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HISTORY DOCKET
CUSTOMER : ULTRAFAB INDUSTRIES LTD.,
WO. NO. :1176PQ

A.W.C. SERIALNO. :7469

ITEM

1)
2)

3)
4)

5)

6)

7)

8)

9)

: 60" 1.D. VERTICAL H2S CONTACTOR TAG # 772-VECO-202

CONTENTS OF BOOKLET

CERTIFICATE OF COMPLIANCE

FORM U-1A MANUFACTURER'S DATA REPORT FOR PRESSURE VESSELS C/W FORM U-4
MANUFACTURER'S DATA REPORT SUPPLEMENTARY SHEET

TRAVELLER SHEETS 1&2

HYDROSTATIC TEST REPORTS/GAUGE CALIBRATION CERTIFICATE & WATER ANALYSIS
REPORT

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 Cc/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 Ruies, Section VIII, Division 1 , * ) i
1. Manutactured and certified by ALL-WELD COMPANY LIMITED., 49 PASSMORE AVE., SCARBOROUGH, ONT. M1V 4T1 CANADA
(Name and address of Manutacturer)
2 Manufactured for ULTRA FAB INDUSTRIES LTD., 261088 WAGON WHEEL CRES., ROCKY VIEW. ALBERTA, T4A 0E2 CANADA
3. Location of Installation OFF THE COAST OF ANGOLA
(Namae and address)
4. Type VERTICAL 7469 M10137.5 1176-1 REV. 6 907 2013
(Honzantal or varticat IManufacturer's serial {CRN) \Drawtng number| \National Boarg [ Year built)
tank) numbaer) number)
5. The chemical and physical properties of all parts meet the requirements of material specifications of the ASME BOILER AND PRESSURE VESSEL
COODE. The design, construction, and workmanship conform to ASME Rules, Section VIll, 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" 8'-0"
{Matenal spec number, grade) (Nominal thickness) (Corr allow ) {Inner diameter) {Length (overall) |
7. Seams: TYPE FULL 100% 1100°F 2.25 TYPE 1 FULL 100% 1
|Long (weided. dbt . sngi., lap, [R T (spot or tull){ (EH °0) (H Ttemp) (Time. hr) [Girnth (weldad. dbl . R T (spot EH % {No. of courses)
buttit snal lap buttll  orfulli ]
8. Heads: (a) Material SA-516-70N {b) Material SA-516-70N
(Spec no, grade) {Spec no , grada)
Location (Top. Minimum Corrosion Crown Knuckle Eltiptical Conical Hamispharical Flat Side to Pressure
Bottom, Ends) Thickness Allowance Radius Radius Ratio Apex Angle Radius Diamster (Convex or Concave)
(a) TOP 2.491° 0.125" - - 2:1 - -- - CONCAVE
(b) BOTTOM 2.491" 0.125" - - 21 - -- - CONCAVE
If removable, boits used (describe other fastenings) N/A
(Material spec. number, grade, size. number)
g. MAWP 1378 PSI 15 PSI at max. temp, 140°F 140°F
(Internal) {External} (Internal) {External)
Min. design metal temp -20°F at 1378 PSI Hydro., pneu., or comb. test pressure HYDRO 1792 PSi
Proof test N/A
10.  Nozzles, inspection and safety valve openings:
Purpose ) N Diametar - Material Nominal Thickness Reinforcemont Attachment Details Location
— (3;::3" prain 1 orsize e Nozzle Flange Nom. Corr. Material Nozzle Flange (Insp. Open.)
VENT (N7) 1 | 27D (;’_'\',3%0 SA-350-LF2 | sa-aso-LF2 | 1.06* 0.125° NA | UW-16.1 (e) N/A N/A
OUTLET (N10) 1 8"ID (:lezo SA-350-LF2 | SA-350-LF2 1.875° 0.125" N/A UW-16.1 (e) N/A N/A
CORR. (N9) i |22 ?93?40 SA-350-LF2 | SA-350-LF2 | 1.06* 0.125" NA | uw-16.1(e) N/A N/A
PURGE (N2) 1 |20 cmc';qo SA-350-LF2 | SA-350-LF2 1.06" 0.125" NA | UW-16.1 (e) N/A N/A
11.  Supports: Skirt YES Lugs N/A Legs NA Other N/A Attached =~ BOTTOM HEAD & WELDED
(Yes or no) (Number) (Numbaer) (Descnbe} (Where and how)
12. Remarks: Manulacturer's Partial Data Reports properly ideniified 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 pant, item number. Manufacturer's name and Identifying stamp)

CERTIFICATE OF SHOP/FIELD COMPLIANCE

We certify that the statements made in this report are correct and that all details of design, material, construction, and workmanship of this vessel
conform to the ASME BOILER AND PRESSURE VESSEL CODE Section VIII, Division 1, "U” Certificate of Authorizafion Number 21226
expires MAY 07, 2016

Date Co. name ALL-WELD COMPANY LIMITED. Signed
(Manufacturer) {Reprasantative)}
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 Report on 3&3 P \?:7 20 \% ,and state that,

to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel in accordance with ASME BOILER AND PRESSURE VESSEL CODE
Section VIIl, Division 1. By signing this certificate neither the Inspector nor his/her employer makes any warranty, expressed or implied, conceming the pressure
vessel described in this Manufacturer's Data Report. Furthermore, neither the Inspecior nor his/her employer shall be liable in any manner for any personal injury

or property damage or a loss of any kind arising fromg:ct-ed with this inspection.

pate JE P16 2ol D Signed Commissions N B «5&_@6 A ONT IHIH

— ———
|Authonzed Inspector) [National Board (incl. endorsements), State , Province and number}




FORM U-4 MANUFACTURER'S DATA REPORT SUPPLEMENTARY SHEET @ ‘ﬂ) LI-/ L(
As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section Viil, Division 1

1 Manutaciured and cerlified by ALL-WELD COMPANY LIMITED., 49 PASSMORE AVE., SCARBOROUGH, ONTARIO, M1V 4T1
(Name and address of Manufaclurar)
2 Manufactured for ULTRA FAB INDUSTRIES LTD., 261088 WAGON WHEEL CRES., ROCKY VIEW, ALBERTA, T4A 0E2 CANADA
(Name and address of Purchaser)
3.  Locallon of installation OFF THE COAST OF ANGOLA
{Name and address)
4. Type VERTICAL TANK 7469
{Horlzantal, veriical, or sphere) (Tank. separator, heat exch, etc ) (Manufacturaer's senial numbaer)
M10137.5 1176-1 REV. 6 907 2013
(CRN) |Drawing number) (Nationa! Board number) (Year bult)

T N A M
DATA REPORT ITEM

NUMBER HEMARKS
ITEM 10:

Purposs . Diameter or . Matarial Nominal Thich A Attachmeni Details Location
{Intet, Outlet, Drain etc.) ‘ Size L Nozzie Flange Nom. Com. Malenal Nozzle Flange { Inap. Open )
LEVEL BRIDAL . Cl.900 . .

LOW (N3) 1 2"ID LWN SA-350 LF2 SA-350 LF2 1.06 0.125 N/A UW.16 1(e) N/A N/A
BlAz S el 1 2"1D C1.500 SA-350 LF2 SA-350 LF2 1.06" 0.125" N/A UW.16 1{e) N/A N/A
(N4) LWN
LEVEL BRIDAL . Cl.900 " Y
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 Y Cl1.900 N N
FLUSH (N6) 1 21D LWN SA-350 LF2 SA-350 LF2 1.06 0.125 N/A UW.16 1{e) N/A N/A
DIFF PRESS LOW 1 2" 1D Sy SA-350 LF2 SA-350 LF2 1.06° 0.125* N/A UW.16 1(e) N/A N/A
(N8) LWN
INSPECTION R C1.900 u N
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
INLET NOZZLE . Cl.900 . .

(N12) 1 8" 1D LWN SA-350 LF2 SA-350 LF2 1.875 0.125 N/A UW.16 1(e) N/A N/A
MANWAY (N13) 1 24" 1D (\:/I;?g SA-350 LF2 SA-350 LF2 5.5" 0.125° N/A UW.16 1(e) N/A SHELL
BOTT((D:: )DHMN 1 | NPS 2" C‘II.VQSO SA-333 6 SA-350 LF2 0.344° 0.125" N/A UW.16 1(e) UW.16.1 (f2) N/A

Centificate of Autharization: Type: U No.: 21226 Expires MAY 07,2016

Date: /G B:;uz 20 1% Name: ALL-WELD COMPANY LIMITED Signed %
(Manufacturer) epresamahve)

Date %7 ‘6 ~'?—O ‘3 Name ‘% Commission ‘\)B \FS \O GA @LI\'"‘\

= {Authonzed Inspector) |Natiznal Board (incl. endorsements), State. Province, and number|




ALL-WELD CO. LTD.

TRAVELLER

(SUMMARY REPORT) Pg. 1 of 2

= A
DATE WORK ORDER CUSTOMER PO REVIEWED W BY ALl —
2013-02-06 [1176Q i | ( l DATE 2013-02-06|SIGN FE L. V5
ZRIAL NO. CRN. NATIONAL BOARD NO.
7469 MIO|37-5- 907
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
REVIEW APPVD DRWGS, CALCS, H ﬂ )JDM l 1) 1 7{(“.‘,“ "
REVIEW TRAVELLER AND REVIEW INSPECTION AND TEST ~ q
PLAN H /5[0}//3 4 EHRL\ ®
REVIEW MATERIAL LIST H '&’/1) ) / (3 ¢« ( 2z
- L l/
REVIEW W.P.S.,P.QR H (\7) }‘)75} (% |2 ,Fﬁfﬂmz
AV 7 S
INCOMING MATERIAL INSPECTION REPORT H 2] (}W 4 2~ out iz
CHECK ROUNDNESS OF VESSEL H Q)Jﬂ\‘/ /Y
v
FIT-UP INSPECTION H /@& LYQA/M X!
P
I0DUCTION IMPACT TEST H 10 fq 1
L/
MAG PARTICLE / LIQUID PEN TEST H : }6 /,’[, [ H
APPROVAL OF RADIOGRAPH MAP BY Al H (570,}7/ % 2 Eygars R
RADIOGRAPHIC TESTS - FULL H (0/1,‘}, )9 ¥ [Roerie
7
ULTRASONIC TEST H 4 / q / )
"I
HARDNESS TESTS H l0/ q /// 4
]
REVIEW WELDERS QUALIFICATION H AO/ 4/ {5 e Z$ erl, 1Y
L% 1 ¥
WELD MAP REPORT H /O/ (I// [3 e R
FINAL INTERNAL INSPECTION H L] ‘,Y[ l'b H E Kezq 1Y
POST WELD HEAT TREATMENT H //0/ 1 / 15 v <ol .Z
FINAL (ALL NCR'S HAVE BEEN CLEARED) H /E 7// b | Lt (2
FINAL COMPLETED VESSEL INSPECTION H t{:f 9 7|:) H VEC‘ e 13
[} 'IJ i N
FINAL HYDROSTATIC TEST H 09132 2 tgﬂ"‘ k4
1
FINAL HYDROSTATIC TEST JACKET NIA
FINAL HYDROSTATIC TEST TUBE SIDE NIA
APPLICATION OF CODE STAMP + ATTACH NAMEPLATE H ('5|oq 13 il \,i’g(p.@, %
JATA REPORT SIGN OFF H @l(tﬁm /[Z ui g%‘? G\
GLASS BEAD BLASTING N/A
DATA PACKAGE SENT TO CUSTOMER H @ [ PI ‘1// ﬂ’
[}

ANN -EXEL - QA-TRAVELLER



ALL-WELD CO. LTD. TRAVELLER

(SUMMARY REPORT) Pg. 2 of 2

e N [
lDATE WORK ORDER SERIAL NO. REVIEWED, N BY A.I>. /_s_'
( 2013-02-06 [1176Q 7469 DATE  2013-02-06|sicny FE&>o ¥ {2
REMARKS:

)
P(’OG\UC%CN\ \Luwx‘tzc’/\a’ t’w{L -—rut\wQA ,%9{?“.\’3
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ALL-WELD HYDROSTATIC TEST REPORT

JOB NUMBER DATE
1176 PQ SEPTEMBER 13, 2013
CUSTOMER SERIAL NO.
ULTRA FAB INDUSTRIES LTD. 7469
VESSEL DESCRIPTION
60" I D. VERTICAL H2S CONTACTOR TAG # 772-VECO-202
TEST PRESSURE SHELL TUBE JACKET
1792 PSIG NA NA
TEST METAL HOLDING TIME
TEMPERATURE 50" F 1 HOUR WMIN
GAUGE # LAST CALY. DATE GAUGE # LAST CALI. DATE
122 & 123 12-Jun-13
REMARKS

1) HYDROSTATIC TESTING SHALL BE PERFORMED IN ACCORDANCE WITH

PARA UG-99 OF THE ASME CODE SECTION Vill, DIVISION 1.

2) THE METAL TEMPERATURE DURING HYDROSTATIC TEST IS RECOMMENDED

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

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

COMMENTS: ACCEPTED

Q.A. SIGNATURE —R

DATE: SEPTEMBER 13, 2013

v

for a0 on behalf of 22

046

OfF ¥ SHall.

MIKE KAMYAS
REVIEWED  [J
WITNESSED

FORSBM DaTE: 9/(3/4 7

: CanriS it SAYD
Print Name2
: B T
Signature: .
Date: -

s®
VELOS!
Velosi America LLC




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-750 PSI |B 1125 PSI|{C 1500 PSI|D 2250 PSI REMARKS
12/12/2012} 12/6/2013|750 PSI [1125PSI |1500 PSI |2250 PSI ACC SM 12/12/12
'
1 os/13 (v[/n/{l '3 [ 250 Ps! {1 ps) |10 PSI| Ve B fee SM_ Y3 Jog /i




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 PSl
CALL DATE |DUE DATE |A-750PS! |B 1125 PSI|C 1500 PSI|D 2250 PS! REMARKS
12/12/2012| 12/6/2013(750 PSI 1125 PSI |1500 PSI |2250 PSI ACC SM 12/12/12
117/06/'[} (‘1%7//'/} 250 Bs] [ Pst L oo g RO R) kce M ‘lll/obl/lv
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\Winters Instrinments
121 Railside Road
Toronto, ON M3A 1B2

Ceaneda

Tel 1164442348
Fax: 416-444-8979
1-800-WINTERS

www winllers curn

[ ~ CALIBRATION TEST CERTIFICATE

Calibration Date: JUNE/27/13 Interval: 1 Year

Expiration: JUNE 27, 2014

CUSTOMER: ALL WELD

Winters Asset

PURCHASE ORDER: 13-0563

DATE: JUNE 27, 2013

TEST NUMBER: G13-0776

Customer Asset ID Asset Accuracy (% FS): +/- 0.1%
Number Winters Asset
(Vacuum)
Gauge Part Number MARSH GAUGE
Winters Serial #
G Serial Numb #45 (Vacuum)
auge Seria
9 1l umber Asset Accuracy (% FS): +/-

(Pressure) ADTE7Z
Winters Serial # 27312420003
(Pressure)

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: __ /e c=———=—<=__ Approved:

Y

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

A GLOBAL MANUFACTURER OF INDUSTRIAL INSTRUMENTATION

JuL 03 2013
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materials testing limited

Product Development
6991 Milicreek Drive, Unit 13
Mississauga, Ontario L5N 689

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

1SO 17028 Accredited”

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

Specimen: Water Sample

Laboratory #: 608636-12

Report Date: May 14, 2012
Received 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

usad In comecion Wit the specimen storivle simisr i
thve prior writtan corwent of Camirdge Maledals Tesing Limied 4. Nedhes Camividge Metariats Testing Limited
nor any of *e emp gl ba resp chﬁlﬂu-rymhawd-nmmm

end han dlapoead of. uniass Instnuctnd atherusa In witg.

* Cambxidge Mawrials Testing Uimited is accredited for t=ns fixted on the scope of socreditaiion gvailabie for
roview i wwew. cambridosmainrials com.
Tast Report Tamplale Rovision Merch 2010

Page 1 of 1

Cambgdgo Materials Testing Limited
Per ép)—\/\——'

QUAUTYASSURAN&
Per. PAY
; ’ 7 Z | ' TECHNICIAN
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CONREX STEEL LIMITED PAGE # 1
50 TABER ROAD

REXDALE, ONTARIO M9W 3A9

HEAT TRACING RECORD

CSL WOo#  QTY  DESCRIPTION CUSTOMER CUST PO#
15163 | vessel  Ga'die. x5S i lg Al uzmcm@ml 13- 638}

(*2) e Wie3de

4 Se\rl.‘u.g-—a 3468

HEAT TREATMENT SPECIFICATION: Al (uerd PuomT Proc. No PLnT -PlL Reu Moo
HEAT AT ey lGe'f PER HOUR FROM @Qro'f
HOLD {28 *c IS0 MINUTES AT |\33'p+/-2S F

COOL AT may 2eo'f PER HOUR TO BeonF @

=
o &
THERMOCOUPLES: ¥ | 2 (4¢3 ] ]
NOTES:
All temperatyres in degees Fahrenheit unless noted
SIGNED FOR CSL DATE Seat 3/\3
oY) * i
CHART TEMPERATURES
TIME STEP SETPT TC#1 TC#2 TC#3 TCH#4 TCH#5 TC#6
16:49 1 113 122 121 122 123 0 0
16:59 1 177 200 198 200 200 0 0
17:09 1 257 290 288 290 290 0 0
17:19 1 337 375 374 375 375 0 0
17:29 1 417 461 461 461 462 0 0
17:39 1 496 540 541 539 541 0 0
17:49 1 576 617 619 617 619 0 0
17:59 1 656 690 694 691 692 0 0
18:09 1 736 772 775 772 776 0 0
18:19 2 803 826 830 827 828 0 0
18:29 2 820 837 842 838 842 0 0
18:39 2 837 851 856 852 854 0 0



TIME
18:49
18:59
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
22:50
23:00
23:10
23:20
23:30
23:40
23:50
00:00
00:09
00:19
—00:29
00:39
00:49
00:59
01:09
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

éZAf3Y/2u.«n/huﬁ€4

STEP

###k’h##hhh##’h#’h#nhhuwwwwwwwwwwwwwwwNNNNNNNNNNNNNNNNNNN

SETPT
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

1165

1148

1132

1115

1098

1082

1065

1048

1032

1015
998
982
965
948
932
916
900
884

TC#1
866
879
899
911
925
942
957
973
990

1007

1023

1039

1055

1073

1087

1103

1123

1138

1154

1171

1176

1174

1174

1176

1174

1175

1174

1174

1172

1176

1174

1173

1179

1175

1172

1160

1140

1126

1107

1089

1070

1049

1032

1018

1006
996
986
978
970
959
942
925
910

CHART TEMPERATURES

TC#2
871
885
903
917
929
947
963
978
996

1013

1028

1046

1061

1079

1094

1111

1130

1144

1160

1178

1185

1181

1181

1182

1181

1181

1181

1180

1179

1181

1180

1179

1183

1181

1178

1165

1145

1131

1112

1095

1076

1057

1040

1026

1015

1004
995
987
978
967
952
937
920

TC#3
867
880
899
912
926
942
958
974
992

1008

1024

1040

1056

1075

1089

1105

1125

1139

1155

1173

1180

1175

1175

1177

1176

1177

1175

1175

1173

1176

1175

1174

1179

1176

1173

1160

1141

1127

1107

1091

1070

1049

1031

1017

1005
994
985
977
968
957
941
925
910

TC#4
870
883
902
916
928
945
961
976
994

1011

1026

1043

1059

1077

1091

1108

1128

1142

1157

1176

1183

1178

1178

1180

1178

1178

1177

1176

1173

1178

1177

1175

1180

1177

1173

1161l

1141

1127

1108

1090

1070

1050

1033

1019

1007
997
988
979
971
960
944
928
912

=
Q
%=
(8,1

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

<>
PAGE # 2

TC#6

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO



TIME

03:39
03:49
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

STEP

[T S N Y Y T N N R

SETPT

868
852
836
820
804
788
772
756
740
724
708
692
676
660
644
628
612
596
580
564
548

TC#1
893
876
861
844
827
812
795
778
763
746
729
714
697
680
665
648
631
616
599
582
567

CHART TEMPERATURES

TC#2 TC#3 TC#4 TC#5
905 894 896 0
890 878 880 0
873 863 864 0
858 847 848 0
843 831 832 0
826 816 816 0
811 800 800 0
796 784 784 0
779 769 768 0
764 753 752 0
749 737 736 0
732 722 720 0
717 706 704 0
702 690 688 0
685 675 672 0
670 659 656 0
655 643 640 0
638 628 624 0
623 612 608 0
608 596 592 0
591 581 576 0

REF#1598
A
ACCEPTEDVREVIEWED/RELEASED _ 046

for and on behalf of 5.2 ofFShelté,

. CHaviSlp ST

Signature: > VELOS!
Dae __!/_&c}h'u’)}?._ Velosi America LLC

acm
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CONREX STEEL LTD.

50 Taber Road. Rexdale. Ontario, MOW 3A9 Phone {416)-747-4665 Fax (416)-747-4667

CALIBRATION CERTIFICATE

'L:»ATM
W Q

INSTRUMENT : STRess  KEUFE  falfrhe H Z
MANUFACTURER: MNOEH Aom 2L AN
SERIAL NUMBER: CorRey ¥H 2
Standard As Found Calibrated Standard As Found Calibrated
LOAD#1 ADDITIONAL TEMPERATURE CONTROLS
1125°F 127°F | fwq (90002 1#: 1125°F 1(27°F _— —
1650°F ,4 52 .:F .‘, (. — 1650°F /é SZJ/C —_——
2#: 1125°F llZé oF — ———
LOAD#2 1650°F fé 5( v F — e —
1125°F 1127 aF— —_— 4. ——— | 3#: 1125°F i1z¢ da —_— . —
1650°F 16562%F | — . — 1650°F /(;SI°F — e ——
a#: 1125°F iz | —r —
LOAD#3 1650°F ’ ¢ S/ ol,_ —_— —
1125°F HZ QOF —_— e — 5#: 1125°F i( 27% —_— e —
1650°F '.“' 5z ;:6: _— — 1650°F , 65( ] F— [
6#: 1125°F ' (27 GF _——
1650°F /é52 *';c_x:’ —_— —
. 7#: 1125°F /}2 C°F —_— —
| 1650°F [L50°%F | — —
8#: 1125°F IM( 2(° F e A ——
1650°F /é fopF —_— ——t
| If ‘calibrated’ column is blank. No adjustments were necessary
COMMENTS: STANDARD: PPS MINITEMP MODEL 1062, SER# B67568
QC INSPECTOR: \ié-—-— QC MANAGER: DATE: i 9 E0/3



LABORATORY
ACCREDITATION
BUREAU

ACCREDITED ISO/IEC 17025

Certificate No. L2155 Calibration

AvoFix NDT Limited

1SO0 9001:2008 Certificate No. CA01/2470

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 Couuncit of Canada (NRCC). The calibration was performed in accordance with the applicable portions of 1ISO/IEC 17025:2005,
1S0 9001:2008, ANSI/NCSL Z540-1-1994 and technical requirments of the customer's order.

The instrument described below 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 laboratory and may not be reproduced other than in full.

Equipment Mini-Temp Calibrator Calibration Date 22-Apr-2014

Model 1062 Calibration Expiry Date 22-Apr-2014

Serial B67568 Property of Conres Steel Limited
Accessories None Address 50 Taber Houd
Assel N/ Rendale
Manufacturer Transmation Untarw

Date Received 19-Apr-2013 MYW S

Date ot Last Calibration 12-Apr-2012 Procedure CIRA0714
Condition When Received Guod Method Cumparison
Humidity 12.5%

SUZEFC 17027 2005 &

Tewmperature 22.8"C Conformance Standards (SO0 1 Y08
Purchase Ordet 3027 Other Standards R
Asset Number Traceabili Calibratigu Date Calibraton Expiry Date

AV0 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 Labelis 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 atapproximately the 95% conlidence level assuming a normatl
distribution, with a coverage lactor of k=2.

PR / o Page 1 ol 2 (
vy ) A - N
J Tl , |
/Fruncis Foo (Techy{ciz{h)\—’ K. F. Lok (Authorized)
e

/

’4‘18{4.;:1\ Read, Miss \‘:fug.' UAMI P IS S ) Tel 905-677-4420. Fox- 905-677-5440 Email avotis@avoliv oo 051 Rew 9, 22-04-132, 1



ALL-WELD

COMPANY LIMITED
Engineers Since 1620

49 Passmore Ave., Scarborough, ON M1V 4T1 ¢ 418-280-3311 Fat 416-296-3387 E-Mail: mall@aliweld.ca

RADIOGRAPH REVIEW FORM
W.0. NO. 1176 PR

SERIAL NO. 146 9

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

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

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

4) 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".

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

PREPARED BY: ROBERT C. BENTLEY
Q.A. MANAGER

oarg: SEP 09 2013

!: TN
3 E.O_Iglﬂtlﬂk.l. PENN SERVICES c ‘ @ 0 @ ‘gnj ﬁﬁ
M Cunam Duign, Engmswrieg, Massinwing snd Hewvy ONC Mashining
CARTREN OF A4 4D

Prosasn Vaseshs, Hom Enchesgun, Fiuiae Syuma, Prosss Bequipmans, Twrsboy Prckagss FI LTERT&S
Suiniem, High Mishel Alloga, Thesien, Abssumen, Coppas, Sieal - svar 163 WPSY DIVIIGN OF ALL-WELD COMPANY LIMNTID

A Tradition of Quality



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

l e I Natural Resources Ressources naturelles
Canada Canada

Name. Chnstopher Veeneman

- S
ez Mo
N matnculc 6651
v | rate o
- » T'te Jominam 2011/02/14
o "

orrestave Jeees Lov [ near [N ] (ar viwon
Vertes correct{s powr ks visian de | X] pres (X} degance

<7 usmmmbare |
P L e A - =
I * . Natural Resources Ressources naturelies
Canada Canada
arlie Aw & “Si
Atethod Level Sechin ‘et | e 1dde recent Expures
Mothade  Sives Secteur e cen Pate recen Fapnsation
MY EMC 19370508 20131201
41 EMC 19873107 N
R1 EmMC 2000/01 /06 20138201

wr E EM 2010:06:03 208312138



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

l ‘ I Natural Resources Ressources raturelies
Canada Canada
Name Frank Marunde
o
Ree Mo s8ss
No. matricole
v Dele/ 2012/11/29
s i Drate d'emisslon
! This crd Gora wat Lormt iy e wmsd mdividat to be 20 cpiver ar
o > of Natusrwd mm—bn, 1 - o o
[etie carte pMenETic pos Muivats Fitre e cnpleye wa au reprevosa &

e o
Corrective kenset low | | near | | lzr vislon.
Verves correctifs poer is vision de | | pres | | disianer
Skeasture | [BETERE
e portes,

I * l Natural Resources Ressources naturelles

Canada Canada
emtiod tn Certifa selen CAN CONE 4R 9712 8BS
‘Viethod Level Sector Cert, Date ate recert. txphres
Vethode “viveau Secteur ate cert Nate recert Eapintion
uT ? EC 19581026 mazn
PT 7 EMC 195311026 w127
uT 4 (2 20051703 M

me T ATEn (PRI M in, pmcies 0of SriiTitene, Wl SvARS!
1Rtye £ Tl IRT e G Cal PWAE Lo veribostan et CoTACaion, i pulligere, o fes SeteuBwn,
wetey W e weh ML/ el 193 a0 g 54

Heraget Cerfbying Agency 4 < 7.
Gettsoringss Ordarveme de carnticstion : r
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KVInspection Services Ltd.

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

Radiographic

Examination Report |

RT |

Specification

— Acceptance Criteria

hone: 905-644-944 (@W51) Uw-52 B31.1 B31.3NS CSA  Other
General Data n
Customer ' A -wetd ' Date S 7 //:?
Location Sepndorsv! P.O.#
Project UL TRAAS Shop Order # 1176 P8~ 7469
Procedure A & [flova, Worksheet # 37600
Technician 7 Veen ernera. CGSB Reg# 465/ ASNT/SNT-TC-1A Level j

Technical Data

60

Material Type | © Alloys isotope IR 192 ' PhysicallFocal Size | /99 #
Base Material Thlckness 2 % 7 Exposure W Double Wall Film per Cassette
Weld Thlckness v Vlew [ gingle Wal Double Wall | PWHT l -
\ Relnforcement Z,( " Number of Exposures )
F|Im Mfg. MK Mlnlmum Source to Object Dlstance [ @ ” )
Film Type e Maximum Distance from Source Side of Object to Film | 2 7, Y N
UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ
L1 e L -
NI Y 4 -
2-2 . -
7- . -
q-5 R
SPI é ~
é - E&b —
.,// -
ww.?w%?gl?ﬁ’s A;%fc ','-,'{1{;_ 946
fot and on behalf of: i
rm AR, XY Cﬂ”)q
Print Name: —— |Agplus CHRIS VEENEMAN
Siguatuse: Ll _ VELOS! S BE5T
! P " ] .
Due o W3 Voo A LLC MT/PT/RY /T
! -TC-TALEVEL 11
L MT/PT/RT/UT
— |
KV Inspection Technician Date 7/
= G = —— | S T/S
(<
Customer Representative ! : Date
\.D> SEP 0 92013




KVInspection Services Ltd.

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

Radiographic Examination Report

RT

Specification — Acceptance Criteria

(@W-51 ) uw-52

Relnforcement

Number of Exposures

B31.1 B31.3NS CSA  Other
Fax: 905-844-6697
General Data
Customer /e —we2d Date ' SePr- 7/3
Location SC)tnBeneeien] P.O.# , '
Project TR AYS Shop Order# /176086~ 7469
Procedure 0. Veenemeor Worksheet # ) 6&0‘" /
Technician LS v CGSB Reg# 5 ce) | ASNTISNT-TC-1ALevel 77
| P T R e T Technical Data Bl S S v
~ Material Typg | Alloys | Isotope @ Physical/Focal Size (99 @
Base Materlal Thickness < '/z "  Exposure ] ' 'Double Wall  Film per Casset_t_g | B
Weld Thickness w View Double Wall | PWHT r No

m_;m;m 2oy

F|Im Mfg IGMIC Minimum Source to Object Distance
Film Type _ qu. Maximum Distance from Source Side of Object to Film \] 2 577 "
UNIT No. SIZE/LOC SLAG | L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ
8 o~/ ) el
{ (-2 -~
2-7 -~
2-y o -~
q4-S B B x
(-6 - . B e
¢-7 | -~
1 -
7-%
g-9 a
7-t0 ) //,
[0-11
-1 —
Iz flj \// | /
ACCEPT EWKEVD'WEI%EEEW L ﬁ I
[Z ’/‘{ for a1d on behalf of: S5 O#FSHUﬂjl -~
/7’0 Prin} Name: i ~
Signature:
Dates——
KV 1 tion Technici . Dat
nspection Technician ! ﬂ _: ;_ - = a_e 52/7:_7 /,?—
73 =
Customer Representative | N D ) Date SEP D 92013




KV

Inspection Services Ltd.
1486 Wallace Road

Oakville, Ontario L6L 2Y2

Radiographic Examination Report
RT

Specification — Acceptance Criteria

P: one -ggg ?533‘223?8 UW-52 B311 B31.3NS CSA  Other
General Data
Customer 19l ~ wed Date | SEP7. 7 // 13
Location SCHRE s b P.O. # :
Project VLTRAPR 2 - Shop Order# | //26 ﬂa 7469
Procedure /(/V s Kov <, Worksheet # 37600
Technician c_VmW CGSB Reg # é&{'( ASNT/SNT-TC-1A Level J

e —___

Material Typiei
Base Material Thickness
Weld Thickness

Reinforcement

29"

i~

__Technical Data& 6°©

Isotope IR192 (Other D Physical/Focal Size | . {3
Double Wall | Film per Cassette | [

Double Wall | PWHT ] ‘@ Yes ) No

_Number ;)f EXb_dsures

740”}

KV Inspection Technician

. 1

Customer Representative

Date

Film Mfg. _ Kﬂ"rlc Minimum Source to Object Distance ‘ D&J_a;lMtc_
Film Type Maximum Distance from Source Side of OISject to Film ‘ - 2 '%"
UNIT No. SIZE/LOC | SLAG | L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ
|
Z2-3 el
3-4 -
Y- | -
S -
67 N 7
7-7 -~
g-7 -
2-(o -~
[o-1r -
((-1z 1 y
[2-17 Ve -
CCEPr 3 ;
(3-14 IR B A o P Y o -
[9-0 e s s Conl CHRIS VEE EMAN /
Sigaature: = FELos: | MT/PT/RT/UT -
Date 92 TUITE ™ Velosi America LLAANT-TC-1A LEVEL 11
L : MT/PT/RT/UT
L (

e ST //2_

SEP 0 92013




KVInspection Services Ltd.

1486 Wallace Road
7 Oakville, Ontario L6L 2Y2
| Phone: 905-844-9448

Radiographic Examination Report

RT

Specification — Acceptance Criteria

@ED wwsz

B31.1 B31.3NS CSA Other
Fax: 905-844-6697
General Data
Customer | LAl -were A Date SaT 7 //_j
Location gcwmw,/ P.O. # l
Project VLT #AS Shop Order # | //.76 - 7‘1’6?
Procedure y % é ﬂ/z Worksheet # 37600
Technician | ? | foxerpucen CGSB Reg# /4 €| ASNT/SNT-TC-1A Level 7~
B ~_Technical Data E e
Matenal Type : Alloys Isotope Other PhysicaI/FocaI Size <) Z
Base Material Thlckness S7éo Exposure |  Single Wall Film per Cassette B
Weld | Thickness | " View ] Single Wall  fouble Wal| PWHT l - No
| Reinforcement j Ayg “ Number of Exposures 2 pet
Film Mfg. ’ M Minimum Source to Object Distance /8"
Film Type e ' Maximum Distance from Source Side of Object to Film 2
UNIT No. SIZENLOC SLAG L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ
NL-cl A -~
{ 8
C' /
NL-C2 | 4
5 —
C B —
NL-C3| A -~
3 -
C . ~
\/ 046
ccrvreolkﬁﬂﬂwi"/:‘bm:?g; s Horth.
for and on 2 sh 139
Y Arplus®
Prunt Names /%9 IK‘ - TRy eLOS!
S\u%::: %I/Mloni’é__ Velofi-America LLC
|
|
/ |
KV Inspection Technician Date JM g//;
| o - B C’-ié\__ ___._._c-_,_\ — LS. ¥ ALY NS
Customer Representative | fq'\“ :‘) : Date SEP 0 92013
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Ultrasonic Examination Report

KV Inspection Services Ltd. UuT

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

) ~General Data
Customer All-Weld Company ] o ~ Date February 26, 2013 B
Shop Order | 1176 PQ Serial # 7469 Project
' Component P.O. # - - Worksheet #: = 36451
| Drawing - I Rev. - Technician  Frank Marunde  SNT-TC-1A Level III
NDT Specification ASTM E 797 Appendix ~ NDT Procedure  KV-UT# 1 R.02
Technical Data — Ultrasonic Examination (UT)
Material Type Carbon Steel Technique ® Pulse Echo-Contact O Immersion O Dual
Material Thickness lnth:z;n;nt ® Olympus Epoch 1000i ‘ Serial # ‘ 090054812
|Weld Type O Butt O TJoint O Fillet  Surface ® AsRolled O Ground O Machined O ShotBlasted
Weld Thickness N/A Couplant @ UT-X O Oil O Other Temperature |
Heat Treated ® YES O NO Sensitivity (PRL) 50 dB
Heat Treatment Surface Conditions
Transducers/Calibration Blocks
Diameter ‘ Size | Beam Angle Frequency Manufacturer Blocks
O % |0 % | O swxss | O 45° O 1.00MHz | O Techsonic ‘ O Iw A2
A | o 1 0 ¥'x 1 O 60° O 225 MHz ® Panametrics | O ASTME164 MAB
e % O 1w | O Tx1 o 70° e 500MHz | O Krautkramer | O Back Reflection
0 1o ® Normal | O 0 | ® Micrometer shell

. ' Scope of Testing

Thickness Examinations

A B
B | Shell | Headto Cl | Head to C2 A fis, C
A 2.541 2,612 2.620 C
B 2.549 2.532 2.536 1 C2
¢ | 2558 | 2510 | 2512 B
T All Dimensions are in inches o | fnd
[ ST - e\
Wakoy E.U 2 82013 .
I . . |
Scannin |

Test Area Disposition ‘ From

epthin '
SOM pEi< bopld

| ‘ Pron Name: L8 oec)] G g B
Signature: 16 AN\ | AFPIUSQ

\_ ‘ VELOS!
| | - ——

Evaluation — Acceptance

I
! 3 Accepted = KV Inspection Services - Technician %’% Date February 26, 2013

o Rejected  cgsB No. 48.9712-2000 Reg. No. 8885 Place Scarborough, ON.
| |




KV Inspection Services Ltd.

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

uT

Ultrasonic Examination Report

General Data

Customer All-weld Company Date February 26, 2013
Shop Order | 1176 PQ Serial # 7469 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 @ Pulse Echo-Contact O Immersion O Dual
Material Thickness 2 " l"th:gT: nt @ Olympus Epoch 1000i Serial # | 090054812
Weld Type O Butt O TJoint O Fillet Surface ® AsRolled O Ground O Machined O Shot Blasted
Weld Thickness N/A Couplant ® UTX O Ol 0O Other | Temperature l
Heat Treated ® YES 0 NO Sensitivity (PRL) 56 dB
Heat Treatment Surface Conditions
Transducers/Calibration Blocks
- Diameter Size Beam Angle Frequency Manufacturer Blocks
o W O % O 58" x 5/8" O 45° O 1.00 MHz O Techsonic O Iw A2 ]
o % e 1" o %v'x1" o e60° ® 225MHz | e Panametrics | O ASTME164 MAB |
0o ¥ O 1w o 1"x1" B o 70° O 5.00 MHz O Krautkramer | ® Back Reflection
0 o Normal o o O ASME
. - - Scope of Testing - N
Lamination scan 3” both sides of joints C1, C2 & L1
ACCEPTED/REVIEWED/RELEASED ’U'z 046
for and on behalf of: S DFPR i
b vame (A ANES P SADA <@
Signature: AN VELOS!
EB 7272013 pue: D (1 7[1g Velos America LLE
Scanning
Test Area Disposition From Length Depth Amplitude
Evaluation — Acceptance il 5L
e Accepted KV Inspection Services - Technician %’7/ Date February 26, 2013
O Rejected | cgsB No.48.9712-2000 Reg. No. 8885 {Place Scarborough, ON.
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Ultrasonic Examination Report
KV Inspection Services Ltd. Ut

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

General Data
Customer All-Weld Company Date September 05, 2013
Shop Order | 1176 PQ Project
Component P.O. # | Worksheet #: | 37497
Drawing | Rev. [ Technician Frank Marunde | SNT-TC-1ALevel | III
NDT Specification | ASME Sec. VIII Appendix 12 | NDT Procedure | KV-UT# 1 R.02
Technical Data - Ultrasonic Examination (UT)
Material Type | Carbon Steel Technique ® Pulse Echo-Contact O Immersion O Dual
. . " Instrument ) -
Material Thickness 22 Brand @ Olympus Epoch 1000i Serial # | 090054812
Weld Type O Butt ® T Joint O Fillet | Surface ® AsRoled O Ground O Machined O ShotBlasted |
Weld Thickness 22" Couplant ® UT-X O Ol O Ofther [Temperature l
Heat Treated O YES 0 NO Sensitivity (PRL) 48 dB/ 54 dB / 63 dB
Heat Treatment Surface Conditions
~_Transducers/Calibration Blocks
Diameter Size Beam Angle Frequency Manufacturer Blocks
0O % o w o 58" X %’ e 45 | O 100MHz |O Techsonic |O HW A2
O %" |0 1 o %x1 ® 60° e 225MHz e Panametrics | O ASTME164 MAB
2 ¥ O 18 o 1"x1" e 70° O 5.00 MHz O Krautkramer | O Back Reflection
| O 0 O Normal 0 0 ® ASME
! I o Scope of Testing B

Ser# 7469: Examination of category D attachment welds (After PWHT)

N1-w1 N8-W1
N2-W1 N9-W1
N3-W1 N10-W1
N4-w1 N11-w1
N5-w1 N12-w1 s
N6-W1 N13-W1 {
N7-W1 f
Gt T'p Lui
Scanning ks
Test Area Disposition From Length v Ampli
S— — A 4 —— .
L I — U B fmmdonmoe A ]
AT sk usa —
= _'7_t_-A il - T ‘—mﬂﬂ—-—‘ /{)/'m/\ ‘M[ T N
s — Sigmo = ;&:L 1[1A— Nelodl America LICY
o lm am——— p 24 “"'_—_l T

Evaluation — AcCeptance

| @ Accepted | KV Inspection Services - Technician ' LD September 05, 2013

: |
O Rejected | ;55p N, 48.9712-2000 Reg. No. 8885 Place Scarborough, ON
1
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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
General Data
Customer | All-Weld Company Date September 6, 2013
Location Scarborough, Ontario P.O. #
Project Vessel Shop Order # 1176 PQ S/N 7469
Procedure | KV NDT# 3 Rev. 02 Worksheet # 37498
Technician | Frank Marunde CGSB Reg# 8885 l ASNT/SNT-TC-1A Level | II
Technical Data — Magnetic Particle (MT)
Material Type | ® Cambon Steel O Other | Material Thickness I
Test Method
® 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 ® B8901W Contrast Aid O None
Equipment ® AC Yoke O Calibrated Blacklight O Other
Method ® Continuous O Residual
Light Meter Type EA31 Serial # 07076802 Intensity 1400 Lx
Lighting Equipment Description: Flashlight
Inspection - ]
Description: After PW.H.T
Item # Description of Weld/Test Area Technique Defect Location Interpretation
1) C1,C2 & L1 (Interior and Exterior) L&T Acceptable to specifications
2) N1-C1,C2, &C3 L&T Acceptable to specifications

ELEASED 046

for and on bebalf of: SN S Hodl
print Namee LA AVE 5 SAHA

% Applus®
Signature: ;’i@" VELOS!

Velosi America LLC

KV Inspection Technician /'Z"% Date September 6, 2013

AR i T

BVE Y
_ustomer Representative 6 N Date SEP 19 2013




Magnetic Particle Inspection Report
KV Inspection Services Ltd. MT

1486 Wallace Road Specification — Acceptance Criteria
Oakville, Ontario L6L 2Y2
Phone: 905-844-94438 As per ASME Sec. VIII, Appx. 6, Div. 1

Fax: 905-844-6697

General Data

Customer | All-Weld Company Date September 10, 2013
Location Scarborough, Ontario P.O.#
Project Shop Order # 1176 PQ S/N 7469
Procedure | KV #3 Rev. 02 Worksheet # 37500
Technician | Frank Marunde CGSB Reg# 8885 | ASNT/SNT-TC-1A Level | II
Technical Data — Magnetic Particle (MT)
Material Type ® Carbon Steel O Other | Material Thickness l
Test Method
® Dry O Wwet O Wet Fluorescent
Test Equipment

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

O 3A -Black O 803/1- Black Ink O 8B800A Fluorescent
Background ® 8901W Contrast Aid O None
Equipment ® AC Yoke O Calibrated Blacklight O Other -
Method ® Continuous O Residual
Light Meter Type EA31 Serial# 07076802 Intensity 1400 Lx

Lighting Equipment Description: Flashlight

Inspection

Jescription: After PWH.T

item # Description of Weld/Test Area Technique Defect Location Interpretation
1) Skirt -W1, Skirt-L1, baseplate L&T Acceptable to specifications
item 2/3 welds
2) Davit bracket weld L&T Acceptable to specifications
3) Name plate bracket L&T Acceptable to specifications
4) Item 6/4 attachment welds L&T Acceptable to specifications
5) Item 20/2 to 21/2 weld L&T Acceptable to specifications
Z
for and on behalf of: g b ngip’j > Wﬂé
. 5 Ay
o SRS Arplust
Due L Sep 12]1%  Velosi Ameria LLC

V Inspection Technician Date September 10, 2013

p
Py

re
T

Customer Representative s Date SEP 19 013




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

1486 Wallace Road Specification - Acceptance Criteria
Oakville, Ontario L6L 2Y2
Q Phone: 905-844-9448 As per ASME Sec. VIII, Appx. 6, Div. 1
) ~Fax: 905-844-6697 - - - - o B |
) General Data ]
Customer All-Weld Company Date September 10, 2013
Location Scarborough, Ontario P.O.#
Project Shop Order # 1176 PQ S/N 7469
L — - S — I — S 2 — » —
Procedure KV #3 Rev. 02 Worksheet # 37500
Technician | Frank Marunde CGSB Reg # 8885 l ASNT/SNT-TC-1A Level | II
Technical Data - Magnetic Particle (MT)
Material Type I ® Carbon Steel O Other | Material Thickness |
Test Method
@ Dry O Wet O Wet Fluorescent N
Test Equipment
Indicators ® 825R -Red O 66 - Yellow O Magnaglow 20B Fluorescent
O 3A -Black O 803/1- Biack Ink O 8BOOA Fiuorescent |
Background | ® 8901W ContrastAid O None S
Equipment | ® AC Yoke O Calibrated Blacklight 0) Other B
| Method | @ Continuous O Residual S i
Light Meter Type EA31l Serial# 07076802 Intensity 1400 Lx
Lighting Equipment Description: Flashlight
~ Inspection R . ]
( Jescription: After PWH.T
Item # Description of Weld/Test Area Technique Defect Location Interpretation
1) Nozzle attachment welds N1-W1, L&T Acceptable to specifications
N2-W1, N3-W1, N4-W1, N5-W1,
N6-W1, N7-W1, N8-W1, N9S-W1,
N10-W1, N11-W1, N12-W1,
N13-W1 (interior & exterior)
2) 4 lifting lug attachment welds and L&T Acceptable to specifications

1 tailing lug attachment weld

Z
ACCEPTED/REVIEWED/RELEASED ;
for and on behalf of: -3 LM ¢ F.}"Sgﬁﬂ'b/
Print Name: L}H ~ES | LAN use

S ere: a2 VELOS!
U sepn|i3 Velosi America LLC
i =
V Inspection Technician S Date September 10, 2013

Customer Representative <Tni\' Date SEP 1 12013




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

General Data

Customer | All-Weld Company Date September 10, 2013
Location Scarborough, Ontario P.O. #
Project Shop Order # 1176 PQ S/N 7469
Procedure | KV #3 Rev. 02 Worksheet # 37500
Technician | Frank Marunde CGSB Reg# 8885 | ASNT/SNT-TC-1A Level | II
Technical Data — Magnetic Particle (MT)
Material Type ® Carbon Steel O Other I Material Thickness l
Test Method
® Dry O wet O Wet Fluorescent
Test Equipment

Indicators ® 825R -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 B O Calibrated Blacklight O Other - ]
Method ® Continuous O Residual
Light Meter Type EA31 Serial # 07076802 Intensity 1400 Lx

Lighting Equipment Description: Flashlight

Inspection

Jescription: After PW.H.T

Item # Description of Weld/Test Area Technique Defect Location Interpretation
1) Welds of nozzle supports L&T Acceptable to specifications

N1, N2, N3, N4, N5, N6, N7,

N8, N9
2) Attachment welds of item 19/2, L&T Acceptable to specifications

22/2, 23/2 (x8), 24/2 (x4)
3) Vortex breaker attachment weld L&T Acceptable to specifications

\/
ACCEPTED/REVIEWED/RELEASED 046

for and on behalf oft _ SOM _ CFFSHAE

Print N (L AVESH SANA
sl;m“:: A~ Arplus®

7 T,
Dae 1/ Q‘(}h I%Inﬁﬁ Velosi Amenca LLC

KV Inspection Technician e Date September 10, 2013
A" %\

| 1dY

Sustomer Representative p 44 Date SEP 19 2013
: |
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Hardness Testing Report
HT

Specification — Acceptance Criteria

4V
K\\f’% Inspection Services Ltd.

