= max[0.2059,0]

= 0.2059in

t = P*R/(S’E - 0.6"P) + Corrosion
= 1,378.6155"30.125/ (20,000*1 - 0.6*1,378.6155) + 0.125
= 22911in

by = max[t,, ., tyugis ]
= max[2.2911,0.1875]
= 2.2911in

t = min[t,,t,]
= min[0.3324,2.2911]
= 0.3324in

tgas = max[t,, 4]
= max[ 0.2059, 0.3324 |
= 0.3324in

Avalilable nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For Pe = 838.94 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avallable | A1 [ A2 | A3 | A5 | yejas | Yrea tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.3324 |1.06

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
Weld description throat slze (In) | throat size (In) Status
Nozzle to shell fillet (Legat) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 838.94 psi @ 140 °F
Paralle!l Limit of reinforcement per UG-40

La

MAX(d, R, + (t,- C,) + (t-C))

MAX(2.25, 1.125 + (1.06 - 0.125) + (2.5 - 0.125))
= 4.435in

Outer Normal Limit of reinforcement per UG-40

Ly MIN(2.5%(t - C), 2.5*(t, - C,) + t.)
MIN(2.5*(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)

2.3375in

Nozzle required thickness per UG-28 t , = 0.1518 in

From UG-37(d)(1) required thickness t, = 2.375 in

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

UW-16(c) Weld Check

Fillet weld: t_; = lesser of 0.75 ort ort=0.751in
to(min) = l@sser of 0.25 or 0.7"t;, = 0.25 in
to(actuay = 0-7°Leg = 0.770.375 = 0.2625 in

The fillet weld size is satisfactory.
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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

tiuses = 0.27681in

a max[ t, yg.28 » taug2z |
= max[0.2768,0]
= 0.2768in

too = P'R/(S*E-0.6"P) + Corrosion

= 838.9424"30.125/(20,000*1 - 0.6*838.9424) + 0.125

= 1.4213in

too = max[ty . tugrs ]
= max[ 1.4213,0.1875]
= 1.4213in

ty = min[t;, t,]
=  min[0.3324 , 1.4213]
= 0.3324in

lgas = max(t, 4]
= max[ 0.2768 , 0.3324 ]
= 0.33241in

Available nozzle wall thickness new, t, = 1.06 in
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, 8.0654/4.12 = 1.9576
D,/t 412/0.1518 = 27.1437
From table G: A = 0.004676

From table .
CS-2- B = 17,078.9811 psi
P, 4'B/(3*(D, /)

)
4*17,078.98 / (3*(4.12/ 0.1518))
838.94 psi

Design thickness for external pressure P, = 838.94 psi

t, = t+ Corrosion = 0.1518+0.125 = 0.2768"
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Level Bridal High (N5)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

tW(Iower) = 25in
Leg,, = 0.375in

] [
- — H —={p=0arse
2.5000 | 45poo; |
I \ |
| |
T —— T =

Location and Orientation

Located on:

Orientation:

Nozzle center line offset to datum line:
End of nozzle to shell center:

Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

Local vessel minimum thickness:
Liquid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

Liquid static head:

MAWRP rating:

MAP rating:

Hydrotest rating:

PWHT performed:

1176

60 ID SHELL
45°

8in

40.5in

No

No

SA-350 LF2 Cl 1 (lI-D p. 18, In. 10)
2in

1.06 in

0.1251in

6.25in

8in

2.5in

0.6155 psi

1

NPS 2 Class 900 LWN A350 LF2 CI.1
SA-193 B7 Bolt <=2 1/2 (II-D p. 334, In. 32)
No

-55°F per UCS-66(b)(1)(b)

0.5757 psi

2,146 psie@ 140°F

2,220 psi@ 50°F

3,350 psie 50°F

Yes
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For P =1,378.62 psl @ 140 °F (il’l)
The nozzie

passes UG-45

A A A
required | available | A1 [ A2 | A3 [ As oy 1 treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.3324 | 1.06

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) |0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,378.62 psi @ 140 °F

Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.0865).

Nozzle UCS-66 governing thk: 1.06 in
Nozzle rated MDMT: -155 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(d, R, + (t,-C,) + (t- C))

MAX(2.25, 1.125 + (1.06 - 0.125) + (2.5 - 0.125))
= 4.435in

Outer Normal Limit of reinforcement per UG-40

Ly

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

MIN(2.5%(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)
= 2.3375in

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

tn PR,/ (S,'E - 0.6'P)
1,378.6155*1.125 / (20,000*1 - 0.6*1,378.6155)
0.0809 in

Required thickness t, from UG-37(a)

t = P'R/(S'E-0.6"P)

T
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1,378.6155*30.125 / (20,000*1 - 0.6*1,378.6155)
2.1661 in

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

UW-16(c) Weld Check

Fillet weld: t ;. = lesser of 0.75 ort ort=0.751in
te(miny = lesser of 0.25 or 0.7°t ;= 0.25 in

to(actuay = 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

t,ueer = P'R/(S’E-0.6"P)+ Corrosion
= 1,378.6155"1.125/(20,000*1 - 0.6*1,378.6155) + 0.125
= 0.2059in
ta = max[t,ygar s taugee ]
= max[ 0.2059,0]
= 0.2059in
[ = P*R/(S*E-0.6"P) + Corrosion
= 1,378.6155"30.125/(20,000"1 - 0.6"1,378.6155) + 0.125
= 22911in
by = max[ty, tuars]
= max[2.2911,0.1875]
= 22911in
ty = min[t,,t,]
= min[0.3324 ,2.2911 ]
= 0.3324in
tugas =  max(t,, ]
= max[ 0.2059, 0.3324 ]
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For Pe = 838.94 psi @ 140 °F (in)
The nozzle

passes UG-45

A A
requlired | available

A

Ay |A2 | A3 | As welds treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.3324 |1.06

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Required weid Actual weid
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) 0.25 0.2625 weld size is adequate

Calculations for external pressure 838.94 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t,-C) + (t- C))
MAX(2.25, 1.125 + (1.06 - 0.125) + (2.5 - 0.125))
= 4435in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5*(t, - C,) + 1)
MIN(2.5*(2.5 - 0.125), 2.5%(1.06 - 0.125) + 0)
2.3375in

Nozzle required thickness per UG-28 t,, = 0.1518 in
From UG-37(d)(1) required thickness t, = 2.375 in

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

UW-16(c) Weld Check

Fillet weld: t ;,, = lesserof 0.75 ort, ort=0.75in
tominy = lesser of 0.25 or 0.7°t ;. = 0.25in

teactuay = 0-7°Leg = 0.7*0.375 = 0.2625 in

The fillet weld size is satisfactory.
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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

tiuces = 0.27681in

a max[ t, ygzs » taug22 |
= max[0.2768,0]

= 0.2768in

too = P'R/(S'E - 0.6*P) + Corrosion

=  838.9424*30.125/(20,000"1 - 0.6"838.9424) + 0.125

= 1.4213in

too = max[ty, .t yge ]
= max[1.4213,0.1875]
= 1.4213in

ty = min[ty,, ts]
= min[0.3324, 1.4213]
= 0.3324in

tugas = max[t,, t,]
= max[0.2768 , 0.3324 ]
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 140 °F) UG-28(c)
L/D, = 8.0854/4.12 = 1.9576

D,/t = 412/0.1518 = 27.1437
From table G: A = 0.004676

From table .
CS-2: B = 17,078.9811 psi
P, = 4'B/(3*(D, /1))
= 4*17,078.98/(3*(4.12/0.1518))
= 838.94 psi

Design thickness for external pressure P, = 838.94 psi

t = t+ Corrosion = 0.1518 + 0.125 = 0.2768"

a
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Fill/ Water Flush (N6)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

tw(Iower) = 25in
Leg,, = 0.375in

- — | —{037s0
2.5000 | 2spoo), |
| \ l
| |
| i

Location and Orientation

Located on:

Orientation:

Nozzle center line offset to datum line:
End of nozzle to shell center:

Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Projection available outside vessel, Lpr:
Projection available outside vessel to flange face, Lf:
Local vessel minimum thickness:

Liquid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

Liquid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

PWHT performed:

1176

60 ID SHELL
180°

88in

40.5in

No

No

SA-350LF2 CI 1 (II-D p. 18, In. 10)
2in

1.06 in

0.125in

6.25in

8in

2.5in

3.792 psi

1

NPS 2 Class 900 LWN A350 LF2 Cl.1

SA-193 B7 Bolt <= 2 1/2 (II-D p. 334, In. 32)

No

-55°F per UCS-66(b)(1)(b)
3.7523 psi

2,146 psie@ 140°F

2,220 psi@ 50°F

3,350 psie@ 50°F

Yes
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For P = 1,381.79 psi @ 140 °F (i)
The nozzle

passes UG-45

A A A
required | avallable | A1 | A2 [ A3 | A5 | yoigs [ trea tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.3324 |1.06

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 weid Actual weld

Weld description throat size (in) | throat size (in)

Status

Nozzie to shell fillet (Legs1) 0.75 0.2625 weld size is adequate

Calculations for internal pressure 1,381.79 psi @ 140 °F

Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.0867).

Nozzle UCS-66 governing thk: 1.06 in
Nozzle rated MDMT: -155 °F
Parallel Limit of reinforcement per UG-40

Ly MAX(d, R, + (t, - C,) + (t- C))
MAX(2.25, 1.125 + (1.06 - 0.125) + (2.5 - 0.125))
= 4435in

Outer Normal Limit of reinforcement per UG-40

Ly

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

MIN(2.5*(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)
= 2.3375in

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

t

. PR,/ (S,'E - 0.6'P)
1,381.792*1.125 / (20,000*1 - 0.6*1,381.792)
0.0811 in

Required thickness t, from UG-37(a)

t = P'R/(S'"E-0.6"P)

T
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1,381.792*30.125 / (20,000*1 - 0.6*1,381.792)
2.1713in

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

UW-16(c) Weld Check

Fillet weld: t;, = lesser of 0.75 ort ort=0.75in
tominy = l€SSErof 0.25 or 0.7*t, = 0.25 in

t(actuan = 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

tyugoy = P*R/(S*E-0.6"P) + Corrosion
= 1,381.792*1.125/(20,000*1 - 0.6"1,381.792) + 0.125
= 0.2061in
t = max(t, ygo7 taugen |
= max[0.2061,0]
= 0.2061in
tor = P*R/(S’E-0.6"P) + Corrosion
= 1,381.792*30.125/ (20,000*1 - 0.6*1,381.792) + 0.125
= 2.2963in
b = max{t,; . % ugrs]
= max[2.2963, 0.1875]
= 2.2963in
t, = min[t,,t,]
= min[ 0.3324 , 2.2963 |
= 0.3324in
lgas = max(ty,t]
= max[ 0.2061, 0.3324 }
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary| Thickness
(in?) Summary
For Pe = 838.94 psi @ 140 °F (in)
The nozzle
passes UG-45
A A A
required | avallable | A1 | A2 | A3 | A5 [ yejgs | rea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) fLodzd 108

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Required weid Actual weld
Weld description throat slze (in) | throat size (in) Status
Nozzle to shell fillet (Legq1) |0.25 0.2625 weld size is adequate

Calculations for external pressure 838.94 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(d, R, + (t,-C,) + (t- C))

MAX(2.25,1.125 + (1.06 - 0.125) + (2.5 - 0.125))
= 4.435in

Outer Normal Limit of reinforcement per UG-40

L, MIN(2.5%(t - C), 2.5*(t, - C,) +t.)
MIN(2.5*(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)

2.3375in

Nozzle required thickness per UG-28t, =0.1518 in

From UG-37(d)(1) required thickness t, = 2.375 in

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

UW-16(c) Weld Check

Fillet weld: t;, = lesser of 0.75 ort, ort = 0.75 in
temin = lesser of 0.25 or 0.7*t;, = 0.25 in
teactual) = 0.7"Leg = 0.770.375 = 0.2625 in

The fillet weld size is satisfactory.
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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

tiuszs = 0.2768in

ty = max[t, ygo8 + taucz ]
= max[ 0.2768,0]
= 0.2768in

too = P'R/(S*E-0.6"P) + Corrosion

=  838.9424"30.125/(20,000*1 - 0.6*838.9424) + 0.125

= 1.4213in

too = max{ty,, 4 ygs ]
= max[ 1.4213,0.1875]
= 1.4213in

t, = min[ty, t,]
= min[0.3324, 1.4213]
= 0.3324 in

gas = max(ty.t]
= max[ 0.2768, 0.3324 ]
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 140 °F) UG-28(c)
L/D, = 8.0854/4.12 = 1.9576

D,/t = 4.12/0.1518 = 27.1437
Fromtable G: A = 0.004676

From table .
CS-2: B = 17,078.9811 psi
P, = 4B/ (3*(D, /1))
= 4717,078.98/(3*(4.12/0.1518))
= 838.94 psi

Design thickness for external pressure P, = 838.94 psi

t, = t+ Corrosion = 0.1518 +0.125 = 0.2768"
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Diff press Low (N8)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

= i:l]._;x;750

100 |

N
L2l

2.51][]1]\1,

tw(Iower) = 2.5in
Leg, = 0.375in

el —
|
l
I

N

1]\ ..____.2':;_..____.

Location and Orientation

Located on:

Orientation:

Nozzle center line offset to datum line:
End of nozzle to shell center:

Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

Local vessel minimum thickness:
Liquid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

Liquid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

PWHT performed:

1176

60 ID SHELL
0°

88 in

40.5in

No

No

SA-350 LF2 Cl 1 (lI-D p. 18, In. 10)
2in

1.06 in

0.125in

6.25in

8in

2.5in

3.792 psi

1

NPS 2 Class 900 LWN A350 LF2 Cl.1
SA-193 B7 Bolt <=2 1/2 (1I-D p. 334, In. 32)
No

-55°F per UCS-66(b)(1)(b)

3.7523 psi

2,146 psi@ 140°F

2,220 psi@ 50°F

3,350 psi@ 50°F

Yes
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For P =1,381.79 psi @ 140 °F (in)
The nozzie

passes UG-45

A A
required | available

A

A | A2 | A3 | As weids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) f32: 11.08

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 weid Actual weld
Weld description throat size (in) | throat size (in) S
Nozzle to shell fillet (Lega1) [ 0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,381.79 psi @ 140 °F

Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.0867).

Nozzle UCS-66 governing thk: 1.06 in
Nozzle rated MDMT: -155 °F
Parallel Limit of reinforcement per UG-40

Lg

MAX(d, R, + (t,-C,) + (t- C))

MAX(2.25, 1.125 + (1.06 - 0.125) + (2.5 - 0.125))
= 4.435in

Outer Normal Limit of reinforcement per UG-40

Ly

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

MIN(2.5%(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)
= 2.3375in

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

ta, = P'R,/(S,'E-0.6°P)
1,381.792*1.125 / (20,0001 - 0.6*1,381.792)
0.0811 in

Required thickness t, from UG-37(a)

t = P*'R/(S*E-0.6"P)
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1,381.792*30.125/ (20,000*1 - 0.6*1,381.792)
2.1713in

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

UW-16(c) Weld Check

Fillet weld: t_; = lesserof 0.75ort ort=0.751in
t(min) = l@sser of 0.25 or 0.7°t,, =0.25 in
to(actuay = 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

tougey = P'R/(S'E-0.6"P)+ Corrosion
= 1,381.792*1.125/(20,000*1 - 0.6*1,381.792) + 0.125
= 0.2061 in
t, = max[t, g7 taugee |
= max[0.2061,0}
= 0.2061in
tyq = P*R/(S*E-0.6*P) + Corrosion
= 1,381.792*30.125/(20,000*1 - 0.6*1,381.792) + 0.125
= 2.2963in
ty = max[t, ,t g6l
= max[2.2963, 0.1875]
= 2.2963in
t, = min[t,, ty]
= min[0.3324 , 2.2963 |
= 0.33241in
tgas = max(ty.t]
= max[ 0.2061, 0.3324 ]
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For Pe = 838.94 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avaiiable A | Az | A3 | As | Leigs treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.3324 11.06

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Required weld Actuail weld

Weid description throat size (in) | throat size (in)

Status

Nozzie to shell fillet (Legat) | 0.25 0.2625 weld size is adequate
Calculations for external pressure 838.94 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Ly MAX(d, R, + (t, - C,) + (t- C))
MAX(2.25, 1.125 + (1.06 - 0.125) + (2.5 - 0.125))
= 4.435in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5*(t, - C,) +1,)
MIN(2.5%(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)
2.3375in

Nozzle required thickness per UG-28 t , = 0.1518 in

From UG-37(d)(1) required thickness t = 2.375 in

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

UW-16(c) Weld Check

Fillet weld: t_ ;. = lesser of 0.75 ort, ort=0.75in
te(min) = l€Sser of 0.25 or 0.7*t; = 0.25 in
toactuay = 0.7°Leg = 0.770.375 = 0.2625 in

The fillet weld size is satisfactory.