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

— - ~ General Data
| Customer | All-Weld Company Date September 6, 2013
Location Scarborough, ON P.O. #
Project Shop Order # 1176 PQ S/N 7469
Procedure KV HT# 35 Rev 00 Worksheet # 37498
Technician | Frank Marunde HT Certified 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 e |
Scale J O Bnne" Hardness [4:] HV Unit Setting: Steel
| Inspection - . B
Description: After PW.H.T
" I A ‘Parent N | R | Parent |
| Item # ‘ Description of Test Area | o o) HAZ [ Weld | _HAZ Material
Serit. 1450w . C1 110 147 185 r 128 120
= g L S l. -
C2 133 165 205 ‘ 136 100
| ~ —
‘ L1 154 148 204 : 141 170
= it = S — - — — S
‘é L Lifting lugs 0° 133 124 159 188 191
S _— S B L i S
a Lifting lugs 90° 104 123 150 141 141
e | tming lugs o0 o
%y Lifting lugs 180° 141 147 175 192 197
2 e S —
N ‘ Lifting lugs 270° 115 127 132 142 136
& s ’ S R
xag . Skirt Wi 155 141 142 114 108
ﬂ 4 e — e _— e—— —
|5 3 ‘ Skirt L1 119 155 165 136 129
M - -
FE |
KV Inspection Technician Date September 6, 2013
Customer Representative Date SEP 19 2013




KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y6

‘Hardness Testing Report

HT

Specification — Acceptance Criteria

Phone: 905-844-9448

Fax: 905-844-6697 | N
General Data
Customer All-Weld Company Date September 6, 2013
Location Scarborough ON P.O. #
Project Shop Order# 1176 PQ S/N 7469
Procedure KV HT# 35 Rev. 00 Worksheet # 37498
Techmcnan Frank Marunde HT Certlt"ed v CGSB Reg#8885
Technlcal Data - Hardness Testlng (HT)
Material J Carbon Steel
Test Method & Equipment
Technique ® Impact Load - Digital Readout O Impact Load - Ocular Viewing
| Equipment | @ Equotip D Impact Device ) - B |
Readings Taken O _Ayg{age of 5 readings ® Average of 3 readings O Other
B Inspection )
Description: After PW.H.T
B T A | Parent wWetd | un- | Parent |
Item # | Descrlptlon of Test Area | Material HAZ Weld HAZ | Material
Ser# 7469 N1-C1 144 150 195 161 143
N1-C2 145 , 158 223 164 148
g emgg N1-C3 136 140 | 213 164 | 130
_ & 1 il - - TP —
Y-
; §'§ g | N1 support weld #1 114 | 140 156 132 147
i d 98. { = |
ja 2 . N1 support weld #2 119 139 167 139 139
-?\@\ ) - | - — =
M+
Q.A\" < | N1 support weld #3 | 130 127 141 141 150
Ll KON A | | - B S
l Q M o l II +
a *4 M\ ‘ N1 support weld #4 | 127 141 152 | 147 161
= - (e\. |8 STy
\r_‘l\ A By |
I
NEE P
- E'\)
S .g = g - ' ¥ — - — =
| §5§ : 1 B IR R S
8 &
£ E
|
KV Inspection Technician Date September 6, 2013
~opp S
Customer Representative Date 112013
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KV Hardness Testing Report
Inspection Services Ltd. HT
1486 Wallace Road Specification — Acceptance Criteria
Oakville, Ontario L6L 2Y6
Phone: 905-844-9448
Fax: 905-844-6697 B . o S
- General Data N
Customer All-Weld Company Date September 9, 2013
e = a5 e e S cowsel o .
Location Scarborough, ON P.O. #
Project Shop Order # 1176 PQ S/N 7469
Procedure | KV HT# 35 Rev.00 Worksheet # 37499
Technician | Frank Marunde HT Certified 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 - S
Readings Taken | O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness [ ] HV Unit Setting: Isteel
Inspection o ]
Description: After PWHT DWG 1176-1 Rev.7
[ - ~ Parent | el sy | Parent
Item # 1‘ Description of Test Area Material | HAZ Weld ! Hlf‘Z_“lL Material |
Ser# 7469 | N1 121 178 192 |[ 183 133
- S (S N |
- —\r N2 134 161 181 167 111
fi : e
' - N " 124 172 157 161 131
b3 8w g | 3 | ’
| — m.o et — _ll. 1 s 3 — = IS PECUEE N,
l :gj | N4 | 128 134 | 114 207 134
:’é g 3 N5 117 124 164 140 154
—t == N NN
< 3 N6 118 139 156 182 160
R e T S
I) N7 123 134 175 143 118
a2l g1 1 o o I
Nl 2]
Y—/.\ % 1% N8 123 131 114 209 140
— A A { b f‘.;_ | |Ir - — - —
X 43|\ F N9 109 181 130 133 143
~ 3 . | B —
N10 109 110 135 176 155
B LETH ve |
L N11 119 164 140 163 128
& E | |
KV Inspection Technician 7—&—«% Date September 9, 2013
’g—‘: ——— -1 S S
Customer Representative {v E\) Date SEP 112013
b n\k'




_ 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

. . GeneralData
Customer | All-Weld Company Date September 9, 2013
Location | Scarborough, ON P.O.#
Project Shop Order # 1176 PQ S/N 7469
b R R
Procedure | KV HT# 35 Rev.00 Worksheet # 37499
L : = e e e
Technician | Frank Marunde HT Certified 4 CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material J Carbon Steel
Test Method & Equipment
Technique . @ Impact 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 0 Brinell Hardness [ ] HV Unit Setting: J_Steel
Inspection -
Description: After PW.HT DWG. 1176-1 Rev.7
[ . Parent | ': _ ' Parent
Item # ! Description of Test Area | Material | HAZ Weld _T HAZ Material
Ser# 7469 ’ N12 | 148 121 180 150 140
N13 101 181 140 r 159 131
. R e e L =l
|
B EU,J}_% [ I N B R
F_ = P 5 N2 support weld #1 120 125 ' 180 1 149 142
N — > 51 Y S I S _— SRS
2 _§ N2 support weld #2 109 170 179 142 113
. ——%'Q . 4 . S Rt R 1.._ =
) E < N2 support weld #3 149 149 199 151 143
‘QX‘LJ\‘\—\':\ S . e
5 g9 - g iy N2 support weld #4 126 127 | 167 | 113 101
:’ 2:(;‘\';" - S — - - : R i
oo B
N RSN RN
BT ‘\\b r . . i I
N J< AR | |
\;bg -% ) + — t .
125 § éé R B
g8 g
g £
KV inspection Technician | Date September 9, 2013
Customer Representative Date SEp 19 2013




KV Inspection Services Ltd.

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

- General Data ] - _ ]
Customer | All-Weld Company Date September 9, 2013
Location Scarborough, ON P.O.#
Project Shop Order # 1176 PQ S/N 7469
Procedure | KV HT# 35 Rev.00 Worksheet # 37499
Technician | Frank Marunde HT Certified v CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material Carbon Steel
Test Method & Equipment
!— LT P — e R e P e - - - e —_—
Technique @ |mpact Load — Digital Readout O Impact Load —~ Ocular Viewing N
Equipment @ Equotip D Impact Device B o ]
I Reac_iings Taken O Average of 5 readings ® Average of 3 readings O Other o
Scale O Bnne” Hardness © HV Unit Setting: l Steel
. Inspection - ]
Description: After PWHT
- | Parent | wald | Parent |
Item # Description of Test Area [ Material ) HAZ Weld HAZ Material
L Ser# 7469 N3 support weld #1 117 127 146 141 113
' | N3 support weld #2 119 121 137 118 109
2 o3 3 ‘ N3 support weld #3 106 136 129 139 132
i . 9 R LB S E— I ] —— i B S —
| ]
%] gl'll; g N3 support weld #4 120 114 154 143 130
13 %
‘i = J ! A 1 |
<, i
NERRY N4 support weld #1 119 }60 ] 1_76— 124 129
go| N/ |
g ~{{ ] Al { N4 support weld #2 114 129 151 122 135
L "'3;; e ﬁ* - S IS
“ ﬁ \S 4 | N4 support weld #3 126 131 143 159 148
N XY | .
R N4 support weld #4 107 133 164 138 143
| % S } o .
a g &
BiET T
5 £° | ‘
KV Inspection Technician Date September 9, 2013
Customer Representative Date SEP 19 2013




KV Inspection Services Ltd.

1486 Wallace Road

Oakville, Ontario L6L 2Y6

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

General Data

| Custo}n;r - All-Weld Company Date _—_S_er_azembér_é_, 2013
— 1= - —
Location Scarborough, ON P.O. #
Project Shop Order # 1176 PQ S/N 7469
Procedure | KV HT# 35 Rev.00 Worksheet # 37499
Technician | Frank Marunde HT Certified e CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material ] Carbon Steel
Test Method & Equipment
Technique ® Impact Load — Digital Readout O Impact Load — Ocular Viewing
Equipment | © EquotipD Impact Device - o -
 Readings Taken O Average of 5 readings ® Average of 3 readings O oOther ]
Scale 0 Brinell Hardness @ HV [ Unit Setting: J Steel
| Inspection -
Description: After PWH.T
' ] o .| Parent 1 T uas | Parent |
Item # Description of Test Area Material HAZ L We_ld B _HAZ Material
Ser# 7469 N5 support weld # 1 127 141 171 163 131
N5 support weld # 2 131 143 149 151 143
— - — 1._ _ - — — b S
§ e § N5 support weld # 3 134 121 137 118 129
o = === -+ - — o=
3:;: g N5 support weld # 4 140 167 151 139 126
—f§ g 3 T A ] IS S
:Q':; - -\ = = .
W = o N6 support weld # 1 121 149 143 128 117
PR & ~) ~ER— | T - e ——
53N s
30 i ) BN N6 support weld # 2 119 127 148 139 141
I’ ¥ 2§:‘d — 4 —————— —_— - - —_ —_ = ===
IES E %b\\ NG support weld # 3 130 138 166 et | 137 |
K, €3 N6 support weld # 4 127 150 153 147 111
] 3 . _ s ———
g é & |
= e - B _ = - R
= 1
KV inspection Technician Date September 9, 2013
Customer Representative Date SEP 1 12013




KV Inspection Services Ltd.

1486 Wallace Road

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

— s e e
_ _ - General Data
Customer | All-Weld Company Date September 9, 2013
Location Scarborough, ON P.O. #
PrOJect Shop Order# 1176 PQ S/N 7469
Procedure KV HT# 35 Rev. 00  Worksheet # 37499
Technician | Frank Marunde HT Certified v CGSB Reg#8885
Technical Data — Hardness Testing (HT) )
Material [ Carbon Steel
 taa — s —_—
Test Method & Equnpment
= SRR = e - e
Techmque ‘ ® Impact Load — Digital Readout O Impact Load — Ocular V|eW|ng
Equipment | ® Equotip D Impact Device _ ]
'Readings Taken l O Average of 5 readings @ Average of 3 readings O Other B
Scale ‘ O Brinell Hardness @ HvV J Unit Setting: l Steel (
L Inspection ’
} Description: After PWHT
| ] L Parent | et 1 e Parent
Item # Description of Test Area Material _'. HAZ Wield i» i HAZ Material
Ser# 7469 ' N7 support weld # 1 137 153 177 - 123 144
T = 1
N7 support weld # 2 126 157 164 | 141 128
e o | e —r . ——T =——————— i = — __1
2 @ g 3 N7 support weld # 3 131 134 143 139 117 J
| ~ ] | B o 1 - I
J ]
g g | N7 support weld # 4 142 161 147 141 130
S
(\‘)
AT s
: 2‘_ N8 support weld # 1 149 139 143 176 154
Q. \ ol | | U - 1 - —
AN B
30 e [ N8 support weld # 2 145 131 123 167 : 127
| 3 J.\ 1N - N S o = — - = - T SS—T: Tt —
BJQT‘; N g ) ]
hL§ ) § N8 support weld # 3 151 127 117 153 118
= _% q:._ § m_. = = - — - SENESTR—
\ §Q Y L\L N8 support weld # 4 123 128 124 143 120
——— - ll @ - N b
3 B2
I -5 B — S e R PO
35 E B

KV Inspection Technician

Customer Representative

Date

September 9, 2013

Date

SEP 112013




Hardness Testing Report
KVInspection Services Ltd. HT

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

Fax: 905-844-6697

Specification — Acceptance Criteria

General Data

Customer AII Weld Company Date September 9, 2013
‘Location Scarborough ON P.O. #
Project Shop Order# 1176 PQ S/N 7469

Procedure KV HT# 35

Rev.00 | Worksheet # 137499

Techmcmn Frank Marunde HT Certified v CESB Reg # 8885
Technlcal Data - Hardness Testing (HT)
Material ICarbon Steel
Test Method & Equnpment
- Technlque L] Impact Load — Digital Readout O  Impact Load - Ocular Vlewmg
Equipment ® Equotip D Impact Device . i -
.Reariings Taken | O Average of 5 readings @ Average of 3 readings o) Other R
Scale O Brinell Hardness (] HV Unit Setting: l;steel
B . Inspection _—
Descrlptlon After PWH.T
- .~ R Parent | .0 | wwad | uas Parent
Item # _De_sc_rlptlon of_Tisﬁt f\rea 1 Material | HAZ | We_ld 1 HAZ Material
Ser# 7469 N9 support weld # 113 137 129 141 129
N9 support weld # 117 132 156 161 136
; S | I—
g8 ggad| | Nosweortwed# | 128 | 14 | w3 | 128 e
3 o N9 support weld # 120 151 161 137 131
-1l Q@< | 000000000 i - B -
Hed §
s d | _ B SR I ——
X
W S S Skirt w1 132 141 173 146 129
Sy ] I N e
a0 g1 .
| j = Skirt L1 141 163 196 147 131
%’\- [ A ,.\ﬁh I . SO | _ R N | I |
| \\ 3 >_
* ‘i Name plate bracket 94 153 143 N/A 163
= . R ] _— S :
NE € .5 Davit bracket 156 167 137 115 143
> ¥ §§ Item 2/3 baseplate 123 136 125 133 128
— S =z & : . _ L R
A
KV Inspection Technician %«// Date September 9, 2013

Customer Representative

‘;;AC) ,, Date SEF 17 wig

.



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

General Data

Customer All-Weld Company Date September 9, 2013“

- Loc;ti_on Scarborough, ON P.O. # - o ]
' Project Shop Order# | 1176 PQ S/N 7469
hProcedure KV HT# 35 Rev.00 Worksheet# | 37499 -
hTechmcnan J Frank Marunde - | HT Certified _V CG_SBE-Q_#Sé_SS ]

Technical Data — Hardness Testlng (HT)

Material lCarbon Steel I S

] Test Method & Eqmpment
Technique “ Q_ Impact Load - Digital Readout O Impact Load - Ocular Viewing ]
Eqmpment @ Equotip D Impact Device

Readlngs Taken

| O Average of 5 readings

Other

(0

® Average of 3 readings

Scale O Brinell Hardness @ HV I Unit Settmg TSteel
- Inspection )
Description: After PWHT
- - : . |
Item # Description of Test Area Pare|.1t HAZ Weld HAZ Parel]t
B Materiat " | 0 0 7 | Material |
! Ser# 7469 Vortex Breaker 125 175 190 127 108
Item 19/2 Weld #1 151 126 149 122 120
g Item 19/2 weld #2 148 139 164 123 158
“é Item 6/4 weld #1 121 140 172 144 150
2 "? | Item 6/4 weld #2 129 145 211 139 144
Y il | I —
W
& Item 6/4 weld #3 118 138 170 . 128 142
& B ? == —
Bf Item 6/4 weld #4 130 141 192 150 147
\ NQE, Item 20/2 to 21/2 126 152 149 N/A 157
o Item 9/3 tailing lug 161 176 175 140 126
| § : | | | A
HE é :
E 5 E [ I
KV inspection Technician Date September 9, 2013
t-/c_ . .
Customer Representative | ON { Date SEP 1% 2013




1486 Wallace Road
Oakville, Ontario L6L 2Y6

K%,i Inspection Services Ltd. {
|
i

Hardness Testing Report

HT

Specification — Acceptance Criteria

Phone: 905-844-9448

Fax: 905-844-6697 I - B - B |
- ___General Data I —
Customer ‘ All-Weld Company Date September 9, 2013
Location Scarborough, ON P.O. #
L o i
Project ! Shop Order # 1176 PQ S/N 7469
| [ - b | Rl : "
Procedure | KV HT# 35 Rev.00 Worksheet # 37499
' Technician | Frank Marunde HT Certified v CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material I Carbon Steel
Test Method & Equipment
. [ — e I i - S - |
Technique | ® Impact Load — Digital Readout O Impact Load — Ocular Viewing
I 1 .
| Equipment | ® Equotip D Impact Device i . |
Readings Taken O Average of 5 readings ® Average of 3 readings O Other 1
Scale o Brinell Hardness (-] HV 1 Unit Setting: Lsteel
B Inspection S
Description: After PWH.T
[ ‘ - Tt .. | Parent I L.y | Parent
Item # i Description of Test Area | Material HAZ Weld | .HAZ Material
Ser# 7469 | Item 23/2 Piece #1 153 173 158 | 176 137
| | e | e | W
Item 23/2 Piece #2 148 183 189 | 153 133
— | R (R
g - | Item 23/2 Piece #3 139 197 | 153 | 140 123
8t Em_ca_ | | " S b
- 1 Item 23/2 Piece #4 141 181 167 | 152 129
L St.,. B S B [ I — ! 1_ . S
s’é - Item 23/2 Piece #5 124 190 170 i 160 151
‘.A. ? -4 - - e e e —  —
LA a Item 23/2 Piece #6 144 169 166 196 157
A VN I
89 5 | Item 23/2 Piece #7 145 157 161 163 163
- _.~-§_z. _‘ _* S - —— L . — - . ——
< % Item 23/2 Piece #8 140 169 158 167 138
18\ B S ] = I =
\) \{ &
"%\‘S
R 1 |
KV Inspection Technician %"“/’v// Date September 9, 2013
- I | S— — T\‘{\_-C?J_
. < )
Customer Representative *--hp':' Date SEP 11 113

[
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i



KV Inspection

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

i
|

Services Ltd.

HT

" Hardness Testing Report

Specification — Acceptance Criteria

~ General Data

Cu"szomer All-Weld Company o | Date Se;)_ten:mBer 9; 261_;; o
Location Scarborough, ON P.O.#
Project _ Shop Order # 1176 PQ S/N 7469
Procedure | KV HT# 35 Rev.00 Worksheet # 37499
Technician | Frank Marunde HT Certified v CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material Carbon Steel
Test Method & Equipment
Technique @ Impact Load — Digital Readout O Impact Load — Ocular Viewing
 Equipment @ Equotip D Impact Device - _ _ B
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale . O Brinell Hardness @ Hv ] Unit Setting: JSteel
| Inspection B
Description: After PWHT
1 | | Paren
ltem # | Description of Test Area | Farent HAZ Weld HAz | Farent
} _ Material | Material
Ser# 7469 i Item 24/2 Piece #1 122 138 171 167 149
Item 24/2 Piece #2 144 190 181 161 138
‘ Item 24/2 Piece #3 137 173 168 164 142
Item 24/2 Piece #4 136 159 173 154 144
i = = = - — — - - S— S | — .
Item 22/2 134 171 163 194 181
i
] = —
| |
KV Inspection Technician M Date September 9, 2013
- _ e — -
Customer Representative < ) Date SEP
DS 132013

(73]



: LY H STAINLESS TO
Welding Procedure Specification (WPS) CARBON STEEL
Customer
Work Order # @ Provincial Registration |WP G186.5
' @ Company
framet ALL-WELD COMPANY LIMITED Procedure Identification
addess/ 49 PASSMORE AVE. , 14 PASSMORE AVE. WPS NO. 2.1 Revision No. ' 4
PLANT 1 PLANT 2 -
SCARBOROUGH, ONTARIO Code Section IX Date 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
75° o
v 107 N
+5§° —15° +5° —15°
1 |
4 -
| e —
r T e L | 1
RzEARz ‘4 |‘—3’32"11f32" 332n 282" —>| L—am":mr' ALL FILLET WELDS
Base Metals  {QW-403) P.No. 8  Gr.No. 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)
2. AWS No. E309-16 TO THE OVEN EVERY 4 | SFA 54 F-No 5 A-No. Dia. 5/32" & 3/16'
3. AWS No. HOURS SFA F-No A-No. Dia.
Flux Tradename NONE Electrode Flux Ciassification NONE
Consumable Insert NONE Other MAX DEPOSITED METAL 1 1/2"
Positions (QW-405) m Postweld Heat Treatment (QW-407)
Position(s) of Groove ALL Temperature Range NONE
Welding Progression UP Time Range NONE
Position(s) of Fillet ALL ther 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 Composition NONE
Preheat Maintenance SEE 'OTHER' Trailing Shield Gas Composition NONE
Other NONE Other NONE
@ Electrical Characteristics and Technique (QW-409)-(QwW-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 155-195 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 Frequency

NONE

Contact Tube to Work Distance

NONE NONE

NONE

Multiple or Single Pass (per side) SINGLE AND OR MULTIPLE

Multiple or Singte Electrode SINGLE

Electrode Wire feed speed range

NONE

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

Other

©

Supplementary Comments

NONE

AT

Date 14 April, 07

Company Representative Signature s
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

T . Ontari
W Consumer and  Pressure Vessels Mosfgn;%s e
' Commercial Branch ¢ 5 -
Ontario  Relations Technical Standards Divisioh s
” PROCEDURE QUALIFICATION RECORD
PQR-2
Date_December 1,1981
_All-Weld Company Limited
{(Manufacturer) . ‘_(Addrleu o
Weld Proc. Spec. No. P8XPIxF5 Weld Process(es) _ SMAW. ——_Types
. T . lhanual,'xutomatic)

JOINTS (QW-402)

\/75€y

CNA

( %a*’”* — %2

Groove Design Used

BASE METALS (QW-403)
Material Spec. . _SA240 & SA 285C

Type or Grade 304 & C.s.
P No. 8 to P No. 1
Thickness 3/4"

Diameter FLAT
' M—Fﬁ#‘—“&m

Other BFA Wﬂ—‘f?—fﬁ(‘w
Tk JJorP L3

FILLER METALS (QW-404)

POSITION (QW-405)

FLAT
N/A

Position of Groove

Woeld Progression

{Uphill, Downhill)

Other

§\

Weld Metal Analysis ANo.___- A8
Size of Electrode /8 x 5/32
Filler Metal F No. FS

SFA Specification SFA 5.4

AWS Classification E308~-16 .
Other N/A

PREHEAT (QW-406) ;

PreheatTemp.__ﬁ-Oo o ™awy
Interpass Temp. RS0 F Max

Other N/A

POSTWELD HEAT TREATMENT (Qw-407)
Temperature _  Non=

Time N/A

Other N/A

GAS (Qw-408)

Type of Gas or-Gases N/A

7w

Compogition’of Gas Mixture N/A

Other“ i N/A

ELECTRICAL CHARACTERISTICS (QW-409)

Current D.C

Polarity REVERSE

Amps. 120 Volts ___25_
Travel Speed 7-10 1PM

Other N/ A

TECHN{QUE {QW-410}

String or Weav;a Bead STRING
Oscillation . N/A -
Multipass. or Singlg Pass MULTIPASS

(per sids)

Single or Multipla Elec‘t'r,odec _S_IN(_iI}E\ . L s

G 56 S




TENSILE TEST (QW-150)

SPECIMEN ULTIMATE ULTIMATE CHARACTER OF ]
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 | .755 ..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=3 SATISFACTORY.
AW-7-2 SATISFACTOQORY : =T =4 SATISFACTORY
TOUGHNESS TESTS (QW-170)
SPECIMEN NOTCH NOTCH |  TEST IMPACT LATERAL EXP. DROPWEIGHT
NO. LOCATION- TYPE TEMP, VALUES
% SHEAR MILS BREAK NO BREAK
F _ | 1'
I "'|‘““ e
Type of Test
Deposit Analysis
Other
Weld Test Witnessed By ___ Mr, J., Clark

Tensile Test Made By_The Warnock— Hersey-Co.- Ltd
Laboratory TestNo.__7735/TP63/TP96_

Authorized Inspector

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 | X.

Ontario

{5 Signed : B

o R E@JHSTERED e anutacturer

' *\  UNDER THE AUTHORITY OF THE BOILERS K Q % m (
i AND PRESSURE VESSELS ACT By \
o Wps: G186

Z MCINTYRE /
Q A. " SUPERVISOR/

G

SIGNED!

Lo
N
N
7




Welding Procedure Specification (WPS) CARBON STEEL

Customer
Work Order # @ Provincial Registration |WP T4-6¢0.5
' @ Company
Name! ALL-WELD COMPANY LIMITED @ Procedure ldentification
address/ 49 PASSMORE AVE. , 14 PASSMORE AVE. WPS NO. 29.2 Revision No. 0
PLANT 1 PLANT 2 B
SCARBOROUGH, ONTARIO Code Section IX Date 15 APRIL, 13
Postal Code ( PLANT 1) Postal Code ( PLANT 2) PQR No. 20X
M1V-4T1 M1V-2R6
@ 1 GTAW Manual | X Semi-auto. Auto.
Welding Process(es) 2 Manua! Semi-auto. Auto.
3 Manua! Semi-auto. Auto.
5 Joints (QW-402)
Desn  SINGLE , DOUBLE V GROOVE & FILLETS | BacknoMaterial  wiTH OR WITHOUT WELD METAL
Backing ves X No X Other  BACKING FOR SINGLE OR DOUBLE V GROOVE

Sketch

Ko o

7 $L§

ng " " » " (1]
3327214732 ql |(-—3132 +132 332" 21132 _)l |(_3,32..+1,32..

ALL FILLET WELDS
§ 6 2 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

Thickness Range Qualified

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 (QwW-404)
1. AWS No ER70S-2 SFA 5.18 F-No 6 A-No. 1 Dia 1/16"
2. AWS No. ER70S-2 PRODUCT FORM - SOLID | SFA 5.18 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

Consumable [nsert NONE Other MAX. DEPOSITED METAL 0.600" THICK
Positions (QW-405) @ Postweld Heat Treatment (QW-407)
Position(s) of Groove 1G TO 6G ‘Temperature Range 1175F +or-25F

Nelding Progression UP Time Range 6.25 HR'S MAX

Position(s) of Fillet ALL ther 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
Iinterpass Temperature Max. 350°F |Backing Gas Composition ARGON 99.9%
Preheat Maintenance SEE 'OTHER' Trailing Shield Gas Composition 3-5 CFH T
Other NONE Other NONE
@ Electrical Characteristics and Technique  (QW-408)-(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 jlin

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, elc )

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 1/2" TO 1"

Multiple or Single Pass (per side) MULTIPLE

Multiple or Single Eiectrode 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 nreheat to 50° F

()

Supplementary Comments

1) CHARPY V NOTCH IMPACT TESTED TO-50F

2) MACROETCH EVALUATION TEST

3) VICKERS HARDNESS TRANSFER TEST UNDER 248 HV10

Company Representative Signature

W‘ bate 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 invalid when any essential variable changes, or any requirement of the ASME Code Section iX, affecting

this procedure, is aitered.



PROCEDURE QUALIFICATION RECORD (PQR)

(Reference: ASME Section 1X)

1) Company @ Provincial Registration WP T 0 5-
64‘ N y 4
 — ALL-WELD COMPANY LIMITED 4
Address ] 3 Record Identification
\)%9 PASSMORE AVENUE e
‘ 29X
SCARBOROUGH, ONTARIO S—
| i’ostﬂl cmla | 29-2
Mp1]V]4]T|1 -
@ Welding Process(es) @ Groove Design used
GTAW Type MANUAL 750

s
5 Type +50 —15° >V

3 Type

() Base Metals (QW-403) l; :\Wz; %
PNo. 1 GrNo. 1 to P.No. 1 GrNo. 2 1 SN

— - ' i N )
Specification Tensile 332"+ 432" _4 L__ “e .
SA-333-GR6 60,000 psi TRz
SA-350-LF2 70,000 psi
Thickness " Diameter Postweld Heat Treatment /
0.300 -
Other NONE Temperature 1175 F+o0r-25F
@ Filler Metals @w-4os) | | 5 HOURS
Classification (AWS) SFA-No. F - No. A - No. Other NONE
ER70S-2 5.18 6 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 Progressi.on Up D Down D @ Technique (QW-410)
Other NONE String or Weave Bead STRING
@ Preheat (Qw-406) RECte 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
@ Electrical Characteristics and Technique (QwW-409) + (QW-410)
L G Bt Classiﬁca't:igl:r L Diameter Type Polarity curent Amp Volt UL
ROOT GTAW ER70S-2 116" DC SP 130 20 3

FILL GTAW ER70S-2 18" DC SP 130 22




Tensile Tests Jslerence;
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
T1 0.504" 0.287" 0.145" 9,598 66,500
T2 0.504" 0.299" 0.151" 9,550 63,500 All coupons fa“E
a ductile manne:
the base metal
@ Guided Bend Tests Referencej
Specimen | Face { Root | Side Result Specimen | Face | Root | Side Result
S1 X ACCEPTED S3 X ACCEPTED
S2 X ACCEPTED 84 X ACCEPTED
Toughness Tests eference;
Specimen Notch Location Notch Type Sl Impact Value SateraiExpansion DIepIcight
Temperature Shear Mills Break No Break
1 HAZ SA-333-GR6 { V NOTCH 50 F 133 ft-Ibf 100 76
2 HAZ SA-333-GR6 | VNOTCH -50F 168 ft-lbf 100 74
3 HAZ SA-333-GR6| V NOTCH -50 F 171 ft-lbf 100 78
1 WELD V NOTCH -50 F 129 ft-lbf 100 79
2 WELD V NOTCH -50F 163 ft-bf 100 84
3 WELD V NOTCH 50 F 164 ft-bf 100 86
1 HAZ SA-350-LF2 | VNOTCH 50 F 155 ft-lbf 100 81
2 HAZ SA-350-LF2 | VNOTCH 50 F 152 ft-bf 100 74
3 HAZ SA-350-LF2 | V NOTCH -50 F 97 ft-Ibf 100 90
. Reference:
L@ Fillet Weld Test Heat Input ( Per QW-409.1) = 57,200 j /
Result - Satisfactory Yes D No D Penetration Into Parent Metal Yes D No | w
Macro - Resuits
Other Tests [Referencel WP-T4E60. S
1) MACROETCH EXAMINATION PER LAB REPORT 638502-13( Report A ) % L
2} NACE MR0175/1S0O 15156-2:2009/CIR..2011{E} VICKERS HARDNESS PER LAB REPORT 638502-13 ( Report B )

Welder's Name

Hafeez Mirza

Stamp No

Tests conducted by

CAMBRIDGE MATERIAL TESTING LTD.

Ll

<& S

Geil>
/53

63549913 £~
637266-73, 638500-2013, 638501-2013,

638497-2013, ,

638502-13 (Report A)

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

!
Company Representative's Signature W
ROBERT C. BENTLEY, CE.T.

Laboratory Test No 638502-13 (Report B)
Fillec weebed (_-,t cchuct fw. sold
S+ 249-2 /.,/ b e £
Date 15 April, 2013

21

Department Use only

Samples Welded on

Inspector

Record verified on

Inspector




Welding Procedure Specification (WPS)

Carbon Steel

Customer :
Work Order # () Provincial Registration P — -
| @ Company ' 4_6 53: S
jeme/ ALL-WELD COMPANY LIMITED @ Procedure Identification
adaress/ 49 PASSMORE AVE. | 14 PASSMORE AVE. WPS NO. 52-2 Revision No. 0
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Section IX bate 08 APRIL, 13
Postal Code { PLANT 1) Postal Code ( PLANT 2) PQR No. 52X
M1V-4T1 M1V-2R6
@ 1 SMAW Manuai | X Semi-auto. Auto.
Weiding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints (QW-402)
Desian DOUBLE V GROOVE Backing Material WELD METAL
Backing Yes No X Other NONE
Sketch
,( 75° N
+5° — 15
1
< J‘_g :
(T3S (13
AR ‘H 332" x4/32" 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-GR70N & 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. 18"
2. AWSNo.  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 "
() Positions (QW-405) @ Postweld Heat Treatment (QW-407)
Position(s) of Groove 1G TO 6G Temperature Range 1175 +25°/-0°F
elding Progression UP Time Range ¢ o \MPACT TEST 6 1/2 HRS AND PER CODE FOR NON IMPACT]
Position(s) of Fillet ALL Other
Other NONE




QQ Gas  (QW-408)
@ Preheat (QW-406) Shielding Gas Composition NONE
Preheat Temperature Min IMPACT TEST 200° F/ 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
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 SMAW | E7018-1H4 1/8" DC RP 100 - 150 21-25 5-101PM
FILL SMAW | E7018-1H4 316" 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

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

Orifice or Gas Cup Size NONE

Oscillation NONE Widih 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 @Ww/é/ 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.



PROCEDURE QUALIFICATION RECORD (PQR)

(Reference: ASME Section 1X)

1 T Company @ Provincial Registration P T 4_ 6 5 3 5
Name / ALL-WELD COMPANY LIMITED ’
PP 3 A Record Identification

ress 49 PASSMORE AVENUE AT
' 52-X
SCARBOROUGH, ONTARIO WES NG
Poslal Cade 52-2
MI1]|V[4fT]1 .
@ Welding Process(es) @ Groove Design used
1 SMAW Type MANUAL
2 Type 75° N
3 Type \+5° —-15 /
@ Base Metals (QW-403) |
P No. 1 Gr No. 2 to P.No. 1 Gr No. 2 % %
Specification Tensile 3732 % 432" L—
SA-516-GR70N 70,000 psi 332" 2 152" AL FLLETWELDS
Thickness " Diameter Postweld Heat Treatment /
212 NONE
Other NONE Temperature 1175 F +or-25F
@ Filler Metals (QW-405) fime 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 Rats NONE
Position(s) of Groove 3G Other NONE
Welding Progression Up . Down D @ Technique (QW-410)
Other NONE String or Weave Bead STRING
@ Preheat (Qw-406) S NONE
Preheat Temperature  Min 200°F Multipass or Single Pass (per side) MULTIELE
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 Current
Weld Layers Process Classification Diameter Type Polarity Amp Volt Travel Speed
ROOT SMAW E7018-1H4 18" DC RP 160 24
FILL SMAW E7018-1H4 316" DC RP 275 24




Qf) Tensile Tests Keterence:

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" 0917 64,554 70,500 All coupons falled
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 S3 X ACCEPTED
S2 X ACCEPTED S4 X ACCEPTED
Toughness Tests Reference:
Specimen Notch Location Notch Type R —— Impact Value cate Expansior.a Drop Weight
Temperature 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 -50 F 19 ft-Ibf 20 10
1 HAZ V NOTCH -50 F 152 fi-Ibf 80 81
2 HAZ V NOTCH -50 F 111 ft-lIbf 60 74
&) 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 -50 F 28 ft-lbf 20 14
3 Weld ( 1/4t opposite) | V NOTCH -50 F 136 ft-Ibf 60 79
. Reference:
@ UL LG Heat Input ( Per QW-409.1) = 79,200 j/in _
Result - Satisfactory Yes D No |:| Penetration Into Parent Metal Yes I:I No ﬁ'

Macro - Results

Other Tests Reference:

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

2} NACE MR0175/1SO 15156-2:2009/CIR..2011{E} VICKERS HARDNESS PER LAB REPORT 637267-13 ( Report B )

Welder's Name Steve Liew Stamp No. 90

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

637266-2013, , 637267-13 (Report A)
Tests conducted by CAMBRIDGE MATERIAL TESTING LTD. 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.

“ e
Company R?pmmam&gnataw&—— : Date 8 April, 2013

hnlcal BERT C. BENTLEY.C\E.T.
Standards Boilers and° el
=T Sataty o e
21 | Authority Safety ProgrBRHartment Use only
Samples Welded on Inspector
REGISTERED
Record verified on G Inspector
1D T2 7 e AT Laid
WES el 1 T oS53 o
Rz €2 -X
igned:...... S (e
_ Wps: wa-2
te:.... ARG, 203...

woe §




Welding Procedure Specification (WPS) CARBON STEEL

Customer
Work Order # @ Provincial Registration |WP P659.5
@ Company
Name! ALL-WELD COMPANY LIMITED @ Procedure ldentification
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

v 19° ~

+5°—15

%@ :

332"+ 132" __)‘ L_3;32--_+_1r32“

FLAT POSITION FILLET WELDS

@ Base Metals  (QW-403) P.No. 1 G.No. 2  toP. 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

UEE GG LN 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 517  F-No 6 A-No. 1 Dia.  0.15625
2 AWS No. EH11K SFA 517  F-No 6  ANo. 1 Dia.  0.125
3. AWS No. SFA F-No A-No. Dia.
Flux Tradename Electrode Flux Classification
LINCONWELD 880M E7PE-EH11K-HB

Consumable Insert NONE Other MAX DEPOSITED METAL 8 "
(8) Positions (QW-405) Q_CD Postweld Heat Treatment (QW-407)
Position(s) of Groove 1G emperature Range 1150 F-0+25F

Welding Progression UP

Time Range : for Impact use 2 1/2 Hours Maximum Time Limit

Pasiticn(s) of Fillet FLAT

Time Range : per ASME

ther 1E




&Y

(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 Composition NONE
~reheal Maintenance & Tacking 200° F Trailing Shield Gas Composition 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" OC RP 450 - 550 33-35 20-25
FILL SAW EH11K 0.125" DC RP 450 - 550 33-35 20-25
Heat Input ( Per QW-409.1 ) = 87,500 j/in Maximum
I L I
Tungsten Electrode Size and Type NONE
Mode of Metal Transfer for GMAW NONE
String or Weave Bead STRING
[eed erEack Setging 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 1"
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 2 W Date 27 March, 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 invalid when any essential variable changes, or any requirement of the ASME Code Section IX, affecting
this procedure, is altered.




QW-483 SUGGESTED FORMAT FOF PROCEDURE QUALIFICATION RECORD (PQR)
(See QW-201.Z, Szctizn IX, 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 Date__OCT. 10, 1991
WPS No. SAW-3-1
Welding Process{es) SAW

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

JOINTS (Qw-402)

50
€ Eiectrode
—j 5/32~

¢ Seam

_[

1-1/2 = 2-1/2~

|

Back gouge after 16
welding 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.)

BASE METALS (QW-403) POSTWELD HEAT TREATMENT (Qw-4n7|
Material Spec. SA516-70 Temperature 1106°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 Rate
! Sshielding NONE |
- Trailing NONE |
FILLER METALS {QW-404) Backing NONE ‘
SFA Specification 5.17 }
AWS Classification F7P6-EHI1K ELECTRICAL CHARACTERISTICS (QW-408! |
Filler Metal F-No. 6 Current |
Weld Metal Analysis A-No. 1 Polarity__ POSITIVE (REVERSE) |
Size of Filler Metal 5/32 Amps. 745-750 Volts 30-34
Other iR J(//Vfalﬂ/ 580N gt:::rszen Elelt\:]gclnng Size
Deposited Weld Mezral
POSITION {QW-405) TECHNIQUE (QW-410)
Position of Groove FL AT Travel Speed 18' P.M.
Weld Progression {Uphill, Downhill) String or Weave Bead STRING
Other Qscillation NONE
Multipass or Single Pass {per sidel MULTZPASS‘
Single or Multiple Electrodes SINGLE
PREHEAT (QW-406) Other NONE
Preheat Temp. 200°F
Interpass Temp. 300°F
Other MAINT: 200°F
(12/886) This form (EQ0007) may be obtained from the Order Dept., ASME, 345 £. 47th St., New York, N “ﬂ:_} \:‘:7

L

-



QW-483 (Back)

PQAR No.
Tensile Test (QW-150) |
Ultimate Ultimate Type of 1

Specimen Totat Load Unit Stress . Failure &

No. Width Thickness Area b psi Location
T2A .932 .758 .708 54,500 77,195 DUCTILE IN BASE M
T2B .904 .752 .608 52,600 77,352 - " "
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 1 BEND AROUND

1

1 1/2" p. PIN |NO CRACKS OR OPEN DEFECTS GREATER
" " 180° THAN 1/8" |
i u

Toughness Tests (QW-170)}

Specimen Notch Natech Test Impact Lateral Exp Drop Weight } _]
No. Location Type Temp. 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 . 438
3 | WELD 1/16 | CHARPY | ~S50°F 85.6 20 . 71 i
1 WELD MIDYW | CHARPY | -50°F 45.7 10 34
2 WELD MIDYW | CHARPY | -50°F 60.5 10 46 | \
3 | WELD MIDW | CHARPY | ~50°F _ |79.7 |20 161 | _=Za BN
1 | FAZ. | CHARPY | -50°F  |60.5 L. 40 425 et L
2 | Az cuarey | Zsocr  u40.1  [Ten s 1T AT
3 | HAZ. lcrarpY [ Zs0°F  [143.1 90 190 rd ? Ll
t.;l,f' Outario \r
¢y
£  REGISTERED
Other Tests \7‘:\ UNDER THE AUTHORITY OF THE BOILERS
() AND PRESSURE VESSELS ACT
Type of Test NONE
Deposit Analysis NONE
Other NONE
Welder's Name ROBERT DIAS Clock No. __541 StampNo. __ 8.

Tests conducted by: CAMBRIDGE TesSTING SERUceES LimiTen Laboratory Test No. 67 507-9!

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.

Manufacturer ALL-WELD CO. LTD.
Date eti5/4) oy /Y /7 QC MANAGER
(

Hof record of tests énber of tests required by the Code.)

Lr;ﬁﬂﬂffratwe only and may be modified to conform to the type and A

S cOer. S 477/
AUTHORIZED INSPECTOR DATE



Lo Ps 2|
Cu-o- 1173 P&

HOBART BROTHERS

PCY { 3-ACS

McKay

CUSTOMER:
MARKED FOR:

PACK SLIP\ORDER #:
LBS SHIPPED:

CERTIFICATE OF ANALYSIS

EXOCOR C/O USF HOLLAND BUFFALO P.O. & 021702
DATE: 51712013 2:14:08 PM
A503500 WORK ORDER:

60

PRODUCT TYPE:
LOT NO:
SPECIFICATION:

STERL AP 309/308L 1/8 10 CAN STOCK NUMBER: $483944-033
23R058 HEAT NO: 743678
AWS A3.4,/ASME SFA 5.4 CLASS: E309/309L-16

ACTUAL CHEMICAL ANALYSIS (%)
G 0.028
Mn 1.060
P 0034
s o0.007~
Ve ST 0.534 -
Cu 0114~
Cr 22,858+
Ni 12983
Mo 0.120
This material has not coma in cantact with mercury or mercury containing compaounds.

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, Ohlo 45373
Brian Simpson, Q.A. Technician

Authorized Signature :

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 wers 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 Burcau of Shipping ("ABS").




ORI /17}/9@7\\

wes -~
B e o e St s s e e iy |
IBART BROTHERS
m McKay
CERTIFICATE OF ANALYSIS
CUSTOMER: EXOCOR % USF HOLLAND BUFFALO  P.O. #: '
MARKED FOR: DATE: gfz'f:%n 7:33:33 AM '
PACK SLIM\ORDER #: A7841/00 WORK ORDER:
LBS SHIPPED: 60
PRODUCT TYPE: STERL AP 309/308L 1/8 10 CAN 9TOCK NUMBER: 34036440323
LOT NO: 29R048 HEAT NO: 744973
SPECIFICATION: AWS-AS.4,/ASME SFA 54/ CLASS; E309/300L-16 /
ACTUAL CHEMICAL ANALYSIS (%6)
¢ 0032/
Mo 1.088 /
P 0.020/
s 0.008;
st 0.874f
Cu 0.070/
cr 227227
NI 12736/
WMo 0147/

This materiat has not came in contact with mercury or mercury containing compounds.

Measursd FN: 10
Delong FN: 13
Schaeffler: 9

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

Hobart Brothers
400 Trade Squaro
Tray, Ohio 45373

_yr

Tiw Wagner, Q.A. Technican .
Certification and Limited Warraaty ~ Data for the abave 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 sssurance programs
audited and approved by the American Bureau of Shipping ("ABS").

Authorized Signature ;
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HOBART BROTHERS

MeKay
CERTIFICATE OF ANALYSIS
JETOMER: CPG PO # 59751
MARKED FOR: DATE: 712412012 8:42:12 AM
PACK SLIPACRDER #: 44941/01 WORK ORDER
LBS SHIPPED 180
PRODUCT TYPE: STERL AP 309/309L 5/32 10 CAN STOCK NUMBL. R S483951-033
LOT NO 26P006 HEAT NO 740749
SPECIFICATION: AWS A5.4,/ASME SFA 5.4 ClLASS: E309/309L-16
NCTUHAL CHEMICAL ANALYSES ()
¢ 0.028
Mn  1.102
P 0.021
S 0.005
St 0.647
Cu 0.048
Cr 22454
Ni 12308
Mo  0.070

Fins matenal has not come in contact with mercury or mercury containing compounds .

Measured FN: 9
Delong FN: 14
Schaeffler; 10

FYPICAL MECHANICAL PROPERTUS
Tensile  83.000 psi ( 575 Mpa)
Yield 66,000 psi (435 Mpay
blongation 46
falter Mutals Cuality Assurance

tobwt Brathers
10 Trade Square
Tron, Chio 43373

ﬂM

Brian Simpson. Q.A. Techician

Gaendicanson and Lined Warranly - Data o the ebove suppilicd producs are hose obfained whan welded sad ested n sccordance with the abave spadlication. Al tests fuc
the above classification were satished. Other tests and preceduras may produce differen resolts. Hobart Brathers produces welding consumabios under cantinurg nuality
AGBUHNCE CIOGrams audited and approved by ine Amencan Bureau uf Shippeig 488"

Authorized Stgnature
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IELD™ 1A 7018

Covared slectrodes
tecrodss envobies

BLU-32971708 ‘:-wsom 20k (4X50kg)

‘LOT #: 007929K2 4B (4AX11B )
AWSASVASME SFAS] EROR-1-H4

(gr. FNo. 4 an. ANo.1} 2//
CWB 10 CSA W4 E18-1-H4

Lioyd's 3YHY ABS IYHY DNVIYRS

waAR LIQUIDE|
018 Eled




DBLUESHIELD™ LA 7018

Covered slecitodes
tiecrodes enfobees

LOT 5 038A28A3 X1s [TY SENEAG RN

BLU-3297 1710 .\' T PR O

AWSASHASMESFAS ) FTIR--

fgr- FhNo. 4, @ ANo b %
CWB1o CSA W4 E4918-1-H14

&« 7Hloyils SYRY ABS SYHS DNY 3YHS

»‘Amuounne_}

(RN



BLUESHIELD™ LA 7018

Covered electrode s Do X 450mm 20kg (4N S014g)

Elecirodes envobées ]_S" 4b (4XI11D )

E]—#‘ ]-I‘?Q’]] 7] 7 WS AS VASNESFASL E Oib-i-ti
T#:030515A3 (gr. FNo. 4 an. A No.1j

CWB to CSA W8 ERI¥-1-H4
‘ Uoyd's 3YH¥V .—'\B§‘3\115’ DNV3YHS

ﬂfln LIQUIDE |

O—

W

T
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(216) 481-8100 LINCOLNE

THE LINCOLN ELECTRIC COMPANY

PRODUCT CERTIFICATE
LINCOLNWELD 880M FLUX

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

Basicity Index

B.l.*=3.3

*Calculated using Boniszewski formula shown below

B.l. = 0.5 (FeO + MnO) + Ca0 + MgO + Na,0 + K;O + CaF
SiO; + 0.5 (TiO; + ZrO, + Al,03)

o 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)

NayO 1% SiO; 12% MnO 1%
MgO 29% CaO 8% K0 1%
Alea 18% Can 29%

¢ Density (g/cm®): 1.2

o Flux Classification: EN 760 -S AFB 1

-

Cert No. F880M
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o~
PNV Technical L0 Hloor teast Wast YYTIUTIH YYTIUINNIY VPTGl IUSHuiivalvis varu
.25, ] Standards and Toronto. Ontano  MHX X4 Technical Standards and Safety Act
et Setety Authority 1y e v 1vuw g Hoters and Pressurs Vassels Raqulation No. ') 5 [')' 0 3

Nuder 94 ast Nmna untral st Name : -u,l

'Iump No
gr ROBIN_ |’ ™" q
Res Address i*fistal (‘mle Provincial Reqgistration No

Bis My TAN AcH RD_PETERBOMUEGH ONT, . KT LB {ﬁ J745.5

ALL=WELD COMPANY LIMITED et
i $A&SM°RE A\—Ie‘o f‘nmnanvaquouw T

eosalLode

_ScARBorouett. DNTARIO (M) VI4T nl 20-|

;Ncldinoprocn-(u)um G'TA\A’ Type(s) XT hine | l " " . T

BaseMateriakis) SA (06 -B [ SA [106-B Thickness{es) 0.2|8"

Variables for All Processes Actusl Values Rlnqo Qualitied

Backing matenal (metal, weld malal wslded lmm bhoth sndas flux, elc ) w D

ASME P or § No to ASME P or S No w Pl MI E[S"F P2 -% EE PL. X
(__ ) Plate { X } Pipe {enier diametar it pipe} %_/ b P_L _%_

= ; g 0. [}
Filler Metal Specitication |SFA) Class (QW-404) ({Informational Onlv) ) -
Consumable Inserl for GTAW or PAW (QW-404) -

Walding Position (1G, 5G. etc ) (QW-405) 6 61. 6 Gl‘

t Vear {QW-350) Actusl Vaiues Range Quasiified
Fillar Metal F- No. (QW-404) 6 F 6 -
Filler Metal Product Form for GTAW, PAW (QW-404) —-
Weld dpost thickness for each wekding (QW-404) 021" (fb' To 0. 438" MAX . _
Procass 1* 3 layers minimum x Yes No _3 o
Process 2: 3 layers mimimum | Yas No

) -

Progression (uphillidownl) (OW-405) UparLL LPHILL _

GTAW. PAW or GMAW backing gas, or OFW fuel qas (QW-408) .99 ARMN qq. q %
GMAW transler mode (spray/globular or pulse to short circurt) {(QW-409) — - T

GTAW welding curtent type & polarity (AC, DCEP, DCENYQW-409) Dc/Sp dC i SP B
Machine Weiding Variables (QW-361-2) 4 Actual Veiues Y Range Qualified
Direct or remote visual control - -
Aummauc avc voltage control (GTAW) o - - - ——
Aulomallc |om| tracking . - — -
Mulnple or single pass per sda - - —- R
A ] {QW-381-1) Actusl Values Range Quaiified
Filler matal (EBW or LBW) —— -
Laser type for LBW (CO5 to YAG eic ) - ——
Continuous dnive o inerha welding (FW) o -
Vacuum or out ot vacuum (EBW) —— —
Note: Vaiues in “Range Quaiified™ are valid only when used with a Qualified Weiding Procedure.
RESULTS
Visual Examination of Completed Weld (QW-302.4) __ ACCEPTED
NBend test: X Transverse root and face [QW-462.3(a)]; | : Longitudinai root and face [QW-462.3(b)}; ! Side (Qw-462.2);
. Pipe bend specimen, corrosion-rasistant overlay {QW-462.5(c)}; |  Plate bend specimen, corrosion-resistant overlay [QW-462.5(d)J;
Macro test for fusion (QW-462.5(b)}; | Macro test for tusion {QW-462.5(e)}
Type Resuit Type Result Type Result
fecePTED| FACE | ACCEPTED
RooT ACCEPTED] FACE [ACCEPTED
Alternative radiographic examination results (QW-191) - ——
Fillet weld — tracture test (QW-180) - Length and percent of defects -
Macro examination (QW-184) - Fillet size (in.) e X _ - Concavity/convexity (in.) e
Other tests -

Film or specimens evaluated by Company -=

Mechanical tests conducted y ___LMWY L' MITED Laboratory test no. -
Welding supervised by Ew LEW

Test requested by (Print name) Wwe«i at (Print address) ﬂﬂl’ﬁi&uﬂ&jﬂ&,}_ :

We certify that the statements in this record are correct and that the test coupons were prepared, weided, and tested in accordance with the requirements
of Section 1X of the ASME Boiler and Pressure Vessel Code.

Organization A LL- “ EL} mMPMy u M '@ Signature m Date U‘—z 2 ¢ 20' '

alm-dd by

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 herepy authorized. subject to the limitations of this certificate.

Check (v) appiicable box below:

tg To wald for the Employer named abcve onty. This Certificate expires: _. ‘___L _C’g— A:SM\& _E:.
___ For seeking emplovment only. ke

Do Sonh aNtTousR__

I~spector Name and Number (Print}

PVC3357(0407)



@ Technicat e i Woelder/Welding dpbratgr Ceortificate

Standards and  Toronto, Ontario MBX 2X4 Technicai Standerds and Safety Act
Safaty AUthoritY  yyen site: wiw.tzsa.ong Bollers and Prasgiua Vessels Reguiation No. 262456
Welder's Lasi Name el First Name T o Samp No
VALENCIA CESAR é ']
Res. Address Postaf Code Provincial Reglstration No
25 RUBEN STREET, WHITBY, ONTARIO L ll R | 0 IA | 7
WP-R7542.5
Employer Name Compary PQR No.
ALL - WELD COMPANY LIMITED
Strest Addresa 52-2A
49 PASSMORE AVE Company WPS No.used
Postel Code
SCARBOROUGH , ONT "1 1IV|0 'T l1 2.2
Welding Process{es)Used  SHAW Type(s) m‘m-l Dmum Duunl-nmma D sutomatic
BaseMsterials) SA-S16-GR7ON TO SA-S1E-GRTON Thicknessies) 1* | [7] Tostoupon (] Procuctionweid
Vastabies for Al Processes Actust Values Range Qualtfied
Backing material (with/without) WITH WITH
Basa Metal P-Number to P-Number Pl 10 M P1 THRU P15F, P34 & P4X PLATE AND PIPE 27/8" OD AND UP
(X ) Plate { ) Pipe (emer ciameter R pipe) 1"
Filler Matal Specification (SFA) Class (QW-404) (informational Only) (5.1] E7018- 14
Consumsble inasn for GTAW of PAW (QW-404) NONE
Weiding Position (16, 5G, eic.) (QW-408) 26 16426
Manusl or Semi-automsatic Variables (QW-350) Actual Velues Range Qualified
Filler Metal F- No. (QW-404) Féd Fd
Fifier Matal Product Form for GTAW, PAW (QW-404) NONE NONE
Weid deposR thickness for sach weiding process (QW-404) 1" MAX TO BE WELDED (PLATE GROOVE + PIPE 2 778" 0D + UP
Process 1:_SMAW ____ 3 layes minimum [/} Yes [ No . + ALLFILLETS)
Procese2________ 3lsyorsminimusn [~ Yes [ No NONE NONE
Vertical progression (uphiliidownhill) (QW-405) NONE _NONE
GTAW, PAW or GMAW backing gas; or OFW fusl gas (QW-408) NONE NON
GMAW tranaier mode (spray/giobular or puise to short circuit) (QW-408) NONE NONE
GTAW welding curment type & polarily (AC, DCEP, DCEN)(QW-408) NONE NONE
Machine Weiding Veriables (OW-381.2) Actusi Velues Range Qualified
Direct or remote visusi control NONE NONE
Aulomatic arc voltage control (GTAW) NONE NONE
Automatic joint tracking NONE NONE
Muttipie or singis pass per side NONE NONE
Automatic Welding Veriables (QW-3¢1.1) Actusi Vaiues Rangs Quaiified _
Fillar Motal (EBW or LBW) NONE NONE
Laser type for LBW (COp 10 YAG sic.) NONE NONE
Continuous drive or inertia welding (FW) NONE NONE
Vacuum or out of vecuum (EBW) NONE NONE
Note: Vatues in “Rangs Quaiified™ are valid only when used with a Quatified Weiding Procedurs.
RESULTS

Visual Examination of Completed Weld (QW-302.4) _ACCEPTED .
] Transverse root and face [QW-462.3(a); [_] Longtudinel roct end faca [QW-482.3(b)}; [7] Side (QW-462.2);
[ Pipe band specimen, corosion-resistant overlay (QW-462.5(c); (] Plate bend specimen, corosion-resistant overlay [QW-462.5(d);
D Plipe specimen, macro test for fusion (QW-482.5(b)}; [:] Plate specimen, macro test for fusion (QW-462.5(e)]

Type Result . Type Result Type Result Type Resuit
Qw4622 ACCEPTED QW-4622 ACCEPTED
SIDE ) ( SIDE)

Alternative radiographic axamination resuts (QW-191)_NONE

Fillat weld — fracture tast (QW-181.2) _NONE Length and percent of defects N/A
[(] Filist welds in plate (QW-262.4(b)} {0 Fillet welds In pipe [QW-462.4(c)]
Macro examination (QW-184) NONE _ Fillet size (in) HONE ___ x NONE _ Concavityiconvexity (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 neme) ANDREWLEWS
Test requested by (Print name) ROBERT BENTLEY Tested at (Print address) 42 PASSMORE AVE , SCARBOROUGH . ONT
We certify that the statements in this record are correct and that the test coupons were , weided, tested in accordance with the raquirements
of Section iX of the ASME Boiler and Prassure Veassi Code,
Organization _ALL - WELD COMPANY LIATED Signature Date mf’mﬂ —
[ FOR TSSA INSPECTOR USE ONLY

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

Check (v) appiicable box below:

To weld for the Employer named above only. This Certificate ; _PER ASME SECTION IX
] For seeking employment only. (mm
(O Cor pOSw ONTS w2k 1R

Inspactor Name and Number (Print) Inspector Signature and Dats



@ Technicat Bl s Js Welder/Welding Operator Certificate
Standards and Toronto, Ontario M8X 2X4 Technical Standards and Safety Act
Sefaty Autharity  yep site: wwew.i3sa.0 Boilers and Pressura Ves No. 262459
“Welders Last Name il Fieat Name — Hiam No.
MIRZA HAFEEZ {ABDUL) 51
Res. Address Postal Code Provihgiil Regiatration No.
2050 BRIDLETOWN CRICLE, #G07, SCARBOROUGH ONTARIO Ml 1 i W | 2 L v L % .
IRE7 i —
Employer Name Company PGR Na.
_A.LL - WELD COMPANY LIMITED
Strest Address 3. 5%
19 PASSMORE AVE Company WPS No.used
Postal Cods
SCARBOROUGH , ONY Mo Ve T 1] 330
WekiingProcess(es)Used SMAW typeis)  [/]manual [ Jmachine [ Jsemi atio [_] mtomatic
BaseMeteriai(s) SA-240-318 TO SA-240-316 | Ticknessten) 134" | (/] remCoupan [~} Production weid
Variables for AR Procssses Actual Values Renge Guatitied
Backing material (withvwithoul) WITH WITH
Base Metal P-Number to P-Number 8 10 ] P14 THRU PA5F, P34 & P4X PLATE AND PIPE 2 7/87 OD AND UP
(x )Pais ( ) Pipe (enter dameter i pipe) 134"
Filer Metal Spacification (SFA) Class (QW-404) (Ir Only) _[54) ENB18
Consumable insert for GTAW of PAW (QW-404) NONE
Walding Position (1@, 5@, etc.) (QW-408) 26 26
Manusl or Semé th biss (QW-350) Actusl Velues Range Qusiified
Filer Metal - No. (QW-404) 5 S
Fifler Motal Product Form for QTAW, PAW (QW-404) NONE
Weid deposit thick for sach 0p (QW-404) 1314 MAX TO BE WELDED
Process 1:_SMAW ____ 3 lsysrs minimum (71 Yes [ No -- PLATE GROOVE + PIPE 2 7/8" OD + UP + ALL FILLETS
Process 2. Jiayersmininum [ Yes [ No NONE
Vertical progression (uphifidownhill) (QW-405) NONE
GTAW, PAW or GMAW backing gas; or OFW tuel gas (QW-408) NONE
GMAW transier mode (spray/gicbular or puise to short circuit) (QW-4089) NONE
GTAW weiding current type & polasity (AC, DCEP, DCEN)(QW-409) NONE
Machine Welding Verisbles (QW-381.2) Actusl Vaiues Range Quaiified
Direct or remots visusl control NONE
Automatic arc voitage control (GTAW) NONE
Automatic joint tracking NONE
Muttipis or singia pass per side NONE
Automstic Welding Variables (QW-381.1) Actual Values Range Quaiified
Fifler Mstal (EBW or LBW) NONE
Laser typs for LBW (CO3 to YAG eic) NONE
C drive or inerila g (FW) NONE
Vacuum or out of vacuum (EBW) NONE
Nots: Values in “Renge Qualified™ are valid only when used with a Quaiifled Welding Procedure.
RESULTS

Visual Examination of Completed Weld (QW-302.4) _ACCEPTED
] Traneverss roct and tace [QW-462.3(a); ] Longitucinal roat and face [QW-462.3(b)];
[ Pipe bend specimen, corrosion-resistant overlay {QW-462.5(c)};

{1 Pipe specimen. macro test for fusion [QW-462.5(b)};

[¢] side (QW-462.2);
[ Piate bend specimen, corrosion-resistant overlay [QW-462.5(d)};
] Piate specimen, macro test for fusion (QW-462.5()]

Type Result Type Resuit Type Rasult Type Result
OW-482.2 ACCEPTED QW-462.2 ACCEPTED
{ SIDE) { SIDE)

Altemative radiographio examination results (QW-191)_NONE

Fillet weid — fracture test (QW-181.2) _NONE

[[] Finlet weids In piats (QW-462.4(b))
Macro examination (QW-184) NONE
Other tests _NONE

Length and percent of defects NONE

(] Finet welds in pipe (QW-462.4(c)}

Fillet size (In.) HONE P

NONE

Concavityiconvexity (In.) _NONE

Film or specimens evaluated by _NONE

Company NONE

Mechanical tests conducted by _ALL - WELD COMPANY | IMITED

Weiding supervised by (Print name) AHDREW LEWIS

Laboratory test no. _NONE

Test requested by (Print name) ROBERT BENTLEY

Organization _ALL - WELD COMPANY LIMITED

Signature

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

Wa certify that the statements in this record are correct and that the test coupons were prepared, weided,
of Section IX of the ASME Bailer and Pressure Vessel Code.

In accordance with the requirements

Date _03-28-2013
tmm-cid-yyyy)

r FOR TSSA INSPECTOR USE ONLY

\

The Weider named above has passed the welding test required under Ontario's Technlcal 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:

To weld for the Employer named above only.
E] For seeking employment only.

e e

ONTHS

Inspactor Name and Number (Print)

This Certificate

ire; _PER ASHE SECTION X

ML 28, Lol

Inspector Signature and Date



FoR pRlaceuLeE QU ATICATC
Welder/Welding Operator Certificate

14th Fioor - Centre Tower

Technical 3300 Bioor Strest Wasl

Standards and

Toronto, Ontario MBX 2X4 Technical Standards and Safety Act
Safety Authorlty  yop site: www.tssa.org Bailers and Pressure Vessels Begulation——  NO. 262931
Welder's Last Name Initia! First Name Signature = Stamp No
MIRZA HAFEEZ % i §3
Res Address Postal COQ/_/T’PTUV% Reglstration No
2050 BRIDLETOWN CIRCLE # 607 , ONTARIO Moy w2 v s wWP— Tq_gé'a J -
Employer Name Company POR No
ALL - WELD COMPANY LIMITED
Street Address 29X
49 PASSMORE AVE Gompany WPS No used
Postal Code
SCARBOROUGH , ONT Mo V4 T 29-2
Welding Process(es)Used GTAW [Typeis) v |manual machine 1§ i
BaseMaterlal{s) SA-333-GR6 TO  A-350-LF2 Thickness(es) 0.300 " v | TestCoupon Production Weld
Variables for All Processes Actual Values Range Qualified
Backing material {with/without) WITHOUT WITH OR WITHOUT
Base Metal P-Number to P-Number 1GR1 to 1GR2 P1 THRU P15F, P34, & P4X PLATE AND PIPE 1/2 “ OD AND UP
( ) Plate { X ) Pipe (enter diameter if pipa) 3" 0.300"
Filler Metal Specification (SFA) Class (QW-404) {Informational Only) 518 ER70S-2
Consumable Insert for GTAW or PAW (QW-404) NONE
Welding Position (1G, 5G, stc.) (QW-405) §G 6G
Manual or Semi-automatic Variables (QW-350) Actual Values Range Qualified
Filler Metal F-No (QW-404) F6 F6
Filler Metal Product Form for GTAW, PAW (QW-404) SOLID SOLID
Weld deposit thickness for each welding process (QW-404) 0.300" 0.600 " MAX PLATE GROOVE + PIPE 27/8" " QD + UP
Process 1 _GTAW 3 layers minimum 7 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 fuel gas (QW-408) ARGON 99.9 % ARGON 99.9 %
GMAW transfer mode (spray/globular or pulse to short circuit)(QW-409) NONE NONE
GTAW welding current type & polarity (AC, DCEP, DCEN)({QW-409) DCISP DCISP
Machine Welding Varlables (QW-361.2) Actual Values Range Qualified
Direct or remote visual controf NONE
Automatic arc voltage control (GTAW) NONE
Automatic joint tracking NONE
Multipie 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 (COp 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 of Completed Weld (QW-302.4) ACCEPTED

¥ Transverse root and face [QW-462 3(a), Longitudinal root and face [QW-462.3(b)};
Pipe bend specimen, corrosion-resistant overiay [QW-462.5(c)).
Pipe specimen, macro test for fusion [QW-462 5(b)];

™ side (Qw-4622
Plate bend specimen, corrosion-resistant overlay [QW-462.5(d)}
Plate specimen, macro test for fusion [QW-462.5(e)]

i Type Resuit i Type Result Type ! Resuit Type Result
i_QW-dBZAJ(a) ACCEPTED QW-462.3(a) ACCEPTED QW-462.3 (a) ‘ ACCEPTED I QW-462.3(a) ACCEPTED
—(Face) . (ROOT)  (Face) , . {ROOT)

. i !

Alternative radiographic examination resuits (QW-191)_NONE
Fillet weld — fracture test (QW-181.2) _NONE
Fillet welds in plate [QW-462.4(b)}
Macro examination (QW-184) NONE Filiet size (in.) NONE
Other tests _NONE
Film or specimens evaluated by _NONE
Mechanical tests conducted by _CAMBRIDGE MATERIAL TESTING
Welding supervised by (Print name) ANDREW LEWIS
Test requested by (Print name) ROBERT BENTLEY

Length and percent of defects NONE
Fillet welds in pipe [QW-462.4(c)}
x NONE

Concavity/convexity (in.) _NONE

Company NONE
Laboratory test no. _§38497

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,
of Section 1X of the ASME Boiler and Pressure Vessel Code

Organization _ALL - WELD COMPANY LIMITED

ance with the requirements

15-04-2013
(mm-dd-yyyy}

Signature Date

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
Regutation and is hereby authorized, subject to the limitations of this certificate
Check (v) applicable box below:
¥ To weld for the Employer named above only
For seeking employment only.

LOSTICA oS owt (g

Inspector Name and Number (Print)

This Certificate expires: _PER ASME SECTION IX
) (mm-dd-yyyy)

re 1S ey

Inspector Signature and Date

PV 09387 (08/10)



14th Floor - Cantra T :
@ Tectnieal 3300 Bior ootk Welder/Welding Operator Certiflcate
bt s & Toronto, Ontarlo  M8X 2X4 Technical Standards and Safety Act
Safaty Authority  yoh gitg: www.tssa.ong Boilers and Pressura Vessels Regulalion No. 262457
“Welder's Lam Name Vi@l First Name Soraturs  — ~ Stemp No.
MIRZA HAFEEZ(ABDUL) 4
Res. Addresa Poetal Code PWG Regstration No.
2050 BRIDLETOWNE CIRCLE, 4607, SCARBOROUGH, ONTARIO Mot W2 v s
WP.R75425
Empioysr Name Compary POR No t
ALL - WELD COMPANY LIMITED
Street Address 32-2A
19 PASSMORE AVE Company WPS No.used
Postal Code
SCARBOROUGH , ONT ML 1 lV |l II 1 522
WeldingProcesa(es)Ussd  SHAW Typels) [ [Jmactine [ ]semi-sutomatic [ sutomatie
BaseMaterisls) SA-SIEGR7ON TO SA-518-GR7ON Thicknese{es) 1" | [7] estcamon [ Production weld
Vartables for All Processes Actusi Velues Range Quailified
Backing material (withiwithout) WITH WiTH
Base Metal P-Number to P-Number P1 to il P1 THRU P15F. P34 8 PAX PLATE AND PIPE 2 718 OD AND UP
(x ) Piste { ) Pipe (enter dlametar ¥ pipe) 1"
Fifler Meta! Specification (SFA) Ciass (QW-404) (informational Only) _(51) E7018-1H4
Consumabla insert for GTAW or PAW (QW-404) NONE
Walding Poaition (1G, 50, etc.) (QW-405) 26 16 & 26
Mar! Semi (QW-350) Actual Velues Range Qualified
Filler Matal F- No. (QW-404) Fd 4
Fibler Metal Product Form lor GTAW, PAW (QW-404) NONE HONE
Weid deposit thicknesa for each weiding process (QW-404) 1“ TRAX YO BE WELDED (PLATE GROOVE + PIPE 2 7/8” 0D + UP
Process 1:_ SMAW ___ 3layers minimum [7° Yes j— No + ALL FILLETS)
Procass 2 3layers minimum [ Yes [~ No NONE NONE
Vertical progression (uphilidownhill) (QW-405) NONE NONE
GTAW, PAW or GMAW backing ges; or OFW fuei gas (QW-408) NONE NONE
GMAW transier mode (spray/plobutar of puise to short cireult) (QW-409)  NonE NONE
GTAW weiding current type & polanity (AC, DCEP, DCEN)(QW-408) NONE NONE
Machine Weiding Varisbles (QW-381.2) Actusi Values Range Quelified
Direct or remote visual control HONE NONE
Automatic arc vattage control (ATAW) NONE NONE
Automatic joint tracking NONE NONE
Muttiple or single pass per side NONE NONE
Automatic Welding Variables (QW-381.1) Actusi Velues Range Oualified
Fifler Motat (EBW or LBW) NONE NONE
Lasar type for LBW (COg to YAG eic) NONE NONE
Continuous drive or inertia wekfing (FW) NONE NONE
Vacuum or out of vacuum (EBW) NONE NOKE

Note: Valuse in “Renge Quailfied” ere valid anly when used with s Quaiified Welding Procedurs,
RESULTS

Visual Examination of Completed Weld (QW-302.4) _ACCEPTED

7] Transverse root and tace [QW-462.3(a);

] Pipe bend specimen, corrosion-resistant overtay [QW-462.5(c)};

{7 Longitudinal root and face (QW-462.3(b));

[¢] side (Qw-482.2);

(O riate bend specimen, corrosion-resistant overiay [QW-462.5(d)};

D Pipe specimen, macro test for fusion [QW-462.5(b)}; D Piate specimen, macro test for fusion {QW-462.5(e))
Type Result Type Result Type Result Type Resuit
QW-452.2 ACCEPTED QW-4622 ACCEPTED
(SIDE) ( SIDE)

Alternative radiographic examination resuits (QW-191)_NONE

Fillet weld — fracture test (QW-181.2) _NONE

[ Fitlet weids in piate (QW-462.4(b)]
Macro examination (QW-184) NONE
Other fests _NONE

Length and percent of defects N/A

D Fillet welds in pipe (QW-4682.4(c)}

Fillet size (In.) NONE

X

NONE

Concavity/convexity (in) _NONE

Fitm or specimens evaluatad by _NONE

Company _NONE

Mechanical tests conducted by _ALL - WELD COMPANY LIMITED

Welding supervised by (Print name) ANOREW LEWIS

Laboratory test no. _NONE

Test requested by (Print name) _ROBERT BENTLEY

of Sectlon iX of the ASME Boiler and Pressure Vessei Code.

Tested at (Print address) 43 PASSMORE AVE , SCARBOROUGH , ONY
Wa certily that the stataments in this record are correct and that the test coupons were prepared, welded, and

in accordance with the requirements

Organization _ALL - WELD COMPANY LIMTED Signature Date _03-26-2013
(mm-dd-yyyy)
l FOR TSSA INSPECTOR USE ONLY -
The Welder named above has passed the welding test required under Ontario’s Techn/cal Standsrds and Safety Act, Boiiers and P Vi |
Regulation and is hereby authorized, subject to the limitations of this certificate.
Check (v) applicable box below:
To weld for the Employer named above only. This Celificate expires; _PER ASME SECTION iX e
[ For seeking employmant anly. -5

ComiCie Vo)  ONT ST

Inspector Name and Number (Print)

e

MR 8 Wi

Inspector Signature and Date



@ Technical Jan rioar - enire |ower vvelger/velaing uperator iaenuricauoil tara
TSSA
'\6”./’

Standards and Technlical Standards and Safety Act
e ey Toronto, Ontarlo M8X 2X4 foty No. 2 0 7 5 9 3

Web site. www.Issa.org Boilers and Pressure Ve!
Walders Last Name Initial _ First Name ignature

MIRZA HAFEEZ (ABDUL) ==
Res. Address Postal Code Prownplal Registration No.

2050 BRIDLETOWN CIRCLE, # 607, SCARB. M1y 2y5 | P 1625
“"ALL-WELD COMPANY LIMITED Company ARRO:
“Street Address SAW-1

49 PASSMORE AVENUE Company WPS No used
Postal Code

SCARBOROUGH, ONTARIO My by |SAVL

WeldingProcsss(sa)Used ¢,y Typets) | il ine [ sem} g t
BaseMaterialie) G§A 516-GR, 70 / SA 516-GR, 70 Thickness(se) 1"

=

Variabies for All Processes Actual Values Range Qualified

Backing material (metal, weid metal, weided from both sides, flux,etc) BASE & WELD METAL BASE & WELD METAL
ASME P or S No. to ASME P or S No. Pl o Pl &

P) THROUGH P1} & P4X PLATE & PIPE
(_ X )Pate () Pipoentor dametor it pipe) 1" 2 7/8" 0.D, & UP MAX, TO BE WELDED

Filler Metal Speci (SFA) Class (QW-404) (Ir | Only) 5.17 EM12K

Consumabie Insert for GTAW or PAW (QW-404) - a—

Welding Posttion (1G, 5G, etc.) (QW-405) 16 ALL FILLETS (FLAT ONLY)

Manual or Semi-automatic Variables (QW-350) Actusl Values Range Qualified
Filler Metal F- No. (QW-404) E6

Filler Metal Product Form for GTAW, PAW (QW-404)
Waeld deposit th for sach g p! (QW-404) 1"

Procass 1: 3 layers minimum X Yes No 12

Process2:_ ___ 3layersminimum | | Yes No a—

Prograssion (uphiiidownhiil) (QW-405)

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

GMAW transter mode (spray/globular or pulse o short circuit) (QW-408)

GTAW welding current type & polarity (AC, DCEP, DCEN)(QW-408) — -—

Machine Weiding Variables (QW-381-2) Actual Values Range Qualified

Direct or remote visual control

Automatic arc voitage control (GTAW)

Automatic joint tracking

Multiple or single pass per side - -

A ie Weiding (QW-361-1) Actusl Values Range Quaiified s

Filler metal (EBW or LBW)

Laser type for LBW (CO5 to YAG etc.)

Continuous drive or inertla walding (FW) - et

Vacuum or out of vacuum (EBW) — -

Note: Values In “Range Quailfied” are valid only when used with a Qualiified WeldIing Procedure.

RESULTS
Visual Examination of Completed Weid (QW-302.4) ACCEPTED
Bend test; | Transverse root and face [QW-462.3(a)}; . Longitudinai root and face [QW-462.3(b)}; Side (QW-462.2);

" Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)}; D Plate bend spacimen, corrosion-resistant overlay [QW-462.5(d)]:
[ Macro test for fusion [QW-482.5(b); [ Macro test for fusion [QW-462.5(e)}

Type Result Type Resuit Type Resuit
Alternative radiographic examination resuits (QW-191) ACCEPTED
Fillet weid — fracture test (QW-180) - Length and percent of def -
Macro examination (QW-184) __== _  Fillet size (in.) - X == ___ Concavity/convexity (in.) -
Other tests -
Film or specimens evaluated by __SCOTT PETERS Company KV_INSPECTION SERVI(
Mechanicai tests conducted by _ == Laboratory test no. -

Welding supervised by, ANDREW LEWIS

Test requested by (Print name) _ROBERT C. BENTLEY Tested at (Print address) _ 49 PASSMORE AVE,., SCARBOROUGH, (
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 1X of the ASME Boiler and Pressure Vessei Code. Q
Organization _ ALL=WELD COMPANY LIMITED Signature B Xy Date JU(NE 24, lZQQB
’ mm dd-yyyy

FOR TSSA INSPECTOR USE ONLY

The Welder named above has passed the weiding test required under Ontario’s Technical Standards and Safety Act, Bollers and Pressure Vessels
Reguiation and is hereby authorized, subject to the limitations of this certificate.

Check () applicabie box below:

S i,

Z! To weid for the Employer named above only. This Certificate expires: TE:Q_&SMG__E B
_ For seeking employment only. edlapeyn)
oyl SaN' anTan 92 J
Inspector Name and Number (Print) '

PV08287 (0407



Jranuaius anu

Salety Authority

Toronto. Ontarto MBX X1
Web sie. www (ssa.uig

1ECTHNC A DTENUaray 81U Swiely Mol
Builers and Pressure Vessels Ragulation
"

No. 164466_

Nnle s Last Name nmal First Name [Sianatare R “Stamp Nn
YANG FAN \7& Uy ] 83

Fes Aqdrass Postal Code Provtficial Regisiration No R2060.5 -
39 - 1050 BRISTOL ROAD W, MISSISSAUGA, ONT. T D700.5 & R2363.5 ’

Lompany Name

ALL-WELD COMPANY LIMITED

Company PQR No

Slreet Address !
49 PASSMORE AVENUE [Tompany WPSNa tsed —
Postal Code 1-1
SCARBOROUGH, ONTARIO MLy 4T} —
Welding Process(es) Used SMAW Type(s) m i |"‘_l |"} t n [‘]
BasoMaterials) SA 516-GR 70 / SA 516-GR 70 Thickness(es) 5/16"
Variables for All Processes Actuai Values Range Qualified

Backing matenal (metal, wald metal, welded from both sides, flux, elc.) YT THOUT

WITH OR WITHOUT

ASME P or S No. 1o ASME P or S No.

Pl

1o

Pl Pl THRU P11 & P4X PLATE & ALL

( X ) Plate ( ) Pipe (anter diameter i pipe)

5/16"

PIPE 2 7/8" 0.D. & UP

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

(5.1) E7018

Consumable insert lor GTAW or PAW (QW-404)

Welding Position (1G. 5G. etc.) (QW-405)

2 G

(QW-350)

Actusi Values

Range Qualtfied

Fillar Metal F- No. (QW-404)

F4

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

Weld daposi thickness for each welding process (QW-404)

5/8" MAX

Prograssion (uphilVdownhill) (QW-405)

PLATE GROOVE & PIPE 2 7/8" 0.D.

GTAW. PAW or GMAW backing gas, or OFW fuei gas (QW-408)

& UP & ALL FILLETS

GMAW transfar mode (QW-408)

GTAW welding current type & polanty (QW-408)

Machine Weiding Variables (QW-361-2)

Actual Values

Range Qualified

Diract or remote visual conlrol

Automatic voitage conirol (GTAW)

Automalic joint tracking

Multiple or single pass per sida

Automatic Welding Varisbles (QW-361-1)

Actual Valuss

Range Qualified

Filiermetal (EBW or LBW)

Laser type for LBW (COgp to YAG etc.)

mManuraciurer s VUpy

Continuous dnve or inertia welding (FW)

Vacuum or out of vacuum (EBW)

Nots: Values in **Range Qualified"” are valid only when used with a Quasiified Welding Procedure.
RESULTS

visual Examination of Completed Weld (QW-302.4) ACCEPTED
X]eend test;  [X] Transverse root and face [QW-462.3(a);; [ | Longitudinai 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, comosion-resistant overlay [QW-462.5(d)[;

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

[J macro test for fusion [QW-462.5(e)}

Type Resuilt Type Result Type Resull

QW 462.3 (a)| ACCEPTED QW 462.3 (a) ACCEPTED

| (ROOT) (FACE)
Alternative radiographic examination resufts (QW-191) -
Fillet weld — fracture test (QW-180) - Length and percent of defects -
Macro examination (QW-184) - Fiilet size (in.) bl § ==__ Concavity/convexity (in.) -
Other tests —
Film or specimens evaluated by - Company _ ==

Mechanicai tests conducted by

ALL-WELD COMPANY LIMITED

Laboratory test no.

Welding supervised by ANDREW LEWIS

Organization  ALL=WELD COMPANY LIMITED ____ _ signature

We centity that the statements in this record are correct and that the test coupons were prapared, nd ed in rrnce with the requiramants of Section IX of the ASME Code
) g ——— pae FEB, 15, 2006

Expiry Data: S_E_ﬂ

issusd under Ontario's Technical Standards and Safety Act
Boilers and Pressure Vessels Regu?m

ASME
IX

Office Use Only

e Test A sy _ ROBERT BENTLEY
FAN YANG 83 {Print Person's Name)
Walder Symbol 49 PASSMORE AVE., SCARBOROUGH, ONT.

Has passed ihe welding lest required under Ontario's Technical Standards and

Satai

Act, Bolers and Pressure Vessels Regulation and 1s hereby authorized to

Testecat ALL-WELD COMPANY LIMITED

(Print Address)

weld for
LIMITED =~ 01Y [y
Subject to the limitation; nificate o - District # ~ ’ W 7~ 91 Fee Lp.l__
Director
Authorized Examiner, PV 09397 (03/04)




141h Floor - Centre Towaer

@ sl 1300 Boor St em swnde.lde:dl!.\leltj I:\g Operator Certificate
Safety Autherity ;3::"""'-. ’:':" sa o0 ;(.,:::':::1 p'"e““?:.v.“mm 'R.:yguI:llon No. 262889
Welders Last Name Tritial First Name B Slamp No
ALROUBAYI A RAZZAK TS 109
RAas Addrass Postal Code Provincial Registraton No
140 QUANTRELL TKIAL SCARBUROUGH, UNT o1t g Lo
Empioyer Name — l - &m;og No
ALL WELD COMPANY LIMITED
Street Address 52.2A
19 PASSMORE AVE C WPS No used

Postal Code
SCARBOROUGH , ONT Mot Ve T 52:2

WeidingProcesa(es)Used  SMAW 9  [/]menust [ Jmechine [ Jsemi-sutomatic [ eutomats
BessMaterialis) SA-516-GR7ON TO SA-516-GRTON | Thicinwes(es) 1 | TestCoupon [ Production Weid
Varisbies for All Processes Actual Velues Renge Qualified

3 { i ) WITH WITH -
Base Metal P-Number to P-Nu: P1 to P P9 THRU P15F, P34 8 P4X PLATE AND PIPE 2 7/8" OD AND UP

(x ) Piate ( { Pipe (enter diameter f pipe) I
Filler Metal Specification (SFA) Clasa (QW-404) (Informational Only) (5.1) E7018-1H4
Consumabia Insert for GTAW or PAW (QW-404) NONE
Welding Position (1G, 5G, efc ) (QW-405) 26 1G & 2G
Msnual or th (QW-350) Actusl Velues Renge Qualified
Filler Metal F- No (QW-404) F4 F1,F2,FI&F4
Filler Metal Product Form for GTAW, PAW (QW-404) NONE NONE
Weid deposit for sach ap (QW-404) 1" MAX TO BE WELDED (PLATE GROQOVE + PIPE 2 7/8" OD + UP
Process '_SMAW ____ Jlayersminmum [7 Yes {— No + ALLFILLETS)

Process 2: 3 layers [~ Yes [~ No NONE NONE
Vertical progression (uphilt/downhéli) (QW-405) NONE NONE
GTAW, PAW or GMAW bacling gas, or OFW fuel gas (QW-408) NONE NONE
GMAW transfer mods {spray/gicbular or puise 10 short circuit) (QW-408) NONE NONE
GTAW weiting current typa & polarity (AC, DCEP, DCENYQW-408) NONE NONE
Machine Weiding Vartables (QW-381.2) Actusi Valuss Range Qualified
Direct or remote visual control NONE NONE
Automatic arc voitage control (GTAW) NONE NONE
Automatic joint tracking NONE NONE
Muitiple or single pass per side NONE NONE
Automatic Weiding Variables (QW-261.1) Actual Valuss Range Quallfied
Filler Meta! (EBW or LBW) NONE NONE
Laser type for LBW (CO3 to YAG eic.) NONE NONE
Continuous drive or inertia welding (FW) NONE NONE
Vacuum or out of vacuum (EBW) NONE NONE

Nota: VMM’WWmﬂHm:-hTmsmd-ﬁthﬂdwmm
RESUL

Visual Examination of Completed Weld (QW-302.4) _ACCEPTED
[ Transversa root and 1ace [QW-462.3(a); [_] Longitudinal root and tace [QW-462.3(b));
D Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)};

[} Pipe specimen, macro test for fusion (QW-462.5(b));

[¢] side (Qw-482.2);
[ eiate bend specimen, corrosion-resistant overlay [QW-462.5(d)};
(7] piate specimen, macro test for fusion [QW-462.5(e)]

Type Result Type Result Type Result Type Result
Qw4622 ACCEPTED OW-462.2 ACCEPTED !
SIDE ) { SIDE)
Altemative radiographic examination results (QW-191)_NONE
Filiet weld — fracture test (QW-181.2) _NONE Length and percent of defects N/A
[ Firlet weids in plate [QW-482.4(b)} [J Fitlet weids in pips [QW-462.4(c)}
Macro examination (QW-184) NONE Fillet size (in.) NONE x NONE [ tyh ty (in.) _NONE

Other tests _NONE

Fiim or specimens evaluated by _NONE
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED
Welding supervised by (Print name) ANDREW LEWIS

Test requestad by (Print name) _ROBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE . SCARBOROUGH . ONT

Wae certify that the statements in this record are correct and that the test coupons were prepared. welded. and te
of Section IX of the ASME Boiler and Pressure Vessel Code.

Organization _ALL - WELD COMPANY LIMITED

Company NONE
Laboratory test no. _NONE

in accordance with the requirements

Signature

FOR TSSA INSPECTOR USE ONLY

The Welder named above has passed the welding test required under Ontario's Technics! Standards and Safety Act, Boilers and Pressure Vesseis
Regulation and is hereby authorized, subject to the timitations of this certificate.

Check ) applicable 2ox below:

._V‘ To weld for the Employer named abcve only. This ate expires; ~EX ASME SECTICN IX
] For seeking employment only. ™ A1)
Losnenx otV T DD KN, L 08 . 201

Inspector Name and Number (Print) 1NSpECTor S'gr:a-rure and Date

PV 05397 (08/10)




@ Technical Byl S Welder/Welding Operator Certificate

Satey Aty o O ey T e vepasneyamigs ___ No. 262468
Welders Last Name ntlal __ First Name fure — T Stamp No.
STEWART STEPHEN [ 1
Res. Address Postal Cbde Pro! No.
49 MANDRAKE ROAD ALAX , ONT L 1, S|5, 1, 1| OTo0s RIS e RzeDs
Employer Name Company PGANo.
ALL - WELD COMPANY LIMITED
Street Address 78,181A
49 PASSMORE AVE [o] WPS No.used
Postal Code
SCARBOROUGH , ONT M veT 14
Walding Processies) Used  SMAW type(s)  []manusi [] (Jsembeutomatio [ ]
BaseMateriale) SA-516-GR70 TO SA-516-GR 70 Thickness(es) 30" | pon | Production Weld
Variables for All Processss Actusi Vaives Range Qualified
Backing materiat (with/without) WITHOUT WITH OR WITHOUT
Base Metal P-Number to P-Numbar M 1o P P1 THRU P1SF, P34 & PAX PLATE AND PIPE 2 7/8" OD AND UP
(x ) Plate { ) Plpe (enter diameter ¥ pipe) 0.375",
Filler Metai Specification (SFA) Class (QW-404) (Informational Only) 54 E7018-1H4
Consumable Insart for GTAW or PAW (QW-404) NONE
Waelding Position (1G, 5G, etc.) (QW-405) 26 1G & 26
Manual or Semk (QW-350) Actusi Values Range Qualified
Filler Matal F- No. (QW-404) F4 F4
Filer Metal Product Form for GTAW, PAW (QW-404) NONE
Weld depost thickness for esch welding process (QW-404) " 34" MAX_PLATE GROOVE + PIPE 2 7/8" OD + UP
Process 1. 3 layers 2] Yes [ No 4 + ALLFILLETS
Process 2: 3 layers ] Yes [ No NONE
Vertical progression (uphiilidownhill) (QW-405) NONE
GTAW, PAW or GMAW backing gas; or OFW fuel gas (QW-408) NONE
GMAW transfer mode (spray/giobutar or puise to short circult) (QW-409) NONE
GTAW welding cument type & polarity (AC, DCEP, DCEN)(QW-408) NONE
Machine Weiding Varisbles (QW-381.2) Actual Valuss Range Qualified
Direct or remota visual control NONE
Automatic arc voltage control (GTAW) NONE
Automatic joint tracking NONE
Muttiple or single pass per side NONE
tic Welding {Qw-381.1) Actual Velues Range Qualified
Fiilar Metal (EBW or LBW) NONE
Lasar type for LBW (CO2 to YAG etc.) NONE
Continuous drive or insrtia welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE
Note: Values in “Rangs Qualified” are valid only when used with s Qualified Welding Procedure,
RESULTS

Visual Examination of Completed Weld (QW-302.4) _ACCEPTED
|Z] Transverse root and face [QW-462.3(a); I:l Longitudinal root and face [QW-482.3(b)]: I:l Side (QwW-462.2),
I:l Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)}; D Piste bend specimen, corrosion-resistant overlay [QW-462.5(d));

() Pipa specimen, macro test 1or fusion [QW-482 5(b)]; [ piate specimen, macro test for 1usion [QW-462.5(e)]
! Type Result Type Result Type | __Result Type Resuft
_OW-482.3(a}) ACCEPTED Qw-482.3(a) ACCEFTED |
(Face) { ROOT) ) |

Aiternative radiographic examination results (QW-191)_NONE

Fiilet weid — fracture test (QW-181.2) _NONE Length and percent ol defects
[] Filiet weids in piate [QW-462.4(b)} (] Fiilet welds in pipe [QW-462.4(c){
Macro examination (QW-184) NONE  Fiilet size (in) NONE  x NONE __ Concavitylconvexity (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
Weiding supervised by (Print name) ANDREW LEWIS
Test requestad by (Print name) ROBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH , ONT

We certify that the stataments in this record are correct and that the test coupons were prepared, welded,
of Section iX of the ASME Boiier and Pressure Vessel Code.