1176 Rev. 6 117/201



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

tiuges = 0.2768in

t, = max{t, ygo8  taugez |
= max[0.2768,0]
= 0.2768in

too = P*R/(S*E-0.6"P) + Corrosion

=  838.9424*30.125/(20,000*1 - 0.6"838.9424) + 0.125

= 1.4213in

t, = max[ty, .t a6l
= max[1.4213,0.1875]
= 1.4213 in

ty = min[t,, t,]
= min[ 0.3324, 1.4213 ]
= 0.3324in

thoas = max(t,, 4]
= max[0.2768 , 0.3324 ]
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 140 °F) UG-28(c)
L/D, 8.0654 /4.12 1.9576

D,/t = 412/0.1518 27.1437
From table G: A = 0.004676

From table .
CS-2: B = 17,078.9811 psi
P, = 4B/ (3*(D, /1))
= 4*17,078.98/(3*(4.12/0.1518))
= 838.94 psi

Design thickness for external pressure P, = 838.94 psi

t = t+ Corrosion = 0.1518+0.125 = 0.2768"

a
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Inspection Nozzle (N11)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

tw(Iower) = 25in
Leg,, = 0.375in
F=] B Legy,,= 0.75in
—0.3750 hrew= 1.125in
] |
Z'EUOUJ, I 2 SOUU\L !
T | / & LV ;
L= 250 _—S'L_’u.muu
Location and Orientation
Located on: 60 ID SHELL
Orientation: 110°
Nozzle center line offset to datum line: 12in
End of nozzle to shell center: 42.5in
Passes through a Category A joint: No
Nozzle
Access opening: No
Material specification: SA-350 LF2 CI 1 (lI-D p. 18, In. 10)
Inside diameter, new: 8in
Nominal wall thickness: 1.875in
Corrosion allowance: 0.125in
Projection available outside vessel, Lpr: 7.25in
Internal projection, h,,,: 1.125in
Projection available outside vessel to flange face, Lf:  10in
Local vessel minimum thickness: 2.5in
Liguid static head included: 0.8934 psi
Longitudinal joint efficiency: 1
ASME B16.5-2009 Flange
Description: NPS 8 Class 900 LWN A350 LF2 Cl.1
Bolt Material: SA-193 B7 Bolt <= 2 1/2 (1I-D p. 334, In. 32)
Blind included: Yes
Rated MDMT: -55°F per UCS-66(b)(1)(b)
Liquid static head: 0.7346 psi
MAWP rating: 2,146 psie 140°F
MAP rating: 2,220 psi@ 50°F
Hydrotest rating: 3,350 psie@ 50°F
PWHT performed: Yes
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Reinforcement Calculations for Chamber MAWP

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) .WaII
For P = 1,378.89 psi @ 140 °F ThICkneS'S
The opening is adequately relnforced Summary (in)
The nozzle passes
UG-45
A A A
required | available A1 Az Az | As | eids treq tmin
17.8743 |118.153 |1.7195 |12.7164 |3.25 |-- 10.4671 10.4531 |1.875

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
Weid description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,378.89 psi @ 140 °F

Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.1695).

Nozzle UCS-66 governing thk: 1.875 in
Nozzle rated MDMT: -155 °F
Parallel Limit of reinforcement per UG-40

La

MAX(d, R, + (t,-C.) + (t-C))

MAX(8.25, 4.125 + (1.875 - 0.125) + (2.5 - 0.125))
= 825in

Outer Normal Limit of reinforcement per UG-40

L,, MIN(2.5%(t - C), 2.5*(t, - C.) + 1)
MIN(2.5%(2.5 - 0.125), 2.5*(1.875 - 0.125) + 0)
=  4.375in

Inner Normal Limit of reinforcement per UG-40

L

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

MIN(2.5%(2.5 - 0.125), 2.5*(1.875 - 0.125 - 0.125))
= 4.0625in

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

t = P*R /(S *E-0.6'P)
= 1,378.8934*4.125/ (20,000*1 - 0.6*1,378.8934)
= 0.2967in
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Required thickness t  from UG-37(a)

t

r

P*R/(S'E - 0.6°P)

1,378.8934*30.125 / (20,000"1 - 0.6*1,378.8934)

2.1666 in

Area required per UG-37(c)

Allowable stresses: S, = 20,000, S, = 20,000 psi

f,=lesserof1orS,/S, =1

f,=lesseroftorS /S, =1

d't*F + 27t "t*F*(1-1,)

8.252.1666"1 + 21.75"2.1666"1*(1 - 1)

17.8743in?

Area available from FIG. UG-37.1

A, = larger of the following= 1.7195 in?

d*(E"t- F*t) - 2t (E "t - F't)*(1 - )
8.25*(1*2.375 - 1*2.1666) - 2*1.75*(1*2.375 - 1*2.1666)*(1 - 1)

1.7195 in?

2°(t + t)"(E,"t- F) - 2% (Bt - Bt (1 - f,)
2"(2.375 + 1.75)*(1"2.375 - 1*2.1666) - 2*1.75%(1*2.375 - 1*2.1666)*(1 - 1)

1.7195 in2

A, = smaller of the following= 12.7164 in?

>
]
[

5*(t, - 1, "t

5%(1.75 - 0.2967)*1*2.375
17.2579 in?

S*(t, - t) 2ty

5*(1.75- 0.2967)*1*1.75
12.7164 in?

smaller of the following= 3.25 in2

5ttt
5*2.375%1.625*1
19,2969 in?

S
5"1.625"1.625"1
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= 13.2031in?

= 2*h*f

ir2

= 2"1*1.625"1
= 3.25in2

A, = Leg¥i,

= 0.

37521

= 0.1406in?

Ay = Leg®fy

= 0

57142*1

= 0.3265in?

Area= A/ +A, + A+ A, +A,

= 1.7195 + 12.7164 + 3.25 + 0.1406 + 0.3265
= 8.153 in?

18.153

As Area >=

A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t

t(min) = lesser of 0.25 or 0.7"t

=lesserof 0.750rt, ort=0.75in
=0.251in

min

min

toacnay = 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

tuger =

1176

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

1,378.8934"4.125 / (20,000*1 - 0.6"1,378.8934) + 0.125

0.4217 in

max[ t, yg.07 + taug22 ]
max[ 0.4217,0]

0.4217 in

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

1,378.8934*30.125 / (20,000*1 - 0.6"1,378.8934) + 0.125

2.2916in

max( ty; , t, ygie |
max[ 2.2916 , 0.1875]
2.2916in
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ty = min[t;,,t,]
= min[ 0.4531,2.2916 ]
= 0.4531in

tgas = max[t,, 4]
=  max[0.4217,0.4531 ]
= 0.4531in

Available nozzle wall thickness new, t, = 1.875in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-45 Nozzle
UG-37 Area Calculation Summary (in2) Wall
For Pe = 838.94 psi @ 140 °F Thickness
The opening Is adequately reinforced Summary (in)
The nozzle passes
UG-45
A A A
required | available A1 Az Az | As welds lreq tmin
9.7969 |15.3104 |-- [11.5933 [3.25 |- |0.4671 [0.5501 (1.875

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Weld description

Required weld
throat size (in)

Actual weid
throat size (in)

Status

Nozzle to shell fillet (Lega1)

0.25

0.2625

weld size is adequate

Calculations for external pressure 838.94 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Ln

= 8.25in

MAX(d, R, + (t, - C,) + (t- C))
MAX(8.25, 4.125 + (1.875 - 0.125) + (2.5 - 0.125))

Outer Normal Limit of reinforcement per UG-40

Ly

4.375in

MIN(2.5*(t - C), 2.5%(t - C,) + t,)
MIN(2.5*(2.5 - 0.125), 2.5*(1.875 - 0.125) + 0)

Inner Normal Limit of reinforcement per UG-40

L

4.0625 in

MIN(2.5%(t - C), 2.5*(t, - C, - C))
MIN(2.5*(2.5 - 0.125), 2.5*(1.875 - 0.125 - 0.125))

Nozzle required thickness per UG-28 t, | = 0.4251 in

From UG-37(d)(1) required thickness t, = 2.375 in

Area required per UG-37(d)(1)

Allowable stresses: S, = 20,000, S, = 20,000 psi

f,=lesserof1orS /S, =1

1176
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fo=lesserof1orS /S, =1

>
]

0.5°(d"t"F + 2%, "F*(1 - £,,))
0.5(8.25'2.375"1 + 2°1.75"2.375*1*(1 - 1))
9.7969 in?

Area available from FIG. UG-37.1
A, = larger of the following= 0 in2
= dY(Et-Frt) - 27 (Bt - FrE)(1 - f)
= 8.25%(1'2.375 - 1*2.375) - 2*1.75*(1*2.375 - 1*2.375)*(1 - 1)
= 0in?
= 2M(t+t)"(Et- B - 2 (Bt - BT - f)
= 2°(2.375+ 1.75)*(1*2.375 - 1*2.375) - 2*1.75*(1*2.375 - 1*2.375)*(1 - 1)

= 0in?

smaller of the following= 11.5933 in2

>
n3
"

= 5%t -t )t
= 5%1.75-0.4251)*1*2.375
= 157337 in2

= 5t -ttt
= 5%1.75-0.4251)*1*1.75
= 11.5933in2

>
5
[}

smaller of the following= 3.25 in2

= 5,
= 5'2.375'1.625"1
= 19.2969 in?

= s*ti*ti*fr2
= 5"1.625*1.625*1
= 13,2031 in2

= 2h,

=  2*1*1.625*1
= 3.25in2

Ay = Leg?t,
= 037521
= 0.1408 in

Ay =  Leg®f,
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= 0.57142%1
= 0.3265in?

Area= A/ +A+ A+ A, +A,
= 0+11.5933 + 3.25 + 0.1406 + 0.3265
= 153104in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t ;, = lesserof 0.75 ort ort=0.751in
te(min) = lesserof 0.25 or 0.7*t,;, =0.25in

tc(actual) =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

tiuses = 0.5501in

a max( t, yg.28 » taug-22 |
= max[0.5501,0]

= 0.5501 in

too = P*R/(S*E-0.6"P) + Corrosion
=  838.9424"30.125/(20,000"1 - 0.6838.9424) + 0.125
= 1.4213in

too = max{ty,, gl
= max[ 1.4213, 0.1875]
= 1.4213in

t, = min[tg, ty,]
=  min[0.4531, 1.4213]
= 0.4531in

tugus = max[t, . 4]
= max[0.5501,0.4531]
= 0.5501in

Available nozzle wall thickness new, t, = 1.875in

The nozzle neck thickness is adequate.
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External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, = 10.5354/11.75 = 0.8966
D,/t = 11.75/0.4251 = 27.6434
Fromtable G: A = 0.010937
From table .
CS-2- B = 17,393.3823 psi
P, = 4*B/(3*(D, /1))
= 4*17,393.38/ (3*(11.75/0.4251))
= 838.94 psi

Design thickness for external pressure P, = 838.94 psi

t, = t+ Corrosion = 0.4251 +0.125 = 0.5501"
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Inlet Nozzle (N12)

ASME Section Vill Division 1, 2010 Edition, A11 Addenda

Location and Orientation

Located on:

Crientation:

Nozzle center line offset to datum line:
End of nozzle to shell center:

Passes through a Category A joint:

Nozzle

Access opening:
Material specification:
Inside diameter, new:
Nominal wall thickness:
Corrosion allowance:

Projection available outside vessel, Lpr:

Internal projection, h

new"

Projection available outside vessel to flange face, Lf:

Local vessel minimum thickness:
Liquid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

Liquid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

PWHT performed:

1176

tw(|0wer) =
Leg, =

Legys =

k—0.3750 h =

new

k= 0.7500

L

60 ID SHELL
330°

87 in

42.5in

No

No

2.5in
0.375in
0.75in

1.1251n

SA-350 LF2 Cl 1 (II-D p. 18, In. 10)

8in
1.875in
0.125in
7.25in
1.125in
10in
2.5in
3.8714 psi
1

NPS 8 Class 900 LWN A350 LF2 ClI.1

SA-193 B7 Bolt <= 2 1/2 (II-D p. 334, In. 32)

No

-55°F per UCS-66(b)(1)(b)
3.7126 psi

2,146 psie 140°F

2,220 psie 50°F

3,350 psi@ 50°F

Yes
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Reinforcement Calculations for Chamber MAWP

UG-45 Nozzle
UG-37 Area Calculation Summary (in2) Wall
For P = 1,381.87 psi @ 140 °F Thlcknes§
The opening is adequately reinforced Summary (in)
The nozzie passes
UG-45
A A A
required | avaiiable ol A2 Az | As | elds treq tmin
17.9145 {18.1074 |11.6792 112.7111 |3.25 |-- |0.4671 |10.4531 |1.875

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 Actuai weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) 025 0.2625 weld size is adequate

Calculations for internal pressure 1,381.87 psi @ 140 °F

Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.1699).

Nozzle UCS-66 governing thk: 1.875in
Nozzle rated MDMT: -155 °F
Parallel Limit of reinforcement per UG-40

Lg MAX(d, R, + (t,-C,) + (t- C))
MAX(8.25, 4.125 + (1.875-0.125) + (2.5 - 0.125))
= 8.25in

Outer Normal Limit of reinforcement per UG-40

Ly

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

MIN(2.5%(2.5 - 0.125), 2.5*(1.875 - 0.125) + Q)
4.375in

Inner Normal Limit of reinforcement per UG-40

L

MIN(2.5*(t - C), 2.5*(,- C, - C))

MIN(2.5%(2.5 - 0.125), 2.5*(1.875 - 0.125 - 0.125))
= 4.0625in

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

t, = P*R,/(S,E-0.6"P)
= 1,381.8714*4.125/(20,000*1 - 0.6*1,381.8714)
= 0.2973in
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Required thickness t, from UG-37(a)

t

r

P*R/(S*E - 0.6°P)

1,381.8714730.125/ (20,0001 - 0.6*1,381.8714)

2.17151in

Area required per UG-37(c)

Allowable stresses: S, = 20,000, S, = 20,000 psi

f,=lesseroflorS /S, =1

f,=lesserof1orS,/§, =1

d*t*F + 2"t "F*(1 - £,,)

8.25%2.1715™1 + 2*1.75"2.1715*1*(1 - 1)

17.9145 in?

Area available from FIG. UG-37.1

A, = larger of the following= 1.6792 in?

d*(E,"t- F't) - 2% *(E,t - Ft)*(1 - 1)
8.25*(1*2.375 - 1*2.1715) - 2*1.75*(1*2.375 - 1*2.1715)*(1 - 1)

1.6792in?

2*(t+ 1)"(E,"t - F't) - 2 *(E,*t- Ft)*(1 - 1,,)
2*(2.375 + 1.75)*(1*2.375 - 1*2.1715) - 2*1.75*(1*2.375 - 1*2.1715)*(1 - 1)

1.6792 in?

A, = smaller of the following= 12.7111 in?

5*(t, - t)*f "t
5%(1.75 - 0.2973)*1*2.375
17.2508 in2

5t -t ),
5%(1.75 - 0.2973)*1*1.75
12.7111 in2

A, = smaller of the following= 3.25 in?

5,
5*2.375%1.625*1
19.2969 in?

S,
5*1.625*1.625™1
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= 13.2031in?

= 2*h*t*f

ir2

= 2"1*1.625™1
= 3.25in?

A, = Leg?f,

= 0

37521

= 0.1406 in?

A,y =  Leg¥f,

= 0

57142*1

= 0.3265in?

Area= A/ +A, + A+ A, + A,

= 1.6792+12.7111 + 3.25 + 0.1406 + 0.3265

As Area >=

8.1074 in?

18.1074

A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t

min = l@sserof 0.75 ort, ort=0.75in

te(miny = lesser of 0.25 or 0.7*t;. = 0.25 i.n
te(actuay = 0-7°Leg = 0.770.375 = 0.2625 in

The fillet we

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

Id size is satisfactory.

UG-45 Nozzle Neck Thickness Check

tuger =

Luge: =

1176

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

1,381.8714*4.125/ (20,0001 - 0.6*1,381.8714) + 0.125

0.4223 in

0.3798 in

max[ t, yg-27 » tauge2 1
max[ 0.4223 , 0.3798 ]

0.4223 in

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

1,381.8714*30.125/(20,000*1 - 0.6*1,381.8714) + 0.125

2.2965 in

max[ ty; . t,ugis ]
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tUG-45

Available nozzle wall thickness new, t, = 1.875in

The nozzle neck thickness is adequate.