Orgenization _ALL- WELD COMPANY LIMITED Signature

tested in accor|

with the requirements

09122012
(mm-dd-yyyy)

| FOR TSSA INSPECTOR USE ONLY 4 i
The Waider 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 beiow:

To weld for the Employer named above only. This Certificate gupiras; _PER ASME SECTION IX

I:I For seeking employment only.

WY QO  ONTEZN Sev \2, 20\

Inspector Name and Number (Print) Inspector Signature and Date

Date

PV 08397 (0810)



N Technica o vy Welder/Welding Operator Certificate
=

D) i o Fanasmaramini e No 262446
“Weider's LasiName infial _ First Name na ~ [ Stamp No.
WRIGHT JOHN 18
Res. Address vincial Ragistration No.
230 BOYERS SIDE ROAD KESWICK , ONTARIO Lff, |3, C 8 Jyws RumssRI0S
E r Name
A":ﬁ” WELD COMPANY LIMITED v Comegpy FOANe.
Stroet Address 78,181-A
49 PASSMORE AVE Company WPS No.used
Postal Code
SCARBOROUGH , ONT Il1|VIllTI1 14
Weiding Procsss(es)Used  SMAW Type(s)  [VImenuat (] ([Jsom io [
BaseMateriaks) SA-518-GR70 TO SA-518-GR 70 Imdm-(u) n I TestCoupon || Production Weld
Veriables for All Processes ActualVaiues Renge Qualified
Backing material (with/without) WITHOUT WITH OR WITHOUT
Base Metal P-Number to P-Number P{ to [ P1 THRU P15F, P34 & PAX PLATE AND PIPE 2 7/8" OD AND UP
(x )Pt { ) Plpe (anter diametsr ¥ pipe) 0375,
Filier Metal Specification (SFA) Class (QW-404) ( Only) 5.4 E7018-1H4
Consumabie insert for GTAW or PAW (QW-404) NONE
Waelding Position (1G, 5G, etc.) (QW-405) 26 16426
Manua or Sem} jes (QW-350) Actual Valuss Range Quallified
Filler Metal F-No. (QW-404) F4 F4
Fitler Metal Product Form for GTAW, PAW (QW-404) NONE
Weld depos thickness lor sach weiding process (QW-404) k' 34" MAX PLATE GROOVE + PIPE27/8" 0D + UP
Process 1:. 3 layers R Yes [ No 4 + ALL FILLETS
Process 2: 3 layers [ Yes [ No NONE
Vertical progression (uphiivdownhill) (QW-405) NONE
GTAW, PAW or GMAW backing gas; or OFW fuel gas (QW-408) NONE
GMAW transfer mode (spray/globutar of puise to short circult) (QW-409) NONE
GTAW welding currant type & polarity (AC, DCEP, DCEN)(QW-408) NONE
Machine Welding Veriables (QW-381.2) Actual Values Range Qualified
Direct or remots visual control NONE
Automatic arc volage control (GTAW) NONE
Automatic joint tracking NONE
Multiple o single pass par side NONE
Automatic Welding Veriables (QW-361.1) Actual Values Range Qualified
Filler Metal (EBW or LBW) NONE
Lasar type for LBW {COg to YAG etc.) NONE
Continuous drive or inertia welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE
Note: Values In "Rangs Qualified” ara valid only when usad with a Qualified Welding Procedure.
RESULTS

Visual Examination of Completed Weld (QW-302.4) _ACCEPTED
[Z Transverse root and face [QW-462.3(a); D Longitudinal root and face {Qw-462.3(b)[; D Side (QW-462.2),
D Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)[; I:l Piate bend specimen, corrosion-fesistant overiay (QW-462.5(d)[,

D Pipe specimen, macro test for fusion (QW-462.5(b)]; C] Piate specimen, macro test for jusion [QW-462.5(e)}
Type Result Type Resuit Type Result Type Result
| QW-482.3 (s ) ACCEPTED QW-462.3(a) ACCEPTED
| ( Face) (ROOT)
Aiternative radiographic examination results (QW-191)_NONE
Fiilet weld — fracture test (QW-181.2) _NONE Length and percent of defects
[] Filiet weids in piate [QW-462.4(b)} [ Fiilet welds in pipe [QW-462.4(c)[
Macro examination (QW-184) NONE __  Fiiiet size (in.) NONE____ x NONE _ Concavity/convexity (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
Weiding 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 prepared, weided, tested in acco with the requirements
of Section iX of the ASME Boiier and Pressure Vessei Code.
Organization _ALL - WELD COMPANY LIMITED Signature 06- 122012
. N e (mem-ad-yyyy)
| FOR TSSA INSPECTOR USE ONLY )

The Weider named above r;a-s_;;a;s_ed_me welding test required under Ontario's Technical Standards and Safety Act, Boliers Pressure Vessels
Regulation and is hereby authorized, subject to the limitations of this certificate.

Check (v) appiicable box beiow:

[¥! To weid for the Employer named above oniy. This Certificate expiras: _PER ASME SECTION iX
" | For seeking employment only. i o
(OSTICA  Row on xS ' >uot (4 2=
Inspactor Name and Number (Print) Inspector Signature and Date

PV 09387 (08N10)
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edmon

o

ton exchanger

& manufacturing Itd.

CERTIFICATE OF COMPLIANCE

MTR List

L 89 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 pate2013/01/21 cotcs 38471

Page 1 0of 1

MTRID Pages Heat# Thickness Material Grades
15031 4 332914-19027 2.5 SA 516-70 N
332914-19130 2.5 SA 516-70 N I
15033 33291418895 2.5" SA516-70 N
15749 350397-57045 2.5" SA 516-70 N R
Heat# Material Grades MTRID
| 332914-18805 _; SA 516-70 _N_ XM 15033
332914-19027 SA516-70 N 15031
332914-19130 ~ |SA516-70N 15031
35039757045  |SA516-70N o ToP 15749
{
/ I
ACLHI?LT:EE-M‘“ o {
for and on behalf A~
Print Name: ety e vé{gs| \'\//Q.GI h
Signatuse: 77" " W1 W) 'Riori Arerica LLC “EV

FER 0 4 7013



QCC-001 (01-01-2012) R.1§

& CERTIFICATE OF COMPLIANCE
edmonton exchanger

& manufacturing itd.

5545-89 Street Edmonton, Alberta Canada T6E 5W9  www.edmontonexchanger.com 1el 780.468.6722 « QC fax 780.466.4668 * sales fax 780.466.5155

Customer ALL-WELD COMPANY LIMITED P012-1619-1178Q Work Ordor C96984 Dote 2013/01/21 cotce 38471  Pogatofl
om# Descripticn Qty Heat# F:::‘u.:’r;: R;uc:.'rﬁd f’?on:.
H96984-1 HEAD(S) - Semi-Elliptical 2:1 - 2.5000" NOM 1{350397-57045 2.2820" | 2.4630" |1
(Macarial Spec: 2}5{‘3-70 Normalized] 1]332914-18895 2.2820° | 2.45907 [1
Conforms to NACE MRO175 / IS0 15156-2 2009 Annex A 1[332914-19027 2.28207}2.4590" 11
1[332914-19130 2.2820% | 2.4350" |1

Forming Procedure:
1. Hot Formed @ 1650F/899C and Air Cooled

Brinell Equipment: Newage Calibrated Pin
Brinell Hardness Tester

Supplementary Requirements

tem 196984-1-3, H96984-1-4 had cosmetic surface repalrs done in accordance with ASME Sec.VIil, Div.1 and ASME Sec.IX. Repairs were done per
pproved Weld Procedure WP-2 (as welded) or WP-63 (PWHT). All repaired areas were MT examined.

Normalized Materlai Identlfication Marking:

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

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

'GT' Indicates normalized by Edmonton Exchanger per ASME Code Section Viil Division 1, UG-85 or ASME Code Seclion |, PG-77.4.

he item(s) llsted above comply with the requirements of ASME Code Section |, PG-29, PG-81 and ASME Code Sectlon Viil, Division 1, UCS-79(d),

4G-79 & UG-B1. All welders and procedures are qualified to ASME Code Section IX. Material being suppiied conforms to the latest ASME Code
Section li, Part A, 2010 Edition, Addenda July 1, 2011.

Supplementary Examination - ltems

Edmonton Exchanger
MPI - Dry MPI
(for -1-3, -1-4)
Acceptable to ASME Code -

X SEC. Vill, DIV _SEC'V FEB D “ 20]3
_SEC. Vill, DIV.2 B3
_SEC.1I _B31.3
_ Bevelled Edge _ Backgouge
_ Completed Welds
X Surface Repair Area ,/
EE Procedure: MP1-001 REV.13 =
Material: SA 516-70 N ACCEYTED/RBVIEWED/RE ED 046
Thickness: 2.5" i behatfof: _ S B
Parker B300 Yoke SO
Magnaflux 8A-Red (Dry) Print Name:
AC Continuous . AFp'USQ
Light: Natural Signature: 7 v; //b VELOSI
Tech: Roy Brown (#16669) Date: A B
CGSB/SNT: Level Ii t Velodl America LLC
Date: 2013/01/18
Time: Day Shift
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CONREX STEEL LIMITED PAGE # 1
50 TABER ROAD
REXDALE, ONTARIO M9W 3A9
HEAT TRACING RECORD
CSL WO# QTY DESCRIPTION CUSTOMER CUST PO#
F3GHIL H s i o A -
/ =
'aummnwmwmwmmgszftziigﬁﬁﬁL.
_Gp s 26V s®
int Names eLos
Signature: America L
HEAT TREATMENT SPECIFICATION:CsL-AR-o0| 1 D e B Yo

HEAT Nrﬂi.ﬂnngz PER HOUR FROM Egg

HOLD enivy, QR MINUTES AT 1519 TY-zs'PE
COOL AT ‘\w_ alv PER—HOUR-TO

THERMOCOUPLES: * 1. 2.3 { -

<@>

FEB 07 2513

NOTES:

All temperftures in degees Fahrenheit unless noted
DATE Fal G[13
1

SIGNED FOR CSL

CHART TEMPERATURES

TL STEP  SETPT TC# TCH2 TC#3
T4:50 1 133 124 1086 130
500 1 21 221 178 201
i5:10 i 288 308 248 27
15:20 1 366 391 300 352
15:30 1 443 469 378 416
15:40 1 521 544 453 487
15:50 1 598 624 528 569
16:00 1 676 699 607 646
16:10 1 753 M 679 725
16:20 2 817 840 764 792
16:30 2 858 873 808 833
16:40 2 900 910 857 874

TC#4
141
235
321
412
482
555
639
711
789
852
881
919
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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

<40
21:50
22:00
22:10
22:20
22:30
22:40

STEP

hhﬁhﬁhhhhhbhwwwwwwwwwwwwwwNNNNNNNNNN

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

11N

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
955
807

CHART TEMPERATURES

TC#2
895
948
977

1024

1068

1117

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

-3
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PAGE # 2
TC#6
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LCONREYX STEFEL

A ESETEEE COMPANY e

03/09/90
Rev. 0

D F NORMALIZI
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 Time

Up to 2 inches . over 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, M9W 3AS Phone (416)-747-4665 Fax (416)-747-4667

CALIBRATION CERTIFICATE

INSTRUMENT : Stress Lolela- Firnace )
MANUFACTURER: Blferr  Brad /zj (sLc 5‘0’3)
SERIAL NUMBER: Conrex )
Standard As Found Calibrated Standard As Found Calibrated
LOAD#1 ADDITIONAL TEMPERATURE CONTROLS
1125°F /NZ8 < | sl har |18 1BF 27 F | glnlwy
1650F | |52 =] glalar 1650°F /652 7F | glnlnv
2#: 1125°F /2 ¢ 0 [
LOAD#H2 1650°F /a2 K| Hiba
1125°F 1126%< | sl 3% 1125°F LLZé‘F- Hiollmn
1650°F [652°% | ¢l 1650°F J65) |
4% 1125°F 1]26F gl [ann
LOAD#3 1650°F 1L57°F | ¢la
1125°F [126 %7 | 8111 )unr [5H 1125F [126F e
1650°F /6 S2%| g1 v 1650°F L6 °F | sluban
6#: 1125°F JI2¢°F 1] v
1650°F J6S/°F | dalem
78 1125°F yd
1650'F___| ﬁ—@i,}@\s?
st 1125°F|for oo ‘_’“"‘“”““i’hﬁ; -
1650°F m;,gr;u:e qﬁ—’\——ﬁ

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

COMMENTS:

A ~
QC INSPECTOR: ‘ég &~———  QCMANAGER: \4‘43

STANDARD: PPS MINITEMP MODEL 1062, SER# B67568

—

DATE: ﬂq’-,_/_z 2017




RS * CALIBRATION .
%MNS“T SERVICES Nviag
- NVLAP LAB CODE

CERTIFICATE OF CALIBRATION 200

Customer: CONREX STEEL Customer Nbr: 9-283590-000
50 TABER ROAD PO Nbr: 2292
REXDALE, ON M9W 3A9 . Date Received: March 29, 2012
Cert/SO Nbr: 33-8X7EE-1-1 Date Compieted: April 12,2012
Manufacturer: Transmation Due Date: April 12,2013

Model Nbr: 1062

Calibrated To: Manufacturer Specification

Description: Thermocouple Calibrator Calibration Proc: 1-AC17451-1
Serial Nbr: B67568 1tem Received: In Tolerance
ID Nbr: NONE Item Returned: In Tolerance

Unit Barcode: 900A3296141

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

Transcat Calibration Laburatories have besn sudited and found in complisnce with ISGEC 170252005 Accredited calibrations p d within the Lals Scope of A itation are indicated by the p ol the
Accrediting Body's Logo and Certificate Number on this Centificate of Calibrstioa Any messurements on an sccredited calibration not covercd by that Lals Scope are listed in the notes section of the centificate This
1epont must not be used to claim product certification approval, of endorsement by NVLAP, NIST, or any agency of tho Federal Government

Transcat calibrations as applicable are perfe d in compli with the requi of 1509001 2008, ISO TS16949, ANSUNCSL 25401994, and 1SO 10012-1992. When speaified 31y the requi of
16CFR21, 10CFRS0 App B and NQA-1 are also covered.

Traceability includes a0 less than An unbroken chain of compari Jization of SI units measurement inty, d p periodic recalibration and messurement assurance Transcat documents
the traceability of measurements to tha S1 uruts through the Naticaal Ingtitute of Standards and Technology(NIST) or the National Research Council of Canada(NRC). of uther d nationa! insti
(NMI's) or internstional standard bodics, or W bl ditions created in our lab y, or accepted fund. } and/or natural physical constants ratio type of calibration or by comparisoa lo consensus
standards The specific path of tracesbility for the reperted results is maintained at the Transcat facility and is available there for review

Complete records of work performed sre maintained by Transcat and are available for inspection Lab y dards used in the performance of this calibration sre shown on the Supplemental Report

The results in this repont relate only to the stem calibrated or tested and the determination of in or out of tolersnce 13 specific to the modelserial no referenced above based on the tol shown on the suppl |
repont; thess tolerances ars either the original oquip 11 ek (OEM's) d specificstions or the client’s requesiad specificanons

The applicd uncertainty 13 the uncerainty of the catibration processThe Test Uncertainty Rano (TUR) it calculated as per NCSL Internations! RR9, section 82 All calibrations have been performed using processes

havings TUR of 4 ° | or better, unlexs otherwise noted on the ppl 1 Repurt Ui inties have been est d 21195 percent confidence level(k=2) Calibration st a4 1 TUR {or grestes) provides reasonable
confidence that the instrument is within the stated tol For ing i in ordes ta consides the ibution to the inty from reproducibility of the umit under testLULIT), 1dd 0 6 of the UUT's
least significant digit to the reported unceriainty For mass calibrations Conventional mass referenced to8 0 g/cm®
Any number of faciors can cause a unit to dnf out of tolerance st any time following its calibratiarLimitations on the uses of this instrument are demsiled in the OEM's opersting instructions
Notes:

Calibrated At; Eagility Rugonsible g%Digimly Signed By Keith Powell

4043 Carling Avenue 4043 Carling Avenue " Date: April 13,2012

Ottawa, ON K2K 2A4 Ottawa, ON K2K 2A4 Kelth Powell

By: Keith Manson ~  613-591-8i40 clih Fowe

Lab Manager

i1, Digitally SignedOn April 12,2012
e

Revision 0 POOI W22 W12
This certificate may not be reproduced except in ful) without the written spproval of Transcat Additional inf ion if applicable may be included on separate reporfs). Certiﬁcate - Page 1 Of 1
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G CERTIFICATE OF COMPLIANCE

_ MTR List
edmonton exchanger

.3 & manufacturing Itd.
5L 39 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 pate 2013/01/10 coics 38253  Pagetot1
MTRID Pages Heat# Thickness Material Grades
16196 5 358699-92224 2.5" SA 516-70 N
Heat# Material Grades MTRID
358699-92224 SA 516-70 N 16196

_-T-'_—__' e o GAk :_ 046
ACCE"| eomavmww/;u. D OF £ Hore @

for and on behalf of: : 13
e €A 0SW S HA . FEB 0 4 20

pae 14 ey \V&BVelosiAmieaLw




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

) CERTIFICATE OF COMPLIANCE
edmonton exchanger

& manufacturing Itd.

5545-89 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 Ordor C96984 Dnte 2013/01/10 cotce 38253  Pagelolt
ftems Description Qty Hest? Weld Proc. :‘;:c"
S96984-2-1 |SHELL(S) - 2.5000" NOM X 60* ID X 96" 1(358699-92224 WPE00 4
{Material Spec: SV?GJO Normalized)

Conforms to NACE MRO17S / IS0 15156-2 2009 Annex A

596984-2-2 SHELL(S) - 2.5000" NOM X 60" ID X 96" 1|1358699-92224
(Material Spec: SA/516-70 Normalized)

Conformg to NACE MRO175 / ISO 15156-2 2009 Annex A

wp600 4

Forming Procedure:
4. Cold Formed

Brinel! Equipment: Newage Calibrated Pin
Brinell Hardness Tester

Supplementary Requirements

Piem $96984-2-2 had cosmetic surface repairs done in accordance with ASME Sec.Viil, Div.1 and ASME Sec.IX. Repalrs were done per approved Weld
Procedure WP-2 (as welded) or WP-63 (PWHT). All repaired areas were MT examined.

Normalized Materlal Identificatlon Marking:

‘MT" indicates nomalized by the mill per ASME Code Section |l, Part A, SA 20, Paragraph 13.1.1.

'GMT indicates nomalized by Edmonton Exchanger per ASME Code Section Il, Part A, SA 20, Paragraph 13.1.2.

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

. he item(s) listed above comply with the requirements of ASME Code Section |, PG-80 and ASME Code Sectlon Vill, Division 1, UCS-79(d), UG-79 &
UG-80. All welders and procedures are qualified to ASME Code Sectlon iX. For tacking carbon steel ftems, roundbar used Is 1018 Cold Roiled.
Materlal belng supplied conforms to the latest ASME Code Sectlion Il, Part A, 2010 Edition, Addenda July 1, 2011.

Supplementary Examination - items

Edmonton Exchanger
MPI - Dry MPI
(for -2-2)
Acceptabie to ASME Code

X SEC. VIil, DIV _SEC. IV FEB 0 4 2013
_ SEC. VIll, bIv.2 _ B3l
_SEC.I _B31.3
_ Bevelled Edge _ Backgouge
_ Completed Welds
X Surface Repair Area \/
EE Procedure: MPI-001 REV.13 3
Material: SA 616-70 N -
Thickness: 2.5" ACCE EWREVM%EWD
Parker B300 Yoke for and on behalf of:
Magnafiux BA-Red (Dry) AH 14
AC Continuous Print Name: C‘ A N%H Q |,|se
Light: Natural Si VELOSI
Tech: Tracy Enman (#11226) gnature:
CGSB/ SNT: Level Il oue L/ NWW’5 Velosi Ametics LLC
Date: 2013/01/09
Time: Day Shift




Page 1 of 1
14527 Smith Rd REPORT NUMBER 71990

rat
‘gggg%%gm Humble. Texas 77396 DATE 2/21/2013
FRIC. 24” TEL: (281) 441-4088 ~

L FCl ORDER NUMBER 59174 /

FAX: (2B1) 441-8899

( Processed | AW, EN10204 3.1
~JSTOMER ORDER NUMBER 13-0073 LAW. NACE MRO175 #
SOLD/SHIPPED TO ALL WELD COMPANY L TD

49 Passmore Ave.
Scarborough ON MiVv4aTi Carada
ltem Quantity Description
é 24* X 900 X 24.50° LG RTJ |I-2 WITH 35" OD, REINFORCEMENT iTEM 11763
HEAT NUMBER: MATERIAL TYPE: Manufactured in
Wi117 SA350LF2CL1 Usa
LAW. ASIE 2010 LU $1AL
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
PRODUCT
C 185 180 ‘\//
1086 - 1.087 .
g‘n 0400 [1(_)/ / Yield PSI 57,200 ‘\/
g 030 006 v/ Tensile PSI 83,600 v/
Si 180 18y 7 Elongation x Vv
Cr A80 - 307 Reduction of Area &7
Mo 330 ¥ - Hardness e 163 HEw £
v 025 e CYN@ 51 “FFTLBS 2527 .26
Cu 160 LI °s Shear 20 21
Ni 680 - e
Ch 001+ 005 o MILE
St 014 , LIMITS OF UNSPECIFIED | W.0. #
As 008 ELEMENTS PER ASME
Sb o1 SECTION I (SA-20) M.L.# 39 3fa
;: “’5'824 CU + Ni + CR + MO= »3%5] THK. #
o
s c00 CRiMO={1* | |PO.#{3-00F3"
CE a / }§d ‘/
Certifigation of ’_rtenal Per ASME
HT# s MAR 1 82019
to all reduirenients
Heat Treatment NORMALIZED 7 %%D_Liﬁ‘b ét__/o per
Temperature 1650 °F Sect. II_J @} Edition _{] Addenda
Time at Temperature 13 HAS
Cooling Media AlR

We hereby cenrtify that all test resulis and process infarmation contained herein are correct ard true as confainad in the

records of the company.

Prepared by *: }2( M\ ]ﬂ
< \g

Name- Rene Ordone* T Ne QA Represenialiva /
ACCEPTED/REVIEWED/RELEASED 046
for and on behalfol‘ ﬂ"
( o me P VESH S AH us®
" Sigrarre: VELOS!

o ﬁ%‘ﬂ’% Velosi America LLC

Paye 1 0% h



Page 1 of 1
14527 Smith Rd REPORT NUMBER 71957

e Tt ] o]
Ff l ”a;,;?mmnsm Humble, Texas 77396 DATE 2/20/2013
. TEL: (281) g41-4088
‘ 2477 (281) FCI ORDER NUMBER 50174

FAX: (281) 441-8899
Processed | AW, EN10204 3.1

CUSTOMER ORDER NUMBER 13 0073 AW, NACE MR0175 >
SOLD/SHIPPED TO ALL WELD COMPANY LTD.
49 Passmore Ave
) - Scarborough ON M1V 4TH Canada
Item Quantity Description
2 ) 8" X900 X 14.25" LG NTJ LWN ITEM 1176-4
HEAT NUMBER: MATERIAL TYPE: Material Origin©  Manufactured in
Wit SA350LF2CLY USA Usa
LA W. ASME 2010 ED 11AD.
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
PRODUCT

c 180 o

Mn 1120 1080 7 ) o

S 0050 n050° Tensile PSI 73800

Si 220 007 Elongation 35

Cr 20 N Heductian of Area 1

Mo (40 40 Hardness Z 145 HBW ¢

v 015 .00~ CYN@ 51 “FFTLBS 66 67:64

Cu 180 5/ o, Shear ACA40 4

Ni 116 s 54: 053 OF

b 901 o0 7 MLE 054: 053 G5

( 0063
¢ 0oa
er‘ O(‘;Z 004 Certificatiop of tdalerial - Per ASME LIMITS OF UNSPECIFIED
HTi ELEMENTS PER ASME

Sb 0rs £03

Ti i 3940 valifies 1o allczg;flems of, SECTION II (SA-20)
A 020 0 m oy CU +Ni + CR + MO= *
o 2903 Sect. 1_[O Edmon__‘_l_ Addendd CR+MO= *

CE TS

W.0.# |
p ML 4
h "l' ’
Heat Treatment NORMALIZED 7 THK. # | 'q b7
Temperature 1650 °F PO.# [B-0CFD
Time at Temperature  1/2 HR/AN THK MIN ’
Cooling Media AlR

We hereby certify that all test resuits ang process information contained herein ars
recorcs of the company.

Vs 1 )
Prepared by (i )\ '
WA -

Name Rene Onlo; az uflr QA Representat v—

— ED/REVIEWEDRE
‘ACCE’l
for and on behalf of:
(_ Print Name:

Signatire: ’ ;

L “ A
,L—-— =3 4543 PM



Page 1 of 1

o RGED 14527 Smith Rd. REPORT NUMBER 71956
cammnzm Humble, Texas 77396 DATE 2/19/2013
fRIC. 2 4 ﬂ TEL: (281) 441-4088
FC! ORDER NUMBER 59174

FAX: (281) 441-8899
Processed L AW. EN10204 3.1

( JSTOMER ORDER NUMBER 13-0073 LAW. NACE MR0O175 .~
SOLD/SHIPPED TO ALL-WELD CO., LTD.
49 PASSMORE AVE.
SCARBOROUGH ONT MIV 4T1 CANADA
ltem Quantity Description
4 18 | 2'X900X11.75' LG RTJ LWN TEM 11766
HEAT NUMBER: MATERIAL TYPE: Manufactured in
V804 SA350LF2CL 1 USA
LAW. ASKME 2010 £D 11AD
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
PRODUCT
C 180 159
Mn 1040 1057 7 ) 2
) 0080 0090 7 Yield PSi 48,153 =
S 00C0 0060 ~ Tensile PSI 78.043 ~
Si 230 2307 Elongation 35 .
Cr 140 137 Reduction of Area 70 =
Mo 030 026 7 Hardness / 156 HBW
Y 014 012 ~ CVN@ 58 “FFTLBS 252728
Cu 190179 ~ % Shear
Ni 070 064 MLE
Cb 000 001 -~
( N2 ,3,4,6,1,8,9
* 0 2 f"emf"c"n :o é_\/later al - Per ASME ‘_.\ O. # {
As 003 HT# 4’
Sb (01 = M.L.# ';w
'al%all quirements of ‘
Ti 0010 X8 Crac Ul e THK. #
Al 026 Sect. 11 _{ © Edition L{_ Addends
B 0000 PO.# |3-e042 |
/ o 1
41 430 /
CE LIMITS OF UNSPECIFIED
ELEMENTS PER ASME MAR 1 87013
SECTION II (SA-20) ! "y
CU + Ni + CR + M= €l

7 S
Heat Treatment NORMALIZED CR+MO= °* (bj
Temperature 1670 °F s

Time at Temperature
Cooling Media AR

We hereby centify that ail test results and process information contained herein are correct and true as contained in the
records of the company.

Prepared b, .
- /7\( /4‘_1\'-.—._*',. f?/;x_//

Name Helen Flelder Titie QA Hepresemauve\/
/RELEASED e
( fonndoube!!llf‘;,1 f\ NI‘ZQH gﬂ-H Agplu
VELOS‘

Print Name  caust

s“mgz /) u,m/k_ﬂ; Velo Amemwc

133522FM

Page 1 of 1




fage 1 of 1
14527 Smith Rd. REPORT NUMBER 72048

e
(‘Egjﬁ%%m Humble, Texas 77396 DATE 2/21/203
IRIC, 24/7 TEL: (281) 441-4088
! FCi ORDER NUMBER 59174

FAX: (281) 441-8899 o
Processed | AW, ENi0204 3 1

~USTOMER ORDER NUMBER  13-0073 LAW. NACE MRQ175 -~
SOLD/SHIPPED TO ALL WELD COMPANY LTD
49 Passmore Ave
Scarborough ON M1tV 4TH Canada
ltern Quantity Description
G 2 24“ X 900 RTJ BLIND ITEM 11786-8
HEAT NUMBER: MATERIAL TYPE: Material Origin: Manufactured in
2541 SA350LF2CLA usa usa
IAW. ASME 2010 ED {1AD
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
PRODUCT
c ORI 4
Mn 1990 1130 _ .
p 0090 o 7 Yield PSI 52.600 T
Sy 0040 g30. Tensile PSI 74,40C
Si 220 o -~ Elongation 3576 ¢
Cr» 070 0 Reduction of Area h8 4 3
Mo {10 0s o~ Hardness / 143 149
Ve 047 4 ; CVN@ 5' FFTLBS 130. 128
Cus - ) % Shear 50/5(
Ni . 030 030 -~ 290 088
b ol W WILE
0152
n 007
As 003 i :
Sb 006 ;?;1ﬁcat1011 ogae'n?l Per ASME ;U O. % ' I % &
Ti 0030 lifjes to all requifements of I\’I H 8C5 )
A o SKESLU LS . 4
B s 0002 Sect. 11_{ € _Edition _{{ Addends
> ;
CE 20 . "O-#13 -ce
LIMITS OF UNSPECIFIE
Heat Treatment NOAMALIZED ¢ ELEMENTS PER ASME
Temperature : ;SSET}M . SECTION IT (SA-20) MAR 18201
Time at Temperature 12 IR/ AR MU
Cooling Med?a AlR CU +Ni +CR + MO~ - IBC?
CR+MO= &5

We hereby certify that all iest results and procass information contained herein are corrent and frug as conta’red in the
records of the compary.

Prepared by (_-"/}?
J_ . S—
Name: Rene Crdonez Tme QA Representatve \/

ACCEVTED/REVIEWED: ELP EM 046
for and on behalf of:
( prin Name: TAAN N%’J’, SAH Agplus®
' Signature: vu.om
Date: _HJMA.MI%_ Velosi America LLC
Para _.'I'"'.__l ¥ ﬂr "']"f]" ‘:6 r‘V1




Ry

(

CJSTOMER ORDER NUMBER
SOLD/SHIPPED TO

ltem Quantity De;cription
7 2

HEAT NUMBER:
W122

CHEMICAL ANALYSIS

8" X 900 RTJ BLIND

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

RERITS

2471

13-0073
ALL WELD COMPANY LTD
49 Passmore Ave

Scarborough

MATERIAL TYPE:
SA350LF2CLA

ON M1V 411

Material Origin:

Page 1 oi 1
REPORT NUMBER 72154
DATE 2/25/2013
FCI ORDER NUMBER 59174

Processed |.LA.W. EN10204 3.1
LAW. NACE MRD175 ~

Canada

ITEM 1176 9

Manufactured in

USA USA

JAW, ASME 2010 ED {1AD.

PHYSICAL PROPERTIES

PRODUCT
C 180 31 i
M 1180 1.030 o
p ' 2080 0000 = Yield PSI 14400
S 0030 0050 Tensile PS! 7 .suo/f
Si 250 201 Elongation 34
Cr 040 g Reduction of Area g
Mo a1 AOL": -; Hardness 152 HBW
v 017 U’f y CVN@ 51 FFETLBS 80 B4 8
Cu JE0 07 % Shear 50.50 50
Ni A 015~ . .
'k 001 00 7 MLE 059 064 OH!
( 0080
: 017 Gis
Z: 093 Certificagion of Material - Per ASME r\ O.# i \ i\ b@
Sb 006 HT# (22 . g
7 303 oot Quplifies allﬁcﬁremems of, ‘ M.L. #<4 ( 4’(‘
Al 05 0% 2A3 L1 per THI&. -
o i Sect. II Edition _{ { Addenda . i
- o P.O. # 156513
D a2 = ;
CE 41 1R
LIMITS OR UNSPECIFIED @
ELEMENTS PER ASME
Heat Treatment NOH:M}U/ED SECTION II (SA-20) MAR 1 g 7013
T?mperature . 8/:?\’"‘; . CU + Ni + CR + MO= o
Trme‘at Tem;?erature 1/2 HR/ HIK MIN CR+MO=
Cooling Media AlR

We hereby cerufy that all test resuits and process information conlained herein are correct and true as contaned in the

records of the company. B

Prepared by | .

]

,"l e VR
S / { Y
N

f\‘ ~
Name RAene ur-lo".oz

Trle QA Representative
l/ T
ACCEPTED/REVIEWED/RE
for and on behalf oft wm .
P 4 HM’T\S/H\ CAH us®
Signature: LKz VELOS!
Date: r %l ”l 1Vielos Amesien L1LCH 01
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14527 Smith Rd. REPORT NUMBER 72565
Humble, Texas 77396 ¢

DATE 3/8/2013
TEL: (281) 441-4088
FAX: (281) 441-8899 FCI ORDER NUMBER 59720
| Processed |AW. EN102043.1 7
¢ TOMER ORDER NUMBER  13-0206 LAW. NACE MRO175 /
SOLD/SHIPPED TO ALL-WELD CO., LTD.
49 PASSMORE AVE.
- o ) S_CAHBOROUGH ONT MIV 4TH CANADA
ltem Quantity Description
1 2  FORGINGS SUFFICIENT TO FINISH TO 6" OD X 5° LG
HEAT NUMBER: MATERIAL TYPE: Material Origin:  Manufactured in
W150 SA350LF2CL1 USA USA
LA W. ASME 2010 ED 11AD.
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
c 190 ¢
Mn 1.130 v .
P 0110 v Yield PSI 47,800 v/
S 0030 v Tensile PSI 72,900 /
Si 180 v Elongation 389 /
Cr 090 v Reduction of Area 682
Mo 020 7 Hardness / 137/137 HBW
\' 005 CVN@ -51 °FFTLBS 73/78/70
C.u 220/ % Shear 40/40/40
g' 83(1) 7, MLE 064/.066/.061
N 0050 PART HARDNESS (HBW): 143/143 7
Sn .008
As 005 MAR 13 2013
Sb 000 LIMITS OF UNSPECIFIED -
Ti 0010 Certificatjon pf Mategial - Per ASMB
& |REMELSe | SCRCrsh
B #Type! . (SA-20) . (Quahﬁe o al] reguiremepts
CU+N1+CR+MO=°‘i c:‘-_LLf per
& % ' Sc.,i II L C Editio Addenda
42 CR+MO=« n
CE MAR 1 3 2013
| W o # l (1 %
Heat Treatment NORMALIZED / | M. 7
Temperature 1650 °F TH K # (:
Time at Temperature 1/2 HR/IN THK MIN L ¥ :
Cooling Media AIR P.O. # | 3-C1 06

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 by - - 046
«( W/?M ACCEPTED/REVIEWED/RELE/ E M off

5 - for and on beball of: Y
Name: Helen Fielder ule QA Representative (J ﬁ Nh}/g H g p H f use

mnt Name:
P N VELOS!

( o Mm‘ MLAVE— \ML yeos America LLC

Page 1 of 1 Date printed: 3/8/2013 4:29:27 PM



Partit WF 2 160
90 L6 Part Desc Weld Fitings 2 {60 3mm O D} Sch 160 LR 90 DEG ELBOW A/SA42
0-WPL6

Order#: -
er#t: 266245 - A Seq. 1 PO#: 13-0248 Heat#: 3-86942 Milk Sung Kwang Bend
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- 1177 Franklin Boulevard,
JU c um b rl d e Cambridge, Ontario N1R 7W4
Tel: (519) 6216600 Fax: (519) 621-6082

. . - . www.cambridgematerials.com
D materials testing limited

18017025 Accredited
Report for. Quality Plates & Profiles Ltd. Laboratory No. 598087-2012
20 Nicholas Beaver Road
R. R. # 3 Report Date: January 24, 2012
ABERFOYLE, Ontario Received Date: January 19, 2012
N1H 6H9
Phone: 1-800-268-2853 Customer P.O.#: P006311

Fax: 1-519-837-2224

Attention: Dave Braga

Specimen: Material: ASME SA516 - 70 Normalized ./ '
25" Thick x 3" x 3", Algoma Heat # 8888L-38625

ROCKWELL HARDNESS TEST REPORT

80,79,79 HRBW

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

Conclusion: Pass

Testing performed 6éccording to

NACE MRO0175/1SO 15156-2:2009/Cir.1:2011(E), I1SO 6508-1:1999(E),
ASME Boiler and Pressure Vessel Code Section Il, Part A, SA-370
(2010 Edition, 2011 Addenda) and ASTM E18-08b.

© @

APR 03783

This report is subjecl 10 the following terms and conditions: 1. This report relales only (o the specimen
provided and Lhere is no represenlation or warranly that it applies lo similar subslances ur malenals ot

ihe bulk of which the specimen is a part. 2 The conlent of this roport is for the information of the i | IS T tln Lim Ited
cuslomer idenlified above only and il shall nol be reprinled, published or disclosed to any olher parly Ca m bndg e M ater a es g

exceplin full Pror widlen consenl trom Cambridge Malerials Testing Limiled is required. 3 The name
Cambiidge Materials Tesling Limited shall nol be used in connection with the specimen teporled on ot
any substance or malenals similar to that specimen wilhoul the prior wiillen consent of Cambiidge Per

Malenals Testing Limited. 4 Neilher Cambridge Malerials Tesling Limiled nor any of ils employees

shall be rosponsibie ot held liable for any claims loss or damages arising In consequencoe of rehance - Quallty Assurance
on lhis report or any defaull, error or omission inils preparalion or the tesls conducled. 5 Specimens

Page 1 of 1

are relamed 6 months, test reporls and tosl data are retained 7 years from dale of final lest reporl and Per
Lhen disposed of, unless instructed otherwtse in wriling

Technician



CANPRESS METAL FABRICATORS INC.

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

Certificate Of Compliance

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.

Page i
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ILSENBURGER
GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

(a02)

{A06|

{801)

Product

No{Al7] 9381

Purchaser

KANADA

Heavy plate

Steel grade and terms of delivery SA 516 Gr.
{802-B03)

Inspection certificate 3.1 7
DIN EN 10204

Olbert Metal Sales Limited
MISSISSAUGA,ONT.LST 2J8

70 MTLTV

20.04.2012 No (A| o
Cosomar Olbert Metal Sales Limited
{AD6) MISSISSAUGA,ONT.LST 2J8

KANADA

ASME sect. II part A ed.2010,add.2011

ASME SA 20,

ASTM A 20 -10,

PO 9381

SA 516
A 516 -10

No. {A03)
Page
Date

Works order No
{A08)
Inspectian
(A05)

761758
2/11
10.07.2012

0000059029
WS

Material data (eo-sw

lem | Quantity | Product No. Heat No Cond. of delivery | Thickness x Width x Length in x in x in

[:0]] {807 {807} {Bo4) {803-B11) g - §

=]
05 1 283937 1 22644 N 0,562 x 120,000 x 480,000 m3
06 1 283932 1 74313 N 0,625 x 120,000 x 480,000 :.3 ‘|
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 >
06 1 283935 1 74313 N 0,625 x 120,000 x 480,000 g
07 1 289030 1 23206 N 0,750 x 120,000 x 480,000 LA ;
07 1 289031 1 23206 N 0,750 x 120,000 x 480,000 J
07 1 289032 1 23206 N 0,750 x 120,000 x 480,000 :ﬁj
07 1 289033 1 23206 N / 0,750/32 120,000 x 480,000 z
07 L 289684 23206 N 0,750°x 120,000 x 480,000 a < A
07 1 289035 1 23206 N 0,750 x 120,000 x 480,000 mz(/\ B §
08 1 288317 1 22059 N 1,000 x 120,000 x 480,000 b1
08 1 288318 1 22058 N 1,000 x 120,000 x 480,000 3@ ol
08 1 2859041 1 23206 N 1,000 x 120,000 x 480,000 w
08 1 289042 1 23206 N 1,000 x 120,000 x 480,000 Pf\r§®<
08 1 289043 1 23206 N 1,000 x 120,000 x 480,000 SN A
08 1 289649 1 23206 N 1,000 x 120,000 x 480,000 \g - Y\n?
09 1 284096 1 22058 N 1,250 x 120,000 x 480, 000 D Z
09 1‘ 286958 1 21795 N 1,250 x 120,000 x 480,000 g, \
10 1 284095 1 22058 N 1,500 x 120,000 x 480,000 g g L
l10 1 286956 1 21795 N 1,500 x 120,000 x 480,000 g < g g ;
12 1 282733 1 22059 N 2,250 x 120,000 x 288,000 = & S ? Q
12 1 282734 1 22059 N 2,250 x 120,000 x 288,000 38 O %
14 1 286430 1 44491 N 2,750 x 120,000 x 288,000 Y ?; é ]
14 1 286959 1 21795 N 2,750 x 120,000 x 288,000 < &
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 N 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 N 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 le412 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 x 169,291
20 1 286576 1 22910 N 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 N 4,500 x 102,000 x 182,000
N normakzed
MAR 137013

We hereby certity that the delvered material complies with the terms of the srde:
{Z01)
QM-System Cenification as per IS0 9001 since 28 February 1390

Trademark Nsenburget Grobblech GmbH /,

&

{A0%)

Veckenstedter Weg 10
D-38871 lisenburg

[A01]

Inspecuon

(203)

Inspection Representative
{202)

Cyron




ILSENBURGER
GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

ﬁ

Inspection certificate 3.1 /

No. A03) 7?1758
DIN EN 10204 Page 4/11
(Aé, Date 10.07.2012
No (A 9381 20.04.2012 Noiam) o
Puchaser Olbert Metal Sales Limited Customer Olbert Metal Sales Limited
|ADB) MISSISSAUGA,ONT.L5T 2J8 {ADS} MISSISSAUGA,ONT.LST 2J8
KANADA KANADA
frodut  Heavy plate jarks order No 0000059029
{801) \/%8'
/ Inspecmn
Steel grade and terms of defvery SA 516 Gr. 70 MTLTV "_,“,- E E RE 046
(B02-5) ASME sect. II part A ed.2010,add/ 5| FO/REVI ‘j;s Of}((b. O
ASME SA 20, SA 516 for and on behalf of:
ASTM A 20 -10, A 516 -10
PO 9381 Pt Name: 4 ’qwﬁﬂ(‘ 5nml./-\rl?3|t.|sQ
Signature: —/"M - _VELOSI
Ladle analysis icn-cuw Due U el \u\\ 1'% Velosi Anerica LLC
Manufacturer standard
Heat No. C Si Mn P S N Al Cu Cr Ni
(807) % % % $ % % % % % %
015-040  joB5-150 | <0015 0,005 20020 <040 <030 s04
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 |0,001 [0,004 0,053 /0,03 0,03 0,17
22810 0,17 0,21 / 1,48 / 0,012 |o, OOlJ 0,003 |0,032 (0,02 0,03 /|0,03 /
23206 0,19 0,24 1,14 0.015‘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)
{807} % % % % % % % % %
<012 <00 <003 <002 50,001 <045 $003
22058 0,01 0,003 0,003 |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
22910 0 003’0,00340,002 0,02 ~A0,0001|0,001 0,43 0,02 003
23206 0,003 *|0,003 0,01 0,02 0,0001l0,001 |0O,39 0,02 0,03
44491 0,002 (0,003 0,003 |0,02 0,0002(0,001 0,39 0,02 0,03
74313 0,003 0,004 |0,004 0,02 0,0004(0,001 0,36 0,02 0,03
11 VY CEV=CoMn/S+Mo/S+NY154CrfSeV/54Cu15 U EVZ ViNEeT)
Steel making: Basic oxygen process
{cio0)
LIMITS OF UNSPECIFIED h
Material is vacuum degassed Gl
7 ELEMENTS PER ASME s
Fully killed and fine grained steel SECTION 1T (SA.20)
produced with shape control CU 4+ Ni+CR + MO= e“&
Ca- treated CR+MOQO=-+C ',' iﬁw i
W.0.# ([
{
M.L. # ( /3
Certification of Mat rial-PerASME
THK. # - -er A~ :
HT# i 257 Ca
P O. # (2) U:LO1 %Jkglto all requugn}; ts ON
; per
We hareby cerufy that the delivered material comphes with the terms of the org [:
(ZOE” reby ce fv at the aelivered matgnal comphes with the tarms of i 2 orges Sect. II Edltlon _lh- Addenda

QM-System: Cenilication as per IS0 8001 since 28 February 1990

Trademark
{AD4)

Nsenburger Grobblech GmbH
Veckenstedter Weg 10
0-38871 lisenburg

{ADi}

%y

Inspection §
(203)

/“—I;specuon Represantative

{2021

Cyron



r ILSENBURGER
N J GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

/
Inspection certificate 3.1/ :o.wﬂ) Z?izsa
age
::OJZ:FN EN 10204 Date 10.07.2012
No (A07] 9381 20.04.2012 Noiam o
Purcchaser Olbert Metal Sales Limited Cusomer Olbert Metal Sales Limited
(A06] MISSISSAUGA,ONT.LST 2J8 {ACB) MISSISSAUGA,ONT.LST 2J8
KANADA KANADA
Podit  Heavy plate Works arder No 0000059029
1801) {A8!
Inspection WS
Steelgrade and terms of debvery SA 516 Gr. 70 MTLTV 1A0S)
1B02-863) ASME sect. II part A ed.2010,add.2011
ASME SA 20, SA 516
ASTM A 20 -10, A 516 -10
PO 9381
Tensile test -
Specimen No Heat No Locationy Direct | Cond. | Type | Yigld strength Tensile sirength | Elongation Elongation
{Co0} (B807) Co1y | {co2) B03) Jicwor | (cin Ct2) €13} {C13}
RpoO,2 Rm 8in 2in
a3 |4 5) 5l N/mm2 N/mm2 % %
2260 485- 820 21
286577 22910 Kev| Q N C 313 514 39
286578 22910 Kev| Q N C 321 509 36
286587 22910 KéV| Q N C 339 515 39
286589 22910 Kev| Q N C 327 513 41
286590 22910 Kéev| Q N C 319 513 37
286889 74313 KeG| 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 21785 KevV| Q N C 340 514 39
287048 20870 KeG| Q N P 416 535 24
288317 22059 KeG| Q N P 350 528 24
288318 22058 K6G| Q N P 340 527 26
289030 23206 Ké6G| Q N P 360 522 25
289031 23206 K6G| @ N P 360 522 28
289032 23206 K6G| Q N P 365 523 26
289033 23206 KeG| Q N',/P 363 525 29
289034 ~ 23206 K6G| @ N P 366 522 7 |28
289035 23206 Ké6G| 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 Ké6G| Q N P 357 523 24
| — =] 1
1 K Top 4 0 uvansvarsal
2 6 16Widta 5| N normalzed
3} 6 Thickness of product 6l € cylndng
V' 14 Thickness P:  prsmatc

T — e

7
mﬂemvmmm‘wwﬂ/’ { how
for and on behalf of: SYh ) A
G 2SH SPY A enius®

12
Pnnt Marae: s N vELosl

SmE =P h vaoianeialic]  MAR 137013

Tyve:

We hereby cendy that the delivered material comphes with the terms of the order
{zon)
OM-System, Certification as per 150 3001 since 28 Febraary 1980

f Trademark Itsenburger Grobblech GmbH Inspecton St /’—Fspecnun Representatve
y {AD4) Veckenstedter Waq 10 A‘] {203} (202}
0-38871 lisenburg

(A0 Cyron



ILSENBURGER
GROBBLECH

Ein Unternehmen der Salzgltter Gruppe

r;

/
Inspection certificate 3.1/ :n.(ml Zﬁzss
EN 10204 age
B;,N Date 10.07.2012
No.tA07} 9381 20.04.2012 No(am) o
Puchaser Olbert Metal Sales Limited Cusomer Olbert Metal Sales Limited
(A0S} MISSISSAUGA, ONT.LST 2J8 {AD6) MISSISSAUGA,ONT.LST 2J8
KANADA KANADA
froduet Heavy plate WoksorderNo 0000059029
{801) (A0E|
Inspection WS
Steelgrade and temms of delvery SA 516 Gr. 70 MTLTV {A05)
(B02-803) ASME sect. II part A ed.2010,add.2011
ASME SA 20, SA 516
ASTM A 20 -10, A S16 -10
PO 9381 J
Impact test (cuo-cig
Specimen No. Keat No Location) Direct. | Cond. | Type of specimen Temperature | Impact energy
{Coa) (807} [Co [(coay jiBos) | (Cao-Can) {C03) (CA2-C43)
1 3 MW 6)
N e 5) °F ftlbf ftlbf
286578 22910 K6vV| L N Charpy V-notch |-051 65 131 144 114
286587 22910 Kév| L N Charpy V-notch [-051 127 41 119 96
286585 22910 KeVv| L N Charpy V-notch |-051 125 122 116 121
286590 22910 Kév| L N Charpy V-notch |-051 45 124 119 96
286889 74313 KeO| L N Charpy V-notch |-051 75 75 44 65
286956 21795 KéVv| L N Charpy V-notch |-051 50 78 61 63
286958 21795 Kev| L N Charpy V-notch |-051 107 87 72 89
286959 21795 Kéev| L N Charpy V-notch |-051 56 71 34 54
287048 20870 K60| L N | Charpy V-notch |[-051 76 83 50 69
288317 22059 K6V| 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 K6V} L N Charpy V-notch [-051 100 63 106 89
289031 23206 KéV| L N Charpy V-notch |-051 92 74 46 71
289032 23206 Kev| L N Charpy V-notch |-051 66 77 66 70
289033 23206 Ké6v| L N Charpy V-notch |-051 Ly 72 58 30 53
289034 23206 Kev! L N Charpy V-notch |-051 7 82 97 91 90/
289035 23206 KevV| L N Charpy V-notch |-051 67 34 86 63
289041 23206 Kev| L N Charpy V-notch |-051 106 91 70 89
289042 23206 K6Vvi L N Charpy V-notch |-051 74 118 74 89
289043 23206 K6v| L N Charpy V-notch |-051 79 20 86 62
289649 l 23206 Kéev| L N Charpy V-notch |-051 72 80 67 73
I X Top 4 L longrudinal
2 6 16Width 5 N: normalized
3 0. near surface 6} MW: Average
V. /4 Thickness
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 (fro 12,00 mm
{ ( m plate thickness) Py
N Q.U
EWED lLEASl:U /% M.
ACCEL’ rLDIREV“: % ’{(SLV“ O.CI > N.D
for and on hehalf o
(4 P M’bg” SAH‘)’A‘ZP‘US
Priot Name: VELOSWAR 13 7013
Snsrul ch elosi America
We hereby caruty that the delivered material camplies with the ferms of the order
{201)
OM-System, Certification as per IS0 9001 since 28 February 1390
F Trademark lsesburges Grobblech GmbH Inspection St /_l-nspe:u'nn Representatve
y {AD4) Veckenstedter Weg 10 (203) (202)
0-38871 lIsenburg

[A01]

Cyron



r ILSENBURGER
N J GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1 No. (AD3) 761758
DIN EN 10204 Page 10/11
1A02) Date 10.07.2012
No.(A7} 9381 20.04.2012 Nofan )
Puchaser Olbert Metal Sales Limited Customer Olbert Metal Sales Limited
{A06) MISSISSAUGA,ONT.LST 2J8 {ADS) MISSISSAUGA,ONT.LST 2J8

KANADA KANADA
Product  Heavy plate WorksorderNo. 0000059029
1801) {A03)

Inspaction WS

Steel grade and terms of delivery SA 516 Gr.
{802-B03)

70 MTLTV

ASME sect. II part A ed.2010,add.2011
ASME SA 20, SA 516

ASTM A 20 -10, A 516 -10

PO 9381

{A03)

Other tests (cso-co

Specimen No Heat No Location( Direct. | Cond. | Hardness test
{Coo) {807) (ot |coz figosi | {cao-Cag)
HB30
023} |4 5) 19
286589 22910 K6 N [152
286590 22910 K6 N [153
286889 74313 K6 N |156
286956 21795 K6 N |156
286958 21795 Ké N [157
286959 21795 K6 N [152
287048 20870 Ké N 158
288317 22059 K6 N |155
288318 22058 Keé N |155%
289030 23206 K6 N |155
289031 23206 K6 N |154
289032 23206 /KS N |156
289033 23206\/K6 N [156
289034 23206 Keé N |155
289035 23206 K6 N |158
289041 23206 Ke N 155
289042 23206 Ke N |153
289043 23206 K6 N [1s5
289649 23206 Ke N [156
1 K. Top 5] N: normalized
2 6 1/ Width

FBEr products are free of radioact
clearing limit value of 100 Bg/kg
limit values giv
the unrestricted
for ferrous nu

ive substances and do not exceed the
which guarantees the compliance with
Protection Ordinance (StrlSchV) for
material (StrlSchV Annex III, Section

en in the Radlatién
clearance of solid
clides.

Heat treatment: Temperature 910 +/-10°C IEWED/RELEASED /4
Soaking time: 30 min/inch ACCEP IED/REV mEﬂH MIMW
Cooling in still air for and on behalf of: 5 ¥
NACE MR-0103 -1.1-2.1.4) - 2010 Print Name: Cﬂﬁ,"/b(” S A';plus
NACE MR-0175 £ 2003 . A~ — VELC
no weld repair Date: tT’F(“Ot&'M’y7 Velosi Americ

MAR 1 3 2013

Melted and manufactured in Germa

ny

We hereby centy that the delvered matersal complies with tha terms of the order
{201

OM-System: Certification as per (S0 3001 sinca 28 February 1390

@ Trademark fisenburger Grobblech GmbH Inspecuon Stam /’-—mspecunn Representatrve
& A Veckenstedter Weg 10 {203 [202)
D-38871 lisenburg

{A01) Cyron
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r ILSENBURGER
N J GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1 No. (A3} 761758
DIN EN 10204 Page 1/11
(A02) Date 10.07.2012
No (A07) 9381 20.04.2012 No (A
Puchasser Olbert Metal Sales Limited Cusumer Olbert Metal Sales Limited
{AD6) MISSISSAUGA,ONT.LST 2J8 (AD6) MISSISSAUGA,ONT.L5T 2J8
KANADA KANADA
Product  Heavy plate Works order No 00000590259
{Bo1} (Ao8)
fnspection WS

Steet grade and terms of delvery SA 516 Gr. 70 MTLTV (A05)
{B02-B03) ASME sect. II part A ed.2010,add.2011

ASME SA 20, SA 516

ASTM A 20 -10, A 516 -10

PO 9381
Marking of the praduct JB06(
Trademark/steelgrade/Heat—No/Product—No/
inspector's stamp
] s

Material data o-ss
Item | Quanty | Product No Heat No. Cond of delivery | Thicknass x Width x Length in x in x in
(B08) {BoO7) (BO7) (B4} (B09-B11)
01 1 282780 1 22644 N 0,250 x 120,000 x 480,000
0l 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 283904 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 283899 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 283902 2 22644 N 0,312 x 120,000 x 480,000
02 1 283903 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 283905 1 22644 N 0,375 x 120,000 x 480,000
03 1 283905 2 22644 N 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 N 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 N 0,375 x 120,000 x 480,000
03 1 283908 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 283940 2 22644 N 0,500 x 120,000 x 480,000
04 1 283941 1 22644 N 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 N 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 N 0,562 x 120,000 x 480,000
N normalized
SERISH |
We hereby cenrfy that the delvered matenal comphes with the terms of the order
{201]
(M-~System: Cerofication as per IS0 9001 since 28 February 1930
f Trademark tisenburger Grobblech Gmbk Inspection St ./I;suuclmn Representative
y 1AD4} Veckenstedter Weg 10 % 1203( 1202)
D0-38871 flsenburg

{a01( Cyron



r ILSENBURGER
N J GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1 No. {Am) ;5%;58
D EN 10204 Page
(AUE)N Date 10.07.2012
No.(A07} 9381 20.04.2012 No.(Aon} o
Puchaser Olbert Metal Sales Limited Customer Olbert Metal Sales Limited
{A06) MISSISSAUGA,ONT.L5T 2J8 {A06) MISSISSAUGA,ONT.L5T 2J8

KANADA KANADA
Produt Heavy plate WorksorderNo. 0000059029
{801} 108l

{nspection WS

Steel grade and terms of defivery SA 516 Gr. 70 MTLTV {A03)
1B02-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 joi-ss

01 8 | Weight 14.816 kos
02| 10lmy 23.100
03{ 10 27.800
04 8 29.640
05 2 8.326
06 4 18.528
07 6 33.342
08 6 44.460
09 2 18.524
10 2 22.228
12 2 20.006
14 2 24.450
15 2 22.414
16 1 10.320
17 2 22.228
18 2 17.912
19 2 18.231
20 1 10.150
21 2 21.494
z 74 407.969

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

Ladle analysis (cn-ca

Manufacturer standard

Heat No C Si Mn P S N Al Cu Cr Ni
{8o7) % % % % % % % % % %
0,15-040 0,85-150 <0015 0,005 20,00 $040 $030 $040

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 J0,03 0,02 0,04

Heat No Mo v Ti Nb B Ca EV1 1) |Nb+V EV2 2)
{B07) % % $ % % % % % %
$012 s003 <003 s002 S0 $045 50m

16412 0,004 (0,01 0,003 0,02 0,0002|0,001 |0,44 0,03 0,03
20870 0,004 (0,003 |0,002 0,02 0,000 0,002 |o0,37 0,02 0,03
21795 0,004 {0,002 |0,003 0,02 0,0001|0,001 |0,40 0,02 0,03

11 e cEV:CYMn/SOMOﬁQNl“5?CI/5+V/5§CU”5 2 EV2 VeNbTi

We hereby certy that the delivered matenal complies with the tarms of the order
1201)

OM-System: Certification as per IS0 5001 since 28 February 1980

f Trademark {Isenburger Grobbfech GmbH Inspection Inspacton Representatve
2w Veckenstedtar Weg 10 (203) {207)
D-38871 lisenburg
{A01}

Cyron



r ILSENBURGER
"\ » GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1 No. {AD3) 761758
DIN EN 10204 Page 5/11
(A02) Date 10.07.2012
No.(aT 9381 20.04.2012 NolA o
Purchaser Olbert Metal Sales Limited tustomer Olbert Metal Sales Limited
(A08) MISSISSAUGA,ONT.LST 2J8 (A06I MISSISSAUGA,ONT.LST 2J8

KANADA KANADA
Poduct  Heavy plate WorksorderNo 0000059029
(B0Y) [A08)

Inspection WS

Steelgrade and terms of delvery SA 516 Gr. 70 MTLTV [A0S)
{B02-803) ASME sect. II part A ed.2010,add.2011

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

Tensile test (cioe-c

Specimen No Heat No Locauory Owect. | Cond. | Type | Yield strength Tensile sirength | Elongation Elongation
{C20) (807 {Cotp | (Co2) |(BOS) [icIop fich {C12) [C13) IC13)
RpoO, 2 Rm 8in 2in
nay (4 5 8 N/mm2 N/mm2 % %
260 485-620 217
282730 22059 Kev| Q N C 334 517 39
282731 22059 Kev| Q N C 310 513 36
282733 22059 KeG| Q N P 320 508 32
282734 22059 KeG| Q N P 325 511 31
282780 22644 K6G| Q N P 407 522 19
282783 22644 KeG| Q N P 405 528 23
283899 22644 KeG| Q N P 393 531 25
283900 22644 KeG| Q N P 392 528 21
283901 22644 Ke6G| Q N P 398 531 24
283902 22644 KeG| 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 KeG| Q N P 389 524 21
283906 22644 K6G| Q N P 388 527 22
283907 22644 Ke6G| Q N P 402 530 23
283908 22644 K6G| 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 K6G| Q N P 347 503 26
283935 74313 K6G| Q N P 356 503 26
283936 22644 KeG| 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 K6G| Q N P 384 522 25
283941 22644 K6G| Q N P 380 520 25
284095 22058 KeG| 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 Kevi Q N C 341 522 38
286573 22910 Kev| Q N C 329 507 41
286574 22810 Kev| Q N C 323 507 37
286576 22910 Kevi Q N C 314 511 39
I K: Top 4 0 ansversal
2 6: 1B Width 5) N. normalized
3} G: Thickness of product 6l C: cybndric
V: 14 Thickness P:  prismatic
We hereby certrty that the delivered material complies with the tarms of the order
{201)
OM-System: Certification as per SO 3001 since 28 February 1990
f Trademark flsenburger Grabblech GmbH Inspection /”Inspacuon Representative
D (A Veckenstedter Weg 10 [203( {z02)

0-38871 fisenburg

{A01( Cyron




r ILSENBURGER
N J GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1 :n.lAﬂJ) _7/7%;58
204 age

II:D:;:)N Lo Date 10.07.2012
No.(AD7) 9381 20.04.2012 No.jAon o
Purchaser Olbert Metal Sales Limited Cusomer Olbert Metal Sales Limited
{A06) MISSISSAUGA,ONT.LST 2J8 {A06) MISSISSAUGA,ONT.L5T 2J8

KANADA KANADA
Pdut  Heavy plate WorkserderNo. 0000059029
B (A08)
ol taspection WS
Steelgrade andterms of delvery SA 516 Gr. 70 MTLTV (A08)
{B02-B03) 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 jcuo-ug

Specimen No Heat No. Location| Buect. | Cond Type of specimen Temperature | Impact energy
{coo} (BO7) (Co) | (Co2) |[)BOS) | (CAD-Cal) (0] (C42-C43)
1 2 3 MW 6)
was e (s oF ftlbf ftlbf
282730 22059 Kev| 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 Kevi 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 KeO| L N Charpy V-notch -051 49 43 74 55
282783 22644 KeO| L N Charpy V-notch |-051 41 69 43 51
283899 22644 K6O| L N Charpy V-notch -051 30 44 35 36
283900 22644 K60O| L N Charpy V-notch -051 36 23 41 33
283901 22644 K60| L N Charpy V-notch {-051 35 47 38 40
283902 22644 K601 L N | Charpy V-notch |-051 42 38 58 46
283903 22644 KeO| L N | Charpy V-notch |-051 39 46 34 40
283904 22644 KeO! L N Charpy V-notch | -051 28 44 44 38
283905 22644 K60O| 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 K6O| L N Charpy V-notch |-051 142 147 99 129
283908 22644 KeO| L N Charpy V-notch | -051 136 139 132 136
283909 22644 K60} 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 Kev| L N Charpy V-notch |-051 225 224 204 218
283934 74313 Kev] L N Charpy V-notch [-051 128 131 207 156
283935 74313 Kev| 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 90 69 107 89
283939 22644 Kevi 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 S3
284096 22058 KeVv| L N Charpy V-notch [-051 44 30 46 40
286153 74313 K6V| 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 96 114 105 108
286574 22910 Kev) L N | Charpy V-notch -051 114 134 126 125
286576 22910 K6V| L N | Charpy V-notch -051 112 140 136 129
286577 22910 Kev| L N Charpy V-notch |[-051 205 128 58 131
1 K: Top 4 L longitudinal
2 6 16 Width 5 N: normalized
3 0: nearsurface 6 MW: Average
V' 1/4 Thickness

We hereby certify that the delvered material comples with the terms of the ordes
1201
OM-System: Centification as per150 9001 since 28 February 1990

f Trademark lisenburger Grobblech GmbH Inspection Stam, /Tnspecuon Representative
3 1aw Veckenstedter Weg 10 A:l (263) {202)
B-38871 Usenburg

{AB1) Cyron



y

ILSENBURGER

GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1

DIN EN 10204

1A02)

No. {A03)
Page
Date

761758
9/11
10.07.2012

No.(Ag7) 9381 20.04.2012 No.(ag L
Puchaser Olbert Metal Sales Limited Customer Olbert Metal Sales Limited
{A08) MISSISSAUGA,ONT.LST 2J8 {A0G} MISSISSAUGA,ONT.L5T 2J8
KANADA KANADA
Product  Heavy plate WorksorderNo. 0000059029
(BOY) {A08)
taspection WS
Steel grade andterms of defivery SA 516 Gr. 70 MTLTV {A05(
|B02-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 (s-cos
Specimen No Heat No Location Direct | Cond | Hardness test
[Cool {BO7( {cort | (co2) |[{Bos) |i(C30-C39
HB30
H23) (4 bl S 189
282730 22059 K6 N |155
282731 22059 Keé N {1583
282733 22059 K6 N {151
282734 22059 K6 N |150
282780 22644 K6 N (156
282783 22644 K6 N |155
283899 22644 K6 N [157
283900 22644 K6 N 1157
283901 22644 K6 N |156
283902 22644 K6 N [157
283903 22644 K6 N ]159
283904 22644 K6 N (156
283905 22644 K6 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 Ké N (150
283934 74313 Ké N |149
283935 74313 Keé N {148
283936 22644 K6 N [156
283937 22644 K6 N [153
283939 22644 K6 N |155
283940 22644 K6 N |156
283941 22644 K6 N ]154
284095 22058 K6 N 154
284096 22058 K6 N |155
286153 74313 K6 N |]150
286430 44491 K& N [151
286559 22577 K6 N [149
286560 16412 K6 N [154
286573 22910 K6 N [149
286574 22910 K6 N |152
286576 22910 Ké N [151
286577 22910 Ké N [152
286578 22910 Ké6 N |151
286587 22910 K6 N |153
1) K: Top 5} N. nomalized
2} B 16 Width
We hereby certify that the delivered materiai complies with the terms of the order
{z01}
M-System: Certification as per 1S0 3001 since 28 February 1990
f Trademark lsenburger Grobblech GmbH Inspection Stam, /—lnspeclmn Representative
Y

[AD4)

Veckenstedter Weg 10

D-38871 fisenburg

JADY)

1203)

{202)

Cyron




r ILSENBURGER
N J GROBBLECH

Ein Unternehmen der Salzgitter Gruppe

Inspection certificate 3.1 No. (A3} 761758
DIN EN 10204 Page 11/11
{A02) Date 10.07.2012
No.{A01) 9381 20.04.2012 No.(aonl
Puchaser Olbert Metal Sales Limited Cusomer Olbert Metal Sales Limited
{ACS) MISSISSAUGA,ONT.L5T 2J8 (Ag6) MISSISSAUGA,ONT.L5T 2J8
KANADA KANADA
Podut  Heavy plate WarisoderNo 0000059029
(801} [A08)
Inspection WS

Steel grade and terms of delivery SA 516 Gr. 70 MTLTV {A0S)
(B02-B03) ASME sect. II part A ed.2010,add.2011

ASME SA 20, SA 516

ASTM A 20 -10, A 516 -10

PO 9381
PED 97/23 EG —I
We hereby centify that tne delivered material complies with the terms of the order
{201}
OM-System: Cartification as per IS0 9001 since 28 February 1330

//—_Espection Representative

@I Trademark tisenburger Grobbtech GmbH Inspection %
J [AD4) Veckenstedter Weg 10 (203)
D-38871 lisenburg
{AD1)

{202}

Cyron
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Order#: 266245 - B Seq 5 PO#: 13-0249 Heat#: 04383 Mill: Tubos de Acero de Maxico, SA.

Part#: PC 4 STD S6 11IN Part Desc: Crop Pipe 4 STD SMLS SA/A106-B 11IN
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Orderif: 266245 - B Seq. 5 PO# 13-0249 Heat#: 04389 Mil: Tubos de Acero de Mexico, S.A.

Part#: PC 4 STD S6 11IN Par Desc. Crop Pipe 4 STD SMLS SA/A106-B 11N
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Order#: 266245 - B Seq 5 PO# 13-0243 Heat#: 04389 Mill: Tubos de Acero de Meuxico, SA.

Part#: PC 4 STD S6 11IN Part Desc. Crop Pipe 4 STD SMLS SA/A106-B 11N
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Order#: 266245 - B Seq: 4 PO#. 13-0249 Heat#: 562541 Mill: Benteler

Part#: PC 3 XXS S6 120IN Part Desc: Crop Pipe 3 XXS SMLS SA/A106-B 120IN
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14527 Smith Rd.
Humble, Texas 77396
TEL: (281) 441-4088
FAX: (281) 441-8899

RN =5

C_ rOMER ORDER NUMBER
SOLD/SHIPPED TO

13-0216
ALL-WELD CO,, LTD.
49 PASSMORE AVE.

S S_CARBOBOUGH
ltem Quantity Description

ONT MIV 4T1

1 2 2'X900X11. 75“LG RTJ LWN
HEAT NUMBER: MATERIAL TYPE:
G820 SA350LF2CL1
Vv
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
C ,191/
Mn 993 ¥ .
B 0270 Yield PSI
S 0240 v Tensile PSI
Si 243 Elongation
Cr 131 .\// Reduction of Area
Mo 0077 Hardness ¥
Vv 002 ; CVN@ -58 °FFTLBS
Cu 048 v % Shear
Ni .035 / MLE
(" .001
Ceruﬁcaﬁong %al ! Per ASME 'r “ O # T
HT# ) Iv[ r

I’}K #/ Z-(@/ >j

Page 1 of 1
REPORT NUMBER 73175

DATE 3/25/2013
FCI ORDER NUMBER 59801 /

Processed |.AW. EN10204 3.1
ILAW. NACE MR0175 7

CANADA

ITEM# 1176-34

Manufactured in
USA

LA.W. ASME 2010 ED 11AD.

49,366 v
71,634 o
2 v

67 /

144/150 HBW

28/27/29

%Ia ifigs t ?_Equuement of
oo 1 Ao f APR 0 37013
Sect. I1 Edition Addend 3
/ o P.0. #Ji QQ/C |
CE 39 Ii
LIMITS OF UNSPECIFIED i i
Heat Treatment NORMALIZED /. ELEMENTS PER ASME
Temperature 1670 °F SECTIQN I (SA-20) PES
Time at Temperature  1/2 HR/IN THK MIN CU + Ni + CR + MO= 7
Cooling Media AIR CR+MO= »

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

records of the company. o
ﬁﬂ/\’\ Aﬂ &
\ L

Prepared by

il
Name: Helen Fielder Title: QA Representative WM ;
M"’ ¢ 27_9,_,-
)b
Page 1 of 1 Date printed: 3/25/2013 3:51:26 PM
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Order#: 266245 - B Seq: 7 PO#: 13-0249 Heat#: J2L9676 Mill: Sumitomo
Part#: PC 8 STD S3 112IN Part Desc: Crop Pipe 8 STD SMLS SA/A333-6 112IN

- NIPPON STEEL & SUMITOMO METAL CORPORATION
- SUMITOMO METAL RAKATANA HORKS
CORPORATION 1850, NINATO. WAKAYAMA, JAPAY
INSPECTION CERTIFICATE CERTIFICATE NO. :WYVK1969-02 PAGE :  1/2  DATE :2012-11-04
CUSTOMER :COMCO PIPE AND SUPPLY LTD.
ORDER NO. :E1-3125 1ITEM NO. 18
SHIPPER :SUMITOMO CORPORATION 057 KEQ 0809/2 2P175243710
COMMODITY :SEAMLESS HOT FINISHED CARBON STEEL PIPE WITH BEVELED ENDS
STANDARD :ASTM A333M-10 / ASME 2010 (AL1) SA-333M GR. 6 CSA 7245. 1-07 CAT. I GR 359
SPECIFICATION : v
MILL WORK NO. :WYYK1969 0.D. :NPS8 W.T.:STD LENGTH:40feet QUANTITY:3pcs. MASS: 1554kg
P
HEAT NO. - T2KA102 1219676

PRODUCTS PCS. :1 2 | W.0. # N @ #/,5'
, , ML # (4

HEAT TREATNENT :QUENCHED & TEMPERED (950°C X Smin. ¥.Q. & 650°C X 30min. A C) |
MELTING ‘BASIC OXYGEN THK. # 3“}7{ '

DEOXIDATION  :KILLED D
| PO. # /5 "_?A‘!‘?

CHEMICAL COMPOSITION (%)

C Si Mo P § Cu Cr Ni Mo Ti V Nb B=CEQ
2! %3 +3 %2 £3
SPEC. MIN. L - - - - - - - - - - - -
MAX. Ll 26 %0 106 25 25 - - 10 - Il i1 11 1 40
MIN. T T :
MAX. P| 26 50 200 30 3 - - 10 - 11 11 11 1t 40 APR D & 7013
HEAT NO. S, T S -
F2KA102 Ll 6 26 130 10 2 2 9 0 3 1 0 0 0 2
b7 28129 102 2 w0 0 3 1 0 0 0 2
1209676 Ul 72505 9 2 1 9 0 1 1 0 0 0 207
PPoTo2% 12809 2 19 0 t I 0 0 0 21
_ Pl 7 212 9% 2 1§ 0 1 F 0 0 0 2l
#1 L:LADLE AVALYSIS P:PRODUCT AVALYSIS #2:X10 #3:X1000 OTHER:X100
#CEQ: C+F Mn/6+51/24Cu/15+Ni/20+ (CrtMo+V+Nb) /5+5B) F=COEFFICIENT BY CSA STANDARD

"FOR EACH REDUCTION OF 0. 01% CARBON BELOW 0. 30% AN INCREASE OF 0. 05% MANGANESE ABOVE 1. 06% IS PERMITTED TO A
MAXIMUM OF 1. 35% MANGANESE. "

TENSILE TEST

Ys TS EL
+] 42 43 +3 ¥
SPEC. MIV. L B NoO359 M 455 30
MAX. L B M 530 623 -
AT NO. ” o -G
12KA102 L B Hoo485 M 552 33 —. per
1219675 LB | N 428 ¥ 515 40 <t.11 {0 Edition _JJ Addend
L B N 419 M 506 40
TYPE OF SPECIMEN:STRIP 38mm WIDTH #| SAMPLING DIRECTION L:LONGITUDINAL #2 SAMPLING POSITION B:BASE METAL
3 UNIT W:Pa_GAUGE LENGTH:50. Oam KIND OF ¥5:0. 5% EXTENSION UNDER LOAD __ B

WE HEREBY CERTIFY THAT THE MATERIAL DESCRIBED HEREIN HAS BEEN MADE TN ACCORDAI _ RULES OF THE CONTRACT.

B - 7 Konds—

I N QUALITY ASSURANCE DEPARTMEVgO 113600712

1 Important Message To Qur Customers

%ﬁls cgrt% ?cal?on %s ¥nten ed on?y Eor products listed. Modification to or unauthorized use of this certification

}s strlctlv DrOhlbl[ed Offences may be regarded as forgery of documents and b? subject to crlmﬁnal Brosecutlon
you have any q § Lions on this certification, you can contact us by facsimile or e-mail as shown below;

Fax. No. : +81-3-6867-49 6 E-mail:pipe-ipp€)p. nssmc. com




Order#: 266245 - B Seq: 7 PO#: 13-0249 Heat#: J2L9676 Mill: Sumitomo
Part#: PC 8 STD S3 112IN Part Desc: Crop Pipe 8 STD SMLS SA/A333-6 112IN

. NIPPON STEEL & NIPPON STEEL & SUMITOMO METAL CORPORATION
SUMITOMO METAL VAKAYAMA WORKS
CORPORATION 1850, MINATO, WAKAYAMA, JAPAN

INSPECTION CERTIFICATE CERTIFICATE NO. :¥YYK1969-02 PAGE :  2/2  DAIE :2012-11-04

HARDNESS TEST { HBY ) _

l £1£2 £3

SPEC. MIN. BC -

MAY. B C 200

HEAT NO. m_ @ @

JZKMOE/ BC 169 172 174

191,967 B¢ 158 157 158

BC 157 158 158
+1 SAMPLING POSITION B:BASE METAL #2 LOCATION C:CROSS SECTION #3 EACH

IMPACT TEST(-50. 0°C 2mm V-Notch 10X6. 67)

| $1 40 |43 4 AVG
SPEC. MIN. | LB IET 5 912 19
MAX. LB |EJ -/~ -
m @ o |
HEAT NO.
J2KA102 LB |E T 267 210 270 269
1219676 LB | E T 270 270 270 270

(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 ONE SET (3 PIECES)
#1 SAMPLING DIRECTION L:LONGITUDINAL #2 SAMPLING POSITION B:BASE METAL +3 E:ABSORBED ENERGY +4 UNIT J:Joule |

IMPACT TEST(-45.0°C 2mm V-Notch 10X6. 70)

$] 42 (43 #4 AVG 13w AVG
SPEC. MIN. TB |E T 45 - 18 S % 46 50 60
MAY. TB |EJ - = S % = =
iy [ (3 () 21 13}
HEAT NO. '
72KA 102 TB | EJ 260 260 260 260 S % 100 100 100 100
1219676 TB | E J 256 252 258 255 S % 100 100 100 100

(1] [2] [3]: SPECIMEN NO. TYPE OF SPECIMEN:NONFLATTENED
ABSORBED ENERGY #5:VALUE OF ONE PIECE AVG:AVERAGE VALUE OF ONE SET (3 PIECES)
SHEAR AREA #6:VALUE OF ONE PIECE AVG:AVERAGE VALUE OF ONE SET (3 PIECES)

#] SAMPLING DIRECTION T:TRANSVERSE #2 SAMPLING POSITION B:BASE METAL *3 E:ABSORBED ENERGY S:SHEAR AREA
#4 UNIT J:Joule %:%

FLATTENING TEST: ACCEPTABLE
VISUAL & DIMENSIONS: ACCEPTABLE
HYDROSTATIC TEST 20. IMPaXasec. : ACCEPTABLE

ULTRASONIC EXAMINATION: ACCEPTABLE

RESIDUAL MAGNETISM (EACH READING MAX. 3.5mT / AVG. OF 4 REAI MAX. 3. OmT) : ACCEPTABLE
e s

EN 10204 3. 1

SOUR SERVICE (E5A)

NACE MROIT571S0 15156-2 (20090 ANNEX A. 2 REGION 3 AN i SEC. 2. 1: ACCEPTABLE 711
A !

WE HEREBY CERTIFY THAT THE MATERIAL DESCRIBED HEREAN HAS BEEN MADE IN ACCORDANCE WITH THE RULES OF THE CONTRACT.
o e
yAmgs
T\ 2
=
L C\
M\ 7

HEAD QOF DEPARTMENT
5 QUALITY ASSURANCE DEPARTMENgo 173600712
n Important Message To Our Customers NO. 173 2
%ﬁis cgrtif?calion,%s ¥n£ended only for products listed. Modification to or upauthorized use of this certification
18 strictly prohibited. Offences may be regarded as forgery of documents and b? subject to crimjnal r?secutlom
you have anv _questions on this certification. you can confact us by facsimile or e-mai! as shown below:
Fax. No. : +81-3-6867-4926 E-mail:pipe-ipp&ip. nssmc. com



Pan#t P 2 XS S352 S B Part Desc Pipe 2 (60.3mm 0.D.) EXTRA HEAVY SMLS A/SA333-6/CSA 359.-2 M45C SRL BEVELED END

Order#: 266245 - A Seq & PO#: 13-0249 Heat#: 570747 Mill: Benteler
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Orderl: 266245 - A Seq: 6 PO#: 13-0249 Heatff: 570747 Mill: Benteler
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NUCLEAR PRODUCTS

Manafacturer of Piping and Pressure Vessel Components

1404 Haygood St - Houston, TX 77022
Phane 713.695.3633 Fax 713-695-3528
A Bonney Forge Company

This product has not come in direct contact with mercury or
any of 1ts compounds, nor with any mercury -contaiming
device employing a single boundary of containment. No
welding performed

Page ofl

Sold To:  COMCO PIPE & SUPPLY
(PUSLINCIY)
14 KERR CRESCENT
PUSLINCI ON NOR 240
MIR #  250.800
PO#  G1-209324-GK

Sales Order #: C001305091 Date: 047042013

Certified Materiul Test Report

We certify that the contents of this repart are correct and Heat Code: 354494
accurate. and that all test results and operations performed
by WT or its subcontractors arc in compliance with the
material specilication and requirements of the referenced
code or standard, and that the material conforms to the
dimensional requirements ofthle);r:lvr This document is in
accordance witl ENEO204 31!
Materiall  A/SA350 00a L¥2 CLI
Ttem Quantity Description
1 i 36-8X23M TP
SA350LE2 CL1
AW NACE MRO0175,2009
Chemical Couposition
Ladie c s, @ Zcw 7 wmy wmw S weo wms o» L
0.200 0.04 0.070 1.02 0.000 0.015 0.02 0.008
s STV '
0.022 0.19 0.004 /
Carbon Equivalency: Ladle 0.39
- i
Tensile PSI < Yield PSI Llong % RA ¢ Hardnes
Product 72,500 48.750 3010 64.70 1530 BN 132 BIIN
Charpy V-Notch Properuzs: Test Temperature: =30 |
FILBS 172143 "a Shear: NB/AB/NB MILE NBAEBNR
Nonmnalized /
Certification.of Malerigl - Per ASME ‘_‘W' O.# l ‘ L (\:)
HT# %p
ralj all ulrements,of M.L. # S— t)
s C i_“tl ]QL‘ ‘per THK, # ,-——
Sect. II > _Edition Addenda )
PO.#(3-C 37 2
046
mmmWED-'FELBASED .
.ACCH-ViE . 2, {l, M 0',,f gPﬂ"ﬂL >
fot and on behalf Of: ——
ane: ol 2SS SAHR,
Print Name: 7
. il VELOS!
e T A JO 1L Velod LLC
| 0 717 J— 1w | __ Vi G A 13

) ehors

Mune Dehmer
Quality Assurance Representative
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1177 Franklin Boulevard,
J"'(. Cambyridge
Tel: (519) 621-6600 Fax: (519) 621-6082

www.cambridgematerials.com
materials testing limited

18017025 Accredited
Report for: Quality Plates & Profiles Ltd. Laboratory No. 598087-2012
20 Nicholas Beaver Road
R. R # 3 Report Date: January 24, 2012
ABERFOYLE, Ontario Received Date: January 19, 2012
N1H 6H9
Phone: 1-800-268-2853 Customer P.O.#: P006311

Fax: 1-519-837-2224

Attention: Dave Braga

Specimen: Material: ASME SA516 - 70 Normalized
.25" Thick x 3" x 3", Algoma Heat # 8888L-38625

ROCKWELL HARDNESS TEST REPORT

. 046
D/REV FW"LU'RI LEASED
ACCEFTE L ﬂ p’ SH U]‘ i

for and on behalf of: R

Print Names Un NﬁSH s i us®
Signature: Ll T i ’ R ELos!

Dite: /] Pl i>L> Velosi America LLC

80,79,79 HRBW

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

Conclusion: Pass

Testing perform?/accordmg to

NACE MRO175/ISO 15156-2:2009/Cir.1:2011(E), 1SO 6508-1:1999(E),
ASME Boiler and Pressure Vessel Code Section II, Part A, SA-370
(2010 Edition, 2011 Addenda) and ASTM E18-08b.

<S>

doi~  + APRTI 2B page 1 of 1
N.D.~

This repail 1s subject Lo the following lenms and condilions 1. This reporl relates only lo the specinen
provided and lhere 1s no representalion or wartanty thal il applies lo similar substances or malerials or

the bulk of which the specimen is a parl 2 The conteni of this repotl is for the informalion of the i 1 i | it
cuslomer idenlified above only and it shall nol be reprinted, published or disclosed lo any olher party Cambndge M atenals TeStl ng L m ed

exceptn full Prior wrillen consent fiom Cambridge Matenals Tosting Limited is requiied 3 The name
Cambridge Malerials Tesling Lrmited shall not be used in conneclion with the specmen repotied on or

any subslance or malenals simitar to thal specimen without the prior wiillen consenl of Cambridge Per

Materials Tesling Limited 4. Neilher Cambndge Malenals Tesling Limiled nor any of its employees B

shall be responsible or held lable for any claims loss or damagos ansing in consequence of reliance - Qua//tyAssur ance
an this repont or any default, esror or omission in its preparation of ihe lests conducled 5 Specimens / y é

are relained 6 months, lest ieporls and lest data are relained 7 yoars fiom dale of final lesl repoil and Per

then disposed of. unless instrucied othenvise in wling Technician
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14527 Smith Rd.
Humble, Texas 77396
TEL: (281) 441-4088
FAX: (281) 441-8899

GMMHEW

e 2407

13-0279 ADD
ALL-WELD CO., LTD.
49 PASSMORE AVE.

FCr=

. JTOMER ORDER NUMBER
SOLD/SHIPPED TO

SCARBOROUGH

Item _Qua;ti_ty 6escription

. 2 2 2' XQOO RTJ WN §/160
HEAT NUMBER: MATERIAL TYPE:
B859 SA350LF2CL1

CHEMICAL ANALYSIS PHYSICAL PROPERTIES

ONT MIV 4T1

Material Origin:

Page 1 of 1
REPORT NUMBER 73595
DATE 4/5/2013
FCI ORDER NUMBER 60029

Processed |. A W. EN10204 3.1
|.LAW. NACE MR0175

CANADA

ITEM# 1176-7

Manufactured in
USA USA
LAW. ASME 2010 ED 11AD.

PRODUCT
c 180 - 181 V7
1160~ 1176 ~
I;!n 0080 .0000 Yield PSI 46,300 7
S 0030~ .0000 Tensile PSI 73.900"" ] 10\3
Si 220~ 232 Elongation 27 MAY 2
Cr 070 076 Reduction of Area 70 -
Mo 020 7 022 Hardness 149 HBW
\ 020 {, 014 CVN@ -50 °FFT LBS 58/55/54
Cu 130 140 9, Shear
Ni 060 ~ .063 MLE
f 0017002
\
\ .0103 N, = —_—
.008 - ]
Sn 0 Ceniﬁca% <%M‘.: al - Per ASME ! %J . L‘(:‘C) ;
HTH i i M7,

. _zu_hfus o alixeguirémenys of K‘L K /'})) '
Ti 0010 : LR C L ‘Y b7 ,
Al 029 030 Sect. 11 -:L 1C Eaition | \ | | 2 !

: i ect. tio - ;
B 0002 o L7 12- 8245 |
CE 41 410 * LIMITS OF UNSPECIFIED
ELEMENTS PER ASME
SECTION II (SA-20) .
CU+Ni+CR +MO=¢
Heat Treatment NORMALIZED CR+MO= &4
Temperature 1650 °F
Time at Temperature 1/2HR/IN THKMIN
Cooling Media AlR

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

records of the company.

Helen Flelder Tutle QA Representative

Name:

Page 1 of 1

mwmémmm.m

0T angd O!
Print Name:
s@m
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ofF Steftl

Cporsh SEHE o @
~Clg NN VELOS!
/A \C7IL_ Velosi America LLC

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-905-453-7844
Email: na hitechnde eom

ULTRASONIC INSPECTION REPORT

Client: Canadian Plate & Profiles Inc Report No: 05/13
PO #: 19945 Part Description: Plate
WO #: 2427 Procedure: UT/GP/101
Heat No: See below Client Specifications: ASME Sec. V Art -23,2010
addenda 2011, SA578, Level- C’
Material: SAS516, Gr 70MT, NACE Technique: “A’ Scan contact
Thickness: See below Cal. Block: IW-1 & BW itself SL#-
Surface: As Rolled/Rough Couplant: Water Batch #-
Type of Fabrication: Plate Time Base: As required
Dwae. No: - Gain: As Required
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 Frequency SL #
Panametrics | Epoch-1V | 03155409 | Nov, 2012 Nov 2013 0’ 2.25 Mhz 43629
Scope: To inspect the following plate for lamination scan before flame cut:
QTY SIZE HEAT #
"™ 1 Platc 0.2500” X 48" X 120” D/L 102" X 129” _4019P3-AC5977
1 Plate 0.3750” X 120” X 304~ 4582P3-AC7419
1 Plate 0.5000” X 120" X 1917 4927P3-AD0156
I Plate 0.6250™ X 120" X 289™ 2259P3-AB6514
1 Platc 0.7500" X 96” X 94" D/L. 43"X179" 4382P3-AC7352
1 Plate 1.0000” X 96” X 171" D/L 70"X79" 4582P3-AC7350
~ 1Plate  1.2500" X 120" X 240” 1966P3-AB5386
1 Plate 1.5000" X 120" X 288" 5441P3-AD1562
I Plate 2.0000” X 120" X 1517 5441P3-AD1559

Results: |

1. 100% plate area scanned with normal probe.