1176

max[ 2.2965 , 0.1875]
2.2965in

min{ t,5, t; ]
min[ 0.4531 , 2.2965 ]
0.4531 in

max[t, . t,]
max[ 0.4223 , 0.4531 ]
0.4531 in
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Applied Loads

Radial load: P,= 2720 Ib
Circumferential moment: M, = 92,535  Ib-in
Circumferential shear: V. = 3,332  Ib;
Longitudinal moment: M, = 92,535  Ibin
Longitudinal shear: V =33832 b
Torsion moment: M,= 130,858 Ibqin
Internal pressure: P= 1,381.871psi
Mean shell radius: R,=31.3125 in
Local shell thickness: t= 2375 in
Shell yield stress: S,= 36,200 psi

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

R,/t=31.3125/2.375=13.1842

Pressure stress intensity factor, | = 1.18127 (derived from PVP-Vol. 399, pages 77-82)

Local circumferential pressure stress = I'P*R; / t =20,705 psi
Local longitudinal pressure stress = I"'P*R, / (2*t) =10,353 psi

Maximum combined stress (P +P_+Q) = 21,608 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)

Allowable local primary membrane stress (P )

= 20,940 psi
= +-1.5"S = +-30,000 psi

The maximum local primary membrane stress (P ) is within allowable limits.
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Stresses at the nozzle OD per WRC Bulletin 107

Figure [value| B | A, | A [ B, | B, | C, | C | D, | Db
3c* 2.0727 l|o.642 |0 0 0 0 76 -76 -76 -76
4c* 2341 {0.1642 |-86 -86 -86 -86 0 0 0 0
iC 0.1247 {0.1642 |0 0 0 0 -361 361 361 | 361
2C-1 0.0007 |0.i642 [-262 [262 |-262 (282 |o 0 0 0
3A" 0.3939 |0.1642 |0 0 0 0 -85 -95 95 95
1A 0.0981 [0.1642 |0 0 0 0 -1,878 1,878 [1,878 |-1,878
3B* 1.3281 |o0.1642 {-321 |-321 321 321 0 0 0 0
1B-1 0.0484 [0.1642 |-927 |[927 |92z |-927 |o 0 0 0
Pressure stress* 20,705 | 20,705 | 20,705 | 20,705 | 17,528 | 17,528 | 17,528 | 17,528
Total clrcumferentlal stress | 19,109 | 21,487 | 21,605 | 20,275 | 15,118 | 19,596 | 19,064 | 16,030
:ﬂ&;",’;ﬁ:{:’t‘; - 20,298 | 20,298 | 20,940 | 20,940 {17,357 | 17,357 | 17,547 | 17,547
3c’ 2.0727 |0.1642 |-76 -78 -76 -76 0 0 0 0
4ct 2341 0.1642 |0 0 0 0 -86 -86 -86 -86
1C-1 0.1264 |0.1642 [-366 [366 [-366 [386 [0 0 0 0
2c 0.0906 |0.1642 |0 0 0 0 262|262 262 |2862
4A° 0.5797 {0.1642 |0 0 0 0 140 |-140 |140 140
2A 0.0562 |0.1642 |0 0 0 0 1,076 [1,076 |1,076 |-1,076
4B 0.3835 |0.1642 |-93 -93 93 93 0 0 0 0
2B-1 0.0779 |0.1642 [-1,492 [1,492 [1,492 |[-1492 |0 0 0 0
Pressure stress”* 8,764 |8,764 |8,764 {8,764 |10,353 |10,353 | 10,353 | 10,353
Total longltudinal stress 6,737 |10,453 {9,907 |7,655 |8,789 |11,465 | 11,221 |9,593
f:;r"';’l‘:xl’r"‘:;“s‘t’r’:::. 8595 |8595 8781 [8781 |10,127 |10,127 | 10,407 | 10,407
Shear from M; 254 |254 |254 |254  |254 254 |2s4 | 254
Circ shear from V¢ 76 76 -76 -76 0 0 0 0
Long shear from Vi 0 0 0 0 -76 -76 76 76
Total Shear stress 330|330 178 178 178 178 |330 |330
Combined stress (P +Py+Q) | 19,118 [ 21,497 | 21,608 | 20,278 | 15,123 | 19,600 | 19,078 | 16,047

Note: * denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads

Onpm = PPR/(27) - P/ (n*(R 2 - R?)) + M*R, /|

=1,381.87*4.125 / (2*1.75) - 2,720 / (n*(5.8752 - 4.1252)) + 130,864.3*5.875 / 708.2696

= 2,665 psi

The average primary stress P (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external
loads is acceptable ( £ S = 20,000 psi)

Shear stress in the nozzie wall due to external loads

Gshear =

(V2 + V205 / ('R, )

= (3,3322 + 3,3322)05 / (1*4.125*1.75)

= 208 psi

Gtorsion

1176

=M,/ (2'T*R2*t)
= 130,858 / (2*n*4.1252*1.75)
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= 699 psi

Oiotal = Oshear t Ctorsion

=208 + 699
= 907 psi

UG-45: The total combined shear stress (907 psi) is below than the allowable (0.7*S, = 0.7*20,000 = 14,000 psi)
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Reinforcement Calculations for MAEP

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
For Pe = 838.94 ps| @ 140 °F Thlcknes_s
The opening is adequately reinforced Summary (|n)
The nozzle passes
UG-45
A A A
required | available A1 A2 Az A5 | eids treq tmin
9.7969 [15.3104 |-- 111.5933 {3.25 |-- |0.4671 |10.5501 |1.875

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
Weld description throat size (In) | throat size (In) Status
Nozzle to shell fillet (Legaq) 0.25 0.2625 weld size is adequate

Calculations for external pressure 838.94 psi @ 140 °F

Paraliel Limit of reinforcement per UG-40

Ly MAX(d, R, + (t, - C,) + (t- C))
MAX(8.25, 4.125 + (1.875 - 0.125) + (2.5 - 0.125))
= 825in

Outer Normal Limit of reinforcement per UG-40

L

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

MIN(2.5*(2.5 - 0.125), 2.5%(1.875 - 0.125) + 0)
4.375in

Inner Normal Limit of reinforcement per UG-40

L, MIN(2.5*(t - C), 2.5*(t - C, - C))
MIN(2.5%(2.5 - 0.125), 2.5*(1.875 - 0.125 - 0.125))

4.0625 in

Nozzle required thickness per UG-28 t,, = 0.4251 in

From UG-37(d)(1) required thickness t, = 2,375 in

Area required per UG-37(d)(1)
Allowable stresses: S, = 20,000, S, = 20,000 psi

f,=lesseroftorS /S, =1
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fo=lesseroftorS /S, =1

>
1

0.5*(d*"F + 2", *F*(1 - .,))
0.5%(8.25*2.375*1 + 2*1.75*2.375*1*(1 - 1))
9.7969 in?

Area available from FIG. UG-37.1

A, = larger of the following= 0 in?

= d'(Et-FrY) - 21 0(E - FRE)(T - 1)
= 8.25*(1*2.375 - 1*2.375) - 2*1.75*(1*2.375 - 1*2.375)*(1 - 1)
= 0in?

= 2+ t)Et- PR - 20 (B - PRt <)
= 2%(2.375 + 1.75)*(1*2.375 - 1*2.375) - 2*1.75*(1*2.375 - 1*2.375)*(1 - 1)
= 0in?

b
N3
]

smaller of the following= 11.5933 in?

= 5t -t )Mt
= 5%(1.75-0.4251)*1"2.375
= 15.7337in?

= 5t -t )t
= 5'(1.75-0.4251)*1*1.75
= 11.5933 in2

smaller of the following= 3.25 in?

>
%]
]

= 5,

= 5%2.375"1.625*1
= 19.2969in2

= 5*ti*ti*fr2

= 5%1.625"1.625%1
= 13.2031in?

= 2'httf,

= 21"1.625"1
= 3.25in?

Ay = Leg®f,
= 0.375%*1
= 0.1406in?

A, = Leg?f,
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= 0.571421
= 0.3265in?

Area= A +A,+A+A,+A,
= 0+ 11.5933 + 3.25 + 0.1406 + 0.3265
= 15.3104in®

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Filletweld: t , =lesserof 0.750rt ort=0.75in
teimin) = lesser of 0.25 or 0.7"t;,, = 0.25 in
tc(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
tiuges = 0.5501in

tiugee = 0.31131n

ty = max[t, ygos  taugez |
= max[0.5501,0.3113]
= 0.5501 in

too = P*R/(S*E- 0.6"P) + Corrosion
= 838.9424"30.125/(20,000"1 - 0.6"838.9424) + 0.125
= 1.4213in

too = max{ty,, tygs ]
= max[1.4213,0.1875]
= 1.4213in

ty = min[t,,t,]
= min[0.4531,1.4213]
= 0.4531in

thoas = max(ty, 4]
= max[ 0.5501 , 0.4531 ]
= 0.5501in

Available nozzle wall thickness new, t, = 1.875in

The nozzle neck thickness is adequate.
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External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, 10.5354 / 11.75
D,/t = 11.75/0.4251
Fromtable G: A = 0.010937

0.8966
27.6434

From table .
CS-2: B = 17,393.3823 psi
P, = 4'B/(3*(D, /1))
= 4717,393.38/ (3*(11.75/ 0.4251))
= 838.94 psi

Design thickness for external pressure P, = 838.94 psi

t = t+ Corrosion = 0.4251 +0.125 = 0.5501"

a
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Manway (N13)

ASME Section Vil Division 1, 2010 Edition, A11 Addenda

(—  35.0000 — E"gmr’:_ (2): ::
K 295000 a1
— < 2.7500
= K 24.0000
65000~k | | —J05000
5.6623 ||
2'5000\1/ | l 6l ;
i / 2.5000 \ ' |
=t T ===
Location and Orientation
Located on: 60 ID SHELL
Orientation: 270°
Nozzle center line offset to datum line: 60 in
End of nozzle to shell center: 48.25in
Passes through a Category A joint: No
Nozzle
Access opening: Yes
Material specification: SA-350LF2 Cl 1 (II-D p. 18, In. 10)
Inside diameter, new: 24in
Wall thickness, t,: 55in
Minimum wall thickness: 2.75in
Corrosion allowance: 0.1251in
Projection available outside vessel, Lpr: 10in
Heavy barrel length, L, 5.6623 in
Projection available outside vessel to flange face, Lf: 15.75in
Local vessel minimum thickness: 2.5in
User input radial limit of reinforcement: 23in
Liquid static head included: 3.117 psi

Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

Liquid static head:

MAWP rating:

MAP rating:

1176

1

NPS 24 Class 900 V2 A350 LF2 CI.1 (Nut Relief)
SA-193 B7 Bolt <=2 1/2 (II-D p. 334, In. 32)

Yes

-55°F per UCS-66(b)(1)(b)

2.6405 psi

2,146 psi@ 140°F

2,220 psi@ 50°F
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Hydrotest rating: 3,350 psi@ 50°F
PWHT performed: Yes
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (in2) Thickness
For P =1,381.12 psl @ 140 °F Summary
The openling |s adequately relnforced (in)
The nozzle

passes UG-45

A A A
required available Aq Az A3 | As | eids treq tmin

52.6281 158.0278 14.4537 {53.3241

0.2510.9985 |2.75

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 slze (In) Status
Nozzle to shell fillet (Leg41) 0.25 0.35 weld size is adequate

Calculations for internal pressure 1,381.12 psi @ 140 °F

Nozzle is impact tested to -50 °F with an additional 5 °F reduction per UCS-66(g).

Nozzle UCS-66 governing thk: 2.5in
Nozzle rated MDMT: -55 °F
Parallel Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

L, = MAXd, R, +(t,-C,)+(t-C))
= MAX(24.25,12.125 + (2.75 - 0.125) + (2.5 - 0.125))
= 24.25in

L, = 23 in(User Defined)

Outer Normal Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

L, = MIN@25(t-C),25%t,-C,)+t,)
= MIN(2.5*(2.5 - 0.125), 2.5*(2.75 - 0.125) + 4.7631)
= 5.9375in

t, = MIN(5.6623 + 2.75"tan(30) , 2.75%an(60) )
= 4.7631in

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

t, = PR,/(S,'E-0.6"P)
= 1,381.117*12.125/(20,000*1 - 0.6*1,381.117)
= 08735in
1176 Rev. 6
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Required thickness t, from UG-37(a)

t P*R/(S*E - 0.6*P)
1,381.117*30.125 / (20,000*1 - 0.6*1,381.117)
2.1702in

Area required per UG-37(c)

Allowable stresses: S, = 20,000, S, = 20,000 psi
f,=lesserof1orS, /S, =1
fo=lesseroftorS /S, =1

A = dtUF+ 27t UF(T-1)

= 24.25'2.1702*1 + 2*5.375*2.1702*1*(1 - 1)
= 526281 in2

Area available from FIG. UG-37.1

A,: (specified limit governs) = 4.4537 in?

(2*limits - d)*(E,*t - F*t) - 2*t *(E, "t - F1)*(1 - 1 )
(2*23 - 24.25)*(1*2.375 - 1*2.1702) - 2*5.375%(1*2.375 - 1*2.1702)*(1 - 1)
4.4537 in?

A, = smaller of the following= 53.3241 in?

= B*(t, - t,)*f,"t - (LIMIT - L, )2, / tan(30)
= 5°5.375-0.8735)*1*2.375 - (5.9375 - 5.6623)2*1 / tan(30)
= 53.3241in2

= 2ty - 1) o Ly - [t - 121N (30) + 2°(LIMIT - Ly - Ly )*(t, - 1),
= 2%(5.375-0.8735)*1*10 - [(5.375 - 2.625)2tan(30) + 2*(10 - 5.6623 - 1.5877)*(5.375 - 2.625)]"1
= 70.5388 in2

Ay = Leg¥f,
= 0.5%"1
= 0.25in?

Area= A +A,+A,
=  4.4537 + 53.3241 + 0.25
= 58.0278 in?

As Area >= A the reinforcement is adequate.

1176 Rev. 6 143/201



UW-16(c) Weld Check

Fillet weld: t_;, = lesser of 0.75 ort,ort=0.751in
tomin) = l@sser of 0.25 or 0.7t = 0.25 in
t(actuay = 0.7°Leg = 0.7°0.5 = 0.35in

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 (Access Opening)

P*R/(S*E - 0.6"P) + Corrosion
= 1,381.117*12.125/(20,000*1 - 0.6*1,381.117) + 0.125
= 0.9985in

ta uG-27

a max[ t, yg.27 + taugez |
= max[ 0.9985,0]
= 0.9985in

Available nozzle wall thickness new, t, = 2.75 in
The nozzle neck thickness is adequate.
Check Large Opening per Appendix 1-7(a)

Area required within 75 percent of the limits of reinforcement
=2/3'A=(2/3)*52.6281 = 35.0854 in®

Area that is within 75 percent of the limits of reinforcement is:

A, = larger of 3.1739 or

= (2%limits - d)*(E,*t - F*t) - 2*t *(E,*t - FH)*(1 - f,,)
= (2*18.1875 - 24.25)*(12.375 - 1*2.1702) - 2*5.375*(1*2.375 - 1*2.1702)*(1 - 1)
= 2.4828in?

Area= A +A,+ A+ A, +AL+A + A
= 3.1739+53.3241 +0+025+0+0+0
= 56.748in?

The area replacement requirements of Appendix 1-7(a) are satisfied.

Check Large Opening per Appendix 1-7(b)

1-7(b)(1}(a) D;=60.25in>60in True
1-7(b)(1)(b) d=24.25in>401in False
1-7(b)(1)(b) d=24.25in > 3.4*(30.125*2.375)05 = 28.759in  False
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1-7(b)(1)(c) R,/R=12.125/30.125 = 0.4025 < 0.7 True

The opening is not within the size range defined by 1-7(b)(1)(a) and (b) so it is exempt from the requirements of
1-7(b)(2),(3) and (4).

R,/ R = 0.4025 does not exceed 0.7 so a U-2(g) analysis is not required per 1-7(b)(1)(c).
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Reinforcement Calculations for MAEP

UG-37 Area Calculation Summary (in2)

For Pe = 838.94 psl @ 140 °F
The openling Is adequately relnforced

UG-45
Nozzle Wall
Thickness
Summary
(in)

The nozzle
passes UG-45

A A A
required avallable A Az A3 | As | welds treq tmin
28.7969 149.0106 |-- |48.7606 [-- |-- 10.25(1.3828 |2.75

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Weld description

Required weld
throat slze (in)

Actual weld
throat size (In)

Status

Nozzle to shell fillet (Leg41)

0.25

0.35

weld size is adequate

Calculations for external pressure 838.94 psi @ 140 °F

Parallel Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

Ln

= 24.25in

Outer Normal Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

MAX(d, R, + (t, - C,) +(t- C))
MAX(24.25, 12.125 + (2.75 - 0.125) + (2.5 - 0.125))

L, = MINR5%t-C),25%t -C,)+t)
= MIN(2.5%(2.5 - 0.125), 2.5%(2.75 - 0.125) + 4.7631)
= 5.9375in

t, = MIN(5.6623 + 2.75"tan(30) , 2.75*tan(60) )
=  4.7631in

Nozzle required thickness per UG-28 t, = 1.2578 in

From UG-37(d)(1) required thickness t, = 2.375 in

Area required per UG-37(d)(1)

Allowable stresses: S, = 20,000, S, = 20,000 psi

f,=lesseroftorS /S, =1

fo=Ilesserof1or§ /S5, =1

1176
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0.5%(d"t,F + 2t *t*F*(1 - 1))
0.5%(24.25'2.375*1 + 2°5.375°2.375*1*(1 - 1))
28.7969 in?

Area available from FIG. UG-37.1

A, = larger of the following= 0 in?

Area

d*(E,*t- F*t) - 2%, *(E, "t - F*H) (1 - 1))
24.25%(1*2.375 - 1*2.375) - 2*5.375*(1*2.375 - 1*2.375)*(1 - 1)
0in?

27t + t ) (E,"t- F) - 27t (B - Byt (1 - £
2*(2.375 + 5.375)*(1*2.375 - 1*2.375) - 2*5.375*(1*2.375 - 1*2.375)*(1 - 1)
0in?

smaller of the following= 48.7606 in?

5%(t, - t,)*f,"t - (LIMIT - L,)2*f , / tan(30)
5%(5.375 - 1.2578)*1*2.375 - (5.9375 - 5.6623)2*1 / tan(30)
48.7606 in?

2*(t, - ) Fra" Ly - [(t, - £,)21aN(30) + 2*(LIMIT - Ly, - Ly )"t - t)I'F,,
2%(5.375 - 1.2578)*1*10 - [(5.375 - 2.625)2*tan(30) + 2*(10 - 5.6623 - 1.5877)*(5.375 - 2.625)]*1
62.8529 in2

Leg?*f,,
0.52*1
0.25in?