2. No reject able indication detected during inspection.

3. The plates inspected meet the requirement of ASTM SA378, Level- ‘C'._

Total Parts Examined Parts Accepted Parts Rejected
9 9 0
Name & Signature of Inspector Certification Representative Dated

N. WRAICH CGSB Level-Il-  [V]

SNT - Level-ll  [V] Hi-Tech NDE Inc Apr 24.2013
Q%K ACCP- Level-IlT [V]

Same Signature o Date
CLIENT REPRESENTATIVE: _/

ACCHY I ED/REVIEWEDIT | EASED 046

for and on behalf of.

e _ G SH_SH P
Pr::g!:xw T b 2 — A.l:pll]‘éia

i SHoG

Date: _m;_u.‘.&. Velosi America LLC

VELOS!
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NUIEOQOR=R Mill Certification AUBEJ?‘\‘ ﬁf’ﬁ?ﬁ‘é‘iﬁ’

NUCOR STEEL AUBURN, INC. 61412013 Fax: (18] 225 e00]
Sold To:  SAUT STEEL SERVICE CENTRE Ship Te: SAL -
gglhsg))(ng); MYER SALIT LTD L 7771|TS§TEEIE$F;\V!§F
NIAGARA FALLS ON L2E 6V6 g'AA!'?ADA IFALLS N 1256
CANADA 5:905} 354-5691
(905) 354-5691 ax: (905) 356-0809
Customer P,O. | 46911 Sales Order | 296351.5
Product Group | Merchant Bar Quality Part Number | 2020025024004W0
Grade | A36/A529gr50/CSA44W/SOW Lot# | AU1310158402
Size | 2x2x1/4 Angle - Heat# | AU13101594
Product | 2x2x1/4 Angle 20' A36/A52950/CSA44WIS0W B.L. Number | Y1-423553
Description | A36/A529gr50/CSA44W/SOW Load Number § Y1-170457
Customer Spec Customer Part #
| hereby certify that the material dascrbed heren has been dactured in with the sp ions and standarys lisled abcve and that ¢ solisfies those requiraments

Roli Date: 4/5/2013  Melt Date: 3/18/2013  Qty Shipped LBS: 15,504  Qty Shipped Pos: 243

ASTM A36/A36M-08, A709/708M-11 GR36, ASME SA36-10 £d ‘11 Ad.
ASME SA36-2007 EDITION-2011 ADDENDA
ASTM A709/AT09M-11 GR 36 [250]

c 7 Mn P - s 7 sl < Cu Ni Cr Mo
0.14% 0.91% 0.016% 0.032% 0.13% 0.32% 0.10% 0.13% 3.022%
s A =
Yield 1: 54,500ps! (376MPa) Tensile 1: 75,800psi (523MPa) Elongation: 30.1% in 8"(% in 203.3mm)
Yield 2: §63,900psi (372MPa) Tensile 2: 75,800psi (523MPa) Elongation 30.9% In 8%(% In 203.3mm)

Sgeciﬂcatlon Comments: MEETS OR EXCEEDS THE REQUIREMENTS OF ASTM A36/A36M-08, A529/A529-05 GR50 345&
ﬁs(gl?éAéIOQMg 23%&3%250), A709 GR50(345) CSA G40.21-04 GR44W(300W)&GRSOW(350W) AASETO M270/270M-10 GR36(270)

ALL MANUFACTURING PROCESSES OF THE STEEL MATERIALS IN THIS PRODUCT, INCLUDING MELTING, HAVE OCCURRED WITHIN
THE UNITED STATES. ALL PRODUCTS PROBUCED ARE WELD FREE. MERCURY, IN ANY FORM, HAS NOT BEEN USED IN THE
PRODUCTION OR TESTING OF THIS MATERIAL,

Certification of Material - Pex ASME
M.L. #@’]E;%, 17 ful’7> vy N (%‘i"é(f‘ﬁ
. ) lifi 1l requi 1s of
0 ) Qua 135)8‘;3 tﬁ gnen L
0. # [3-076 R - Scot. 11 ] Edition [ [ Addenda

aug 4 ¥ 108 |

JAEE

Jim Blernat
NBMG-10 Janusry 1, 2012 Divislon Metallurgist Paged of §



ALL-WELD COMPANY LIMITED

Ti@
Liquid Levet bounded by Elipseidal Head 82 2
= ‘/\ s ' =
(O -

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

www.allweld.ca

"'\

soldal Head 87

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




Table Of Contents
1. Nozzle Schedule

2. Nozzle Summary

3. Pressure Summary

4. Settings Summary

5. Thickness Summary
6. Weight Summary

7. Long Seam Summary
8. Hydrostatic Test

9. Vacuum Summary
10. Engineering Notes
11. Seismic Code
12. Wind Code
13.60 ID TOP SE HEAD
14. Straight Flange on 60 |D TOP SE HEAD
15. Vent (N7)
16.  Qutlet (N10)

17. _Corrosion Coupon_(N9)
18.  Lifting Lug #1
19.  lifting Lug #2

20.60 ID SHELL
21. Purge (N2)

22. | evel Bridal Low (N3)

23. Diff Press High (N4)

24. | evel Bridal High (N5)

25. Filll Water Flush (N6)

26. Diff press Low (N8)

27. _Inspection Nozzle (N11)

28. Inlet Nozzle (N12)

29. Manway (N13)

30. Straight Flange on 60 1D BOTTOM SE HEAD
31.60 ID BOTTOM SE HEAD

32.  Bottom Drain (N1)

33.63-1/4" OD Skirt

34.  Taillug

35. Skirt Base Ring

36. Liquid Level bounded by Ellipsoidal Head #2

1176 Rev. 6 1/201



Nozzle Schedule

Nr::'l(e Service Size Materlals !;.2': ec(: Normalized | Fine Graln Flange Blind

N1 Bottom Drain NPS 2 Sch 160 Nozzie | SA-333 1 Wid & smis pipe | No No No vvijsfagéaﬁ: 0 No

N10 | Outiet 11.750D x 1.875 | Nozzle | SA-350 LF2 CI1 No No No [‘@i ig;sﬁf,fgm No

N1t | Inspection Nozzle |11.75 0D x 1.875 | Nozzle | SA-350 LF2 CI 1 No No No [‘\m 3\%%35220%“ ﬁgSSOBLg'Zaafoo
Ni2 | Inlet Nozzle 11.750D x 1.875 | Nozzle | SA-350 LF2 CI 1 No No No [‘@iig;%sifggm No

NI3 | Manway 350Dx55 Nozzle | SA-350 LF2 CI 1 No No No U:ig;ocﬂizséio ;‘gssozL“Fg'gﬁ 900
N2 |Purge 4120Dx106 |Nozzle | SA-350 LF2 Cl1 No  [No No N 2 ass 900 1 [ Mo

N3 Level Bridal Low |4.120Dx1.06 |Nozzle |SA-350 LF2CI1 No No No [‘;ﬁ ig;%sfg%" , {No

N4 | Diff PressHigh |4.120Dx1.06 |Nozzle | SA-350 LF2 CI1 No No No [‘\m ig;%safg%'_ , N

N5  |Level Bridal High [4.120Dx1.06 |Nozzle |SA-350 LF2 Ci1 No No No ['\Zii%%sisggm No

N8 | FilyWater Flush |4120Dx1.06 |Nozzle | SA-350 LF2 CI 1 No No No [‘5\,‘; ZA%%SEFB;%L s |No

N7 | vent 4120Dx1.06 |Nozzle | SA-350 LF2Ci 1 No No No Nl s %00 4 | No

N8 |DiffpressLow  {4.120Dx106 |Nozzle | SA-350 LF2 CI1 No No No E@iig;f,fg%m No

N9 ggﬂ;g:f" 50D x 1 Nozzle | SA-350 LF2 CI 1 No No No [‘\m ig;%sfg%'. , [N

1176 Rev. 6 2/201




t.
Reqt,:
Nom t:
Design t:
User t:

1176

Nozzle Summary

Reinforcement
Shell Pad

Nozzle | OD t Req t A2 | A2 a Corr | A /A
n n 1 2 4

mark | (Im) | aR) | (m) am | G

Nomt | Designt | Usert | Width t N
amy | am | om | om | @R

N1 2.375 | 0.344 [0.2969 |Yes |Yes |2.491" N/A N/A N/A 0.125 | Exempt

Ni10 11.75 | 1.875 | 0.5057 |Yes |Yes |2.491° 1.9983 N/A N/A 0.125 | 109.5

N1t 11.75 | 1.875 | 0.5501 |Yes |[Yes [25 2.2916 N/A N/A 0.125 | 101.6

N12 11.75 | 1.875 |0.5501 |Yes |Yes |2.5 2.2965 N/A N/A 0.125 |101.1

N13 35 55 1.3828 |Yes |[Yes {25 2.2952 N/A N/A 0.125 | 110.3
N2 412 |1.06 |0.3324 |Yes ]Yes |25 N/A N/A N/A 0.125 | Exempt
N3 412 |1.06 |0.3324 |Yes |Yes |25 N/A N/A N/A 0.125 | Exempt
N4 412 1106 |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 |1.06 10.3324 |Yes |Yes |2.491° 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

N8 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

3/201



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

Pressure Summary

P T T
identlfler Deslgn | Deslgn Tﬁ:\:; I\(II:;!; exte:nal IV(IE:I:I)T Exrrgrt}-on !rr::taec;
(psh) | (°F) (°F)

60 ID TOP SE HEAD 1,378 | 140 1,566.92 | 750.1 {140 -32.9 | Note 1 Yes
Straiaht Flanoe on 60 1D TOP SE HEAT 1,378 | 140 1,572.94 | 876.28 | 140 -32.9 |Note2 Yes
80 ID SHELL 1,378 | 140 1,501.48 |838.94 | 140 -28.6 |Note3 Yes
Straight Flange on 60 ID BOTTOM SE HEAD  |1,378 | 140 1,569.04 | 876.28 | 140 -32.7 |Note§ Yes
80 1D BOTTOM SE HEAD 1,378 | 140 1,562.35 | 750.1 | 140 -32.7 |Note4 Yes
Bottom Drain {N1) 1,378 [ 140 1,378 |750.1 140 -55 Note 6 No
Cutlet iN10 1,378 | 140 1378|7504 |140 -55 Note 7 No
Inspection Mozzle (N1 1,378 140 1,378 838.94 | 140 -55 Note 7 No
inlet Nozzle (N12) 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 |140 -55 Note 7 No
Level Bridal Low (N3) 1,378 [ 140 1,378 |838.94 [140 -55 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
Fill 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
Corrosion Coupon (NS) 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
1. thion to calculate MAP was not selected. See the Calculation->General tab of the Set Mode
dialog.
1176 Rev. 6
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Notes for MDMT Rating:

Note #

Exemptlion

Detalis

1.

Siraighi 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).

Straiahl Flanae governs MDMT

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 [~|ofalse e

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.
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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 caiculations 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: RTH
UG-116(f) Postweld heat treatment: HT
Code Cases\Interpretations
Use Code Case 2547: No
Apply interpretation VIII-1-83-66: Yes
Apply interpretation VIII-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
UG-22(b

UG-22(d

UG-22(f

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

(
(
UG-22(c
(
(

—~— ~—

Internal or External Design Pressure :

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

Wind reactions:
Seismic reactions:

Rev. 6
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Yes
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Thickness Summary

Component Materlal | Plameter | Length { Nominalt | Designt | Total Corrosion | Joint | | o4
Identifler (In) (In) (In) (In) (In) E

60 1D TOP SE HEAD SA-51670 | 601D 17.491 |[2.491° 2.2038 0.125 1.00 |Internal
Straight Flanae on 60 1D TOP SE HEAD SA-51670 601D 2 2.612 2.2906 0.125 1.00 |internal
601D SHELL SA-51670 [601D 96 25 22968 |0.125 1.00 | internal
Straight Flanae on 60 10 BOTTOM SE HEAD SA-516 70 | 601D 2 2.612 2.297 0.125 1.00 |internal
601D BOTTOM SE HEAD SA-516 70 {60 1D 17.491 }2.491° 2.2108 0.125 1.00 | internal
63-1/4" OD Skin SA-51670 |63.250D (2325 [0.75 00557 |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 Elements
Component Metal Metal insulation Piping Operating Liquid Test Liquid s""afé Area
New' | Corroged* | """ Supports | "9 [, Liquld | New |cCorroded | New | Corroded
60 1D TOP SE HEAD 3,428 3,272.2 0 0 0 0 714.6 720.8 1,239.6 |1,259.7 37
601D SHELL 12,445.3 | 11,8484 0 0 0 0 10,813.1 |11,008.3 [9,921 10,0075 |127
60 1D BOTTOM SEHEAD [3,524.5 |3,363.9 0 0 0 0 1,347.6 {1,368.4 1,225.1 1,244 38
83-1 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) Contributed by Attachments Surface
Component Body Flanges N;:f‘lge:s& Packed | Ladders & Trays Tray Rings & | Vertical Af'éa
Beds Piatforms Supports | Clips Loads
New | Corroded | New | Corroded
80 ID TOP SE HEAD 0 0 452.8 435.8 0 0 0 0 32.3 0 7
60 1D SHELL 0 0 7,439.9 ]7,333.4 0 0 0 0 0 0 52
601D BOTTOM SE HEAD [0 0 29 27.7 0 0 0 0 0 0 1
63-1:4" OD Skirt 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 Ib
41,217 Ib
40,304 Ib
355 ft?

Vessel center of gravity location - from datum - lift condition

Vessel Lift Weight, New: 28,831 Ib
52.5931"

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

1,469 US gal
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Shell Long Seam Angles

Component Seam 1
601D SHELL 30°
63 14" OD Skit |135°

Shell Plate Lengths

Component

Starting
Angle

Plate 1

6010 SHELL

30°

196.3495"

631 4" OD Skirt

135°

196.3485"

*North is located at 0°

*Plate Lengths use the circumference of the vessel based on the mid diameter of the components

Long Seam Summary

"
F ]

1176

Rev. 6

10/201



Shell Rollout
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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
Corrosion 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
Level 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 ID 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.

1176

Rev. 6

12/201



1176

Vacuum Summary

Elevation
Component Line of Support above Datum Leng:ll; .
(In)
60 1D TOP SE HEAD - -19.491 N/A
- 1 3 depth 0f 60 ID TOP SE HEAD -7.0417 N/A
Straight Flanoe on 60 1D TOP SE HEAD Top - -2 110.0833
Straiaht Flanae on 60 10 TOP SE HEAD Bottom - 0 110.0833
60 ID SHELL Top - 0 110.0833
80 1D SHELL Bottom - 96 110.0833
Straight Flanae on 60 ID BOTTOM SE HEAD Top - 96 110.0833
Straight Flange on 60 10 BOTTOM SE HEAD Bottom - 98 110.0833
- 1 3 depth of 60 1D 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.
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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 Ib
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*Pl*Sqr({Sum(W,*y2)}/{g* Sum(W, * y,)} ), where

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

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

Seismic Shear Reports:

Operating. Corroded

Empty. Corroded
Vacuum. Corroded
Base Shear Calculations

1176
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Seismic Shear Report: Operating, Corroded

Bending
Component Elevatlon of bottom Elastic modulus E Inertia | Selsmic shear at Moment at
P above base (In) (106 psi) (f14) 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 1D BOTTOM SE HEAD (top) 2325 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 Elevatlon of bottom Elastic modulus E Inertla | Selsmic shear at Moment at
P above base (In) (106 psl) (f14) Bottom (Ibf) Bottom
(Ibf-t1)
60 1D 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 29.4 13,437 109,306
63-1/4" OD Skint 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 Elastlc modulus E Inertla | Selsmic shear at Moment at
P above base (In) (106 psl) (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 1D 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

Acc

o 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 ( 1b) | E2€ v':,";ght hear |
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
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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 ft

Fundamental Frequency, n,
Operating, Corroded: 56.4765 Hz

Damping coefficient,

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

Elevatlon of Platform Total wind bending
Component bottom above Eftec(tflt\;e op Elaztgolgoir)lus I?al;:l)a wind shear at shear at moment at gf:?c?g)‘

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 1D SHELL 30.7075 5.42 29.1 11.06 |0 625 25,969 0.00086
60 1D BOTTOM SE HEAD (top) 23.25 5.43 29.1 0 667 26,371 0.0001
63-1/4" QD 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 Effect:lve oD Elaétzg:on;odsll.l)lus I?f:al)a wind shear at shear at moment at 2?::;!(:?":)‘
base (In) () P Bottom (Ibf) | Bottom (Ibf) | Bottom (Ibi-tt) 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 Effec(t:l\;e op EIa;t::ongo:;lus I?fﬂ;’ wind shear at shear at moment at :f:fc?ﬁ:;
base (In) P Bottom (Ibf) | Bottom (Ibf) | Bottom (Ibf-f1) 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 0.0008
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) (psf)
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 VIl|, 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.=0.18 psi (§G=1.1, H.=4.5" Operating head)
P=2.54 psi (§G=1, H,=70.5" Horizontal test head)

Corrosion allowance: Inner C = 0.125" QuterC =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))?]=(1/6)*[2 + (60.25 / (2*15.125))2]=0.994502
K (New)

K=(1/6)*[2 + (D / (2*h))?]=(1/6)*[2 + (60 / (2*15))?]=1

1176 Rev. 6
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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
1,378.18"60.250.994502 / (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/ (K'D + 0.2") - P,
2720,00071*2.366 / (0.994502760.25 +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,)

R, = KD,
= 0.8359*64.982
= 54.3193in

A = 0125/(R,/Y)
= 0.125/(54.3193/0.156888)
= 0.000361

From Table _ 5,193.454

CS-2: " psi

P, = B/(R,/1)
= 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)
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,
= 0.8359'64.982
= 54.3193in
A = 0125/(R,/1)
= 0.125/(54.3193/ 2.366)
= 0.005445
From Table _ 17,220.94
CSs-2: ~ psi
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B/(R,/Y)
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™/ ((K*'D + 0.2°1)*1.67) - P,

2*20,00071*2.366 / ((0.99450260.25 +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 / oo)
17.0259%
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Straight Flange on 60 ID TOP SE HEAD
ASME Section VIl Division 1, 2010 Edition, A11 Addenda
Component: Straight Flange
Material specification: SA-516 70 (II-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",0Operating head)
(8G =1, H = 70.5", Horizontal test

Pn = 254psi 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 =2380.8 Ib corr=27741b

Capacity New = 24.48 US gal corr = 24.68 US gal

D = 60"

Length _ .

L, -2

t = 2.612"

Design thickness, (at 140 °F) UG-27(c)(1)
t P*R/ (S*E - 0.60*P) + Corrosion

1,378.26*30.125 / (20,00071.00 - 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 + 0.60°t) - 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))
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15 psi

4*2,804.88 / (3*(65.224 / 0.2616))

Design thickness for external pressure P, = 15 psi

t

a

= t+ Corrosion = 0.2616 + 0.125
Maximum Allowable External Pressure, (Corroded & at 140 °F) UG-28(c)

L/Do = 110.0833/65.224 = 1.6878
DO/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)

= 876.28 psi

)
4*17,236.01/(3%(65.224 / 2.487))

% Extreme fiber elongation - UCS-79(d)

EFE

(50*t/ R)*(1 - R,/ R,)

4.1717%

(50*2.612 / 31.306)*(1 - 31.306 / )

= 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.
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Thickness Required Due to Pressure + External Loads

Aliowable j
Pressure P { Strass-Betore Temperature ( | Corrosion C Req'd Thk Due to Req'd Thk Due to X
Condition si) UG-23 Stress °F) (in) Load Tension (In) Compression (in)
p increase ( psi) P
St Sc
Operauna. Hot & Corroded 1,378 20,000 | 17.359 | 140 0.125 Wind _ |0.8542 0.8542
Seismic | 0.8551 0.8526
Operating, Hot & New 1,378 20,000 | 17.371 | 140 0 Wind  |0.8507 9.8506
Seismic | 0.8515 0.8489
Hot Shut Down, Conoded 0 20,000 | 17,35 | 140 0.125 Wind | 0.0009 40005
Seismic | 0.0001 0.0028
Hot Shut Down, New 0 20,000 | 17371 | 140 0 Wind | 0.0009 0.001
Seismic | 0.0001 00029
Empty. Coraded 0 20,000 | 17.359 | 70 0.125 Wind  [0.0009 £.0009
Seismic | 0.0001 0.0027
Empty, Mew 0 20,000 | 17.371 |70 0 Wind _ 0.0000 0001
Seismic | 0.0001 0.0028
Vacuum 15 20,000 | 17,359 [ 140 0.125 Wind 100117 0.0118
Seismic | 0.0108 0.0137
Hot Shut Down, Corroded. Weiaght - .
Py r———— 0 20,000 | 17.359 | 140 0.125 Weight |0.0011 0.0011

Allowable Compressive Stress, Hot 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
Saue = min(B, S) = 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
Schn = min(B, S) = 17.371 psi

Allowable Compressive Stress, Cold 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
Scen = 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
S = min(B, 8) = 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
Save = 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/(mR2S'KS E,) (bending)
= 949/ (n*31.36852*20,000*1.20*1.00)
= 0"

t, = W/(@7R,SKS E) (Weight)
= 3,740.2/(2*n*31.3685*20,00071.201.00)
= 0.0008"

t = rt,-t, f;ontzll ert)eqwred,
= 0.855+ 0-(0.0008)
= (0.8542"

t, -+t tpcl (total, net

tensile)
= |0+ (0.0008) - (0.855)|
= 0.8542"

Maximum allowable working pressure, Longitudinal Stress

P=2"SKSES(t-t, +t,)/(R-040%t-t +1t)
= 2*20,000%1.20*1.00*(2.487 - 0 + (0.0008)) / (30.125 - 0.407(2.487 - 0 + (0.0008)))
= 4,099.34 psi

Operating. Hot & New, Wind, Bottom Seam

t, = P"R/(2'S/KJ'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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t, = M/(m"R_2*SK,*E,) (bending)
= 970/ (r*31.3062720,000*1.20%1.00)
=0"
ty, = W/ (2'"R*S;"K*E,) (Weight)
= 3,913.1/(2'x*31.306*20,000"1.20*1.00)
= 0.0008"
Lo=th+t, -t (total required, tensile)
= 0.8515 + 0 - (0.0008)
= 0.8507"
o= ftne + tae - el (total, net tensile)
= [0 + (0.0008) - (0.8515)|
= 0.8508"

Maximum allowable working pressure, Longitudinal Stress
P=2"S"KSES(t-t, +1,) /(R-0.40%(t-t_+1t,))
= 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/ (1*31.36852*17,359.27*1.20)
=0"
t, =W/ (2t"R*S."K,) {(Weight)
= 3,740.2 / (2'n*31.3685%17,359.27*1.20)
= 0.0009"

t = |tp +1 -1, (total, net compressive)
= |0+ 0 - (0.0009)|
= 0.0009"
t=tne+tuc -t (total required, compressive)
= 0+ (0.0009) - (0)
= 0.0009"

Hot Shut Down. New, Wind. Bottom Seam

t, =0 (Pressure)
t, = M/(7*R_2*S.*K,) (bending)
= 970/ (n*31.3062*17,371.43*1.20)
=0"
t, = W/ (2'T"R"S.'K,) (Weight)
= 3,913.1/ (2'n*31.306%17,371.43*1.20)
= 0.001"
b=+t -ty (total, net compressive)
=10+ 0 - (0.001)]
= 0.0009"
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too=toe+ te -t (total required, compressive)
= 0 +(0.001) - (0)
= 0.001"

Empty. Corroded, Wind. Bottom Seam

t, =0° (Pressure)
t, = M/ ("R 2*S_*K,) (bending)
=949/ (n*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=+t -l (total, net compressive)
= |0 + 0 -(0.0009)|
= 0.0009"
te = tne+ tue -t (total required, compressive)
= 0+ (0.0009) - (0)
= 0.0009"

Empty. New. Wind. Bottom Seam

t, =0 (Pressure)

tn, = M/ ("R 2*S_*K,) (bending)
= 970/ (n*31.306217,371.43"1.20)
=0"

t, = W/ (2n"R,,"S."K,) (Weight)
=3,913.1/(2*n*31.306*17,371.43*1.20)
= 0.001"

b=+t -t (total, net compressive)
= [0+ 0-(0.001)]
= 0.0009"

to=the+ ety (total required, compressive)
=0+ (0.001) - (0)
=0.001"

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"

tn = M/ (T*R,2*S'K,) (bending)
= 949/ (r*31.3685%*17,359.27*1.20)
=0"

t, = W/ (2'm"R"S."K,) (Weight)
= 3,740.2/ (2*n*31.3685"17,359.27*1.20)
= 0.0009"
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b=+t -t (total, net compressive)
= |-0.0108 + 0 - (0.0009)|
=0.0117"

tC
(0.0009) - (-0.0108)

m
=0+
0.0118"

Maximum Allowable External Pressure, Longitudinal Stress

P=2"S K" (t -t -t / (R-0.40%(t -t - t,0)

= 217,359.27*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

toe + twe - toc (total required, compressive)

t, =0° (Pressure)
tn, = M/ ("R 2"S.*K,) {bending)
= 213/(n*31.36852*17,359.27*1.00)
=0"
t, = W/ (2'n*R*S.'K,) (Weight)
= 3,740.2 / (2*'n*31.3685%17,359.27*1.00)
= 0.0011"

t = |tp +1, -4, (total, net compressive)
=10+ 0-(0.0011)
= 0.0011"

b=t + e e (total required, compressive)
=0+ (0.0011) - (0)
= 0.0011"

Operating. Hot & Corroded, Seismic. Bottiom 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/ ("R 2*S*K;"E,) (bending)
= 64,702 / (n*31.36852*20,000*1.20*1.00)
= 0.0009"

t, =W/ (@21"R,"S,'K;*E,) {Weight)
= 3,740.2/ (2*n*31.3685*20,000*1.20*1.00)
= 0.0008"

o=ttt (total required, tensile)

= 0.855 + 0.0009 - (0.0008)
= 0.8551"

tye = (1+ VAccel)'W / (2*t'R_*S;'K,'E,) (Weight)
= 2.00"3,740.2 / (2*7*31.3685*20,000*1.20*1.00)
= 0.0016"

to= e + e - ol (total, net tensile)
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= 10.0009 + (0.0016) - (0.855)|
= 0.8526"

Maximum allowable working pressure, Longitudinal Stress

P=2"SKSE(t-t, +1,) / (R-040%(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"S;K,*E, + 0.40%|P}) (Pressure)
= 1,378*30/(2*20,000%1.20*1.00 + 0.40%|1,378|)
= 0.8515"
t, = M/ (@R ZSK E) (bending)
= 66,830/ (n*31.3062*20,000"1.20%1.00)
= 0.0009"
t, = W/ (@R, SKSE) (Weight)
= 3,913.1/(2*n*31.306720,00071.20"1.00)
= 0.0008"

_ ; (total required,
k = bl tensile)

= 0.8515 +0.0009 - (0.0008)
- 0.8515"

t,, = (1+VAccel)'W/(2*t"R *S,; 'K, 'E,) (Weight)
= 2.00'3,913.1/(2"r*31.306*20,000*1.20*1.00)
= 0.0017"

tc = |tmc + 1:wc - tpc‘
= ]0.0009 + (0.0017) - (0.8515)]
= 0.8489"

(total, net
tensile)

Maximum allowable working pressure, Longitudinal Stress

P=2"S/KJ'E . (t-t, +1,) / (R-0.40%(t-t +1t,)
= 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, 2*S;'KE) (bending)
= 64,702 / (n*31.36852*20,000"1.2071.00)
= 0.0009"
t, =W/ (2R, "S;KS'Ey) (Weight)
= 3,740.2/ (2'n*31.3685"20,000"1.20"1.00)
= 0.0008"
o=ttty (total required, tensile)
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= 0+ 0.0009 - (0.0008)
= 0.0001"

toe = M/ (T"R,2*S.'K)) (bending)
= 64,702/ (n*31.36852*17,359.27*1.20)
= 0.001"

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"

t =t + tae -t (total required, compressive)
= 0.001 + (0.0018) - (0)
= 0.0028"

Hot Shut Down. New, Seismic. Bottom Seam

t, =0 (Pressure)

t, =M/ ("R 2"S;K;*E.) (bending)
= 66,830/ (n*31.3062*20,000*1.20*1.00)
= 0.0009"

t, =W/ (2n"R"S;’K,'E,) (Weight)
= 3,913.1/(2**31.306*20,000*1.20*1.00)
= 0.0008"

o=+t -t (total required, tensile)
= 0+ 0.0009 - (0.0008)
= 0.0001"

tne = M/ ("R 2*S_*K,) (bending)
= 66,830/ (n*31.3062*17,371.43*1.20)
= 0.001"

tye = (1 + VAccel)*W/ (2*n*R_,*S_*K,) (Weight)
= 2.00"3,913.1/ (2'n*31.306*17,371.43*1.20)
= 0.0019"

o=t byt (total required, compressive)
= 0.001 + (0.0019) - (0)
= 0.0029"

Empty. Corroded. Seismic, Bottom Seam

t, =0° (Pressure)
t, =M/ (m*R_ 2*SK,) (bending)
= 54,112/ (n*31.3685217,359.27*1.20)
= 0.0008"
t, =W/ (2R S K,) (Weight)
= 3,740.2 / (2*n*31.3685%17,359.27*1.20)
= 0.0009"

b=ty -ty -t (total, net compressive)
= |0 + 0.0008 - (0.0009)
= 0.0001"
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t,. = (1+ VAccel)'W / (2*1'R,*S’K,)

= 2.00"3,740.2 / (2*n*31.3685"17,359.27*1.20)

= 0.0018"

to =tne+tlae- tpc
= 0.0008 + (0.0018) - (0)
= 0.0027"

Empty. New. Seismic, Bottom Seam

tp =0"
t =M/ (TR 2SK)
= 56,321/ (n*31.3062*17,371.43*1.20)
= 0.0009"
t, =W/ (@RS 'K,)
= 3,913.1/(2"n*31.306%17,371.43"1.20)
= 0.001"
LR " M WY
= |0 + 0.0009 - (0.001)|
= 0.0001"
t,. = (1+ VAccel)'W / (2'n*R_*S_'K)
= 2.00*3,913.1/(2*n*31.306%17,371.43"1.20)
= 0.0019"
tc = tmc + - tpt:
= 0.0009 + (0.0019) - (0)
= 0.0028"

Vacuum, Seismic. Bottom Seam

t, = P'R/(2'S."K, + 0.40"|P|)
= -15*30.125 / (2*17,359.27*1.20 + 0.40*|15])
=-0.0108"

t. =M/ (m"R 2SK,)
= 64,702 / (1*31.36852*17,359.27*1.20)
= 0.001"

t, =W/ (@R *S]'K)
= 3,740.2 / (2*n*31.3685*17,359.27*1.20)
= 0.0009"

b=ty -t

= 1-0.0108 + 0.001 - (0.0009)]

= 0.0108"

t,c = (1 +VAccel)*W/ (2*'*R*S*K,)

= 2.00"3,740.2 / (2**31.3685"17,359.27*1.20)

= 0.0018"

to =ttt tpc
= 0.001 + (0.0018) - (-0.0108)
= 0.0137"

1176
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Maximum Allowable External Pressure, Longitudinal Stress

P=2"S K (t-t . -t,)/(R-0.40"(t-t _-t,))
= 2"17,359.2771.20%(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 VIl Division 1, 2010 Edition, A11 Addenda

2.491 U\L

P
Ia
A==J
—
o

i

tyowery = 249110
leg,,= 0.375in

RV
|
!
|
b | — w2

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:

MAWRP rating:

MAP rating:

Hydrotest rating:

1176

60 ID TOP SE HEAD
0°

-24.5in

Yes

18in

No

No
SA-350 LF2 Cl 1 (I-D p. 18, In. 10)
2in

1.06 in
0.125in
2.3928in
5.5086 in
7.2586 in
2.491 in
0 psi

1

NPS 2 Class 900 LWN A350 LF2 CI.1
SA-193 B7 Bolt <= 2 1/2 (lI-D p. 334, In. 32)

No

-565°F per UCS-66(b)(1)(b)
0 psi

2,146 psie 140°F

2,220 psie 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 psl @ 140 °F Summary
The opening Is adequately relnforced (in)
The nozzle
passes UG-45
A A A
required | avallable A1 A2 A3 1As | welds treq tmin
4.4824 (7.3864 |3.2529 13.9929 [-- |-- [0.1406 [0.3324 (1.06

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Required weld Actual weld
Weld description throat size (in) | throat size (In) Status
Nozzle to shel fillet (Lega) 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

La

MAX(d, R, + (t,-C,) + (t- C))

MAX(2.3928, 1.1964 + (1.06 - 0.125) + (2.491 - 0.125))
= 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) + O)
= 23375in

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

t

™m

P*R_/(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*K,*D/ (2'S*E - 0.2°P)
1,3780.8963*60.25 / (2*20,000*1 - 0.2*1,378)
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= 1.8733in

Area required per UG-37(c)
Allowable stresses: S = 20,000, S, = 20,000 psi
fy=lesserof1orS /S, =1

f,=lesserof tor§ /S, =1

>
]

't F + 27 F (1 - )
2.3928°1.8733"1 + 2°0.935"1.8733"1*(1 - 1)
4.4824 in?

Area available from FIG. UG-37.1

A, = larger of the following= 3.2529 in?

= d"(E"t- Pt - 2t (Bt - PRt - )
= 2.3928%(1*2.366 - 1*1.8733) - 2*0.935*(1*2.366 - 1*1.8733)*(1 - 1)
= 1.179in2

= 2'(t+t)"(Eyt- FR) - 27 (B - BT -f )
= 27(2.366 + 0.935)*(1"2.366 - 1*1.8733) - 2*0.935*(1*2.366 - 1*1.8733)*(1 - 1)
= 3.2529in?

A, = smaller of the following= 3.9929 in?

= 2t -t )T Ly,
= 2"(0.935 - 0.0809)*1*5.5086
= 9.4098in?

= 5t -t )Mt
= 5%(0.935 - 0.0809)*1*0.935
= 3.9929in2

A, = leg¥f,
= 0.375%"1
= 0.1406in?

Area= A +A,+A,
= 3.2529 + 3.9929 + 0.1406
= 7.3864in?

As Area >= A the reinforcement is adequate.
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UW-16(c) Weld Check

Fillet weld: t_;, = lesser of 0.75 or t, or t =0.75 in
teiminy = lesser of 0.25 or 0.7*t,;,, =0.25 in
tjactuan = 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

Interpretation V1II-1-83-66 has been applied.

tyugey = 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, g2 tiugee ]
= max[0.2059,0]
= 0.2059in
tos = 2.2035in
ts = max[ty, t,yaie]
= max[ 2.2035, 0.1875]
= 2.2035in
t, = min[t,, t,]
= min[0.3324 ,2.2035]
= 0.3324 in
tugus = max[t,, 1]
= 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 (in2) Thickness
For Pe = 750.1 psl @ 140 °F Summary
The opening Is adequately reinforced (in)
The nozzle
passes UG-45
A A A
required | avallable A1 Az A3 1As | weids treq tmin
2.8278 |3.8609 |-- {3.7203 |-- |-- |0.1406 |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 weld Actual weld
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,) + 1)
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

fy=lesserof torS /S, =1

fo=lesserof torS /S, =1

A = 05MdUF + 21 MUFA(T-1,))

1176 Rev. 6
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0.5*(2.3904*2.366*1 + 2+0.935*2.366*1*(1 - 1))
2.8278 in?

Area available from FIG. UG-37.1

A, = larger of the following= 0 in?

= d'(Et- Frt) - 24, (E,t - FPt) (1 - £,,)
= 2.3904*(1*2.366 - 1*2.366) - 2*0.935*(1*2.366 - 1*2.366)*(1 - 1)
= 0in?

= 22X+t )" (Et-F) - 2%t M(Et- Fr)*(1 - 1)
= 2*(2.366 + 0.935)*(1*2.366 - 1*2.366) - 2*0.935*(1*2.366 - 1*2.366)*(1 - 1)
= 0in?

A, = smaller of the following= 3.7203 in?

= 2t - '(m)"frz”Lpr

= 2%(0.935-0.1392)"1*5.5086
= 8.7672in2

= 5*(tn - trn)*frZ*tn

= 5%(0.935-0.1392)*1*0.935
= 3.7203in2

A, = Leg®f,
= 0.375°1
= 0.1406 in?

Area= A, +A,+A,
= 0+3.7203 + 0.14086
= 3.8609in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t_;,, = lesser of 0.75 ort ort=0.75in
tomin) = lesser of 0.25 or 0.7°t;, = 0.25 in

te(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, skeich (c-e).
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UG-45 Nozzle Neck Thickness Check

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

tiuces = 0.2642in

a max[ t, yc.2s + taug-22 |
= max[0.2642,0]

= 0.2642in

tyo = 1.2529in

to = max[ty,, tyes)
= max[1.2529, 0.1875]
= 1.2529 in

ty = min[t,,t,]
= min[0.3324 , 1.2529 ]
= 0.3324in

tugas = max[t,, ]
= max[0.2642, 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, = 87407/412 = 21215

D,/t = 412/0.1392 = 29.5928
From table G: A = 0.003723

From table .
CS-2: B = 16,648.1137 psi
P, = 4B/(3*D,/t)
= 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"

1176 Rev. 6
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Outlet (N10)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

a

=

3750

2.4 D\L

toweny = 249100
Leg,, = 0.375in

|
2.4910 |
I
|

>
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

0in

No

No

SA-350 LF2 Ci 1 (li-D p. 18, In. 10)
8in

1.875in

0.125in

7.2348 in

9.9848 in

2.491in

0 psi

1

NPS 8 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)
0 psi

2,146 psie@ 140°F

2,220 psi@ 50°F

3,350 psi@ 50°F

Yes

Rev. 6
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Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (in?)

For P =1,378 psl @ 140 °F
The opening Is adequately reinforced

UG-45 Nozzle
Wall
Thickness

Summary (in)
The nozzie passes

UG-45
A A A
requlred | available A1 Az A3 1 As | eids treq tmin
15.4546 116.9236 |4.0649 (12,7181 |-- |-- {0.1406 |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

Required weid Actual weld
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 = 0.1694).

Nozzie UCS-66 governing thk:
Nozzle rated MDMT:

1.875in
-155 °F

Parallel Limit of reinforcement per UG-40

La

= 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*t - C,) + 1)
MIN(2.5%(2.491 - 0.125), 2.5*(1.875 - 0.125) + 0)

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

t

m

0.2965 in

P*R,/ (S, E - 0.6P)
1,378*4.125/ (20,000*1 - 0.6*1,378)

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

t = PKD/(2'S*E-0.2"P)
= 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,=1lesserof 1orS,/S§, =1

f,=lesserof1orS /§, =1

p
1

d'tF + 2°t "t "F*(1 - f,,)
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= 4.0643 in?
= dYE,*t-F't) - 2%t "(E,"t- Frt)*(1 - f,)

= 8.25(1*2.366 - 1*1.8733) - 2*1.75*(1*2.366 - 1*1.8733)*(1 - 1)
= 4.0649 in?

= 2t+t)(Et- F) - 2° M(E - Fr)*(1 - )
= 2*(2.366 + 1.75)*(1*2.366 - 1*1.8733) - 2*1.75*(1*2.366 - 1*1.8733)*(1 - 1)
= 4.0561 in2

A, = smaller of the following= 12.7181 in2

= 5t -t )it

= 5%(1.75-0.2965)"1*2.366
= 17.1949 in?

= St -t R,

= 5%(1.75-0.2965)*1*1.75
= 127181 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 or t, ort =0.75 in
t(min) = lesser of 0.25 or 0.7*t;, = 0.25 in

t(actuay = 0-77L€g = 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.

tauger = P*R/(S'E-0.6"P) + Corrosion
= 1,378*4.125/(20,000*1 - 0.6*1,378) + 0.125
= 0.4215in
L = max[t, g7 taugzz |
= max[0.4215,0]
= 0.4215in
toy = 22035in
b = max[ty, tyers]
= max[2.2035, 0.1875]
= 2.2035in
ty = min[ty. t,]
= min[ 0.4531,2.2035]
= 0.4531in
leas = max[ty, 1]
= max[0.4215,0.4531 ]
= 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 (in?) Wall
For Pe = 750.1 psl @ 140 °F Thlcknes§
The opening Is adequately reinforced Summary (in)
The nozzie passes
UG-45
A A A
required | avaliable A1 A2 Az |As | elds treq tmin
9.7598 |12.1224 |-- (11,9818 -~ |-- }10.1406 |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

Weid 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 750.1 psi @ 140 °F

Paralle! Limit of reinforcement per UG-40

Lg

MAX(d, R, + (t, - C,) + (t- C))
MAX(8.25, 4.125 + (1.875 - 0.125) + (2.491 - 0.125))

8.251in

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*(1.875 - 0.125) + 0)

4.375in

Nozzle required thickness per UG-28 t A = 0.3807 in

From UG-37(d)(1) required thickness t = 2.366 in

Area required per UG-37(d)(1)

Allowable stresses: §, = 20,000, S, = 20,000 psi

f,=lesserof1orS, /5, =1

fo=lesserof1orS /S, =1

>
]

1176

0.5%(d"t*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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= 9.7598 in?

Area available from FIG. UG-37.1
A, = larger of the following= 0 in?
= dE"t-Ft) - 27 (B - Fr)t(1 - f)
= 8.25*(1*2.366 - 1*2.366) - 2*1.75"(1*2.366 - 1*2.366)*(1 - 1)
= 0in?
= 27(t+t)"(Et- FR) - 27 (B - Fr)t(1 - f)
= 2*(2.366 + 1.75)*(1*2.366 - 1*2.366) - 2*1.75*(1*2.366 - 1*2.366)*(1 - 1)

= 0in2

A, = smaller of the following= 11.9818 in2

= 5t -t )Mt
= 5%1.75-0.3807)"1*2.366
= 16.1993 in?

= 5%t -t )10,
= 5%(1.75-0.3807)*1*1.75
= 11.9818in?

A, =  Leg¥f,
= 0.3752*1
= 0.1406 in?

Area= A+ A, +A,
= 0+11.9818 +0.1406
= 121224 in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t_, =lesser of 0.750ort ort=0.75in
teminy = lesserof 0.25 or 0.7*t = 0.25 in

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, skefch (c-e).
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UG-45 Nozzle Neck Thickness Check

Iinterpretation Viii-1-83-66 has been applied.

tiyses = 0.5057in

t, = max[t,ygos + tauga2]
= max[0.5057,0]

= 0.5057in

toa = 1.25291in

to = max[ty, 4 ygis ]
=  max[1.2529, 0.1875]
= 1.2529 in

ty = min[ty,;, ]
= min[ 0.4531,1.2529]
= 0.4531in

tgas = max[ty, ]
= 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

2'4910J, 2 4910\1/ |

tugowen = 2.4911in
Leg,,= 0.375in

— efe— —
|
I
I
_—

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 aliowance:

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 Cl.1
SA-193 B7 Bolt <= 2 1/2 (1I-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
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PWHT performed: Yes
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Reinforcement Calculations for Chamber MAWP

uUG-45
Nozzle Wall
UG-37 Area Calculation Summary (in2) Thickness
For P =1,378 psl @ 140 °F Summary
The opening Is adequately reinforced (in)
The nozzle

passes UG-45

A A A
required | avallable A1 Az A1 As | weds treq tmin

6.4757 |6.6515|3.1938 | 3.3171 0.1406 (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 weld
Weld description throat slze (In) | throat size (In) Status
Nozzle to shell fillet (Leg41) 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

L, MIN(2.5%(t- C), 2.5%(t - C,) + 1)
MIN(2.5*(2.491 - 0.125), 2.5*(1 - 0.125) + 0)
= 2.1875in

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

t

. 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'KD/(2*S*E-0.2"P)
1,378"0.8963"60.25 / (2*20,000*1 - 0.2*1,378)
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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=lesserof1orS /5, =1

>
]

d'tF + 2*1  F (1 - )
3.4569*1.8733*1 + 270.875%1.8733*1*(1 - 1)
£.4757 in?

Area available from FIG. UG-37.1
A, = larger of the following= 3.1938 in?
= d"(E;*t- F't) - 2°t,"(E,"t- F1)*(1 - 1)

= 3.4569*(1*2.366 - 1*1.8733) - 2*0.875%(172.366 - 171.8733)"(1 - 1)
= 1.7033in?

= 27(t+t)(Et- Bt - 27t (Bt - BT - f)
= 2*(2.366 + 0.875)*(1*2.366 - 11.8733) - 2"0.875*(1*2.366 - 1*1.8733)*(1 - 1)
= 3.1938in?

A, = smaller of the following= 3.3171 in2

= 2t - )L,
= 2%(0.875-0.1168)*1*5.3776

= 8.1546in?

= 5t - t) T,
= 5%0.875-0.1168)*1*0.875
= 3.3171in2

A, = Leg¥i,
= 0.3752"1
= 0.1406 in?

Area= A, +A, +A,
= 3.1938 +3.3171 + 0.1406
= 6.6515in2

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= 0.75 in
t(miny = lesser of 0.25 or 0.7t = 0.25in

toacuay = 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

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

tyuger = P*R/(S*E-0.6*P) + Corrosion
= 1,378%1.625/(20,000*1 - 0.6*1,378) + 0.125
= 0.2418in

tiusse = 0.2384in

t, = max| tiuger » taugee ]
= max[0.2418, 0.2384 ]
= 0.2418in

oy = 22035in

b1 = max[ty . tyes]
= max[2.2035, 0.1875]
= 2.2035 in

ty = min[t;,t,]
= min[ 0.3508 ,2.2035]
= 0.3508in

leas = max[t,, 4]
=  max[ 0.2418, 0.3508 ]
= 0.3508in

Available nozzle wall thickness new, t, = 1in

The nozzle neck thickness is adequate.
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Applied Loads

Radial load: P,= 642 b
Circumferential moment: M, = 8,629 Ibin
Circumferential shear: V,= 787 Ib,
Longitudinal moment: M, = 8,629 Iby-in

Longitudinal shear: V,=787 b
Torsion moment: M, = 12,214lbgin
Internal pressure: P= 1,378 psi
Head yield stress: S, = 36,200psi

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)
Mean dish radius R, = 55.578 in

U=r,/Sqr(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 0.1824 |-126 126 -128 126 -128 126 -126 126
SR-3" 0.1614 10 0 0 0 -22 -22 22 22
SR-3 06952 |0 0 0 0 -561 561 561 -561
SR-3° 0.1614 | -22 -22 22 22 0 0 0 0
SR-3 0.6952 |-561 561 561 -561 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 | 15,106 | 16,480 | 16,272 } 15,402

Membrane Ox 15,793 115,793 | 15,837 {15837 {15,793 | 15,793 | 15,837 | 15.837

stress”

SR-2* 0.0675 |-8 -8 -8 -8 -8 -8 -8 -8
SR-2 0.0544 |-37 37 -37 37 -37 37 -37 37
SR-3" 0.0487 o0 0 0 0 -7 -7 7 7
SR-3 0.202 0 0 0 0 -163 163 163 -163
SR-3* 0.0487 1-7 -7 7 7 0 0 0 0
SR-3 0.202 -163 163 163 -163 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 15,625 | 16,025 | 15,965 | 15,713 | 15,625 | 16,025 | 15,965 | 15,713
:'tf;t;’,a"eov 15,825 | 15,825 | 15,839 {15839 | 15,825 | 15,825 | 15,839 | 15,839
Shear from M, 131 |13t |13t lasr o |13 131 131|131
Shear from V4 0 0 0 0 42 |42 a2 42
Shear from Va 42 42 -42 -42 0 0 0 0
Total Shear stress [ 173 173 89 89 89 89 173 173

Combined stress | 15 .77 | 16538 | 16,296 | 15.737 | 15,640 | 16,497 | 16,350 [ 15790
(PL+Pp+Q)

Notes: (1) * denotes primary stress.
(2) The nozzle is assumed to be a rigid (solid) attachment.
Longitudinal stress in the nozzle wall due to internal pressure + external loads
G, pm) = PR/ (2°t) - P,/ (n*(R2 - R?3) + MR, /1
=1,378"1.625/(2"0.875) - 642 / (n*(2.52 - 1.6252)) + 12,203.2*2.5 / 25.2031
= 2,433 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 + VCZ)O.S / (n*Ri*tn)

= (7872 + 787?)95 / (1*1.625*0.875)

= 249 psi

Starsion = Mt / (Z*n*Riz*tn)

=12,214/ (2*1*1.625%*0.875)
= 841 psi
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Oiotal = Oshear T Otorsion
=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
Nozzile Wall
UG-37 Area Calculation Summary (in?) Thickness
For Pe = 718.17 psl @ 140 °F Summary
The opening Is adequately reinforced (in)
The nozzle
passes UG-45
A A A
required | avallable A1 A2 A3 As | Lelds treq tmin
3.9146 (3.9146 |10.6438 |3.1302 |-- |-- 10.1406 {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 weld Actual weld
Weld description throat slze (In) | throat size (In) Status
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

Calculations for external pressure 718.17 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

La

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

Ly

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,/§, =1

f,=lesserof torS /S, =1

A

= 05Md'tF + 2 P - 1,)
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0.5%(3.454*2.2667*1 + 270.875*2.2667*1*(1 -
3.9146 in?