A+ A+ A,
0 + 48.7606 + 0.25
49.0106 in2

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t_; = lesser of 0.75 ort ort=0.751in

t(min) = l@sser of 0.25 or 0.7*t

=0.25in

min

tc(ac1ual) = 07*Leg =0.70.5=0.35in

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).
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UG-45 Nozzle Neck Thickness Check (Access Opening)

tiuges = 1.3828in

ta = max[ ta uG-28 ta uG-22 ]
= max[1.3828,0]
= 1.3828in

Available nozzle wall thickness new, t, =2.75in
The nozzle neck thickness is adequate.

Check Large Opening per Appendix 1-7(a)

Area required within 75 percent of the limits of reinforcement

=2/3*A=(2/3)*28.7969 = 19.1979in?

Area that is within 75 percent of the limits of reinforcement is:

A, = larger of 0 or

= (2%limits - d)*(E,"t - F*t) - 2*t *(E,*t - F*t)*(1 - f,,)

= (2"18.1875 - 24.25)*(172.375 - 1*2.375) - 2*5.375*(1*2.375 - 1*2.375)*(1 - 1)

= 0in?

Area= A+ A+ A+ A+ AL+ A+ A
= 0+48.7606+0+025+0+0+0
= 49.0106in?

The area replacement requirements of Appendix 1-7(a) are satisfied.

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, = 20.8639/35 = 0.5961
D,/t = 35/1.2578 = 27.8265
Fromtable G: A = 0.017365

From table .
CS-2: B = 17,508.6251 psi
P, = 4*B/(3*(D, /1))
= 4*17,508.63/(3*(35/ 1.2578))
= 838.94 psi

Design thickness for external pressure P, = 838.94 psi

t, = t+ Corrosion = 1.2578+0.125 = 1.3828"
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Straight Flange on 60 ID BOTTOM SE HEAD

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

Component: Straight Flange

Material specification: SA-516 70 (lI-D p. 18, In. 19)

Material is impact tested per UG-84 to -20 °F
UCS-66(i) reduction of 12.7 °F applied (ratio = 0.8733).

Internal design pressure: P = 1,378 psi @ 140 °F
External design pressure: P, = 15 psi @ 140 °F

Static liquid head:

P

s

415 psi (SG = 1.1, H, = 104.5",Operating head)
. (8G =1, H, = 70.5", Horizontal test
2.54 psi head) s

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

Design MDMT = -20 °F Impact test performed
Rated MDMT = -32.7 °F Material is normalized

Material is not produced to Fine Grain Practice

PWHT is performed

Radiography: Longitudinal joint - Seamless No RT
Circumferential joint - Full UW-11(a) Type 1

Estimated weight New = 290.8 Ib corr=277.41b
Capacity New = 24.48 US gal corr = 24.68 US gal

ID
Length
L
t

60"
— 2"
2.612"

(o

Design thickness, (at 140 °F) UG-27(c)(1)
t P*R/(S*E - 0.60*P) + Corrosion

1,382.15*30.125/ (20,000%1.00 - 0.60*1,382.15) + 0.125
2.297"

Maximum allowable working pressure, (at 140 °F) UG-27(c)(1)

P

S*E*t/ (R + 0.60*) - P
20,00071.00"2.487 / (30.125 + 0.60*2.487) - 4.15
1,569.04 psi

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, = 110.0833/65.224 = 1.6878

D,/t = 65224/0.2616 = 249.3220

From table G: A = 0.000195

From table .

cS.0: B = 2,804.8786 psi

P, = 4*B/(3*(D, /1))
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4*2,804.88 / (3*(65.224 / 0.2616))
= 15 psi

Design thickness for external pressure P, = 15 psi

t, = t+ Corrosion = 0.2616 +0.125 = 0.3866"

Maximum Allowable External Pressure, (Corroded & at 140 °F) UG-28(c)
L/D, = 110.0833/65.224 = 1.6878

D,/t = 65.224/2.487 = 26.2260

From table G: A = 0.005788

From table .
CS-2: B = 17,236.009 psi
P, = 4'B/(3*(D, /1))
= 4*17,236.01/(3%(65.224 / 2.487))
= 876.28 psi

% Extreme fiber elongation - UCS-79(d)

EFE = (50't/R)*(1-R,/R,)
(50*2.612/ 31.306)*(1 - 31.306 / o)
4.1717%

The extreme fiber elongation does not exceed 5%.
Design thickness = 2.297"
The governing condition is due to internal pressure.

The cylinder thickness of 2.612" is adequate.
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Thickness Required Due to Pressure + External Loads

Allowable
Pressure P { Stress Before Temperature ( | Corrosion C Req'd Thk Due to Req'd Thk Due to
Cendition si) UG-23 Straas °F) (in) Load Tension (in) Compresslon (in)
P Increase ( psi) P
St Sc

Operating. Hot & Corroded 1,378 20,000 | 17.359 | 140 0.125 Wind 08543 0.8459
Seismic } 0.8726 0.8227

Operatina, Hot & New 1,378 20,000 | 17.371 {140 0 Wind  10.0906 0.8421
Seismic | 0.8694 0.8182

Hot Shut Down, Gorroded 0 20,000 | 17,359 {140 0.125 Wind | 0.0008 00105
Seismic | 0.0176 0.0372

Hot Shut Down, New 0 20,000 | 17.371 | 140 0 Wind 0000 0.0108
Seismic | 0.018 0.0383

Emoty. Corroded 0 20,000 | 17.359 | 70 0.125 Wind _|0.0008 00108
Seismic | 0.0118 0.0306

Empty New 0 20,000 | 17.371 { 70 0 Wind _}0.001 0.0108
Seismic [ 0.0122 0.03t7

Vacuum 15 20,000 | 17059 | 140 0.125 Wind 100116 Q0aud
Seismic | 0.0082 0.048

Hot Shut Down. Corroded. Waight .

A naonr. couotel el | 20,000 | 17.359 | 140 0.125 Weight | 0.0016 00119

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

A

B
S

ScHC

0.125/(R, /1)
0.125/(32.612/2.487)
0.009533

17,359 psi

20,000/1.00 = 20,000 psi
min(B, S) = 17.359 psi

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

A

B
S

ScHN

0.125/(R, /1)
0.125/(32.612/2.612)
0.010012

17,371 psi

20,000/1.00 = 20,000 psi

min(B, S) = 17.371 psi

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

A

w

c¢CN

1176

0.125/(R, /1)
0.125/(32.612/2.612)
0.010012

17,371 psi

20,000/ 1.00 = 20,000 psi

min(B, S) = 17,371 psi
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Allowable Compressive Stress, Cold and Corroded- S ¢, (table CS-2)

A = 0.125/(R,/1)
= 0.125/(32.612/2.487)
= 0.009533
B = 17,359 psi
S = 20,000/1.00 = 20,000 psi
Scce = min(B, S) = 17.359 psi

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

CS-2)
A = 0.125/(R,/1)
= 0.125/(32.612/2.487)
= 0.009533
B = 17,359 psi
S = 20,000/1.00 = 20,000 psi
Sue = min(B, 8) = 17.359 psi

Operating, Hot & Corroded. Wind. Bottom Seam

t, = P'R/(2'S’KSE + 0.40%|P)) (Pressure)
= 1,378*30.125/ (2*20,000*1.20*1.00 + 0.40%*|1,378)
= 0.855"
t, = M/(@'R ¥S'K E,) (bending)
= 312,960/ (x*31.36852*20,000*1.20*1.00)
= 0.0042"
t, = W/(27nR,S'KSE,) (Weight)
= 23,199.5/(2*r*31.3685*20,000*1.201.00)
= 0.0049"
total required,
b= btk gensile) !
= 0.855 + 0.0042 - (0.0049)
= 0.8543"
t, - ot tpcl (total, net

tensile)
= ]0.0042 + (0.0049) - (0.855)|
= 0.8459"

Maximum allowable working pressure, Longitudinal Stress

P=2"S/KJE(t-t, +1,)/(R-0.40%(t-t, +t,)
= 2*20,000%1.20*1.00*(2.487 - 0.0042 + (0.0049)) / (30.125 - 0.40%(2.487 - 0.0042 + (0.0049)))
= 4,099.18 psi

Operating, Hot & New. Wind. Bottom Seam

t, = P*R/(2"SK{"E, + 0.40*|P)) (Pressure)
= 1,378*30/(2*20,000*1.20*1.00 + 0.40*|1,378)
= 0.8515"

1176 Rev. 6

152/201



t, =M/ (TR, 2*SK'E,) (bending)
= 315,781/ (n*31.306%*20,000*1.20*1.00)
= 0.0043"
t, = W/ (2't"R,"S;"K,"E,) (Weight)
= 24,089.2/ (2*n*31.30620,000%1.20*1.00)
= 0.0051"
o=ttty -t (total required, tensile)
= 0.8515 + 0.0043 - (0.0051)
= 0.8506"
to = ltme + e - bl (total, net tensile)
= 10.0043 + (0.0051) - (0.8515)]
=0.8421"

Maximum allowable working pressure, Longitudinal Stress

P=2"S"KSE (-1, +t,) / (R - 0.40%(t -1, +1,)

= 2*20,000*1.20*1.00*(2.612 - 0.0043 + (0.0051)) / (30 - 0.40*(2.612 - 0.0043 + (0.0051)))

= 4,331.42 psi

Hot Shut Down, Corroded, Wind, Bottom Seam

t, =0" (Pressure)
t, =M/ ("R 2"S *K,) (bending)
= 312,960/ (n*31.36852*17,359.27*1.20)
= 0.0049"
t, = W/ (2'n*R*S.'K) (Weight)
= 23,199.5/(2"'n*31.3685"17,359.27*1.20)
= 0.0057"

t = |tp +t -t (total, net compressive)
= |0 + 0.0049 - (0.0057)|
=0.0008"
to = tne + twe -t (total required, compressive)
= 0.0049 + (0.0057) - (0)
=0.0105"

Hot Shut Down. New, Wind. Bottom Seam

t, =0 (Pressure)
t, =M/ ("R 2*S'K,) (bending)
= 315,781/ (n*31.3062*17,371.43*1.20)
= 0.0049"
t, = W/ (2'"R_*S_"K,) (Weight)
= 24,089.2/(2"'n*31.306*17,371.43*1.20)
= 0.0059"
b=t +ty -t (total, net compressive)
= |0 + 0.0049 - (0.0059)|
=0.001"
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to=the +he -t (total required, compressive)
= 0.0049 + (0.0059) - (0)
= 0.0108"

Empty. Corroded, Wind. Bottom Seam

t, =0" (Pressure)
t, = M/ ("R 2*S.'K) (bending)
= 312,960/ (n*31.36852*17,359.27*1.20)
= 0.0049"
t, = W/ (2'T"R"S."K,) (Weight)
=23,199.5/(2"n*31.3685*17,359.27*1.20)
= 0.0057"

L=+t -ty (total, net compressive)
= |0 + 0.0049 - (0.0057)|
= 0.0008"
te = tne+ et (total required, compressive)
= 0.0049 + (0.0057) - (0)
= 0.0105"

Empty. New. Wind. Bottom Seam

t, =0 (Pressure)
t, =M/ (n*R,>*S'K,) {(bending)
= 315,781/ (n*31.306%*17,371.43*1.20)
= 0.0049"
t, = W/ (2n"R,*S_"K,) (Weight)
= 24,089.2/(2*n*31.306"17,371.43"1.20)
= 0.0059"
b=+t -t (total, net compressive)
= |0 + 0.0049 - (0.0059)]
=0001"
to=the+ the -t (total required, compressive)
= 0.0049 + (0.0059) - (0)
= 0.0108"

Vacuum, Wind, Bottom Seam

t, = P*R/(2*S."K, + 0.40*|P}) (Pressure)
=-15*30.125/(2*17,359.27*1.20 + 0.40%|15|)
=-0.0108"

t, = M/(m*R2*S_*K,) (bending)
= 312,960/ (1*31.36852*17,359.27*1.20)
= 0.0049"

t, = W/ (2'n"R*S.'K,) (Weight)
= 23,199.5/(2*x*31.3685"17,359.271.20)
= 0.0057"
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b=+t -t (total, net compressive)
= |-0.0108 + 0.0049 - (0.0057)|
=0.0116"

teo=tne+ tue -t (total required, compressive)
= 0.0049 + (0.0057) - (-0.0108)
=0.0214"

Maximum Allowable External Pressure, Longitudinal Stress

P= 2*Sc*Ks*(t e~ tae) / (R -0.40%(t- toe - twe))

= 2*17,359.27*1.20%(2.487 - 0.0049 - 0.0057) / (30.125 - 0.40%(2.487 - 0.0049 - 0.0057))

= 3,541.38 psi

Hot Shut Down, Corroded, Weight & Eccentric Moments Only, Bottom Seam

t, =0" (Pressure)
t, = M/ ("R 2*S'K,) (bending)
= 276,644 / (1*31.36852*17,359.27*1.00)
= 0.0052"
t, = W/ (2"R,*S.'K,) (Weight)
= 23,199.5/(2*n*31.3685*17,359.27*1.00)
= 0.0068"
t = |tp + 1, -t (total, net compressive)
= |0 + 0.0052 - (0.0068)|
= 0.0016"
b=ttt tpc
= 0.0052 + (0.0068) - (0)
=0.0119"

(total required, compressive)

Operating, Hot & Corroded. Seismic, Bottom Seam

t, = PR/ (2°S/K{*E, + 0.40%|P|) (Pressure)
= 1,378*30.125/(2*20,00071.20*1.00 + 0.40%|1,378|)
= 0.855"

t, =M/ ("R 2"S"KSE,) (bending)
= 1,667,950/ (n*31.36852*20,000"1.20*1.00)
= 0.0225"

t, =W/ (2n"R"S;"’K;"E,) (Weight)
= 23,199.5/(2"n*31.3685*20,000%1.2071.00)
= 0.0049"

o=ttt -, (total required, tensile)
= 0.855 + 0.0225 - (0.0049)
= 0.8726"

tye = (1 + VAccel)'W/ (2*n"R_*SK,"E,) (Weight)

= 2.00"23,199.5/ (2"1*31.3685"20,000"1.20*1.00)

= 0.0098"

t = [t + b -t (total, net tensile)
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= 10.0225 + (0.0098) - (0.855)]
= 0.8227"

Maximum allowable working pressure, Longitudinal Stress

P=2"S"KJES(t-t, +1,)/ (R-0.40%t-t, +t,)
= 2*20,000%1.20*1.00%(2.487 - 0.0225 + (0.0049)) / (30.125 - 0.40*(2.487 - 0.0225 + (0.0049)))
= 4,068.07 psi

Operating, Hot & New. Seismic, Bottom Seam

t, = PR/ (2°S/'K{E, + 0.40%|P}) (Pressure)
= 1,378"30/(220,000*1.20"1.00 + 0.40%{1,378|)
= 0.8515"
t, =M/ (m"R 2*S"KSE) (bending)
= 1,705,206 / (n*31.3062*20,000*1.20"1.00)
= 0.0231"
t, =W/ (2nR,*"S K 'E,) (Weight)
= 24,089.2/ (2*x*31.306*20,000%1.20*1.00)
= 0.0051"
o=ttty -, (total required, tensile)
= 0.8515 + 0.0231 - (0.0051)
= 0.8694"
t,. = (1 + VAccel)*'W/ (2*n*R*S;"K,"E,) (Weight)
= 2.00*24,089.2 / (2*n*31.306"20,00071.20%1.00)
= 0.0102"
t = e + tye - bl (total, net tensile)
=10.0231 + (0.0102) - (0.8515)|
=0.8182"

Maximum allowable working pressure, Longitudinal Stress

P=2"S/KJE (t-t, +1,)/(R-0.40%(t-t +t,))
= 2*20,000%1.20*1.00*(2.612 - 0.0231 + (0.0051)) / (30 - 0.40*(2.612 - 0.0231 + (0.0051)))
= 4,299.14 psi

Hot Shut Down, Corroded, Seismic, Bottom Seam

t, =0 (Pressure)
t, =M/ ("R 2*S’KE,) (bending)
= 1,667,950/ (n*31.3685%*20,000*1.20*1.00)
= 0.0225"
t, =W/ (2 n"R,"S"K,*E,) (Weight)
= 23,199.5/ (2*n*31.3685*20,000%1.20%1.00)
= 0.0049"
o=ttty -ty (total required, tensile)
= 0+ 0.0225 - (0.0049)
= 0.0176"
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tne = M/ (TR 2*SK,)
= 1,667,950 / (n*31.36852*17,359.27*1.20)
= 0.0259"

t,c = (1+ VAccel)*W / (2'm*R_*S.*K)

= 2.00723,199.5/ (2'n*31.368517,359.27*1.20)

=0.0113"

t =ttty tpc
= 0.0259 + (0.0113) - (0)
= 0.0372"