Area available from FIG. UG-37.1

A, =

larger of the following= 0.6438 in?

= d*(E,t- Ft) - 2B, t- PR -6 )

=  3.454%(1*2.366 - 1*2.2667) - 2*0.875%(172.366 - 1*2.2667)*(1 - 1)

= 0.3431in?

= 2X(t+t)M(E- B - 20 (B - BT - )

= 2%(2.366 + 0.875)*(1*2.366 - 1*2.2667) - 20.875%(1*2.366 - 1*2.2667)*(1 - 1)

= 0.6438in?

A, = smaller of the following= 3.1302 in®

= 2'(t, - 1)L Ly,
= 2*(0.875-0.1595)*1*5.3776
= 7.6951in?

= Bt -t.) Lt
= 5%(0.875-0.1595)*1*0.875
= 3.1302in?

= Leg¥f,
= 0.37521
= 0.1406 in?

Area= A +A,+A,

= 0.6438 + 3.1302 + 0.1406
= 3.9146in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t_, = lesser of 0.75 ort, ort=0.75in

tomin) = l€sser of 0.25 or 0.7*t

=0.25in

min

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).

1176
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UG-45 Nozzle Neck Thickness Check

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

Luces = 0.2845in

tues = 0.2081in

t, = max[t, g0+ taug2e ]
= max[ 0.2845, 0.2031 ]
= 0.2845in

t, = 1.2047in

too = max[ty, . tyars]
= max] 1.2047,0.1875]
= 1.2047 in

ty = min[t,,t,]
= min[0.3508 , 1.2047 |
= 0.3508in

tigas = max[ty, ]
=  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 = 5/0.1595 = 31.3435
Fromtable G: A = 0.004190

From table .
CS.2- B = 16,882.5165 psi
P, = 4*'B/(3*(D, /1))
= 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, I, 67.5931"
Distance from Center of Gravity to Tail Lug, I, 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, t,,,a01e 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 . 0.481"

Lug Stress Ratio, 6., 0.4

Weld Shear Stress Ratio, 1, 0.48

Lug Design Acceptable
Local Stresses Acceptable

Lift Forces

Lift force on lugs during rotational lift (0° < a < 90°):
2"Fyop = W(l,"cos(a) + I3*sin(ay)) / (I, *cos(a) + I,*cos(a) + I3*sin(o) )
W - (2°F)

Fy

ail =

1176
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o[°]

Fiopllbfl | Fypyflbf]

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 |229.06°

Lug Pin Diameter - Shear stress

reqd

Oreqa/ D

c/og

b =

(2°F,/ (n*c,))0°

(2+21,624 / (n*13,320))05

1.0166/1.5

F./A
F,/(2*(0.25'1"D ?))

21,624 / (2*(0.25*m*1.52))

6,118/13,320

Lug Thickness - Tensile stress

treqcl

reqd ! 1

o /o,

F./(L-d)oc)

21,624/ ((5 - 1.5625)*19,980)

0.3148/1.5

F./A
F/(L-d)Y

21,624/ ((5 - 1.5625)*1.5)

4,194 /19,980

Lug Thickness - Bearing stress

reqd

1176

F,/ (D,'c)

21,624/ (1.5*29,970) =

0.481"

0.68 Acceptable

6,118 psi

0.46 Acceptable

0.3148"

0.21 Acceptable

4,194 psi

0.21 Acceptable
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eqa/t = 0481/15 = 0.32 Acceptable
o = Fv/Abearing
= F, /(D (1)
= 21,624/ (1.5*(1.5))

9,610 psi

c/o, = 9,610/29,970

0 0.32 Acceptable

Lug Thickness - Shear stress

trech = [Fv/ 0-s] / (2*Lshear)
= (21,624/13,320)/(2*2.0153) = 0.4028"

teqa/t = 04028/1.5 = 027  Acceptable
T = Fy/Agpear

= F/(2Lgheqr)

= 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)

) = 55°D,/d
= 55*1.5/1.5625
= 52.8°
Lehear (H-a2-0.5*d) + 0.5*D,*(1 - cos(9))

= (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:
Catio = [Fren/ (Aten*o-t)] + [Mpeng / (Zbend'o-b)] =1

= [(F'cos(a) )/ (t'L*c,)] + [(6*abs(F *sin(a)*Hght - F *cos(a)*a,) ) / (t*'L2*c,)] < 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 |bf

Aged = 2°(0.707)t, (L + 1)
= 2*(0.707)*0.75*(5 + 1.5) = 6.8933 in?
1, = Frcos(a)/A,eq
= 21,624*cos(139.1) /6.8933 =-2,370 psi
1, = F’sin(a) /A
= 21,624*sin(139.1) / 6.8933 = 2,055 psi
Ty = M*c/l
B 3*(F,*sin(o)*Hght - F *cos(a)*a,) /
B (0.707*h*L*(3*t + L))
B 3*abs(21,624"sin(139.1)"5 -
B 21,624*cos(139.1)*(0)) / (25.1869)
= 8,438 psi
Trato = SAT(T +Tp)* + T2 ) / Taowabie < 1

= sqgr((-2,370 + 8,438)2 + (2,055)?) / 13,320
= 0.48 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,, |36.2456"
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, 21.624 Ibf
Maximum Allowable Load, Fq., 135.388 Ibf
Load Acceptance Ratio, Fg / Frp.c  |0.1597
Lug Design Acceptable

Equivalent inner Diameter

Deg = Dy'sar(1-3*(x/Dy)?
IDeq = 60%sqr(1 - 3*(27.6059/60)?)
Dy = 36.2456"
'x' is the distance between the axis of semi-ellipsoidal head and the center of
where the lug

Applied Force

F, = force on vessel at lug
F, = [W/cos(@)]"(1 - %,/ (X; +Xp))
(43,247) / cos(98.1270)*(1 - 0/ (0
+0))
= 21.624 |bf

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(ID"e,)
= 5/sQqr(36.2456*2.491)
= 0.526
\Z = ratio between local membrane stress and local bending stress
v, = min(0.08"A, 0.2)
= 0.042
o, _  global membrane
stress
O = P'IDg/(2%,)
= 0736.2456 / (2*2.491)
= 0.0000 psi
v _ ratio between global membrane stress and
2 allowable stress
2 = o,/ (K
= 0/(1.25"20,000)
= 0
K, = 1/7(1.2*sgr(1 + 0.06*A?))

= 1/(1.2*sqr(1 + 0.06*0.52622))
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= 0.8265

K,, = 1/(0.6%qr(1+0.03"A)
= 1/(0.6*sqr(1 + 0.03*0.5262?))
= 1.6598

Bending Limit Stress

K, = (1-v.2) /(113 +vy*vy) +8qr( (1/3 + 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

Gb = K1 *Kz*f
= 1.4941*1.25*20,000
= 37,352 psi

Maximum Allowable Load

Famax = Oben2/ (Kis*lcos(B)| + K,,*|a,"sin(B) - a,*cos(B)| / b,)

37,352*(2.491)2 / (0.8265*|cos(139.0635)| + 1.6598*|5*sin(139.0635) - 0*cos(139.0635) | /
5)

= 135.388 Ibf
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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 1b
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, l;  |36.625"
Allowable Stress, Tensile, g, 19980 psi
Allowable Stress, Shear, o 13320 psi
Allowable Stress, Bearing, o, 29970 psi
Allowable Stress, Bending, o, 22201 psi
Allowable Stress, Weld Shear, 1,01 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, 0.481"

Lug Stress Ratio, 6, 0.46

Weld Shear Stress Ratio, 1, 0.56

Lug Design Acceptable
Local Stresses Acceptable

Lift Forces

Lift force on lugs during rotational lift (0° < a < 90°):

2'F
Foi =W - (2°F)

1176

1op = W¥(ly*cos(a) + I3"sin{a)) / (I,"cos(a) + I,*cos(a) + I3*sin{a) )
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a[?] | Fglibfl | Fglibf]
0 11,048 | 21,151
15 11,749 | 19,749
30 12,451 | 18,344
45 13,264 | 16,720
60 14375 | 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 |223.86°

Lug Pin Diameter - Shear stress

dreqd = (Z*Fr/ (n*cs))o's

= (221,624 /(n*13,320))05
dreqd/ Dp = 1.0166/1.5
o = F/A

= F/ (2*(0.25*7t*Dp2))

= 21,624/ (2*(0.25"n*1.52))
ol/o = 6,118/13,320

S

Lug Thickness - Tensile stress

treqcl = Fr/ ((L - d)*Gt)

= 21,624/ ({5-1.5625)*19,980)

tea/t = 0.3148/15

o = F/A
= F./((L-d)t)

= 21,624/ ((5- 1.5625)*1.5)

c/g, 4,194 /19,980

Lug Thickness - Bearing stress

reqd F,/(Dya,)

1176

21,624/ (1.5%29,970) =

0.481"

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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0.481/1.5 = 0.32 Acceptable

Fv / Abearing
F,/ (Dp*(t))
21,624 / (1.5*(1.5))

9,610 psi

9,610/29,970 0.32 Acceptable

Lug Thickness - Shear stress

[Fv/cs] / (2*Lshear)
(21,624 / 13,320) / (2*2.0153) = 0.4028"

0.4028/1.5 = 0.27 Acceptable
Fv/Ashear

Fv/ (z*t*l‘shear )

21,624 /(2*1.5*2.0153) = 3,577 psi

3,577 /13,320 = 0.27 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(9))

(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 ratio

1176

l:Ften / (Aten*ct)] + I:Mbend / (Zbend*cb)] =1

[(F*cos(a) ) / (t*L*c))] + [(6*abs(F,*sin(a)*Hght - F,*cos(a)*a,) ) / (t'L2*c,)] < 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, = F*cos(a) / A, g
= 21,624*cos(133.9)/6.8933 =-2,174 psi
Ts = F’sin(o) /A,eq
= 21,624%sin(133.9) / 6.8933 = 2,262 psi
T, = M*c/l

3*(F*sin(a)*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

ratio = sqr( (Tt + Tb)z + 152 )/ Taliowable < 1
= sgr((-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, 1 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 Allowable Load, F

131.003 bt

Rmax

Load Acceptance Ratio, Fg / Fp ., |0-1651

Lug Design

Acceptable

Equivalent Inner Diameter

IDeq

IDeq

IDgq

where

X' is the distance between the axis of semi-ellipsoidal head and the center of

D *sqr(1 - 3*(x / D)?)
60*sqr(1 - 3*(28.858 / 60)?)
33.1911"

the lug

Applied Force

FI’
F

r

where

force on vessel at lug
[W/cos(@,)]"(1 - %,/ (Xy + Xp))
(43,247) / cos(87.7207)*(1 - 0/ (O
+0)

21.624 Ibf

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

1176

line load factor

b /sqr(IDgy"ep)

5/ sqr{33.191172.491)
0.55

ratio between local membrane stress and local bending stress
min(0.08*A, 0.2)
0.044

global membrane
stress

P*IDeq/ (2"e,)
0*33.1911/(2"2.491)
0.0000 psi

ratio between global membrane stress and
allowable stress

o,/ (K,*)
0/ (1.25*20,000)
0

1/(1.2*sqr(1 + 0.06*A2))
1/(1.2*sqr(1 + 0.06*0.54992))
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= 0.8259

Ky = 1/(0.8*sqr(1 +0.03*2))
= 1/(0.6"sqr(1 + 0.03*0.54992))
= 1.6592

Bending Limit Stress

K, = (1-vA /(13 +v,"v,) +sar( (1/3 + 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 = KK
= 1.4935*1.25*20,000
= 37,338 psi

Maximum Allowable Load

FRmax = c:'-b*enz / (K13*|COS([_’))| + K14*Ia2*5in(l3) - a1 'COS([.’))I / b1)

37,338"(2.491)2 / (0.8259*|cos(133.8604)| + 1.6592*|5*sin(133.8604) - 0*cos(133.8604) | /
3)
= 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 (lI-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, 4.07 psi (SG = 1.1, H, = 102.5",Operating head)
(8G =1, H, = 70.5", Horizontal test

Pn = 254 psi head)
Corrosion allowance Inner C = 0.125" Outer C =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=11,84841b
Capacity New = 1,175.04 US gal corr =1,184.85 US gal
ID = 60"
Length ..
L, = 96
t = 25"

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™) - P,
20,000*1.0072.375 / (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

Fromtable G: A = 0.000195

From table )

CS-2: B = 2,801.4783 psi
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4B/ (3*(D, /1))
4*2,801.48 / (3*(65/0.261))
15 psi

n nn

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 = 65/2.375 = 27.3684
Fromtable G: A = 0.005433

From table .
CS-2: B = 17,220.3969 psi
P, = 4B/ (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 / c0)

4%

The extreme fiber elongation does not exceed 5%.
External Pressure + Weight + Wind Loading Check (Bergman, ASME paper 54-A-104)

P, = W/@R,)+M/ (@R 2
22,922.1/(2*n*31.3125) + 311,627 /
(n*31.3125?)
= 217.6776 Ib/in
o = P,/ (P.D,)
= 217.6776 / (15*65)
= 0.2233
n = 3
m - 1.23/(L/D,)2
= 1.23/(110.0833 / 65)?
= 0.4288
Ratio P, = (n2-1+m+m*a)/(n2-1+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*m"R_) + M / ('R_2)
2.00°22,922.1 / (2*n*31.3125) + 1,626,562 /
(131.31252)

761.0786 Ib/in
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a = 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, = (PP-1+m+m*a)/(nP-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
Condition Pressure P ( i‘g:; g:_g: Temperature ( | Corrosion C Load Req'd Thk Due to Req'd Thk Due to
psi) Increase ( psl) F) (in) Tenslon (in) Compression (in)
Sq S¢
Operating. Hot & Conoded 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 08422
Seismic | 0.869 0.8188
Hot Shut Down. Conoded 0 20,000 | 17349 | 140 0.125 Wind | 0.0007 00105
Seismic | 0.0171 0.0366
Hot Shut Down, New 0 20,000 | 17.361 | 140 0 Wind 0.0000 00107
Seismic | 0.0175 0.0377
Emptv. Corroded 0 20,000 | 17.349 |70 0.125 Wind | 0.0007 0.0105
Seismic | 0.0115 0.0301
Empty. New 0 20,000 | 17361 |70 0 Wind 0.00089 0.0107
Seismic | 0.012 0.0312
Vaguum -15 20,000 | 17.343 | 140 0.125 Wind _|0.0116 0.0213
Seismic | 0.0077 0.0474
Hol Shut Down, Corroded. Weight .
& Eccentiic Moments Onl 0 20,000 | 17.349 | 140 0.125 Weight [0.0015 00118

Allowable Compressive Stress, Hot 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
Sgic = min(B, S) = 17.349 psi

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

A = 0.125/(R, /1)
= 0.125/(32.5/2.5)
= 0.009615
B = 17,361 psi
S = 20,000/1.00 = 20,000 psi
Sain = min(B, S) = 17.361 psi

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

A = 0.125/(R,/t)
= 0.125/(32.5/2.5)
= 0.009615
B = 17,361 psi
S = 20,000/1.00 = 20,000 psi
Scen = 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
S.cc = min(B, S) = 17.349 psi

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

CS-2)
A = 0.125/(R,/%)
= 0.125/(32.5/2.375)
= 0.009135
B = 17,349 psi
S = 20,000/1.00 = 20,000 psi
S.vc = min(B, S) = 17.349 psi

Operating. Hot & Corroded, Wind. Bottom Seam

t, = PR H{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/(m'R2'S’KSE,) {(bending)
= 311,627/ (n*31.31252*20,000%1.20*1.00)
= 0.0042"
t, = W/(@mR,S"KSE,) (Weight)
= 22,9221/ (2*n*31.3125"20,000*1.20*1.00)
= 0.0049"
total required,
b= Gty 'Eensile) q
= 0.855 + 0.0042 - (0.0049)
= 0.8544"

t. = Itmc + - tpcl
= |0.0042 + (0.0049) - (0.855)|
= 0.846"

(total, net
tensile)

Maximum allowable working pressure, Longitudinal Stress

P=2"S"KSJE"(t-t, +1,)/ (R-0.40%t-t +t,)
= 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°8K,'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/ ("R 2*S'K,*E,) {bending)
= 314,448/ (n*31.252*20,000*1.20*1.00)
= 0.0043"
t, = W/ (2't"R,*S;"K,"E,) (Weight)
= 23,798.4/(2*n*31.25*20,000*1.20*1.00)
= 0.0051"
bo=to+t-t, (total required, tensile)
= 0.8515 + 0.0043 - (0.0051)
= 0.8507"
=t + tue - Lol (total, net tensile)
=0.0043 + (0.0051) - (0.8515)|
= 0.8422"

Maximum allowable working pressure, Longitudinal Stress

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

= 2*20,000%1.20*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, Botiom 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*'t"R*S.'K,) (Weight)
=22,922.1/(2'x*31.3125%17,348.7*1.20)
= 0.0056"

L P o S o (total, net compressive)
= |0 + 0.0049 - (0.0056)|
= 0.0007"

tme + twe ~ toc (total required, compressive)

.0049 + (0.0056) - (0)
0105"

tC

0
0

Hot Shut Down. New, Wind. Botiom 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't"R,,*S."K,) (Weight)
= 23,798.4 / (2'n*31.25*17,361.41*1.20)
= 0.0058"
t = ltp +t, -t (total, net compressive)
= |0 + 0.0049 - (0.0058)|
= 0.0009"
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b=t + tue -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"n"R,;"S;K,) (Weight)
=22,922.1/(2*r*31.3125*17,348.771.20)
= 0.0056"

b=t + b -t (total, net compressive)
= |0 + 0.0049 - (0.0056)|
= 0.0007"
to=tnet tue -t (total required, compressive)
= 0.0049 + (0.0056) - (0)
= 0.0105"

Empty. New, Wind, Bottom_Seam

t, =0 (Pressure)
t, = M/ ("R, 2*S;K,) (bending)
= 314,448/ (n*31.252*17,361.4171.20)
= 0.0049"
t, = W/ (2'n*R,*S."K,) (Weight)
= 23,798.4 /(2'x*31.25*17,361.4171.20)
= 0.0058"
b=t +ty -t (total, net compressive)
= |0 + 0.0049 - (0.0058)|
= 0.0009"
te =ttt -t (total required, compressive)
= 0.0049 + (0.0058) - (0)
= 0.0107"

Vacuum,. Wind, Bottom Seam

L

P*R/(2"S.*K, + 0.40"|P]) (Pressure)
-15*30.125/ (2*17,348.771.20 + 0.40*|15})
-0.0109"
m =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
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t,

= |tp +t -1, (total, net compressive)
= |-0.0109 + 0.0049 - (0.0056)|

=0.0118"

b=t +tae -t (total required, compressive)
= 0.0049 + (0.0056) - (-0.0109)
= 0.0213"

Maximum Allowable External Pressure, Longitudinal Stress

P=2"S Ky (t -t - t,o) / (R-0.40%(t - t, - t,0)

= 2"17,348.7*1.20%(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)

t, = M/ (n*R,2*S"K,) (bending)
= 276,644 / (n1*31.31252"17,348.7*1.00)
= 0.0052"

t, = W/ (2R "S.'K,) (Weight)
=22,922.1/(2*n*31.3125%17,348.7*1.00)
= 0.0067"

b=t -t (total, net compressive)
= |0 + 0.0052 - (0.0067)|
= 0.0015"

te = tne+ tye oo (total required, compressive)

mc
0.0052 + (0.0067) - (0)
0.0119"

Operating. Hot & Corroded, Seismic. Bottom Seam

t, = P'R/(2'SKJ'E, + 0.40%(P)) (Pressure)
= 1,378"30.125/ (2*20,000*1.20*1.00 + 0.40*[1,378|)
= 0.855"

t, =M/ ("R 2"S"K’E)) (bending)
= 1,626,562 / (n*31.31252*20,000*1.20*1.00)
= 0.022"

t, =W/ (2'n"R,"S;"K,"E,) (Weight)
= 22,922.1 /(2*7*31.3125*20,000*1.20*1.00)
= 0.0049"

o=ttt -, (total required, tensile)
= 0.855 + 0.022 - (0.0049)
= 0.8722"
twe = (1 + VAccel)*'W / (2**R "S;*K,*E,) (Weight)
= 2.00"22,922.1 / (2*x*31.3125"20,000*1.20*1.00)
= 0.0097"

t = e + e - ol (total, net tensile)
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= |0.022 + (0.0097) - (0.855)|
= 0.8233"

Maximum allowable working pressure, Longitudinal Stress

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

= 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{'K'E; + 0.40%|P)) (Pressure)
=1,378*30/ (2*20,000*1.20*1.00 + 0.40%|1,378|)
= 0.8515"
t, =M/ ("R, ZSKSEy) (bending)
= 1,662,898 / (n*31.252*20,000%1.20%1.00)
= 0.0226"
t, =W/ (@R, S’KE,) (Weight)
= 28,798.4 / (2*n*31.25"20,000"1.20%1.00)
= 0.0051"
o=ttt -ty (total required, tensile)
= 0.8515 + 0.0226 - (0.0051)
= 0.869"
t,. = (1 + VAccel)*'W/ (2'n*R"S;"K*E,) {Weight)
= 2.00*23,798.4 / (2*1*31.25*20,00071.2071.00)
= 0.0101"
t = e + tae - tdl (total, net tensile)
= |0.0226 + (0.0101) - (0.8515)|
= 0.8188"

Maximum allowable working pressure, Longitudinal Stress

P=2"S'KS ES(t-t, +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/ (n"R,Z*S'K,"E,) (bending)
= 1,626,562/ (n*31.3125%*20,00071.20*1.00)
= 0.022"
t, =W/ (2R 'SKE,) (Weight)
=22,922.1/(2*x*31.3125*20,000"1.20*1.00)
= 0.0049"
o=+t -t, (total required, tensile)
=0 + 0.022 - (0.0049)
=0.0171"
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tne = M/ (TR, 2*S K ) (bending)
= 1,626,562 / (1*31.3125217,348.7*1.20)
= 0.0254"

tye = (1+ VAccel)*'W / (2'm*R_*S *K,) (Weight)
= 2.00*22,922.1 / (2*1*31.3125*17,348.7"1.20)
=0.0112"

L (total required, compressive)
= 0.0254 + (0.0112) - (0)
= 0.0366"

Hot Shut Down, New. Seismic, Bottom Seam

t, =0" (Pressure)

t, =M/ (m*R,2*S;'K,"E,) (bending)
= 1,662,898 / (1*31.252*20,000*1.20*1.00)
= 0.0226"

t, =W/ (2R *S’KE,) (Weight)
=23,798.4/ (2'n*31.25*20,000*1.20*1.00)
= 0.0051"

o=+t -t (total required, tensile)
= 0+ 0.0226 - (0.0051)
=0.0175"

toe = M/ (TR 2*S*K,) (bending)
= 1,662,898 / (1*31.252"17,361.41*1.20)
= 0.026"

twe = (1 + VAccel)*W/ (2*n*R_*S'K,) (Weight)
= 2.00"28,798.4 / (2*1*31.25*17,361.41*1.20)
= 0.0116"

too=toc+ et (total required, compressive)
= 0.026 + (0.0116) - (0)
= 0.0377"

Empty. Corroded. Seismic, Bottom Seam

t, =0" (Pressure)

t, =M/ ("R Z"S"KS'E,) (bending)
= 1,212,233/ (n*31.31252*20,000*1.20*1.00)
= 0.0164"

ty, =W/ (2R "S;'K,"E,) (Weight)
= 22,922.1/(2'n*31.3125"20,000%1.20*1.00)
= 0.0049"

o =t+t -1, (total required, tensile)
=0+ 0.0164 - (0.0049)
=0.0115"

tne = M/ ("R 2*S *K,) {bending)
= 1,212,233/ (n*31.31252*17,348.7*1.20)
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= 0.0189"

t,. = (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"

t o=ttt (total required, compressive)
= 0.0189 + (0.0112) - (0)
= 0.0301"

Empty, New. Seismic. Bottom Seam

t, = 0" (Pressure)
t, =M/(n"R_2*S’KE)) (bending)
= 1,252,311/ (n*31.25%*20,000*1.20*1.00)
=0.017"
t, =W/ (2R,"S’KSEy) (Weight)
= 23,798.4 / (2'n*31.25*20,000"1.20*1.00)
= 0.0051"
o=+t -t (total required, tensile)
=0+ 0.017 - (0.0051)
= 0.012"
t.. = M/ ("R 2*S*K) (bending)
= 1,252,311/ (n*31.252*17,361.4171.20)
= 0.0196"
t,. = (1+ VAccel)’W/ (2*n*R,,*S_*K) (Weight)
= 2.00"23,798.4 / (2"1*31.25*17,361.41%1.20)
=0.0116"
o= toe+ byt (total required, compressive)
= 0.0196 + (0.0116) - (0)
=0.0312"

Vacuum, Seismic, Bottom Seam

t, = P*R/(2"S"K *E, + 0.40%|P|) (Pressure)
= -15*30.125/ (2*20,000*1.20*1.00 + 0.40*|15})
= -0.0094"

t, =M/ (n*R_2*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=ttt -ty, (total required, tensile)
= -0.0094 + 0.022 - (0.0049)
= 0.0077"

t. =PR 1 (2*S 'K + 0.40%|PJ) {Pressure)

= -15*30.125/(2*17,348.7*1.20 + 0.40*[15|)
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=-0.0109"
toe = M/ ("R 2*S_"K,) (bending)
= 1,626,562 / (n*31.31252*17,348.7*1.20)
= 0.0254"
tee = (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=t + et (total required, compressive)
= 0.0254 + (0.0112) - (-0.0109)
= 0.0474"

Maximum Allowable External Pressure, Longitudinal Stress
P=2"G K (t-t . -t,) / (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

':[l;);750

Z'SUUUJ,

(%]
(45]
1=
[—]
S
e

tw(lower) = 25in
Leg,, = 0375in

1 7 L
I
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
225°

88 in

40.5in

No

No

SA-350LF2 Cl 1 (lI-D p. 18, In. 10)
2in

1.06 in

0.125in

6.251in

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 psie 50°F

3,350 psie 50°F

Yes
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Reinforcement Calculations for Chamber MAWP

For P = 1,381.79 psi @ 140 °F

UG-45
Nozzle Wall

UG-37 Area Calculation Summary | Thickness
(in?)

Summary

(in)

The nozzie
passes UG-45

A A
required | avaliable

Aq

Az | A3 | As

A

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 weid
throat size (in)

Actuai weld
throat size (In)

Status

Nozzle to shell fillet (Lega41)

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

Nozzle rated MDMT

.06 in

-155 °F

Parallel Limit of reinforcement per UG-40

Ly

= 4.435in

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

L,, MIN(2.5%(t

= 23375in

-C), 254t

-C,) +t)
MIN(2.5%(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)

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

1

0.0811in

1176

w = P'R./(S,E-0.6P)
1,381.792*1.125 / (20,000*1 - 0.6*1,381.792)
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Required thickness t, from UG-37(a)

1

T

P*R/(S"E- 0.6"P)
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 or t,ort=0.75in
t(miny = lesser of 0.25 or 0.7*;,=0.251in

togactuay = 0.7°Leg = 0.7*0.375 = 0.2625 in

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

t,ugoy = P*R/(S’E-0.6"P) + Corrosion
= 1,381.792*1.125/ (20,0001 - 0.6"1,381.792) + 0.125
= 0.2061in
tugee = 0.2087in
t = max(t,yga7 » taugzz |
= max[ 0.2061 , 0.2087 ]
= 0.2087in
toq = P*R/(S*E- 0.6*P) + Corrosion
= 1,381.792*30.125/ (20,0001 - 0.6"1,381.792) + 0.125
= 2.2963in
b1 = max[ty, b yae]
= max[2.2963,0.1875]
= 2.2963in
t, = min[t,,t,]
= min[ 0.3324 , 2.2963 ]
= 0.33241in
tgas = maxt,, 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 I,
Circumferential moment: M_ = 2,965  Ibin
Circumferential shear: V_ = 409 b,
Longitudinal moment: M, =2,965  Ibyin
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 ) =18,952 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| B | A, | A, | B, | B, | C, | C, | D D,
acr 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 0.1957 0.0576 |-70 70 -70 70 0 0 0 0

3A* 0.1019 0.0576 |0 0 0 0 -2 -2 2 2

1A 0.1082 0.0576 |0 0 0 0 -189 189 189 -189
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* 18,854 | 18,954 | 18,954 | 18,954 | 17,527 | 17,527 | 17,527 | 17,527
Total clrcumferential stress | 18,748 | 19,116 | 18,996 | 18,908 | 17,242 | 17,784 | 17,624 | 17,410
z{:;i:‘:e';ﬁ":::;as':;ss. 18,932 | 18,932 [ 18,952 | 18,952 | 17,513 | 17,513 | 17,517 {17,517
ace 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 0.0576 |-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 18,764 |8,764 8,764 |9,477 9,477 |9,477 |9477
Total longitudinal stress 8,485 |9,015 |8,853 |8,655 |9,282 |9,642 9512 [9,424
;’:;‘:m:::l";’:::: 8,750 |8.750 |8,754 |8.754 9462 |[9.462 [9468 |9468
Shear from My 66 66 66 66 66 66 66 66
Circ shear from V¢ 27 27 -27 -27 0 0 0 0
Long shear from Vi 0 0 0 0 -27 -27 27 27
Total Shear stress 93 93 39 39 39 39 93 93
Combilned 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

Gppm = P*RI/ (27t) - P,/ (n*(R2 - 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

Ouponr = (V2 4+ V 2)05 / (m*R* )
L C in

shear —
= (4092 + 4092)05 / (1*1.125%0.935)
= 175 psi

Otorsion = Ml/ (2*E*Ri2*tn)
=4,160/(2*n*1.1 252*0.935)
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= 560 psi

Oigtal = 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 | avallable A1 | Az | Az | As [ oids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) | 23324 |1.06

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Requlired weld Actual weld
Waid description throat size (In) | throat slze (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

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,) + 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_, = lesserof 0.750rt ort=0.75in

min —
te(min) = lesser of 0.25 or 0.7*t_;, = 0.25 i.n
toactany = 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
tuaes = 0.2768in

tiuges = 0.1847in

a max[ t, yg.os + taug-a2 ]
= max[0.2768, 0.1847]

= 0.2768in

too = P*R/(S*E - 0.6"P) + Corrosion

=  838.9424730.125/(20,000"1 - 0.6*838.9424) + 0.125

= 1.4218in

too = max[ty, tygrs ]
= max[1.4213,0.1875]
= 1.4213in

t, = min[tyg,t,]
= min[0.3324 ,1.4213]
= 0.3324 in

tuges = 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 = 4.12/0.1518 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 VIlI Division 1, 2010 Edition, A11 Addenda

2.5000 | g.5poog |

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:

Biind included:

Rated MDMT:

Liguid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

PWHT performed:

1176

60 ID SHELL
45°

88in

40.5in

No

No

0.3751n

SA-350LF2 Cl 1 (II-D p. 18, In. 10)

2in

1.06 in
0.125in
6.251n
8in
2.5in
3.792 psi
1

NPS 2 Class 900 LWN A350 LF2 Ci.1
SA-193 B7 Bolt <=2 1/2 (i-D p. 334, in. 32)

No

-55°F per UCS-66(b)(1)(b)

3.75283 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 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avallable | A1 | A2 | A3 | A5 | yoigg | trea 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 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: 1.06in
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

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

t, P*R,/ (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)
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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 0.750ort ort=0.75in
to(min) = 1€88€r 0f 0.25 0r 0.7* ;= 0.25in

te(actaay = 0-7°L€g = 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,ucey = 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
i, = max[t, yg.27 » taugaz |
= max] 0.2061,0]
= 0.2061in
to1 = 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
by = max[ty .t el
= max[2.2963,0.1875]
= 2.2963in
ty = minf[ty, ]
= min[ 0.3324, 2.2963 ]
= 0.3324in
tugas =  max(t;.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 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avallable | A1 | A2 [ A3 [ As | oiqs | 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

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

Weld description Status

Nozzle to shell fillet (Lega1) | 0.25 0.2625 weld size is adequate
Calculations for external pressure 838.94 psi @ 140 °F

Parallel 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 ) + 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_;, = lesser of 0.750rt_ort=0.75in
temin) = l€sserof 0.25 or 0.7, = 0.25in

to(actuay = 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

tiuges = 0.2768in
t, = max[t,ygos  taucaz ]
= 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 yae]
= max[1.4213,0.1875]
= 1.4213in
t, = min[ toa s o ]
= min[ 0.3324 , 1.4213]
= 0.3324in
tugas = 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, = 8.0854/4.12 = 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"
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Diff Press High (N4)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

2.5000)

tw(Iower) = 25in
Leg,y = 0.375in

l
I
|
_#
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
0°

8in

40.5in

No

No

SA-350LF2 CI 1 (II-D p. 18, In. 10)
2in

1.06 in

0.125in

6.251in

8in

2.5in

0.6155 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)
0.5757 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 = 1,378.62 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available | A1 [ A2 | A3 | A5 | yeigs | 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

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

UW-16 Weld Sizing Summary

Required weld Actual weild
Weld description throat size (in) | throat size (In) Status
Nozzle to shell fillet (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: 1.06in
Nozzle rated MDMT: -185 °F
Paralle! 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,) + 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)

t, 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-0.6P)

r
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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=0.75in
tomin) = lesserof 0.25 or 0.7* ;= 0.25in

to(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).

UG-45 Nozzle Neck Thickness Check

tyuger = 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
t = max[t, ygz7» taugzz |
= max[ 0.2059,0]
= 0.2059in
toq = P*R/(S*E - 0.6"P) + Corrosion
= 1,378.6155*30.125/ (20,0001 - 0.6*1,378.6155) + 0.125
= 22911in
toy = max(ty by yais ]
= max[2.2911,0.1875]
= 22911in
ty = min[t,, t,]
= min[ 0.3324, 2.2911 ]
= 0.3324in
ligas = 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 | Thickness
(in2) Summary
For Pe = 838.94 ps| @ 140 °F (in)
The nozzie

passes UG-45

A A A
required | avallable At | Az | As | As | eids 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 weld Actual weld
throat size (In} | throat size (in)

Nozzle to shell fillet (Lega1) | 0.25 0.2625 weld size is adequate
Calculations for external pressure 838.94 psi @ 140 °F

Weld description Status

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,) + 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 0.75ort ort=0.75in
to(min) = lesser of 0.25 or 0.7°t;,, = 0.25 in

toactuay = 0-77Leg = 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

tiugos = 0.2768in
t, = max[t,ygos:ta ug-22 1
= 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
™ = max{ty, b yeis ]
= max{ 1.4213,0.1875]
= 1.4213in
ty = min[t,;, t,]
= min[0.3324 , 1.4213]
= 0.3324in
theas = 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, = 8.0654/412 = 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"
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Level Bridal High (N5)

ASME Section Vill Division 1, 2010 Edition, A11 Addenda
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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
45°

8in

40.5in

No

No

SA-350LF2 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 Cl.1
SA-193 B7 Bolt <=2 1/2 (1I-D p. 334, In. 32)
No

-55°F per UCS-66(b)(1)(b)

0.5757 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 = 1,378.62 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avallable Ar Az | A3 | As | oigs 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) 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

Lq

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

L, 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)

t, PR,/ (S,'E - 0.6'P)
1,378.61551.125 / (20,000*1 - 0.6*1,378.6155)
0.0809 in

Required thickness t, from UG-37(a)

t = P'R/(SE-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=0.75in
t(miny = l&Sserof 0.25 or 0.7°t; = 0.25in

t(actay = 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

tiugey = 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
t = max(t, yez7 taugee ]
= max[0.2059, 0]
= 0.2059in
toq = P'R/(S*E-0.6"P) + Corrosion
= 1,378.6155*30.125/(20,000*1 - 0.6"1,378.6155) + 0.125
= 22911in
Iy = max[ty, tyygrs]
= max[2.2911,0.1875]
= 22911in
ty = min[t,,t,]
= min[ 0.3324 , 2.2911 ]
= 0.33241in
tygas = max(t,, 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 A
required | available At [ A2 | As | As welds 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 Actual weld
Weld description throat slze (In) | throat slze (in) SIS
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

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,) + 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_;, =lesserof 0.75 ort ort=0.75in
to(min) = leSSEr of 0.250r 0.7t ;,, = 0.25in

t(actay = 0-7°Leg = 0.7*0.375 = 0.2625 in

The fillet weld size is satisfactory.
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Weld sirength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

tyces = 0.2768in

ta = maX[ ta UG-28 ta uG-22 ]
= max[0.2768,0]
= 0.2768in

t, = 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 gl
= max[ 1.4213,0.1875]}
= 1.4213in

ty = minfty, t,]
= min[0.3324, 1.4213]
= 0.3324in

theas = max(ty, ]
= 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"
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Fill/ Water Flush (N6)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

2.5000) | 5000

tw(Iuwer) = 25in
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
180°

88 in

40.5in

No

No

SA-350 LF2 CI 1 (lI-D p. 18, In. 10)
2in

1.06 in

0.125in

6.251in

8in

2.5in

3.792 psi

1

NPS 2 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)
3.7523 psi

2,146 psi@ 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 Wall
UG-37 Area Calculation Summary | Thickness
(in2) Summary
For P = 1,381.79 ps| @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avaliable | A1 [ A2 | A3 [ A5 [ yeigs |  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 weld Actual weld

Weld dezcription throat size (In) | throat size (In)

Status

Nozzle to shell fillet (Legas) 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
Paralle! Limit of reinforcement per UG-40

La

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

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-27(c)(1)

t P*R_/(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)
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1,381.792730.125 / (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
t(min) = lesser of 0.25 or 0.7*t ;= 0.25in
te(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

tiugey = P*R/(S'E-0.6"P) + Corrosion
= 1,381.792*1.125 /(20,0001 - 0.6*1,381.792) + 0.125
= 0.2061in
t, = max[t, ygo7 taugae
= max[ 0.2061,0]
= 0.2061in
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
b1 = max[t,, el
= max[2.2963, 0.1875]
= 2.2963in
t, = min[t,;,t,]
= min[0.3324, 2.2963 ]
= 0.33241in
lgas = max(t,, 4]
= max[ 0.2061, 0.3324 ]
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.

1176 Rev. 6 111/201



Reinforcement Calculations for MAEP

UG-45
Nozzle Wali
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 At (A2 | A3} As | elgs 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 Actual weld
throat size (in) | throat size (In)

Nozzle to shell fillet (Lega1) {0.25 0.2625 weld size is adequate
Calculations for external pressure 838.94 psi @ 140 °F

Weld description Status

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,) +t,)
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, = lesser of 0.75 ort ort=0.75in
tomin) = lesser of 0.25 or 0.7, = 0.25in

toactuay = 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

tiusss = 0.27681in

ta = max[ ta UG-28 * ta UG-22 ]
= max[0.2768,0]
= 0.2768in

too = P*R/(S*E-0.6"P) + Corrosion
=  838.942430.125/(20,000"1 - 0.6*838.9424) + 0.125
= 1.4213in

too = max[ty,, tyas ]
= max[1.4213,0.1875]
= 1.4213in

ty = min[t,,t,]
= min[0.3324 , 1.4213]
= 0.3324in

lueas = max[ty,t]
= 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
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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Diff press Low (N8)

ASME Section VIil Division 1, 2010 Edition, A11 Addenda

Z.SUUUJ/

Ja®]
(%5}
=
[=}
[—)
é_.

tw(Iower) = 25in
Leg,, = 0.375in

et — T
|
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:

MAWRP rating:

MAP rating:

Hydrotest rating:

PWHT performed:

1176

60 ID SHELL
0°

88in

40.51in

No

No

SA-350 LF2 ClI 1 (II-D p. 18, In. 10)
2in

1.06 in

0.1251in

6.25in

8in

2.5in

3.792 psi

1

NPS 2 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)

3.7523 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 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avallable [ A1 [ A2 [ A3 ] As | yaigs | treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) | -332%|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 slze (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 = 0.0867).

Nozzle UCS-66 governing thk: 1.06 in
Nozzle rated MDMT: -155 °F
Paralle! Limit of reinforcement per UG-40

Ln

MAX(d, R, + (t, - C,) + (- 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-27(c)(1)

t, = P*R,/(SE-06P)
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-06'P)
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1,381.792730.125 / (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

Filletweld: t_;, = lesserof 0.75 ort, ort=0.751in
tominy = lesser of 0.25 or 0.7"t;, = 0.25in
te(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-0.6"P)+ Corrosion
= 1,381.792"1.125/(20,000*1 - 0.6"1,381.792) + 0.125
= 0.2061in
t = max[tiyger s taucee]
= max[ 0.2061,0]
= 0.2061in
toq = P'R/(S*E-0.6"P) + Corrosion
= 1,381.792*30.125/(20,000"1 - 0.61,381.792) + 0.125
= 22963in
b = max{ty .t yeis
= max[2.2963, 0.1875 ]
= 2.2963in
ty = minft;, t,]
= min[0.3324 , 2.2963 |
= 0.3324in
teas = max[ty, 1]
= 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 Az | A3 | As | s 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

external pressure

Weld strength calculations are not required for

UW-16 Weld Sizing Summary

Required weld Actual weld

Weld description throat size (In) | throat size (In)

Status

Nozzle to shell fillet (Legas) | 0.25 0.2625

weld size is adequate

Calculations for external pressure 838.94 psi

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.

= 4435in

@ 140 °F

5-0.125))

Outer Normal Limit of reinforcement per UG-40

Ly

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

2.3375in

MIN(2.5*(2.5 - 0.125), 2.5*(1.06 - 0.125) + 0)

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
teimin) = lesser of 0.25 or 0.7*t,, = 0.25 in
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

tiugss = 0.2768in

ta = maX[ ta UG-28 1 ta UG-22 ]
= 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

™ = max[ty,, t ye ]
- max[1.4213,0.1875]
= 1.4213in

ty = min[ty;, ty]
= min[0.3324, 1.4213]
= 0.3324in

tugas = max(t,, ]
= max[ 0.2768, 0.3324 ]
= 0.3324in

Available nozzle wall thickness new, t, = 1.06 in
The nozzle neck thickness is adeguate.

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, = 8.0854/4.12 = 1.9576
D,/t = 412/0.1518 = 27.1437
Fromtable G: A = 0.004676
From table .
CS-2: B = 17,078.9811 psi
P, = 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"
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Inspection Nozzle (N11)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

tw(Icswer) = 25in
Leg,y = 0.375in
5 F:l Leg,;;= 0.750n
<—0.3750 Rpew=1.1251n
] |
2.5000\1/ l 2.5000\]’ !
| 4 L b
< S W v
' — 250 l_—E‘L—T’o.n‘un
Location and Orientation
Located on: 60 ID SHELL
Orientation: 110°
Nozzle center line offset to datum line: 121in
End of nozzle to shell center: 42.51in
Passes through a Category A joint: No
Nozzle
Access opening: No
Material specification: SA-350 LF2 Cl 1 (II-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: 10 in
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 (II-D p. 334, In. 32)
Blind included: Yes
Rated MDMT: -55°F per UCS-66(b)(1)(b)
Liguid static head: 0.7346 psi
MAWP rating: 2,146 psie 140°F
MAP rating: 2,220 psie@ 50°F
Hydrotest rating: 3,350 psi@ 50°F
PWHT performed: Yes
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Reinforcement Calculations for Chamber MAWP

UG-45 Nozzle

UG-37 Area Calculation Summary (in?) Wall

For P = 1,378.89 psl @ 140 °F
The opening s adequately reinforced

Thickness

Summary (in)
The nozzie passes
UG-45

A A A
required | avaliabie A1 Az I N TS treq

tmin

17.8743 118.153 11.7195 |12.7164 13.25

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 Actual weid
Weld description throat size (In) | throat size (In) Status
Nozzie to shell fillet (Legs1) |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:  1.875in
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-0.6P)
= 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

fy=lesseroflorS, /S, =1

fo=lesseroftorS, /S, =1

dt*F + 2, F (1 - )

8.25"2.1666%1 + 2*1.75"2.1666"1*(1 - 1)

17.8743 in?

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 - 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*t) - 2% *(E,"t- FrL)*(1 - 1.)
2%(2.375 + 1.75)*(1*2.375 - 1*2.1666) - 2*1.75*(1*2.375 - 1*2.1666)*(1 - 1)

1.7195 in?

A, = smaller of the following= 12.7164 in?

5*(t, - t,)f 't
5%(1.75 - 0.2967)*1*2.375
17.2579 in?

54t - 1) 't
5*(1.75 - 0.2967)*1*1.75
12.7164 in

A4 = smaller of the following= 3.25 in®

5t
5*2.375*1.625*1
19.2969 in?

5 1,
5%1.625*1.625™1
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Area =

As Area >= A the reinforcement is adequate.

13.2031 in?

2t
2*1*1.625*1
3.25in2

Leg®*f,
0.375%*1
0.1406 in2

Leg®*f,
0.57142*1
0.3265 in?

A+ A+ A+ A+ A,
1.7195 + 12.7164 + 3.25 + 0.1406 + 0.3265

18.153in2

UW-16(c) Weld Check

Fillet weld: t,, = lesser of 0.75 ort ort=0.751in
temin) = lesserof 0.25 or 0.7°,, = 0.25 in

te(actuan = 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

ta uG-27

1176

P*R/(S*E - 0.6"P) + Corrosion
1,378.8934*4.125 / (20,000*1 - 0.6*1,378.8934) + 0.125
= 04217in

max[ t, yg.27 » taug22 |
max[ 0.4217 ,0]

= 0.4217in

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 ]
= 2.2916 in
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ty = minftys, t, ]
= min{ 0.4531,2.2916]
= 0.4531in

tugas = max(ty, 4]
= max[0.4217,0.4531]
= 0.4531in

Available nozzle wall thickness new, t, = 1.875in

The nozzle neck thickness is adequate.