Hot Shut Down, New, Seismic, Bottom Seam

tp = 0"
t, =M/ ("R 2*S"K"E,)
= 1,705,206 / (1*31.3062*20,000*1.20*1.00)
= 0.0231"
t, =W/ (2R *SK,"E,)
= 24,089.2 / (2*'n*31.306*20,000*1.20%1.00)
= 0.0051"
tt = tp + tm : tw
= 0+ 0.0231 - (0.0051)
=0018"
tne = M/ (TR 2*S.’K,)
= 1,705,206 / (*31.3062*17,371.43"1.20)
= 0.0266"
twe = (1 + VAccel)'W / (2*n*R_*S*K,)
= 2.00*24,089.2 / (2*°n*31.306*17,371.43*1.20)
= 0.0117"
t =ttty tpc
= 0.0266 + (0.0117) - (0)
= 0.0383"

m

Empty. Corroded. Seismic, Bottom Seam

b =0

t, =M/ (@R 25K E,)
= 1,240,219/ (n*31.36852*20,000*1.20*1.00)
= 0.0167"

t, =W/ (@R, 'S K E)
= 23,199.5/ (2*n*31.3685*20,000*1.20*1.00)
= 0.0049"

tt = tp + tm - tw
=0+ 0.0167 - (0.0049)
=0.0118"

t. =M/ (TR 2'S K,

= 1,240,219/ (n*31.36852*17,359.27*1.20)

1176

(bending)

(Weight)

(total required, compressive)

(Pressure)
(bending)

(Weight)

(total required, tensile)

(bending)

(Weight)

(total required, compressive)

(Pressure)

(bending)

(Weight)

(total required, tensile)

(bending)
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= 0.0193"
t,e = (1 + VAccel)*'W/ (2'n*R*S.'K;) (Weight)
= 2.00"23,199.5/ (2*n*31.368517,359.27"1.20)
=0.0113"
te =ttt (total required, compressive)
= 0.0193 + (0.0113) - (0)
= 0.0306"

Empty. New, Seismic. Bottom Seam

t, =0 (Pressure)
t, =M/(n"R2*S;K,*E,) (bending)
= 1,281,341 / (r*31.3062*20,000*1.20*1.00)
= 0.0173"
t, =W/ (2'tT"R,*S;K*E,) (Weight)
= 24,089.2 / (2*'x*31.306*20,000%1.201.00)
= 0.0051"

t o=t +t, -t (total required, tensile)
=0+ 0.0173 - (0.0051)
0.0122"
M/ ("R 2*S"K,) (bending)
1,281,341/ (n*31.3062*17,371.43*1.20)
0.02"
t,e = (1 + VAccel)*W/ (2'n*R_*S."K) (Weight)
= 2.00"24,089.2 / (2*n*31.306*17,371.43"1.20)
=0.0117"

th

to = the+ et (total required, compressive)
=0.02 + (0.0117) - (0)
=0.0317"

Vacuum, Seismic, Bottom Seam

t

P*R/ (2"S;"KE, + 0.40*|P)) (Pressure)
-15*30.125 / (2*20,000"1.20*1.00 + 0.40*|15|)
-0.0094"
n = M/ (TR 2*S K E,) (bending)
= 1,667,950/ (=*31.36852*20,000%1.20*1.00)
= 0.0225"
t, =W/ (2'n"R,"S"K;"E,) (Weight)
= 23,199.5/ (2*1*31.3685"20,000*1.20*1.00)
= 0.0049"

t

b o=ttty -ty (total required, tensile)
= -0.0094 + 0.0225 - (0.0049)
= 0.0082"

t,e =P"R/(2°SK, + 0.40%|P}) (Pressure)
= -15"30.125/(2*17,359.2771.20 + 0.40*|15])
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=-0.0108"
toe = M/ (TR 2*S.*K,) (bending)
= 1,667,950 / (n*31.3685*17,359.27*1.20)
= 0.0259"
tye = (1 + VAccel)*W/ (2'n*R_*S_*K) (Weight)
= 2.0023,199.5/ (2'n*31.3685*17,359.27*1.20)
=0.0113"
b =tne+ e -t (total required, compressive)
= 0.0259 + (0.0113) - (-0.0108)
= 0.048"

Maximum Allowable External Pressure, Longitudinal Stress

P=2"S 'Kt -t - t,) /(R-0.40%"(t -t .- t,.))
= 2"17,359.27*1.20*(2.487 - 0.0259 - 0.0113) / (30.125 - 0.40*(2.487 - 0.0259 - 0.0113))
= 3,501.93 psi
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60 ID BOTTOM SE HEAD
ASME Section VIil, Division 1, 2010 Edition, A11 Addenda
Component: Ellipsoidal Head
Material Specification: SA-516 70 (1I-D p.18, In. 19)
Straight Flange governs MDMT
Internal design pressure: P = 1,378 psi @ 140 °F
External design pressure: P, = 15 psi @ 140 °F
Static liquid head:

P.=4.75 psi (8§G=1.1, H,=119.625" Operating head)
Py=2.54 psi (SG=1, H=70.5" Horizontal test head)

Corrosion allowance: Inner C = 0.125" Quter C=0"
Design MDMT = -20°F Impact test performed
Rated MDMT =-32.7°F Material is normalized

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

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

Estimated weight*: new = 3,524.5 |b corr = 3,363.9 Ib

Capacity™: new = 146.9 US gal corr = 149.1 US gal

* includes straight flange

Inner diameter = 60"

Minimum head thickness = 2.491"

Head ratio D/2h = 2(new)

Head ratio D/2h = 1.9917 (corroded)

Straight flange length L = 2"

Nominal straight flange thicknesst;, = 2.612"

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) = 2.2108"
Design thickness due to external pressure (t,) = 0.2819"
Maximum allowable working pressure (MAWP) = 1.562.35 psi
Maximum allowable external pressure (MAEP) = 750.1 psi

K (Corroded)
K=(1/6)*[2 + (D / (2*h))2]=(1/6)*[2 + (60.25 / (2*15.125))?]=0.994502
K (New)

K=(1/6)*[2 + (D / (2*h))2]=(1/6)*[2 + (60 / (2*15))?]=1
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Design thickness for internal pressure, (Corroded at 140 °F) Appendix 1-4(c)

t

P*D*K/ (2*S*E - 0.2*P) + Corrosion
1,382.75*60.25*0.994502 / (2*20,000*1 - 0.2*1,382.75) + 0.125
2.2107"

The head internal pressure design thickness is 2.2108".

Maximum allowable working pressure, (Corroded at 140 °F) Appendix 1-4(c)

P

2'S'E*t/ (K'D + 0.2*1) - P,
2*20,00071*2.366 / (0.994502*60.25 +0.2*2.366) - 4.75
1,562.35 psi

The maximum allowable working pressure (MAWP) is 1.562.35 psi.

Design thickness for external pressure, (Corroded at 140 °F) UG-33(d)

Equivalent outside spherical radius (R )

R

(o}

K, D,
0.8359*64.982
54.3198 in

0.125/ (R, /1)
0.125/ (54.3193 / 0.156888)
0.000361

From Table g - 2193454

CS-2:

P =

a

t =

" psi
B/(R,/t)
5,193.454 / (54.3193 / 0.1569)
15 psi

0.1569" + Corrosion = 0.1569" + 0.125" = 0.2819"

Check the external pressure per UG-33(a)(1) Appendix 1-4(c)

t

1.67*P,*D*K / (2*S*E - 0.2*1.67*P,) + Corrosion
1.67*15*60.25*0.994502 / (2*20,000*1 - 0.2*1.67*15) + 0.125
0.1625"

The head external pressure design thickness (t,) is 0.2819".

Maximum Allowable External Pressure, (Corroded at 140 °F) UG-33(d)

Equivalent outside spherical radius (R,)

R

(+]

KD,
0.8359764.982
54.3193 in

0.125/ (R, /1)
0.125/(54.3193 / 2.366)
0.005445

From Table B - 17:220.94

CS-2:

1176
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B/(R,/1)
17,220.94 / (54.3193 / 2.366)
750.0974 psi

Check the Maximum External Pressure, UG-33(a)(1) Appendix 1-4(c)
P 2*S*E*t/ ((K*D + 0.2*1)*1.67) - P,

2*20,000*1*2.366 / ((0.994502*60.25 +0.2*2.366)*1.67) - 0
938.38 psi

The maximum allowable external pressure (MAEP) is 750.1 psi.
% Extreme fiber elongation - UCS-79(d)

EFE

(75't/ R)*(1 - R,/ R,)
(75*2.612 / 11.508)*(1 - 11.506 / )
17.0259%
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Bottom Drain (N1)

ASME Section VIil Division 1, 2010 Edition, A11 Addenda

tyowen = 2-4911in
Leg,, = 0.375in

—p 0.3750
2.4910\1} —-2.41 Lﬂj{-f_

|
|
il
|
|

Location and Orientation

Located on: 60 ID BOTTOM SE HEAD
Orientation: 0°

End of nozzle to datum line: 123.7383 in

Calculated as hillside: No

Distance to head center, R: 0in

Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification: SA-333 1 WId & smis pipe (II-D p. 10, In. 1)
Description: NPS 2 Sch 160

Inside diameter, new: 1.687 in

Nominal wall thickness: 0.344in

Corrosion allowance: 0.125in

Projection available outside vessel, Lpr: 4.009in

Projection available outside vessel to flange face, Lf: 8.259in

Local vessel minimum thickness: 2.491 in

Liquid static head included: 5.0724 psi

Longitudinal joint efficiency: 1

ASME B16.5-2009 Flange

Description: NPS 2 Class 900 WN A350 LF2

Bolt Material: SA-193 B7 Bolt <=2 1/2 (II-D p. 334, In. 32)
Blind included: No

Rated MDMT: -55°F per UCS-66(b)(1)(b)

Liquid static head: 5.1713 psi

MAWP rating: 2,146 psie@ 140°F

MAP rating: 2,220 psi@ 50°F

Hydrotest rating: 3,350 psi@ 50°F
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PWHT performed: Yes
Circumferential joint radiography: Full UW-11(a) Type 1
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Reinforcement Calculations for Chamber MAWP

UG-45 Nozzle
UG-37 Area Calculation Summary Wall
(in?) Thickness
For P = 1,383.07 ps| @ 140 °F Summary (in)
The nozzle passes
UG-45
A A A
required | avallable | A1 | A2 | A3 [ A5 | Loigs | trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) e

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 slze (In) | throat slize (In) Status
Nozzle to shell fillet {Legy1) 0.15383 0.2625 weld size is adequate

Calculations for internal pressure 1,383.07 psi @ 140 °F
Fig UCS-66.2 general note (1) applies.

Nozzle is impact tested to -50 °F with an additional 5 °F reduction per UCS-66(g).

Nozzle UCS-66 governing thk: 0.301 in
Nozzle rated MDMT: -85 °F
Parallel Limit of reinforcement per UG-40

Ly MAX(d, R, + (t. - C.) + (t- C))
MAX(1.937, 0.9685 + (0.344 - 0.125) + (2.491 - 0.125))
= 3.5535in

Outer Normal Limit of reinforcement per UG-40

L,, MIN(2.5%(t - C), 2.5*(t, - C,) + t,)
MIN(2.5*(2.491 - 0.125), 2.5*(0.344 - 0.125) + 0)
=  0.5475in

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

t, PR,/ (S,’E - 0.6*P)
1,383.0724%0.9685 / (15,700*1 - 0.6*1,383.0724)
0.0901 in
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Required thickness t, from UG-37(a)(c)

t, P*K,*D/ (2*S*E - 0.2*P)
1,383.0724*0.8963*60.25 / (2"20,000*1 - 0.2*1,383.0724)
1.8802 in

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

UW-16(c) Weld Check

Fillet weld: t_;,, = lesser of 0.75 ort, ort=0.219in
tminy = lesser of 0.25 or 0.7"t;, = 0.1533 in
tactuay = 0-77Leg = 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

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

tiuger = P'R/(S’E-0.6P) + Corrosion
= 1,383.1713%0.9685/(15,700*1 - 0.6*1,383.1713) + 0.125
= 0.2151in
ta = max[ ta uG-27 » ta UG-22 ]
= max[0.2151,0]
= 0.2151in
toq = 22112in
b1 = max[ty, tyars ]
= max[2.2112,0.1875]
= 22112in
ty = min[tg,t,]
= min[0.2598,2.2112]
= 0.2598in
teas = max(t,, ]
= max[0.2151, 0.2598 ]
= 0.2598in

Available nozzle wall thickness new, t = 0.875%0.344 = 0.301 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-45 Nozzle
UG-37 Area Calculation Summary Wall
(in?) Thickness
For Pe = 750.1 ps| @ 140 °F Summary (in)
The nozzle passes
UG-45
A A A
required | available At | Az | A3 | As | oigs treq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 02208 10.301

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Requlred weld Actual weld
throat size (In) | throat size (In)

Nozzle to shell fillet (Leg41) 0.1533 0.2625 weld size is adequate
Calculations for external pressure 750.1 psi @ 140 °F

Weld description Status

Paralle! Limit of reinforcement per UG-40

Ly

MAX(d, R, + (t,-C,) + (t- C))

MAX(1.937, 0.9685 + (0.344 - 0.125) + (2.491 - 0.125))
= 3.5535in

Outer Normal Limit of reinforcement per UG-40

L MIN(2.5%(t - C), 2.5*(t, - C,) + 1)
MIN(2.5%(2.491 - 0.125), 2.5%(0.344 - 0.125) + 0)

0.5475in

Nozzle required thickness per UG-28 t , = 0.0861 in

From UG-37(d)(1) required thickness t_=2.366 in

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

UW-16(c) Weld Check

Fillet weld: t;, = lesser of 0.75 ort ort=0.219in
tomin) = lesser of 0.25 or 0.7*t ;= 0.1533 in
t(actuay = 0-7"Leg = 0.770.375 = 0.2625 in

The fillet weld size is satisfactory.
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Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

Interpretation VII1-1-83-66 has been applied.

Lucss = 02111in

a max[ t, yc.o8 » taug-22 ]
= max[0.2111,0]

= 02111in

top = 1.2529in

tho = max[ty, tyers ]
- max[1.2529,0.1875]
= 1.2529 in

ty = min[t,,t,]
= min[0.2598 , 1.2529 ]
= 0.2598in

tuges = max[t,, t,]
= max[0.2111,0.2598 ]
= 0.2598in

Available nozzle wall thickness new, t, = 0.875*0.344 = 0.301 in
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, = 8259/2375 = 34775
D,/t = 28375/0.0861 = 27.5742
From table G: A = 0.002387
From table .
cS-2: B = 15,512.509 psi
P, = 4B/ (3*(D, /1))
= 4*15,512.51/(3*(2.375/0.0861))
= 750.1 psi

Design thickness for external pressure P, = 750.1 psi

t, = t+ Corrosion = 0.0861+0.125 = 0.2111"

1176 Rev. 6

168/201



63-1/4" OD Skirt

Material: SA-516 70 (II-D p. 18, In. 19)
Design temperature, operating: 140 °F

Design temperature, vacuum: 0 °F

Inner diameter at top, new: 61.75 in

Inner diameter at bottom, new: 61.75 in

Overal! length (includes base ring thickness): 23.25 in

Corrosion allowance inside: 0 in

Corrosion allowance outside: 0 in

Weld joint efficiency top: 0.55

Weld joint efficiency bottom: 0.8

Nominal thickness, new: 0.75 in

Skirt is attached to: 60 1D BOTTOM SE HEAD
Skirt attachment offset: 7.4575in down from the top seam

Skirt design thickness, largest of the following + corrosion = 0.0557 in
The governing condition is due to earthquake, compressive stress at the base, operating & new.

The skirt thickness of 0.75 in is adequate.
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. Vessei Governing Temperature Allowabie | Calculated | Required
oadlng Condition Skirt Stress Stress/E | thickness
(Stress) Location R (psh (psi) (in)
Wind operating, corroded (+) |top 140 21,012.37 |-130.1 0.0046
Wind operating, corroded (-) | bottom 140 21,012.37 {419.41 0.015
Wind operating, new (+) top 140 21,012.37 |-135.09 0.0048
Wind operating, new (-) bottom 140 21,012.37 | 426.85 0.0152
Wind empty, corroded (+) top 50 21,012.37 |-41.16 0.0015
Wind empty, corroded (-) bottom 50 21,012.37 | 330.47 0.0118
Wind empty, new (+) top 50 21,012.37 |-46.98 0.0017
Wind empty, new (-) bottom 50 21,012.37 |338.74 g.0121
Wind vacuum, corroded (+) top 0 21,012.37 |-13041 0.0046
Wind vacuum, corroded (-} bottom 0 21,012.37 | 419.41 0.015
Seismic | operating, corroded (+) | top 140 26,000 912.72 0.0283
Seismic | operating, corroded (-) | bottom 140 21,012.37 |1,525.18 0.0544
Seismic | operating, new (+) top 140 26,000 932.63 0.0269
Seismic | operating, new (-) bottom 140 21,012.37 |[1,559.42 0.0557
Seismic | empty, corroded (+) top 50 26,000 709.59 0.0205
Seismic | empty, corroded (-) bottom 50 21,012.37 |[1,080.46 0.0386
Seismic | empty, new (+) top 50 26,000 731.28 0.0211
Seismic | empty, new (-) bottom 50 21,012.37 |1,118.79 0.0399
Seismic | vacuum, corroded (+) top 0 26,000 912.72 0.0263
Seismic | vacuum, corroded (-) bottom 0 21,012.37 |1,525.18 0.0544

Loading due to wind, operating & corroded

Windward side (tensile)

Required thickness, tensile stress at base:

—
o

-W/ (n*D*S,"E) + 48*M/ (n*"D?*S"E)
-40,423.69 / (n*62.5*21,012*1) + 48*27,784.9 / (1*62.5*21,012"1)

0.0046 in

Required thickness, tensile stress at the top:

L
1

-W, / (n*D,*S,"E) + 48'M,/ (1*D2*S,E)
-39,411.11/ (n*62.5*21,012*1) + 48*26,370.5 / (n"62.52*21,012"1)

0.0046 in

Leeward side (compressive)

Required thickness, compressive stress at base:

L
]

1176

W/ (m*D*SE,) + 48*M / (*D?*S_'E,)
40,423.69 / (n*62.5'21,0121) + 48°27,784.9 / (1°62.52*21,012"1)

0.015in
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Required thickness, compressive stress at the top:

t

W,/ ('D;"S°E,) + 48*M, / (m*D2*S,'E,)
39,411.11/ (n*62.5"21,0121) + 48"26,370.5 / (n*62.52"21,012"1)
0.01451n

Loading due to wind, operating & new

Windward side (tensile)

Required thickness, tensile stress at base:

t

-W/(n*D*S"E) + 48*M / (n*D?*S,*E)
-41,339.78 / (n*62.5"21,012*1) + 48*28,020 / (n*62.52*21,012*1)
0.0048 in

Required thickness, tensile stress at the top:

t

W,/ (n*D,*S,"E) + 48*M, / (n*D2*S,*E)

-40,327.2 / (n62.5*21,012*1) + 48*26,605.6 / (1*62.52*21,012*1)
0.0048 in

Leeward side (compressive)

Required thickness, compressive stress at base:

t

W/ (n*D*S'E,) + 48*M / (n*D>*S_'E,)
41,339.78 / (n"62.5*21,012"1) + 48*28,020 / (n*62.52*21,012*1)
0.0152in

Required thickness, compressive stress at the top:

t = W,/ (r'DS,'E,) + 48"M, / ("D2*S_'E,)
40,327.2 / (1°62.5"21,012*1) + 48"26,605.6 / (1*62.5221,012*1)

0.0147in

Loading due to wind, empty & corroded

Windward side (tensile)

Required thickness, tensile stress at base:

t

-W/ (T*D*S,'E) + 48*M / ("D2'S,"E)
-27,326.21 / (1°62.5*21,012*1) + 48"27,784.9 / (1*62.52°21,012*1)
0.0015 in
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Required thickness, tensile stress at the top:

t

-W,/ (n*D;*S,"E) + 48*M,/ (n*D2*S,"E)

-26,313.63/ (1*62.5*21,012*1) + 48*26,370.5 / (n*62.52*21,012*1)
0.0015in

Leeward side (compressive)

Required thickness, compressive stress at base:

t

W/ (m*D*S'E,) + 48*M / (*D2*S 'E,)
27,326.21 / (1*62.5*21,012*1) + 48*27,784.9 / (n*62.52*21,012"1)
0.0118in

Required thickness, compressive stress at the top:

t

W,/ (*D*S'E,) + 48"M, / (n*D2*S,'E,)
26,313.63 / (162.5'21,012*1) + 4826,370.5 / (n*62.52"21,012"1)
0.0113in

Loading due to wind, empty & new

Windward side (tensile)

Required thickness, tensile stress at base:

t -W / (n*D*S,E) + 48*M / (n*D?*S"E)
-28,364.53 / (1*62.5*21,012*1) + 48*28,020 / (n*62.52*21,012*1)

0.0017in

Required thickness, tensile stress at the top:

t

W,/ (n*D,*S;'E) + 48*"M,/ (n"'D2'S,'E)

-27,351.94 / (1*62.5*21,012*1) + 48*26,605.6 / (1*62.52"21,012*1)
0.0017in

Leeward side (compressive)

Required thickness, compressive stress at base:

t

W/ (n*D*SE,) + 48"M/ (n*D?*S'E,)
28,364.53 / (1*62.5*21,012*1) + 48*28,020 / (1*62.52"21,012*1)
0.0121in

Required thickness, compressive stress at the top:

t

W,/ (*DSE,) + 48°M, / (n*D2*S'E,)
27,351.94 / (1*62.5*21,012*1) + 48*26,605.6 / (1*62.5221,012*1)
0.0116in
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Loading due to wind, vacuum & corroded

Windward side (tensile)

Required thickness, tensile stress at base:

t

-W/ (n*D*S"E) + 48*"M / (n*D?*S,*E)
-40,423.69/ (n*62.5"21,012*1) + 48*27,784.9 / (1*62.52*21,012*1)
0.0048 in

Required thickness, tensile stress at the top:

t

-W,/ (n*Dy*S,"E) + 48*M,/ (n*D2*S,'E)

-39,411.11/ (n*62.5*21,012*1) + 48*26,370.5 / (n*62.52*21,012*1)
0.0046 in

Leeward side (compressive)

Required thickness, compressive stress at base:

t

W/ (n*D*S,'E,) + 48°"M / (n*D?*S_'E,)
40,423.69 / (1'62.5*21,012*1) + 48*27,784.9 / (1*62.5221,012*1)
0.015in

Required thickness, compressive stress at the top:

t

W,/ (DS E,) + 48*M, / (1*D2'S,E,)
39,411.11/ (n*62.5%21,012*1) + 48°26,370.5 / (n*62.52°21,012*1)
0.0145in

Loading due to earthquake, operating & corroded

Tensile side

Required thickness, tensile stress at base:

t

-W/ (n*D*SE) + 48*M / (n*D?*S'E)
-40,423.69 / (n*62.5"26,00070.8) + 48*187,179.7 / (n*62.52*26,000*0.8)
0.0253in

Required thickness, tensile stress at the top:

t

-W,/ (n*D,*S'E) + 48"M, / (n*D2*S,"E)
-39,411.11/ (n*62.5*26,000%0.55) + 48*147,573.4 / (n*62.52*26,0000.55)
0.0263 in
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Compressive side

Required thickness, compressive stress at base:

t

(1 + VAccel)*W / (©*D*S_*E,) + 48*"M/ (n*D2*S 'E )
(1 + 1)*40,423.69 / (n*62.5*21,012*1) + 48*187,179.7 / (1*62.52*21,012*1)
0.0544 in

Required thickness, compressive stress at the top:

t

(1 + VAccel)*W, / (n*D;*S,*E,) + 48"M, / (n*D2*S'E,)
(1+1)"39,411.11 / (n*62.5"21,012*1) + 48*147,573.4 / (1*62.52"21,012*1)
0.0466 in

Loading due to earthquake, operating & new

Tensile side

Required thickness, tensile stress at base:

t

-W/ (n*D*S,'E) + 48*M / (n*D#*S*E)
-41,339.78 / (n*62.5*26,000*0.8) + 48*191,359.8 / (n*62.5%*26,00070.8)
0.0259 in

Required thickness, tensile stress at the top:

t

-W,/ (n*D;*S,'E) + 48*M, / (n*D2*S,'E)

-40,327.2 / (n*62.5*26,000*0.55) + 48*150,865.9 / (n*62.52*26,000*0.55)
0.0269 in

Compressive side

Required thickness, compressive stress at base:

t = (1+VAccel)'W/ ("D*S_*E,) + 48'M / (n*D?'S E,)
(1 +1)*41,339.78 / (1*62.5*21,012*1) + 48*191,359.8 / (n*62.52*21,012*1)

= 0.0557in

Required thickness, compressive stress at the top:

t

(1 + VAccel)*W, / (t*D,*S,'E,) + 48"M, / (1"D2*S'E,)
(1 + 1)*40,327.2 / (1*62.5*21,012*1) + 48*150,865.9 / (n*62.52*21,012*1)
0.0476 in

Loading due to earthquake, empty & corroded
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Tensile side

Required thickness, tensile stress at base:

t -W/ (n*D*S*E) + 48"M / (n*D?*S,"E)
-27,326.21 / (n*62.5*26,0000.8) + 48*136,014.5 / (1*62.52*26,000*0.8)

= 0.0189in

Required thickness, tensile stress at the top:

t

-W,/ (n*D;*S,"E) + 48*M, / (*D2*S,*E)

-26,313.63 / (1*62.5*26,000*0.55) + 48*109,096.9 / (1*62.52*26,000*0.55)
0.0205in

Compressive side

Required thickness, compressive stress at base:

t

(1 + VAccel)*W / (n*D*S_E,) + 48°M / (*D2'S_'E,)
(1 +1)27,326.21 / (1*62.5*21,012*1) + 48*136,014.5 / (n*62.5221,012*1)
0.0386 in

Required thickness, compressive stress at the top:

t = (1+VAccel)'W,/ (1D *S,'E,) + 48*M, / (n"D2'S,'E,)
(1 +1)'26,313.63 / (1'62.5"21,012*1) + 48*109,096.9 / (n*62.52*21,012*1)

0.0331in

Loading due to earthquake, empty & new

Tensile side

Required thickness, tensile stress at base:

t

-W / (n*D*SE) + 48*M / (*D2*S,’E)
-28,364.53 / (1*62.5%26,000%0.8) + 48*140,660.2 / (1*62.52"26,0000.8)
0.0195in

Required thickness, tensile stress at the top:

t = -W,/(n'D;S,'E) + 48*M, / (1*D2*S;'E)
-27,351.94 / (1*62.5"26,000%0.55) + 48*112,736.4 / (1'62.52*26,000*0.55)
0.0211in

Compressive side
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Required thickness, compressive stress at base:

t

(1 + VAccel)*W / (*D*S_*E,) + 48*M / (n*D?*S_'E,)
(1 + 1)*28,364.53 / (1*62.5"21,012*1) + 48*140,660.2 / (1*62.5221,012*1)
0.0399 in

Required thickness, compressive stress at the top:

t

(1 + VAccel)*W, / (1*D,*S,*E,) + 48"M, / (n*D2*S'E,)
(1+1)*27,351.94 / (1'62.5*21,012*1) + 48*112,736.4 / (1"62.52*21,012*1)
0.0342 in

Loading due to earthquake, vacuum & corroded

Tensile side

Required thickness, tensile stress at base:

t

W/ (*D*S'E) + 48*M / (n*D?*S"E)
-40,423.69 / (1*62.5*26,000*0.8) + 48+187,179.7 / (1*62.52*26,000*0.8)
0.0253 in

Required thickness, tensile stress at the top:

t

-W,/ (*D;*S*E) + 48*M, / (n*D2*S,'E)

-39,411.11 / (n*62.5*26,000*0.55) + 48*147,573.4 / (n*62.52*26,000*0.55)
0.0263 in

Compressive side

Required thickness, compressive stress at base:

t

(1 + VAccel)*W / (n*D*S_*E ) + 48*M/ (n*D?*S_"E )
(1 +1)*40,423.69 / (n*62.5*21,012*1) + 48*187,179.7 / (1*62.5>*21,012"1)
0.0544 in

Required thickness, compressive stress at the top:

t

(1 + VAccel)*W, / (1*D,"S'E,) + 48'M, / (1*D2*S,'E,)
(1 +1)*39,411.11 / (1°62.5"21,012*1) + 48*147,573.4 / (n*62.52"21,012"1)
0.0466 in
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Geometry Inputs

Tail lug

Attached To 63-1/4" OD Skirt
Material SA-516 70N
Orientation Longitudinal
Distance of Lift Point From Datum 123.2075"
Angular Position 225.00°

Length of Lug, L 5"

Height of Lug, H 7.5"

Thickness of Lug, t 1.5"

Hole Diameter, d 1.5625"

Pin Diameter, Dp 1.5"

Load Eccentricity, a, 0"

Distance from Load to Shell or Pad, a, |5"

Weld Size, t,, 0.625"

Load Angle Normal to Vessel, B 42.0000 °

Load Angle from Vertical, ¢ -48.0000 °
1176 Rev. 6

177/201



Intermediate Values

Load Factor 1.5000
Vessel Weight (new, incl. Load Factor), W 43247 Ib
Lug Weight (new), W, . 16 Ib
Distance from Center of Gravity to Top Lug, |, 67.5931"
Distance from Center of Gravity to Tail Lug, 1, 70.6144"
Distance from Vessel Center Line to Tail Lug, I;  [36.625"
Allowable Stress, Tensile, o, 19980 psi
Allowable Stress, Shear, o, 13320 psi
Allowable Stress, Bearing, o, 29970 psi
Allowable Stress, Bending, o, 22201 psi
Allowable Stress, Weld Shear, 1, ,abie 13320 psi
Allowable Stress set to 1/3 Sy per ASME B30.20 [No

Summary Values

Required Lift Pin Diameter, d ., {1.0054
Required Lug Thickness, t,. 0.4705'

Lug Stress Ratio, 6,,;, 0.51

Weld Shear Stress Ratio, 1., 0.33

Lug Design Acceptable
Local Stresses Unacceptable
Base ring loading Acceptable
Lift Forces

Lift force on lugs during rotational lift (0° < o < 90°):

2'F5p = W*(l,"cos(ar) + I3*sin(a)) / (1, *cos(a) + I,*cos(a) + |3"sin(at) )
Frai = W - (2°F)
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af°] | Fglibfl | Folibf]
0 11,048 | 21,151
15 11,749 | 19,749
30 12,451 | 18,344
45 13,264 | 16,720
60 14,375 | 14,497
75 16,307 | 10,634
90 21,624 0
521 13,726 | 15,794
02 11,048 | 21,151

stress.

1Lift angle at maximum lug

stress.

2Lift angle at maximum weld

Lug Pin Diameter - Shear stress

reqd

reqd /D

/o,

Lug Thickness - Tensile stress

treqd

reqd It

6 /o,

Lug Thickness - Bearing stress

reqd

1176

p =

(2*F, / (n*o))05

(221,151 / (1*13,320))05

1.0054 /1.5

F./A

F,/(2*(0.25"1'D,2))
21,151 / (2*(0.25n*1.52))

5,984 /13,320

F/7((L-d)o)

21,151/ ((5 - 1.5625)*19,980)

0.308/1.5

F /A

F. /(L - d)*t)

21,151/ ((5 - 1.5625)*1.5)

4,102/ 19,980

F,/ (D,G,)
21,151/ (1.5*29,970) =

= 1.0054"
= 0.67 Acceptable
= 5,984 psi
= 045 Acceptable
= 0.308"
= 0.21 Acceptable
= 4,102 psi
= 021 Acceptable
0.4705"
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/t = 04705/15 = 0.31 Acceptable

G = Fv/Abearing
= Fv/ (Dp*(t))
= 21,151/(1.5*(1.5)) = 9,400 psi

c6/o, = 9,400/29,970 0.31 Acceptable

Lug Thickness - Shear stress

treqd [Fv / c55] / (2*Lshear)
= (21,151/13,320)/(2'2.0153) = 0.394"
treqd/t = 0.394/15 = 0.26 Acceptable
T = Fv/Ashear
= F/ (2*t*Lshear )
= 21,151/(2*1.5*2.0153) = 3,498 psi
t/0, = 3,498/13,320 = 0.26 Acceptable

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

T4
'y i 1I—ff\

o = 55°D,/d
= 55*1.5/1.5625
- 528°
Lenear (H - a2 - 0.5°d) + 0.5°D,"(1 - cos(9))

= (7.5-5-05%1.5625) + 0.5*1.5%(1 - cos(52.8))
= 20153"

Lug Plate Stress

Lug stress tensile + bending during lift:
ratic = [Ften / (Aien*ct)] + [Mbend / (Zbend*cb)] <1

= [(Faila)*cos(a) )/ (t'L*cy)] + [(6*abs(F (o) sin(e)*Hght - Fy(a)*cos(a)*a) ) / (t'L2*op)] < 1
15,794*cos(52.0) / (1.5*5*19,980) + 6*abs(15,794*sin(52.0)*5 - 15,794"cos(52.0)*0) /
(1.5*52*22,201)
= 051 Acceptable

()
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Weld Stress

Weld stress, tensile, bending and shear during lift:

Direct shear:

Maximum shear stress occurs at lift angle 0.00°; lift force = 21,151 Ibf

Aveg = 27(0.707)t,*(b, +d, +1)

2*(0.707)*0.625*(5 + 4.875 + 1.5) = 10.0527 in?

T = Fta"*COS(a) / Aweld
= 21,151*cos(0.0) / 10.0527 = 2,104 psi
Ts = FtaiI*Sin(a) / Aweld

21,151*sin(0.0) / 10.0527 = 0 psi

Torsional shear:

Weld areas

Ai = 0.707”tW*Li

A1 = 0.707*0.625*4.875 =2.1541 in?

A2 = 0.70770.625*5 = 2.2094 in?

Aweld torsion  — L Ai =4.3635 in?

Weld centroid locations

x1 = 0"

y, = 2.4375"

X, = 2.5"

y2 - Oll

Xbar =X (Ai'xi) /):Ai

Yoar = Z(ATY)/ZA

Xbar = (2.154170 + 2.2094*2.5) / 4.3635 1.2658"
Ybar = (2.1541*2.4375 + 2.2094*0 ) / 4.3635 1.2033"
Radius to centroid locations

o= SO{(Xpar - %)% + (Yo, - ¥i)?)

r, = sqr((1.2658 - 0)2 + (1.2083 - 2.4375)2) = 1.7679"
r, = sqr{ (1.2658 - 2.5)2 + (1.2033 - 0)? ) = 1.7237"
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Radial distance from centroid to weld:

r = sqr( AX? + AY?)
= sqr( 3.73422 + 1.20332) =3.9233"

6, = arctan( AY / AX)

r

= arctan( 1.2033/3.7342) =17.86°
Polar Moment of Area

= 0.707*t,M(L3) /12
0.707*0.625*(4.875%) / 12 = 4.2662 in*
0.707*0.625*(5%) / 12 = 4.6029 in*

= 2T+ AT IParallel axis theorem (weld on both sides of
ug)
2*(4.2662 +
B 2.1541*(1.7679)2 + B -
J = (4.6029 + = 44.33in
2.2094*(1.7237)?) ]

—_

J
J
J2
J

Secondary shear

T, =M*r/J
= [Floy*cos(a) (X - Xpg) - Flo)*sin(a)* (Y - Yy )1 * r/J
= (21,151*c0s(0.0)*(2.5 - 1.2658) - 21,151*sin(0.0)*(5 - 1.2033) )*3.9233 / 44.3326
= 2,310 psi

Toaio = SAF( (T, +1,°€08(6,))2 + (T4 + T,"8IN(B,))? ) / T40wapte < 1

sqr ( (2,104 + 2,310*cos(17.86))2 + (0 + 2,310*sin(17.86) )2 ) / 13,320
0.33 Acceptable

EN 13445 Lift Lug Procedure

Geometry Inputs - EN13445

Nominal Vessel Thickness, e, |0.75"
Pad Thickness, e, 0"
Length of Lug, b, 5"
Width of Pad, b, 0"
Length of Pad, b, 0"

Intermediate Values - EN13445

Equivalent Diameter of Vessel at Lug, 1D, 61.75"

Shell Allowable Stress, f Egiooo

Pad Allowable Stress, f, N/A

Design Factor, K, 1.2500
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Summary Values - EN13445

Force on Vessel, F, 17.076 1bf
Maximum Allowable Load, F .. 12.200 Ibf
Load Acceptance Ratio, Fg / Fg.., |1.3997

Lug Design Unacceptable
Equivalent Inner Diameter

ID,; = cone inner diameter at center of lug

IDeq = D,/ cos(a)

IDeg = 61.75/cos(0)

D = 61.75"

eq

Applied Force

F

- force on vessel at lug

Ftail

Far W1 - (I,"cos(a) + 13"sin(a)) / (1,*cos(a) + |, *cos(a) + |,*sin(ot) )]
= 43,247*(1 - (70.6144%cos(42.0000) + 36.625"sin(42.0000)) / (67.5931*cos(42.0000) + 70.6144*cos(42.0000) + 36.625"*s
= 17.076 Ibf

where 'l,"is the distance between the center of gravity and the top lug

,' is the distance between this tailing lug and the center of

gravity

'ly" is the distance between the vessel centerline and this tailing

lug {

Lug factors

A = line load factor
A = b/ sqr(IDeq*en)
= 5/sqr(61.750.75)
= 0.735
v, = ratio between local membrane stress and local bending stress
v, = min(0.08"A, 0.2)
= 0.059
o, _ global membrane
stress
o = P*IDgy/ (2%,)
= 0'61.75/(2*0.75)
= 0.0000 psi
y _ ratio between global membrane stress and
2 allowable stress
v, = o,/ (K
= 0/(1.25*20,000)
= 0
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K,y = 1/(1.2'sqgr(1 + 0.06"A2))
= 1/(1.2*sqr(1 + 0.06%0.73472))
= 0.8202

Ky = 1/(0.6"sar(1 + 0.03"A?))
= 1/(0.6"sqr(1 + 0.03%0.73472))
= 1.6533

Bending Limit Stress

K, = (1-v.2) /(18 4+ vy*vy) + 5qr( (1/3 + v;*v,)2 + (1 - v,2)*v,2))
(1-02)/((1/3 + 0.0588%0) + sqr( (1/3 + 0.0588*0)2 + (1 -
0%)*0.05882 ) )

= 1.4885

Gy = KKt
= 1.4885*1.25"20,000
= 37,213 psi

Maximum Allowable Load

Famax = Op a2/ (Ki3*|cos(B)| + K *lay*sin(B) - a,*cos(B)| / b,)

37,213*(0.75)2 / (0.8202*|cos(42.0000)| + 1.6533*|5*sin(42.0000) - 0*cos(42.0000) | /
5)
= 12.200 Ibf

Base Ring Sectional Properties

t, 0.75" L, 3.7762" =K
: . L,, | 4.875" ——
Ly, | 2.625" L
t2
Base Ring Geometry l‘,_z—a"kﬁ’l

Effective skirt length:
R,= (D;+t,)"0.5

= (61.75 + 0.75)*0.5 = 31.25"
L, = Min(0.78*sqr(R*t,), 16™,)
= 0.78*sqr(31.25*0.75) = 3.7762"
Section Area:
A = tL, = 0.75*3.7762 = 2.8321in2
A, = t,5L, = 1*(4.875 + 2.625) = 7.5in?
Agar= A +A, = 28321+75 = 10.3321 in2
Centroid, C:
h, = L,, + 0.5, = 4875+0.5%0.75 = 5.25"

hy= 0.5%Ly,+Ly) = 0.5%(4.875+2.625) = 3.75"
C= ((A*h)) + (Ah,) )/ A

total
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= ((2.8321"5.25) + (7.5"3.75) ) / 10.3321 = 4.1612"
Moment of Inertia, |:
b= (L"t3) /12 + Aj*(h, - C)2
(8.776270.75%) / 12 + 2.8321*(5.25 -

_ . . . B -
= 4.1612) = 8350
o= t"(Los + Lyp)?/ 12 + A,*(h, - C)2
_ 1*(4.875 +2.625)3/ 12 + 7.5*(3.75 - _ 364
T 4.1612)2 ~int
Iring = I1 + I2
= 3.4904 + 36.4242 = 39.9in4

Section Modulus Z:
= l,,,,g/C = 39.9146/4.1612 = 9.592in3

Base Ring Loads without stiffener beam

Base Ring Load
W, = W=F, = 21,151 Ibf

Base Ring Loading
Reference: Roark's Formulas for Stress & Strain - 6t Edition. Table 17, Case 20
For thin ring sections k, = k, = 1

Change in vertical diameter, D,

(-W)*R3* (1K, /8 - k,2 /) / (E * )

Internal Moment, M, = R*(k, - 0.5)/ (2*m)

Internal Force, Ny = 0.75"W/n

Internal Shear Force, Vo=0

Ring loading, W, = 21,151 Ibf

Dy, = -21,151*32.3388%(n*1 /8 - 12/ =) / (29,000,000*39.9146) = -0.046"

M, = 21,151*32.3388*(1 - 0.5) / (2*m) = 54430.4090 Ibf-in
Na, = 0.75*21,151 /=« = 5,049 Ibf

Load Equations

W*R*(1 - cos(x) - 0.5*x*sin(x)) / ©t
-W¥(x"sin(x)) / (2"m)

= W*(sin(x) - x*cos(x)) / (2*r)
= M, - N*R*(1 - cos(x)) + V"R*sin(x) + LTy,
= Np*cos(x) + V,*sin(x) + LTy,

-Np*sin(x) + V*cos(x) + LT,

| I
<<2=0 005
< 2 Z
[

Load Table for Load W,
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x[°] |LTy [in-Ibf] |LT, [Ibf] LT, {ibf] [M[in-Ibf] [N [Ibf] V [Ibf]
180 (0.00 -0.00 0.00 54430.41 |5049.38 |0.00
150 |669.47 -881.28 [156.70 |33223.01 |3491.61 |-2367.99
120 |10134.98 [-3052.86 |1152.70 |-17080.23 |-528.16 (-3220.20
90 |[46723.46 |-5287.70|3366.26 |-62137.36 |-5287.70 |-1683.13
60 [129130.77 |-6105.71 |6440.40 |-61375.66 |-8630.41 |2067.50
30 |[263775.63 |-4406.42 |19315.27 |13500.46 |-8779.31 |6790.58
0 435443.27 |-0.00 10575.41 1163291.23 |-5049.38 | 10575.41
(0 ° atlug)

Maximum Stress in Base Ring Section

Allowable Base Ring Stresses

F. = 0.6'F, = 21,600 psi

F, = 0.66"F, = 23,760 psi

F, = 0.4**Fy = 14,400 psi

Base Ring Stresses

Maximum combined stress occurs at 0.00

degrees

f, = N/A = -5049/10.3321 = -489 psi

fy = M/Z = 163,291/9.5922 = 17,0283 psi
f,/F,+f,/F, =074 Acceptable
Maximum shear stress occurs at 0.00 degrees

f = V/A = 10,575/10.3321 = 1,024 psi

f /1 F = 0.07 Acceptable
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Skirt Base Ring

Base configuration:

single base plate

Foundation compressive strength: 1,658 psi
Concrete ultimate 28-day strength: 3,000 psi
Anchor bolt material: A-325
Anchor bolt allowable stress, S: 20,000 psi
Bolt circle, BC: 68.5in
Anchor bolt corrosion allowance (applied to root radius): 0in
Anchor bolt clearance: 0.375in
Base plate materiai: SA-516 70
Base plate allowable stress, S 20,000 psi
Base plate inner diameter, D;: 58in
Base plate outer diameter, D 73in
Base plate thickness, t,: 1in
Gusset separation, w: 4in
Gusset height, h: 4.625in
Gusset thickness, t : 0.3751n
Initial bolt preload: 0 % (0 psi)
Number of bolts, N: 8
. ) 1.25 inch series 8
Bolt size and type: threaded
Bolt root area (corroded), A,: 0.929 in?
Diameter of anchor bolt holes, d,: 1.625in
Foundation
Required t
Load | conaiion ot (e [botarea | mae | o
(in2) (in) (ps))
Wind [ operating, corroded | 27,784.9 | 40,890.5 0] 0.365 41.3
Wind operating, new 28,020 41,806.6 010.3682 42.02
Wind | empty, corroded 27,7849 27,793 010.3249 32.72
Wind empty, new 28,020 | 28,831.4 010.3288 33.52
Wind [ vacuum, corroded | 27,784.9|40,890.5 0} 0.365 41.3
Seismic | operating, corroded | 187,179.7 | 40,890.5 | 0.564210.9511 | 280.41
Seismic | operating, new | 191,359.8 | 41,806.6 [ 0.5768(0.9617| 286.68
Seismic | empty, corroded | 136,014.5| 27,793| 0.42210.8056| 201.17
Seismic empty, new 140,660.2 | 28,831.410.4358|0.8195| 208.17
Seismic | vacuum, corroded | 187,179.7 | 40,890.5( 0.5642 ] 0.9511| 280.41

Anchor bolt load (operating, corroded + Wind)
P=-W/N+48*M/(N*‘BC)

=-40,890.52/8 + 48 * 27,784.9/ (8"68.5)

=-2,677.6 Ib;

The anchor bolts are satisfactory (no net uplift on anchor bolt)

Foundation bearing stress (operating, corroded + Wind)

A, =pi*(D,2-D?) /4 - N'pi*d,2 / 4
= *(732 - 582) / 4 - 8*1*1.6252 / 4
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1,526.7159 in?

c=1"(D,*-Df /64

=7*(73% - 58%) / 64

=838,498.2 in*

f.=N"Aj*Preload /A, + W/A_+6"M*D,/ |,

=8"0.929*0/1,526.7159 + 40,890.52 / 1,526.7159 + 6*27,784.9*73 / 838,498.2
= 41 psi

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

Base plate required thickness (operating, corroded + Wind)

From Brownell & Young, Tabie 10.3:,1/b = 0.2201

M, = 0.0052*41*22.14992 = 104.3 Ib,

M, = -0.4525"41*4.875% = -444.1 |b,

tr = ( *Mmax / Sp)0.5

= (6*444.07 / 20,000)05

=0.365in

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, operating, corroded + Wind)
Bolt load = A, *f, =0.929"0 = 0 Ib,

t=(8.91"F /(S "(2*b / w+w / (271)-dp*(2 / w+1 / (271)))))0°

=(3.91*0/ (36,000%(2*4.875/ 4+4 / (2*2.625)-1.625*(2 / 4+1 / (2*2.625)))))0*>
=0in

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S, = 1.5"F"b / (gussets*n*t, 2*h)

= 1.5*0"4.875/ (2*1*0.75%*4.625)

=0 psi

As S, <= 30,000 psi the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (operating, new + Wind)

P=-W/N+48*M/(N*BC)

-41,806.61 /8 + 48 * 28,020 / (8°68.5)
-2,771.52 I,

The anchor bolts are satisfactory (no net uplift on anchor bolt)
Foundation bearing stress (operating, new + Wind)
A, =pi*(D,2-D?) /4 - Npi*d2/4

n*(732 - 582) [ 4 - 8*1*1.6252/ 4
1,526.7159 in?
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l=7"(D,4-D? /64
=m*(73%-58% /64
=838,498.2 in*

=N*A*Preload / A+ W/A_ +6*M*D,/ |
=8%0.929"0/1,526.7159 + 41,806.61 / 1,526.7159 + 6*28,020*73 / 838,498.2
=42 psi
As f, <= 1,658 psi the base plate width is satisfactory.
Base plate required thickness (operating, new + Wind)
From Brownell & Young, Table 10.3;,1/b = 0.2201
M, = 0.0052*42*22.14992 = 106.2 Ib,
M, = -0.4525%42*4.8752 = -451.8 b,
(6 / Sp)o .5

(6 451 84/20 ,000)05
0.3682 in

t,
The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, operating, new + Wind)
Bolt load = A.*f, =0.92970 = 0 Ib;

t=(3.91°F /(SN2 / ww / (2*1)-d,*(2 / w1/ (2'1)))))05

(
(3.9170/(36,000%(2*4.875 / 4+4 / (2*2.625)-1.625*(2 / 4+1 / (2"2.625)))))05
0in

_,

The base plate thickness is satisfactory.
Check skirt for gusset reaction (Jawad & Farr eq. 12.14)
S, = 1.5"F*b/ (gussets*n*t,2*h)

=1.5*0"4.875/ (2*1*0.75%*4.625)
= 0 psi

As S, <= 30,000 psi the skirt thickness is adequate to resist the gusset reaction.

Anchor bolt load (empty, corroded + Wind)
P=-W/N+48*M/ (N*BC)

=-27,793.03/8 + 48 " 27,784.9 / (8*68.5)

=-1,040.42 Ib,

The anchor bolts are satisfactory (no net uplift on anchor bolt)
Foundation bearing stress (empty, corroded + Wind)
A.=pi*(D,2-D? /4 -N*pi*d,2/ 4

=n*(732 - 58?) /4 - 8*1*1.6252 / 4
=1,526.7159 in?
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| =m*(D,*- D?) / 64
= (734 - 58%) / 64
= 838,498.2 in*

f.= N*A,*Preload /A, + W/A_+6*M*D, /|,
= 8*0.929*0/1,526.7159 + 27,793.03 / 1,526.7159 + 6*27,784.9*73 / 838,498.2
= 33 psi

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

Base plate required thickness (empty, corroded + Wind)
From Brownell & Young, Table 10.3:,1/b = 0.2201

M, = 0.0052*33"22.14992 = 82.7 Ib;

M, = -0.4525*33"4.8752 = -351.8 Ib;

t, = (6*Mpy, / S,)0%
= (6*351.82/20,000)05
= 0.3249 in

The base plate thickness is satisfactory.
Base plate bolt load (Jawad & Farr eq. 12.13, empty, corroded + Wind)
Bolt load = A*f, =0.929*0 = 0 Ib;

t= (3.91°F / (S,(2*b / waw / (2°1)-dy*(2 / w1 / (2°1)))))°5

(
(3.91*0/(36,000%(2*4.875 / 4+4 / (2*2.625)-1.625%(2 / 4+1 / (2*2.625)))))0°
0in

=

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S, = 1.5"F"b / (gussets*n*ty2*h)

= 1.5*0*4.875/ (2*1*0.75%*4.625)

=0 psi

As S, <= 30,000 psi the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (empty, new + Wind)

P=-W/N+48*M/(N*BC)

=-28,831.35/8 + 48 * 28,020 / (8*68.5)
=-1,149.61 Ib,

The anchor bolts are satisfactory (no net uplift on anchor bolt)
Foundation bearing stress (empty, new + Wind)
A.=pi*(D,2-D?)/4-Npi*d,2/ 4

n*(732 - 58?) / 4 - 8*1*1.6252/ 4
1,526.7159 in?

I_=n*(D,*- DY) /64

c
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= 1*(734 - 584) / 64
= 838,498.2 in*

fo=N"A*Preload /A, + W/A_+6*M*D, /|,

=8"0.929"0/1,526.7159 + 28,831.35/ 1,526.7159 + 6*28,020*73 / 838,498.2
=34 psi

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

Base plate required thickness (empty, new + Wind)

From Brownell & Young, Table 10.3:, |/ b = 0.2201

M, = 0.0052*34°22.14992 = 84.7 Ib,

M, = -0.4525"34"4.8752 = -360.5 Ib;

t

T

(6"M oy / Sp)%°

(6*360.45/ 20 ,000)05
0.3288 in

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, empty, new + Wind)
Bolt load = A_*f =0.929*0 = 0 Ib,

391°F /(S,*(2"b / w+w / (2*1)-d,* (2 / w+1 / (2'1)))))°°

= (
(3 91*0/(36,000%(2"4.875 / 4+4 / (2*2.625)-1.625*(2 / 4+1 /(2*2.625)))))05
0in

" ll-.

The base plate thickness is satisfactory.
Check skirt for gusset reaction (Jawad & Farr eq. 12.14)
S, = 1.5"F*b / (gussets*n*t,2*h)

=1.5"0"4.875/ (2*n*0.75%*4.625)
=0 psi

As S, <= 30,000 psi the skirt thickness is adequate to resist the gusset reaction.

Anchor bolt load (vacuum, corroded + Wind)

P=-W/N+48*M/(N*BC)
=-40,890.52 / 8 + 48 * 27,784.9 / (8*68.5)
=-2,677.6 Ib,

The anchor bolts are satisfactory (no net uplift on anchor bolt)
Foundation bearing stress (vacuum, corroded + Wind)

A, =pi*(D,2-D?) /4 - N*pi*d,2/ 4
=n*(732-582)/4-8*13*1.6252/ 4

=1,526.7159 in?

c

=*(D,* - D¥) / 64
(734 - 58%) / 64
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= 838,498.2 in*

f.=N*A *Preload /A, + W/ A +6"M*D, /|,

= 8*0.929*0/1,526.7159 + 40,890.52/ 1,526.7159 + 6*27,784.9*73 / 838,498.2
=41 psi

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

Base plate required thickness (vacuum, corroded + Wind)

From Brownell & Young, Table 10.3:,1/b = 0.2201

M, = 0.0052*41*22.14992 = 104.3 Ib;

M, = -0.4525"41%4.8752 = -444 .1 Ib;

max

= (6*444.07 / 20,000)05
=0.365in

t, = (6"Mpay / S,)05

The base plate thickness s satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, vacuum, corroded + Wind)
Bolt load = A_*f, =0.929"0 = 0 Ib;

t=(3.91"F /(S,*(2°b / w+w / (2*1)-dp*(2 / w+1 /(2*)))))es

(
(3.9170/ (36,000%(24.875 / 4+4 [ (2*2.625)-1.625*(2 / 4+1 / (2*2.625)))))°5
0in

=

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)
S, = 1.5"F"b / (gussets*n*t,2*h)

= 1.5*0*4.875/ (2*1*0.75%*4.625)

=0 psi

As S, <= 30,000 psi the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (operating, corroded + Seismic)
P=-W/N + 48~ M/ (N*BC)

=-40,890.52/8 + 48 * 187,179.7 / (8"68.5)

=11,283.99 Ib,

Required area per bolt = P/ S, = 0.5642 in?

The area provided (0.929 in2) by the specified anchor bolt is adequate.

Support calculations (Jawad & Farr chapter 12, operating, corroded + Seismic)

Base plate width, t: 7.5 in
Average base plate diameter, d: 65.5 in
Base plate elastic modulus, E;: 29.0E+06psi
Base plate yield stress, S 36,000 psi
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E, = 57,000*Sqr(3,000) = 3,122,019 psi
n = E/E, = 29.0E+06 /3,122,019 = 9.2889

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

= (8%0.929) / (1"65.5)
=0.0361 in

From table 12.4 for k = 0.271492:

K, = 25042, K,=1.4308
L, = 14.9706, L, = 36.9789, L, = 14.0992

Total tensile force on bolting

T=(12"M-W*L, + L) / (L, + Ly)

= (12*187,179.7 - 40,890.52 *(14.9706 + 14.0992)) / (36.9789 + 14.0992)

=20,703.19 Ib;

Tensile stress in bolts use the larger of f, or bolt preload = 0 psi
fo=T/(t*(d/2)*K,)

=20,703.19/(0.0361 * (65.5/ 2) * 2.5042)

= 6,989 psi

Tota! compressive load on foundation

C.=T+ (1 + VAccel)*W + Bolt Preload

=20,703.19 + (1 + 1)*40,890.52 + 0

=102,484.22 Ib,

Foundation bearing stress

fo=Co/(((t, - tg) + n*t)*(d/ 2)*K,)

=102,484.22/ (((7.5 - 0.0361) + 9.2889*0.0361)*(65.5 / 2)*1.4308)
= 280 psi

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

/(1 +1/(n*))

]
/(1 + 6,989 / (9.2889*280))
2

k
=0.271492

7
0.
Base plate required thickness (operating, corroded + Seismic)
From Brownell & Young, Table 10.3:, |/ b = 0.2201

M, = 0.0052*280"22.14992 = 708.5 Ib,

My =-0.4525"280"4.8752 = -3,015.3 Ib,

t,= (6"M,, / S,)°

r

= (6"3,015.29 / 20,000)05
=0.9511in

The base plate thickness is satisfactory.
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Base plate bolt load (Jawad & Farr eq. 12.13, operating, corroded + Seismic)
Bolt load = A", =0.929"6,989 = 6,493.17 Ib,

t=(3.91"F/(S,*(2"b / w+w / (2*1)-d,*(2 / w+1 / (2*1)))))0>

= (3.91"6, 493 171 (36,000°(2°4.875 / 4+4 / (2*2.625)-1.625%(2 / 4+1 / (2*2.625)))))05

= 0 5827 in

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S, = 1.5*F*b / (gussets*n*t,2*h)

= 1.5"6,493.17*4.875/ (2*n*0.75%*4.625)

= 2,904.75 psi

As S, <= 30,000 psi the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (operating, new + Seismic)

P=-W/N +48* M/ (N*BC)

=-41,806.61/8 + 48 * 191,359.8/ (8*68.5)

=11,535.62 Ib;

Required area per bolt = P/ S, = 0.5768 in?

The area provided (0.929 in?) by the specified anchor bolt is adequate.
Support calculations (Jawad & Farr chapter 12, operating, new + Seismic)
Base plate width, t_: 7.5 in

Average base plate diameter, d: 65.5 in

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

Base plate yield stress, Sy: 36,000 psi

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

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

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

(8*0.929) / (n*65.5)
0.0361 in

0

From table 12.4 for k = 0.271506:

K, =2.5042, K,=1.4309
L, = 14.9697, L, = 36.9782, L, = 14.0999

Total tensile force on bolting

T=(12’M-W*(L, +L3))/ (L, + Ly)

=(12"191,359.8 - 41,806.61 *(14.9697 + 14.0999)) / (36.9782 + 14.0999)
=21,164.02 Ib;

Tensile stress in bolts use the larger of f_ or bolt preload = 0 psi

f=T/(t,*(d/2) *K,)
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=21,164.02 / (0.0361 * (65.5/ 2) * 2.5042)
= 7,145 psi

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

[+
21,164.02 + (1 + 1)*41,806.61 + 0
104,777.23 Ib,

Foundation bearing stress

fo=Co/ (((t, - 1) + n*ty)*(d/ 2)°K,)

=104,777.23/ (((7.5 - 0.0361) + 9.2889*0.0361)*(65.5 / 2)*1.4309)
= 287 psi

As f_ <= 1,658 psi the base plate width is satisfactory.
k=1/(1+1/(n*))

=1/(1+7,145/(9.2889*287))

= 0.271506

Base plate required thickness (operating, new + Seismic)
From Brownell & Young, Table 10.3:, | /b = 0.2201

M, = 0.0052*28722.14992 = 724.3 Ib,

M, = -0.4525*287"4.8752 = -3,082.7 Ib,

t = (6"M,,, / Sp)%°

= (6*3,082.67 / 20,000)05
=0.8617in

The base plate thickness is satisfactory.
Base plate bolt load (Jawad & Farr eq. 12.13, operating, new + Seismic)

Bolt load = A,*f, =0.929"7,145 = 6,637.79 Ib,

t= (3.917F /(S,*(2"b / waw / (2*1)-0,*(2 / w1 / (2*1)))))°S

= (3.91%6,637.79 / (36,000*(24.875 / 4+4 / (22.625)-1.625"(2 / 4+1 / (2*2.625)))))95

0.5891 in
The base plate thickness is satisfactory.
Check skirt for gusset reaction (Jawad & Farr eq. 12.14)
S, = 1.5"F"b / (gussets*n*t,2*h)
=1.5"6,637.79"4.875 / (2*n*0.752"4.625)
=2,969.44 psi
As S, <= 30,000 psi the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (empty, corroded + Seismic)
P=-W/N+48*M/(N*BC)
=-27,793.03/8 + 48 * 136,014.5/ (8*68.5)
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= 8,439.55 Ib,

Required area per bolt = P/ S, = 0.422 in?

The area provided (0.929 in?) by the specified anchor bolt is adequate.

Support calculations (Jawad & Farr chapter 12, empty, corroded + Seismic)

Base plate width, t_: 7.5 in
Average base plate diameter, d: 65.5 in
Base plate elastic modulus, E;: 29.0E+06psi
Base plate yield stress, Sy: 36,000 psi

E. = 57,000"5qr(3,000) = 3,122,019 psi
n=EJ/E,=29.0E+06/3,122,019 = 9.2889
(N*A) / (n*d)

(8*0.929) / (1*65.5)
.0361 in

ts
From table 12.4 for k = 0.258551:

K, =2.5324, K,=1.3942
L, = 15.8189, L, = 37.6005, L, = 13.4328

Total tensile force on bolting

T=(122M-W*(L, + L))/ (L, + Ly)

=(12*136,014.5 - 27,793.03 *(15.8189 + 13.4328)) / (37.6005 + 13.4328)

=16,051.88 Ib;

Tensile stress in bolts use the larger of f or bolt preload = 0 psi
fo=T/(,*(d/2)*K))

=16,051.88/(0.0361 * (65.5/ 2) * 2.5324)

= 5,359 psi

Total compressive load on foundation

C.=T+ (1 + VAccel)*W + Bolt Preload
=16,051.88 + (1 + 1)*27,793.03 + 0
=71,637.95 Ib;

Foundation bearing stress

f.=C./ (((t. - 1) + n*t)*(d / 2)°K))

=71,637.95/({((7.5- 0.0361) + 9.2889*0.0361)*(65.5 / 2)*1.3941)
= 201 psi

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

(1 + 1,7 (nf)

’
/(1 + 5,359 / (9.2889*201))
2

k
= 0.258551

1
0.

Base plate required thickness (empty, corroded + Seismic)
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From Brownell & Young, Table 10.3;,1/b = 0.2201
M, = 0.0052*201*22.14992 = 508.3 Ib,
M, = -0.4525*20174.875% = -2,163.2 I,

t=(6"M ./ Sp)o-5
6*2,163.18/20,000)0°

(
0.8056 in

=

The base plate thickness is satisfactory.
Base plate bolt load (Jawad & Farr eq. 12.13, empty, corroded + Seismic)
Bolt load = A_*f, =0.929*5,359 = 4,978.26 b,

t= (3.91°F /(S,*(2"b / w+w / (2°1)-0y*(2 / w1 / (2'1)))))05

= (3.91%4,978.26 / (36,000*(2*4.875 / 4+4  (2*2.625)-1.625"(2 / 4+1 / (2"2.625)))))05

=0.5102in

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S, = 1.5"F*b / (gussets™n*t,2*h)

= 1.5"4,978.26%4.875 / (2*1*0.75%*4.625)

= 2,227.05 psi

As S, <= 30,000 psi the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (empty, new + Seismic)

P=-W/N+48*M/(N*BC)

=-28,831.35/8 + 48 * 140,660.2 / (8"68.5)

=8,716.68 Ib;

Required area per bolt = P/ S, = 0.4358 in?

The area provided (0.929 in?) by the specified anchor bolt is adequate.
Support calculations (Jawad & Farr chapter 12, empty, new + Seismic)
Base plate width, t_: 7.5 in

Average base plate diameter, d: 65.5 in

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

Base plate yield stress, S, 36,000 psi

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

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

t

«n

(N*A,) / (n*d)
*0.929) / (n*65.5)
0361 in

(8
0.
From table 12.4 for k = 0.259119:
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K,=25312, K,=1.3958

L, =15.7817, L, =37.5733, L =

13.462
Total tensile force on bolting
T=(12M-W*(L, + L))/ (L, + Ly)

= (12*140,660.2 - 28,831.35 *(15.7817 + 13.462)) / (37.5733 + 13.462)
= 16,552.95 Ib,

Tensile stress in bolts use the larger of f_ or bolt preload = 0 psi
fo=T/(t,*(d/2)"K,)

=16,552.95/(0.0361 * (65.5/2) * 2.5312)

= 5,529 psi

Total compressive load on foundation

C.=T+ (1 + VAccel)*W + Bolt Preload

=16,552.95 + (1 + 1)*28,831.35+ 0

=74,215.65 Ib;

Foundation bearing stress

fo=C./(((t, - 1) + n*t)*(d/ 2)'K,)

=74,215.65/ (((7.5 - 0.0361) + 9.2889*0.0361)*(65.5 / 2)*1.3958)
= 208 psi

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

(1 +1,7(n*)

|
/(1 + 5,529 / (9.2889*208))
2

k=
=0.259119

1
0.
Base plate required thickness (empty, new + Seismic)

From Brownell & Young, Table 10.3;, |/ b = 0.2201

M, = 0.0052+208*22.14992 = 526 I,

My =-0.4525%208"4.8752 = -2,238.4 Ib;

t = (6"Myay / Sp)0°

= (6*2,238.41 / 20,000)05

=0.8195in

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, empty, new + Seismic)
Bolt load = A.*f, =0.929*5,529 = 5,136.17 Ib;

t=(3.91'F /(S,"(2"b / w+w / (2*1)-d,*(2 / w+1/ (2'1)))))0

= (3.91*5,136.17 / (36,000*(2*4.875 / 4+4 / (2*2.625)-1.625*(2 / 4+1 / (2*2.625)))))*5
=0.5182in
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The base plate thickness is satisfactory.
Check skirt for gusset reaction (Jawad & Farr eq. 12.14)
S, = 1.5"F*b / (gussets*n*t, 2*h)

=1.5*5,186.17*4.875 / (2*'n*0.752*4.625)
= 2,297.69 psi

As S, <= 30,000 psi the skirt thickness is adequate to resist the gusset reaction.

Anchor bolt load (vacuum, corroded + Seismic)

P=-W/N+48*M/(N‘BC)
=-40,890.52/8 + 48 * 187,179.7 / (8°68.5)
=11,283.99 Ib,

Required area per bolt = P/ S, = 0.5642 in?

The area provided (0.929 in?) by the specified anchor bolt is adequate.

Support calculations (Jawad & Farr chapter 12, vacuum, corroded + Seismic)

Base plate width, t_: 7.5 in
Average base plate diameter, d: 65.5 in
Base plate elastic modulus, E;: 29.0E+06psi
Base plate yield stress, Sy: 36,000 psi

E, = 57,000*Sqr(3,000) = 3,122,019 psi
n=E/E, = 29.0E+06 /3,122,019 = 9.2889

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

(8*0.929) / (1*65.5)
0.0361 in

v

From table 12.4 for k = 0.271492:

K, =2.5042, K,=1.4308
L, = 14.9706, L, = 36.9789, L, = 14.0992

Total tensile force on bolting

T=(12'M-W*(L, + L))/ (L, + Ly)
= (12°187,179.7 - 40,890.52 *(14.9706 + 14.0992)) / (36.9789 + 14.0992)
=20,703.19 Ib,

Tensile stress in bolts use the larger of f; or bolt preload = 0 psi
f,=T/(,*(d/2)*K)

=20,703.19/(0.0361 * (65.5/ 2) * 2.5042)

= 6,989 psi

Total compressive load on foundation

C.=T+ (1 + VAccel)*W + Bolt Preload

=20,703.19 + (1 + 1)*40,890.52 + 0
= 102,484.22 Ib
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Foundation bearing stress

fo=C./ (((t, - tg) + n't)"(d/ 2)*K,)

= 102 484, 22 /{((7.5 - 0.0361) + 9.2889*0.0361)*(65.5 / 2)*1.4308)
= 280 psi

As f_ <= 1,658 psi the base plate width is satisfactory.
k=1/(1+1,/(n*))

=1/(1+6,989/(9.2889*280))

=0.271492

Base plate required thickness (vacuum, corroded + Seismic)
From Brownell & Young, Table 10.3:,1/b = 0.2201

M, = 0.0052*280*22.14992 = 708.5 Ib,

M, = -0.4525*280"4.875% = -3,015.3 Ib
tr - ( 0 5
< (63, 015 29 /pzo 000)°
=0.9511in
The base plate thickness is satisfactory.
Base plate bolt load (Jawad & Farr eq. 12.13, vacuum, corroded + Seismic)
Bolt load = A,*f, =0.929"6,989 = 6,493.17 Ib,
t=(3.91"F /(S,*(2'b / w+w / (2*I)-d,*(2 / w+1 / (21)))))05
= (3.9176,493. {7/ (36,000%(2*4. 875 / 4+4 / (2*2.625)-1.625%(2 / 4+1 / (2*2.625)))))0°
= 0.5827 in
The base plate thickness is satisfactory.
Check skirt for gusset reaction (Jawad & Farr eq. 12.14)
S, = 1.5*F*b / (gussets*n*t,2*h)
=1.5"6,493.17*4.875 / (2*1*0.75%*4.625)
= 2,904.75 psi

As S, <= 30,000 psi the skirt thickness is adequate to resist the gusset reaction.
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Liquid Level bounded by Ellipsoidal Head #2

Location from datum -6.5"

Operating Liquid Specific Gravity 1.1
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