1176
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Reinforcement Calculations for MAEP

For Pe = 838.94 psi @ 140 °F
The opening !s adequately reinforced

UG-37 Area Calculation Summary (in?)

UG-45 Nozzle
Wall
Thickness

Summary (in)
The nozzle passes

UG-45
A A A
required | available | A1 A2 Az | Ast eids treq tmin
9.7969 |15.3104 |- [11.5933 |3.25 (-- |0.4671 10.5501 |1.875

UG-41 Weld Failure Path Analysis Summary

external pressure

Weld strength calculations are not required for

UW-16 Weld Sizing Summary

Weld description

Required weid
throat size (In)

Actual weid
throat size (in)

Status

Nozzle to shell fillet (Legg41)

0.25

0.2625

weld size is adequate

Calculations for external pressure 838.94 psi @ 140 °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))

8.25in

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*(1.875 - 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: §, = 20,000, S, = 20,000 psi

f,=lesseroftorS,/S, =1

1176
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f,=lesseroftorS /S, =1

>
nou

Area available from FIG. UG-37.1

A, = larger of the following= 0 in?

0.5"(d"t*F + 2t "t *F*(1

- f))

0.5*(8.25"2.375"1 + 2*1.75"2.375*1*(1 - 1))

9.7969 in?

d*(E,"t - F*t) - 21 (E,*t - F)*(1 - 1,,)
8.25*(1*2.375 - 1*2.375) - 2*1.75"(1*2.375 - 1*2.375)*(1 - 1)

0in?

2% (t+ t)*(E,*t - FH) - 21 %(E - FAH)*(1 - 1,)
2*(2.375 + 1.75)*(1*2.375 - 1*2.375) - 2*1.75*(1*2.375 - 1*2.375)*(1 - 1)

0in?

A, = smaller of the following= 11.5933 in?

5*(t, - t )"

5*(1.75 - 0.4251)*1*2.375

15.7337 in?

5(t, - t ),

5"(1.75 - 0.4251)*1*1.75

11.5933 in?

A, = smaller of the following= 3.25 in?

5,
5*2.375%1.625"1
19.2969 in?
5*ti*ti*er
5%1.6251.625"1
13.2031 in?

2*h*tf
2*1*1.625*1
3.25in2

Leg®f,
0.3752*1
0.1406 in?

Leg?*f,,
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= 0.5714241
= 0.3265in?

Area= A +A,+A;+A, +A,
= 04+ 11.5933 + 3.25 + 0.1406 + 0.3265
= 153104 in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t;, = lesser of 0.75 ort, or t = 0.75 in
tominy = lesser of 0.25 or 0.7*t,, =0.25in

to(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

tugss = 0.5501in

a max[ t, yg.o8 + taug22 ]
= max[0.5501,0]

= 0.5501in

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, , tyars |
= max[ 1.4213,0.1875]
= 1.4213in

t, = minfty, t,]
=  min[0.4531, 1.4213]
-  0.4531in

theas = max(ty, 4]
= max[0.5501, 0.4531]
= 0.5501 in

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 = 11.75/04251 = 27.6434
From table 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 VIil Division 1, 2010 Edition, A11 Addenda

- .

2.5000

A —0.3750

tw(Iower) = 2.5in
Leg,, = 0.375in
Leg,s= 0.751n
h ..= 1.125in

new

n~
o
o
=]
R=)
=

=
e

-
|
|
L4 |

T N S I 0

TMT250 = K- 0.7500

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:
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

60 ID SHELL
330°

87 in

425in

No

No
SA-350LF2Cl 1 (lI-Dp. 18,In. 10)
8in
1.875in
0.1251in
7.25in
1.125in
10in
2.5in
3.8714 psi
1

NPS 8 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)

3.7126 psi

2,146 psi@ 140°F

2,220 psie 50°F

3,350 psie@ 50°F

Yes
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Reinforcement Calculations for Chamber MAWP

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
For P = 1,381.87 psi @ 140 °F Thlcknes_s
The openling Is adequately reinforced Summarv ('n)
The nozzie passes
UG-45
A A A
required avallable A1 Az As | As welds treq Ymin
17.9145(18.1074 (1.6792 {12.7111 |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 Actual weid
Weid description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legas) 0.25 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

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

Ly

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

MIN(2.5%(2.5 - 0.125), 2.5*(1.875 - 0.125) + 0)
4.3751in

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)

ta = PR,/(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)

1,381.8714*30.125/ (20,000*1 - 0.6*1,381.8714)

2.1715in

Area required per UG-37(c)

Allowable stresses: S, = 20,000, S, = 20,000 psi

f,=lesserof1or§,/§, =1

f,=lesserof1orS, /S, =1

dtF+ 2*t, "t F(1-1,)

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 - Frt) - 2t *(E,*t - Ft)*(1 - )
8.25%(1*2.375 - 1*2.1715) - 2*1.75*(1*2.375 - 1°2.1715)*(1 - 1)

1.6792 in?

25t + t)(E - B - 20 (B - )T (T - £
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?

>
(%]
1]

BX(t, - t )t
5*(1.75 - 0.2973)*1"2.375
17.2508 in?

5t -t T,
5%(1.75-0.2973)*1*1.75
12.7111 in2

smaller of the following= 3.25 in®

54,
5'2.3751.625"1
19.2969 in?

5"
5%1.625%1.625"1
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= 13.2031in?

= 2'h*'t'f

ir2

= 2*1*1.625*1
= 325in?

A, = Leg®f,
= 0.37521
= 0.1406in2

Ay = Leg®f,
= 0.571421
= 0.3265 in?

Area= Aj+A,+Aj+A, +A,

= 1.6792 + 12.7111 + 3.25 + 0.1406 + 0.3265

= 18.1074in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t

min

=0.25in

min

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

t, uGg-27 <

ta uG-22

1176

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

1,381.8714"4.125/ (20,000*1 - 0.6"1,381.8714) + 0.125

0.4223 in

0.3798 in

max[ t, yg.z7 + taugaz ]
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[ tyy , tyuais ]

=lesserof 0.75 ort, ort=0.75in
t(min) = l€sSer of 0.25 or 0.7*t
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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 |
2.2965 in

min[ t5, ]
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 b
Circumferential moment: M, = 92,535  Ib-in
Circumferential shear: V. = 3,332 b,
Longitudinal moment: M, = 92,535 Ibin

Longitudinal shear: Vy=3332 b
Torsion moment: M,= 130,858 Ibin
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=381.3125/2.375=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 (

) = 20,940 psi
Allowable local primary membrane stress (

P
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| B | A, [ A | B, | B, | C, | € | D, | D
ac* 2.0727 |0.i642 {0 0 0 0 -78 -76 -76 -76
oy 2341 [0.1642 |-86 -86 -86 -86 0 0 0 0
1C 0.1247 |0.1642 |0 0 0 0 361|361 -361 | 36i
2C-1 0.0907 |0.1642 {-262 |262 |-262 |262 |0 0 0 0
3A° 0.3939 |0.1642 |0 0 0 0 -95 -85 95 95
1A 0.0981 |0.1642 |0 0 0 0 1,878 |1,878 |1,878 |-1,878
ag* 1.3281 |0.1642 [-321 |[-321 |32i 321 0 0 0 0
1B-1 0.0484 |0.1642 {-927 |927 [927 [-927 o 0 0 0
Pressure stress* 20,705 | 20,705 | 20,705 | 20,705 | 17,528 | 17,528 | 17,528 | 17,528
Total clrcumferential stress | 19,109 | 21,487 | 21,605 [ 20,275 | 15,118 | 19,596 | 19,064 | 16,030
;’r‘;‘ﬂ"“"e':;':‘l:l':‘;ss, 20,208 | 20,298 | 20,940 | 20,940 | 17,357 17,357 | 17,547 | 17,547
ac* 2.0727 |0.1642 |-76 -76 -76 -76 0 0 0 0
4c* 2341 |0.1642 |0 0 0 0 -86 -86 -86 -86
1C-1 0.1264 |0.1642 |-366 |366 |-366 [366 |0 0 0 0
2c 0.0906 |0.1642 |0 0 0 0 262|262 |-262 |262
4A° 05797 |0.i642 |0 0 0 0 140 |40 |40 |140
2A 0.0562 |0.1642 |0 0 0 0 1,076 [1,076 |1,076 |-1,076
48" 03835 |0.1642 |-93 -93 93 93 0 0 0 0
2B-1 0.0779 |0.1642 |-1,402 [1,492 |1492 |-1,492 |0 0 0 0
Pressure stress* 8,764 |8,764 |8764 |8764 |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 |9,583
;’;’;‘S‘%;‘:l"::r’::: 8,505 8,595 |8781 |8,781 |10,127 10,127 | 10,407 | 10,407
Shear from My 254 1254 |254 |254 {254 |254 |254  |254
Clrc shear from V¢ 76 76 -76 -76 0 0 0 0
Long shear from V_ 0 0 0 0 -76 -76 76 76
Total Shear stress 330 330 178 178 178 178 330 330
Combined stress (P +Pp+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 = PR/ (278) - P,/ (m*(R,2- R?) + MR, /|

=1,381.87*4.125/ (2*1.75) - 2,720 / (n*(5.875% - 4.125%)) + 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 nozzle wall due to external loads

Oshear = (VL2 + VCZ)O.S / (n*Ri*tn)
= (3,3322 + 3,3322)0% / (1*4.125*1.75)

= 208 psi

Gtorsion

1176

=M,/ (2T'R2"t,)
= 130,858 / (2*1*4.1252*1.75)
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= 699 psi

Oiotal = Oshear * Starsion
=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

For Pe = 838.94 psi @ 140 °F
The opening |s adequately reinforced

UG-37 Area Calculation Summary (in?)

UG-45 Nozzle
Wall
Thickness

Summary (in)
The nozzle passes

UG-45
A A A
required | avallable A1 A Az [As| eids treq tmin
9.7969 |15.3104 |-- |11.5933 [3.25{-- 10.4671 [0.5501 |1.875

UG-41 Weld Failure Path Analysis Summary

external pressure

Weld strength calculations are not required for

UW-16 Weld Sizing Summary

Weld descriptlon

Required weld
throat slze (In)

Actual weld
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

Paralle! 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))

8.25in

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*(1.875 - 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-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 /8§, =1

1176
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f,=lesseroftorS /S, =1

>
1l

0.5%(d*t,"F + 2*t *t*F*(1 - 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-Fr) - 27t (Bt - )R- )
= 8.25%(1*2.375 - 1*2.375) - 2*1.75*(1*2.375 - 1*2.375)*(1 - 1)
= 0in?
= 2(t+t)(E"t- ) - 27 (B - Fr) (1 - f)
= 2%(2.375+ 1.75)*(1*2.375 - 1*2.375) - 2*1.75*(1*2.375 - 1*2.375)*(1 - 1)

= 0in?

A, = smaller of the following= 11.5933 in?

= 5t - t,) Tt
= 5%1.75-0.4251)*1*2.375
= 157337 in?

= Bt -t )Mt
= 5*(1.75-0.4251)*1*1.75
= 115933 in2

A, = smaller of the following= 3.25 in?

= 5ttty
= 5'2.375%1.625"1
= 19.2069in?

= 5*ti*ti*fr2
= 5%1.625"1.625*1
= 13.2031 in2

= 2,

= 2"1"1.625"1
= 3.25in?

Ay = Leg?t,
= 037521
= 0.1406in2

Ag = 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
= 153104 in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t_,, =lesserof 0.75 ort, ort=0.75in
tminy = l@sserof 0.25 or 0.7t ;, = 0.25in
toacuay = 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,uess = 0.5501in

t, Ua.22 0.31131n

t, = max[t,ygas s taugaz |
= max[0.5501,0.3113]
= 0.5501in

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[t, .t gl
= max[ 1.4213, 0.1875]
= 1.4213 in

i = min[t,,t,]
= min[0.4531, 1.4213]
= 0.4531in

fuges = max[t,, t]
= 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"

1176 Rev. 6

139/201



Manway (N13)

ASME Section Vil Division 1, 2010 Edition, A11 Addenda

tw(Iower) = 25in
Leg,, = 0.5in

2.7500

24.0000

—0.5000

|
.

Location and Orientation
Located on: 60 1D 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 CI 1 (llI-D p. 18, In. 10)
Inside diameter, new: 241in
Wall thickness, t,: 55in
Minimum wall thickness: 2.75in
Corrosion allowance: 0.125in
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 Cl.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 psie 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 psi @ 140 °F Summary
The opening |s adequately reinforced (il‘l)
The nozzle
passes UG-45
A A A
required | available A1 A2 A3 | As | werds treq tmin
52.6281 (58.0278 |4.4537 |153.3241 |-- |-- |10.25 [0.9985 |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 size (in) Status
Nozzle to shell fillet (Legst) 1 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: 2.5 in
Nozzle rated MDMT: -55 °F
Parallel Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

L = MAX(d,R, +(,-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(@2.5%(t-C), 2.5%(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-27(c)(1)

t

m

PR,/ (S,’E - 0.6"P)
1,381.117*12.125 / (20,000*1 - 0.6*1,381.117)
0.8735in
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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)
2.17021in

Area required per UG-37(c)

Allowable stresses: S, = 20,000, S, = 20,000 psi
fy=lesseroftorS /S, =1
fo=lesseroflorS /S, =1

A = dYF+27tF(1-1)

= 24.25'2.1702*1 + 2*5.375"2.1702*1*(1 - 1)
= 52.6281 in?

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 - F*t)*(1 - f.))
(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?

= Bt -t t- (LIMIT - L, )2, / tan(30)
= 5%(5.375- 0.8735)*1*2.375 - (5.9375 - 5.6623)2*1 / tan(30)
= 53.3241in2

= 2t -t )L - It - tp)?-*tan(SO) + 25(LIMIT - Ly, - Lope) (L, - 1) P
= 27(5.375-0.8735)"1"10 - [(5.375 - 2.625)2*tan(30) + 2*(10 - 5.6623 - 1.5877)*(5.375 - 2.625)]*1
= 70.5388in?

A, = Leg®f,
= 0.5%1
= 0.25in?

Area= A, +A,+A,
= 4.4537 +53.3241 + 0.25
= 58.0278in?

As Area >= A the reinforcement is adequate.
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UW-16(c) Weld Check

Fillet weld: t_,,, = lesser of 0.75ort ort=0.75in
t(min) = l€SS€r of 0.25 or 0.7*t;, = 0.25in

tc(actual) = 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)

t.ucer = P*R/(S’E-0.6*P)+ Corrosion
= 1,381.117*12.125/(20,000*1 - 0.6*1,381.117) + 0.125
= 0.9985 in

a max( t, yg27 » tavgzz |
= max[0.9985,0]
= 0.9985in
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)*52.6281 = 35.0854 in?

Area that is within 75 percent of the limits of reinforcement is:

A, =larger of 3.1739 or

= (2fimits - d)*(E,"t - F*t) - 21, *(E,"t - F*t)*(1 - f,,)
= (2*18.1875 - 24.25)*(1*2.375 - 1*2.1702) - 2*5.375*(1*2.375 - 1*2.1702)*(1 - 1)
= 24828in2

Area= A +A,+Aj+ A, + AL+ A+ A;
= 3.1739+53.3241 + 0+ 025+0+0+0
= 5B.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>601in True
1-7(b)(1)(b) d=24.25in>40Cin False
1-7(b)(1)(b) d=24.25in > 3.4*(30.125%2.375)%5=28.759 in  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-45
Nozzle Wall
UG-37 Area Calculation Summary (in2) Thickness
For Pe = 838.94 psi @ 140 °F Summary
The opening is adequately reinforced (in)
The nozzle
passes UG-45
A A A
required | available A A2 As | As | yelds treq tmin
28.7969 [49.0106 |-- {48.7606 |-- |-- (0.25]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

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

Weld description Status

Nozzle to shell fillet (Lega1) |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)

Ly MAX(d, R, + (t, - C,) + (t- C))
MAX(24.25, 12.125 + (2.75 - 0.125) + (2.5 - 0.125))
= 2425in

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-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=lesseroftor§ /S, =1
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0.5*(d"t*F + 2*t " F*(1 - f.,))
0.5*(24.25*2.375*1 + 2*5.375*2.375*1*(1 - 1))
28.7969 in2

Area available from FIG. UG-37.1

A, = larger of the following= 0 in?

d*(E,"t- Ft) - 2 "(E "t - F*t)*(1 - f.))
24.25%(1*2.375 - 1*2.375) - 2*5.375*(1*2.375 - 1*2.375)*(1 - 1)
0in?

2"(t+ t ) (E,*t - B - 27t (B - ) (1 - £)
2*(2.375 + 5.375)*(1*2.375 - 1*2.375) - 2*5.375*(1*2.375 - 1*2.375)*(1 - 1)
0in?

A, = smaller of the following= 48.7606 in?

5*(t, - t) "t - (LIMIT - L)', / tan(30)
5%(5.375 - 1.2578)*1*2.375 - (5.9375 - 5.6623)2*1 / tan(30)
48.7606 in?

28t - ) "L - [, - tp)z*tan(SO) + 25 (LIMIT - Ly - Lyope)"(ty - 1)1 Fp

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 in?

Leg®f,
0.521
0.25in?

A+ A+ A,
0 +48.7606 + 0.25
49.0106 in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t_; =lesserof 0.75 ort ort=0.751in
te(min) = 1€Ss€r 0f 0.25 0r 0.7*, = 0.25 in
te(actuay = 0-7°Leg = 0.7°0.5 = 0.35 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).

1176
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UG-45 Nozzle Neck Thickness Check (Access Opening)

tuces = 1.3828in

t, = max[t, g tauges)
= max[1.3828,0]
= 1.3828 in

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

= (2Mlimits - d)*(E,*t- F*t) - 2, %(E, "t - F*t)*(1 - .,)

= (2*18.1875 - 24.25)*(1*2.375 - 1*2.375) - 2*5.375%(1*2.375 - 12.375)"(1 - 1)

= 0in?

Area= A/ +A +A;+ A, + AL+ AL+ A
= 0+487606+0+0.25+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 VIIi Division 1, 2010 Edition, A11 Addenda

Component: Straight Flange

Material specification: SA-516 70 (II-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, 4.15psi (SG = 1.1, H, = 104.5",0Operating head)
(SG =1, H, = 70.5", Horizontal test

Material is not produced to Fine Grain Practice

Py = 2.54psi head)

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

Design MDMT = -20 °F Impact test performed

Rated MDMT = -32.7 °F Material is normalized
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 = 2.612"

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 = 65.224/0.2616 = 249.3220
Fromtable G: A = 0.000195

From table .

CS-2: B = 2,804.8786 psi

P, = 4'B/(3*(D, /1))
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472,804.88 / (3*(65.224 / 0.2616))
15 psi

Design thickness for external pressure P, = 15 psi

a

Maximum Allowable External Pressure, (Corroded & at 140 °F) UG-28(c)

1.6878
26.2260

L/D, = 110.0833/65.224
D,/t = 65.224/2487
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.

1176
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Thickness Required Due to Pressure + External Loads

Pressure P (

Allowable
Stress Before

Temperature (

Corrosion C

Req'd Thk Dueto |

Req'd Thk Due to
Condltlen psl) 1:3(3:5:‘{ :s;) °F) (in) Load Tension (in) Compresslon (in)
st Sc
Operating. Hot & Corroded 1,378 20,000 | 17.359 | 140 0.125 Wind | 0.8543 08459
Seismic | 0.8726 0.8227
Operating, Hot & New 1,378 20,000 | 12.371 | 140 0 Wind | 0.8506 0.842]
Seismic | 0 8694 0.8182
Hot Shut Down. Corraded 0 20,000 | 17.359 | 140 0.125 Wind | 0.0008 20105
Seismic | 0.0176 0.0372
Hot Shut Down, New 0 20,000 | 17.371 | 140 0 Wind | 0.001 0.0108
Seismic | 0.018 0.0383
Empty. Corroded 0 20,000 | 17.359 | 70 0.125 Wind 0.0008 0.0105
Seismic | 0.0118 0.0306
Empty. New 0 20,000 | 17371 | 70 0 Wind  10.001 0.0108
Seismic | 0.0122 0.0317
Vacuum 15 20,000 | 17.359 | 140 0.125 Wind 00118 o
Seismic | 0.0082 0.048
Hot Shut Down. Corroded. Weight X
fro o saosee el o 20,000 | 17.359 | 140 0.125 Weight |0.0015 00118

Allowable Compressive Stress, Hot 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
Sche = min(B, S) = 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
Schn = min(B, S) =17.371 psi

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

A = 0125/(R,/1)

= 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 psi
1176
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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
Sccc = min(B, 8) = 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, S) = 17.359 psi

Operating, Hot & Corroded. Wind. Bottom Seam

t, = PR/(2'S7KSE + 0.40°|P)) (Pressure)
= 1,378'30.125/(2*20,000*1.20%1.00 + 0.40%|1,378|)
= 0.855"
t, = M/(@R ZS’KSE) (bending)
= 312,960/ (r*31.36852*20,000*1.20%1.00)
= 0.0042"
t, = W/@2TR,S'KSE,) (Weight)
= 23,199.5/(2'n*31.3685*20,0001.20*1.00)
= 0.0049"

tt = tp + tm - tw
= 0.855+0.0042 - (0.0049)
= 0.8543"

t = |tme by tpcl
= ]0.0042 + (0.0049) - (0.855)|
= 0.8459"

(total required,
tensile)

(total, net
tensile)

Maximum allowable working pressure, Longitudinal Stress

P=2"SKS'ES (t-t, + ) / (R-0.40%(t- t, + 1)
= 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'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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t, =M/ ('R 2K E,) (bending)
= 315,781/ (n*31.3062*20,000*1.20*1.00)
= 0.0043"

t, = W/ (2R 'SK,'E) (Weight)
= 24,089.2 / (2*1*31.306*20,000*1.20*1.00)
= 0.0051"

o=ttt -ty (total required, tensile)

= 0.8515 + 0.0043 - (0.0051)
= 0.8506"

to = ltme + twc - tocl (total, net tensile)
= |0.0043 + (0.0051) - (0.8515)|
=0.8421"

Maximum allowable working pressure, Longitudinal Stress

P=2"S K E (t-t_ +t)/(R-0.40%t-1_ +1t,)

= 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'm"R.,*S.'K,) (Weight)
= 23,199.5/(2*n*31.3685"17,359.27*1.20)
= 0.0057"
[ [ R S (total, net compressive)
=10 + 0.0049 - (0.0057)|
= 0.0008"
R e (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'n"R,"S_"K,) (Weight)
= 24,089.2 / (2*1*31.306*17,371.43*1.20)
= 0.0059"
b=+t -t (total, net compressive)
= |0 + 0.0049 - (0.0059)|
= 0.001"
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te = tne + tue -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/ (2'7w*R_ S *K,) (Weight)
= 23,199.5/(2*1*31.3685%17,359.27*1.20)
= 0.0057"
b=t o+t -t (total, net compressive)
= |0 + 0.0049 - (0.0057)|
= 0.0008"
to = the* e toe (total required, compressive)
= 0.0049 + (0.0057) - (0)
= 0.0105"

Empty. New, Wind. Bottom Seam

t = 0" (Pressure)
t, = M/ ("R 2*S."K,) (bending)
= 315,781/ (n*31.306217,371.43*1.20)
= 0.0049"
t, = W/ (2't"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"

te = toe + tue - toc (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/ (®R 2*SK) (bending)
- 312,960 / (n*31.36852*17,359.27*1.20)
= 0.0049"

t, = W/ (2R, *S'Ky) (Weight)
= 23,199.5 / (2*1*31.3685*17,359.27*1.20)
= 0.0057"
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b=ty -t (total, net compressive)
=1-0.0108 + 0.0049 - (0.0057)|
=0.0116"

te = toe +tae e (total required, compressive)
= 0.0049 + (0.0057) - (-0.0108)
=0.0214"

Maximum Allowable External Pressure, Longitudinal Stress

P=2"S K (t-t.-ty) /(R-0.40"(t-t . -t,.))
= 2*17,359.2771.20%(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)
tn =M/ ("R, 2*S'K)) (bending)
= 276,644 / (n*31.3685%2*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 +to -t (total, net compressive)
= |0 + 0.0052 - (0.0068)|
= 0.0016"
too=toe + te - toc (total required, compressive)
= 0.0052 + (0.0068) - (0)
=0.0119"

Operating. Hot & Corroded. Seismic, Bottom Seam

t, =P'R/(2'S/KS'E, + 0.40%|P)) (Pressure)
= 1,378"30.125/(2"20,000*1.20*1.00 + 0.40*|1,378|)
= 0.855"

t, =M/ ("R 2*S"*K'E,) (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=ttt -, (total required, tensile)
= 0.855 + 0.0225 - (0.0049)
= 0.8726"
tye = (1 + VAccel)*W/ (2'n*R_*S K *E ) (Weight)
= 2.00"23,199.5 / (2*n*31.3685*20,000"1.20"1.00)
= 0.0098"

te = It + tye - todl (total, net tensile) (
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= |0.0225 + (0.0098) - (0.855)]
= 0.8227"

Maximum allowable working pressure, Longitudinal Stress

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

= 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

tp = P*R/(2"S"K;*E, + 0.40%|P|)
= 1,378*30 / (2*20,000*1.20*1.00 + 0.407|1,378|)
= 0.8515"
t, =M/ (R*Rmz*s‘*Ks*Ec)
= 1,705,206 / (n*31.3062*20,000*1.20*1.00)
= 0.0231"
t, =W/ (2*m"R,*S"K"E,)
= 24,089.2 / (2*7*31.306*20,000*1.20*1.00)
= 0.0051"
t = tp +in -ty
= 0.8515 + 0.0231 - (0.0051)
= 0.8694"
t,. = (1 + VAccel)*W/ (2R, "8 KE,)
= 2.00*24,089.2 / (2*n*31.306"20,000%1.20*1.00)
= 0.0102"
t. = ltmc W tpcl
= |0.0231 + (0.0102) - (0.8515)]
=0.8182"

(Pressure)

(bending)

(Weight)

(total required, tensile)

(Weight)

(total, net tensile)

Maximum allowable working pressure, Longitudinal Stress

P=2"S K ES(t-t, +1,) / (R -0.40%(t-t, +1,))

= 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

t =M/ (nR, S 'K E,)
= 1,667,950 / (n*31.36852*20,000*1.20"1.00)
= 0.0225"

t, =W/ (@27%R, *SKE,)
= 23,199.5/ (2*7*31.3685"20,000*1.201.00)
= 0.0049"

o=ttt
= 0+ 0.0225 - (0.0049)
=0.0176"

1176

(Pressure)
(bending)

(Weight)

(total required, tensile)
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toe = M/ (m*R,,2*S*K,) (bending)
= 1,667,950/ (n*31.36852*17,359.27*1.20)
= 0.0259"

t,c = (1 + VAccel)'W/ (2'm"R_*S*K,) (Weight)
= 2.00%23,199.5/ (2*n*31.3685*17,359.27*1.20)
= 0.0113"

t =t tue -t (total required, compressive)
= 0.0259 + (0.0113) - (0)
= 0.0372"

Hot Shut Down, New, Seismic, Botiom Seam

t, =0" (Pressure)
tn =M/ ("R 2*S'K'E) (bending)
= 1,705,206 / (*31.3062*20,000*1.20*1.00)
= 0.0231"
t, =W/ (2 t"R*S;K*E,) (Weight)
= 24,089.2 / (2*n*31.306*20,000*1.20*1.00)
= 0.0051"

o=ttt (total required, tensile)
= 0+ 0.0231 - (0.0051)
=0.018"
toe =M/ ("R 2"S’K) (bending)
= 1,705,206 / (n*31.3062*17,371.43*1.20) ;
= 0.0266" (
tye = (1 + VAccel)'W / (2*'n*R_*S."K,) (Weight)
= 2.00"24,089.2 / (2*7*31.306"17,371.43*1.20)

= 0.0117"
to=tne+ e -t (total required, compressive)
= 0.0266 + (0.0117) - (0)

= 0.0383"

Empty. Corroded, Seismic, Bottom Seam

t, =0 (Pressure)
tn =M/ ("R 2*SK'E)) (bending)
= 1,240,219/ (n*31.36852*20,000*1.20*1.00)
= 0.0167"
t, =W/ (2R _*S;K,"E,) (Weight)
= 23,199.5/(2*n*31.3685"20,0001.20*1.00)
= 0.0049"
to=t+t -t (total required, tensile)
=0 + 0.0167 - (0.0049)
=0.0118"
t M/ (m*R,2*S_*K,) (bending)

mec =

/
1,240,219/ (n*31.36852*17,359.27*1.20)
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= 0.0193"

t,. = (1 + VAccel)'W / (2*n*'R*S *K,) (Weight)
= 2.00"23,199.5 / (2*n*31.3685"17,359.27*1.20)
= 0.0113"

t = tne+ e toc (total required, compressive)
= 0.0193 + (0.0113) - (0)
= 0.0308"

Empty. New, Seismic, Bottom Seam

t, = 0" (Pressure)
t, =M/ (n"R Z*SK,*E,) (bending)
= 1,281,341/ (n*31.3062*20,000*1.20*1.00)
=0.0173"
t, =W/ (2"n"R"S"K*E,) (Weight)
= 24,089.2/ (2"%*31.306*20,000"1.20*1.00)
= 0.0051"
o=t -, (total required, tensile)
=0+ 0.0173 - (0.0051)
=0.0122"
t. =M/ ("R 2"S.'K,) (bending)
= 1,281,341/ (n*31.306%*17,371.43*1.20)
= 0.02"
t,. = (1+ VAccel)*W/ (2*n*R_*S_*K)) (Weight)
= 2.0024,089.2/ (2*n*31.306%17,371.43"1.20)
=0.0117"
te =tnette -t (total required, compressive)
= 0.02 + (0.0117) - (0)
=0.0317"

Vacuum, Seismic, Bottom Seam

t

0 P*R/ (2"S; K "E, + 0.40%|P)) (Pressure)

-15*30.125 / (2*20,000*1.20*1.00 + 0.40*|15))

-0.0094"

=M/ (R, 'S, 'K, 'E) (bending)
= 1,667,950 / (1*31.3685220,000*1.20*1.00)
= 0.0225"

t, =W/ (2R _*S 'K E,) (Weight)
= 23,199.5 / (2*1*31.3685*20,000*1.20*1.00)
= 0.0049"

t

o=ttt -t, (total required, tensile)
= -0.0094 + 0.0225 - (0.0049)
= 0.0082"

t,e = PR/ (2'S'K, + 0.40%|P)) (Pressure)
=-15"30.125/(2"17,359.2771.20 + 0.40%|15|)
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=-0.0108"
tne = M/ ("R 2"S_"K,) (bending)
= 1,667,950 / (n*31.36852*17,359.27*1.20)
= 0.0259"
t,. = (1+ VAccel)*W/ (2*n*R_*S.*K,) (Weight)
=2.00"23,199.5/ (2*n*31.3685"17,359.27*1.20)
=0.0113"
t = tne et (total required, compressive)
= 0.0259 + (0.0113) - (-0.0108)
= 0.048"

Maximum Allowable External Pressure, Longitudinal Stress
P=2"S Kt -ty -ty /(R-0.40%(t - t . - t,0)

= 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 1D BOTTOM SE HEAD
ASME Section VIiI, Division 1, 2010 Edition, A11 Addenda
Component: Ellipsoidal Head
Material Specification: SA-516 70 (lI-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 (SG=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" 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
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 Ib corr = 3,363.9 b

Capacity*: new = 146.9 US gal corr = 149.1 US gal

* includes straight flange

Inner diameter = 60"

Minimum head thickness = 2491"

Head ratio D/2h = 2 (new)

Head ratio D/2h = 1.9917 (corroded)

Straight flange length L = 2

Nominal straight flange thickness t; = 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))2]=0.994502
K (New)

K=(1/6)*[2 + (D / (2*h))3]=(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*60.2570.994502 / (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*) - 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, = KD,
= 0.8359'64.982
= 54.3193in
A = 0125/(R,/Y)
= 0.125/(54.3193/0.156888)
= 0.000361
From Table g - 0193454
CSs-2: ~ psi
P, = B/R,/Y 7
= 5,193.454/(54.3193 / 0.1569)
= 15psi
i = 0.1569" + Corrosion = 0.1569" + 0.125" = 0.2819"

Check the external pressure per UG-33(a)(1) Appendix 1-4(c)
t 1.867*P,*D*K/ (2*S*E - 0.2*1.67*P,) + Corrosion
1.67*15760.25"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,)

F{c) = Ko*Do
= 0.8359"64.982
= 54.3193in
A = 0125/(R,/t)
= 0.125/(54.3193/ 2.366)
= 0.005445
From Table _ 17,220.94
Cs-2: ~ psi
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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,)
= (75'2.612/11.506)*(1 - 11.506 / =)
= 17.0259%
1176 Rev. 6
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Bottom Drain (N1)

ASME Section Vill Division 1, 2010 Edition, A11 Addenda

2.491 l]\l/

N

tufoweny = 2:4911N
Leg, = 0.375in

3 7ru.mu
¢l"2'97‘1"1 i
| \
]

Har—= fe

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:

Description:

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:

Liguid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

1176

60 ID BOTTOM SE HEAD
0°

123.7383 in

No

0in

No

No

SA-333 1 WId & smis pipe (II-D p. 10, In. 1)
NPS 2 Sch 160
1.687in
0.344in
0.125in
4.009in

8.259 in
2.491in
5.0724 psi

1

NPS 2 Class 900 WN A350 LF2

SA-193 B7 Bolt <=2 1/2 (lI-D p. 334, In. 32)
No

-55°F per UCS-66(b)(1)(b)

5.1713 psi

2,146 psie@ 140°F

2,220 psi@ 50°F

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-37 Area Calculation Summary
(in?)
For P = 1,383.07 psl @ 140 °F

wall

UG-45 Nozzle

Thickness

Summary (in)
The nozzle passes

UG-45
A A A

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

This nozzle is exempt from area

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

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

Requlred weld
throat slze (In)

throat slze (In)

Actual weld

Status

Nozzle to shell fillet (Leg4+)

0.1533

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:

-55

°F

Parallel Limit of reinforcement per UG-40

La

= 3.5535in

MAX(d, R, + (t, - C,) + (t- C))
MAX(1.937, 0.9685 + (0.344 - 0.125) + (2.491 - 0.125))

Outer Normal Limit of reinforcement per UG-40

Ly

= 0.5475in

MIN(2.5%(t - C), 2.5*(t, - C,) + t,)
MIN(2.5*(2.491 - 0.125), 2.5*(0.344 - 0.125) + 0)

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

t

0.0901 in

1176

. PR,/ (S,’E - 0.6"P)
1,383.0724*0.9685 / (15,700*1 - 0.6*1,383.0724)
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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
temin) = lesser of 0.25 or 0.7t ;, = 0.1533 in
t(actuay = 0-7°Leg = 0.70.375 = 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.uger = P*R/(S"E-0.6"P)+ Corrosion
= 1,383.1713*0.9685/ (15,700*1 - 0.6*1,383.1713) + 0.125
= 0.2151in

a max[ ta uGg-27 ta uG-22 ]
= max{0.2151,0]

= 0.2151in

- = 22112in

tos = max[ty b ygs]
= max[2.2112,0.1875]
= 2.2112in

ty = min[ty,t,]
= min[ 0.2598,2.2112]
= 0.2598in

tigas = max(t,.t]
= max]0.2151,0.2598]
= 0.2598 in

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 psl @ 140 °F Summary (in)
The nozzle passes
UG-45
A A A

Ay | Az | A3 | As

requlred | avallable welds | trea tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) | +2382|0-301

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
throat slze (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

Parallel Limit of reinforcement per UG-40

Ln 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

Ly

MIN(2.5%(t- C), 25%(t, - C,) + 1)
MIN(2.5%(2.491 - 0.125), 2.5*(0.344 - 0.125) + 0)
0.5475 in

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
t(miny = 1€Ss€r of 0.25 or 0.7*4;, = 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 VIIi-1-83-66 has been applied.

tiuges = 0-21111in

a max[ t, yg. + taug-22 ]
= max{0.2111,0]
= 0.2111in

to = 1.25291in

too = max[ty, tygis ]
= max] 1.2529, 0.1875]
= 1.2529 in

ty = min[ty,t,]
= min[ 0.2598 , 1.2529 ]
= 0.2598in

tugas = max(ty.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, 8.259/2.375 = 3.4775
D,/t 2.375/0.0861 = 27.5742
Fromtable G: A = 0.002387

From table .
CS-2: B = 15,512.509 psi
P, = 4'B/(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"
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63-1/4" OD Skirt

Material: SA-516 70 (1-D p. 18, 1In. 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

Overall length (includes base ring thickness): 23.25 in

Corrosion aflowance 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 ID 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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ostng | conaton |t | Temperature | G| st | ticknass
(Stress) Locatlon (psh) (psh) (in}
Wind operating, corroded (+) |top 140 21,012.37 |-1301 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 0.0121
Wind vacuum, corroded (+) top 4] 21,012.37 |-130.1 0.0046
Wind vacuum, corroded (-) bottom 0 21,012.37 j419.41 0.015
Seismic | operating, corroded (+) |top 140 26,000 912.72 0.0263
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 0.0398
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:

—
nn

-W/ (n*D*S,'E) + 48*M / (n*D?*S*E)
-40,423.69 / (*62.5*21,012*1) + 48*27,784.9 / (n*62.5*21,012*1)

0.0046 in

Required thickness, tensile stress at the top:

= -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*62.5%*21,012*1)

0.0046 in

Leeward side (compressive)

Required thickness, compressive stress at base:

t

1176

W/ (n'D*S'E,) + 48*M / (1"D?*S 'E )
40,423.69 / (1*62.5*21,012*1) + 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,/ (DS 'E,) + 48*'M, / ("D2*S,'E,)
39,4111/ (n*62.5"21,012*1) + 48"26,370.5 / (n*62.52"21,012"1)
0.0145 in

Loading due to wind, operating & new

Windward side (tensile)

Required thickness, tensile stress at base:

t

-W / (n*D*S,"E) + 48*M / (*D2*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 / (n*62.5%21,012*1) + 48*26,605.6 / (1*62.52*21,012*1)
0.0048in

Leeward side (compressive)

Required thickness, compressive stress at base:

t

W/ (*D*S,*E,) + 48*"M / (r*D2*S_'E,)
41,339.78/ (n*62.5"21,012*1) + 48*28,020 / (n*62.5221,012*1)
0.0152in

Required thickness, compressive stress at the top:

t

W,/ (n*D,"S.'E,) + 48"M, / (v*D2'S,'E,)
40,327.2 / (n*62.5*21,012*1) + 48*26,605.6 / (n*62.52*21,012*1)
0.0147 in

Loading due to wind, empty & corroded

Windward side (tensile)

Required thickness, tensile stress at base:

t

W/ (n*D*S;'E) + 48*M / (n*'D?*S,E)
-27,326.21 / (n*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,/ (m*D/"S,'E) + 48*"M,/ (n*D?*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/ (DS 'E,)
27,326.21 / (1*62.5%21,012*1) + 48*27,784.9 / (1*62.52*21,012"1)
0.0118in

Required thickness, compressive stress at the top:

t

W,/ ('D;SE,) + 48°M, / (1*D2*S 'E,)
26,313.63 / (1*62.521,012"1) + 48"26,370.5 / (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 / (*D?*S;E)
-28,364.53 / (1*62.5*21,012*1) + 48*28,020 / (n*62.52*21,012*1)
0.0017 in

Required thickness, tensile stress at the top:

t

-W,/ (n*D,*S;*E) + 48*M, / ("D 2*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/ (m*D*S.'E,) + 48'M / (n*D2*S *E,)
28,364.53 / (1*62.5*21,012*1) + 48*28,020 / (n*62.52"21,012*1)
= 0.0121in

Required thickness, compressive stress at the top:

t

W,/ (w*D*S.'E,) + 48*M, / ('D2*S'E )
27,351.94 / (n*62.5*21,012*1) + 48*26,605.6 / (1"62.52*21,012*1)
0.01161in
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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 / (n1*62.5*21,012*1) + 48*27,784.9 / (1*62.52*21,012*1)
0.0046 in

Required thickness, tensile stress at the top:

t

-W, / (n*D;*S,"E) + 48*M, / (n*D*S,'E)

-39,411.11/ (n*62.5*21,012"1) + 48*26,370.5 / (n1*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 / (n*62.52*21,012*1)
0.015in

Required thickness, compressive stress at the top:

t = W,/ (n*D/S.,'E,) + 48'M, / ('D2*S'E,)
39,411.11/ (1*62.5"21,012*1) + 48*26,370.5 / (1°62.5221,012*1)

0.0145in

Loading due to earthquake, operating & corroded

Tensile side

Required thickness, tensile stress at base:

t

-W/ (n*D*S;'E) + 48°M / (n*D?'S ‘E)
-40,423.69 / (n*62.5*26,000%0.8) + 48*187,179.7 / (n*62.52*26,000*0.8)
0.0253in

Required thickness, tensile stress at the top:

t = W,/ ("D SE) + 48*M, / (7"'D2*S,E)
-39,411.11/ (n*62.5*26,000%0.55) + 48*147,573.4 / (1*62.52*26,000%0.55)

0.0263 in
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Compressive side

Required thickness, compressive stress at base:

t

(1 + VAccel)*W / (1*D*S_*E,) + 48"M / (1*D?*S 'E,)
(1 + 1)*40,423.69 / (*62.5*21,012*1) + 48*187,179.7 / (n*62.52*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 / (n*62.5*21,012*1) + 48*147,573.4 / (1*62.5221,012*1)
0.0466 in

Loading due to earthquake, operating & new

Tensile side

Required thickness, tensile stress at base:

t

W/ (*D*S,'E) + 48"M / (n*D2*S,E)
-41,339.78 / (1*62.5*26,000*0.8) + 48*191,359.8 / (1*62.52*26,000*0.8)
0.0259 in

Required thickness, tensile stress at the top:

t = -W,/(n*D;SE) + 48'M,/ (n*D2*S'E)
-40,327.2 / (1*62.5*26,000*0.55) + 48*150,865.9 / (1*62.52"26,000*0.55)
0.0269 in

Compressive side

Required thickness, compressive stress at base:

t

(1 + VAccel)'W / (n*D*S_*E,) + 48"M / (*D2*S'E,)
(1 +1)*41,339.78 / (1*62.5*21,012*1) + 48*191,359.8 / (n*62.52*21,012"1)
0.0557 in

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 / (n*62.5*21,012*1) + 48*150,865.9 / (1*62.5221,012*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 / (*D2*S,'E)
-27,326.21 / (1*62.5*26,000%0.8) + 48*136,014.5 / (1*62.5226,000*0.8)
0.0189in

Required thickness, tensile stress at the top:

t

-W,/ (T*D*S’E) + 48*M, / (n*D2*S,'E)

-26,313.63 / (1*62.5*26,000*0.55) + 48*109,096.9 / (n*62.52*26,000*0.55)
0.0205 in

Compressive side

Required thickness, compressive stress at base:

t

(1 + VAccel)"W / (1*D*S_*E,) + 48*M / (*D2*S *E,)
(1 +1)*27,326.21 / (7*62.5°21,012*1) + 48*136,014.5 / (1*62.52*21,012*1)
0.0386 in

Required thickness, compressive stress at the top:

t

(1 + VAccel)*W, / (n*D*S'E,) + 48*M, / (1*"D2*S_'E )
(1+1)"26,313.63 / (1°62.5*21,012*1) + 48*109,096.9 / (7*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*S;E) + 48'M / (v*D2*S,'E)
-28,364.53 / (1*62.5*26,000*0.8) + 48*140,660.2 / (n*62.52*26,000*0.8)
0.0195in

Required thickness, tensile stress at the top:

t

-W,/ (n*D,*S,’E) + 48*M, / (n*D2*S,'E)

-27,351.94 / (n*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/(n*D*S_*E,) + 48*M / (n*D2*S_*E,)
(1 + 1)*28,364.53 / (n*62.5*21,012*1) + 48*140,660.2 / (1*62.52*21,012*1)

0.0399 in

Required thickness, compressive stress at the top:

t

(1 + VAccel)'W, / (1*D*S'E,) + 48"M, / (1*D2*S,'E,)
(1 +1)*27,351.94 / (1°62.5"21,012*1) + 48*112,736.4 / (n*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)
0.0253in

Required thickness, tensile stress at the top:

t

-W,/ (*D*S’E) + 48*M, / (n*"DZ*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 / (1*D2*S_'E )
(1 + 1)*40,423.69 / (1*62.5*21,012*1) + 48*187,179.7 / (n*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'DZ*SE,)
(1 +1)*39,411.11 / (n*62.5*21,012*1) + 48*147,573.4 / (*62.5221,012*1)

0.0466 in
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Tail lug

—
Bl

[ —
Geometry Inputs
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 °
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Intermediate Values

Load Factor 1.5000
Vessel Weight (new, incl. Load Factor), W 43247 Ib
Lug Weight (new), W, . 161b
Distance from Center of Gravity to Top Lug, I, 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, o, 29970 psi
Allowable Stress, Bending, o, 22201 psi
Allowable Stress, Weld Shear, 1,020 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, 051

Weld Shear Stress Ratio, 7,4, 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'F\yp = W¥(I,"cos(a) + I5sin(a)) / (I,*cos(a) + I,*cos(ar) + 13*sin(a) )

top

Fiai = W - (2'F)

tai

1176
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o] | Fuglibf] | Fiyfibf]
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

'Lift angle at maximum lug

stress.

2Lift angle at maximum weld

stress.

Lug Pin Diameter - Shear stress

dreqd = (Z*Fr / (n*cs))o's

= (2°21,151/(n*13,320))05

dreqd/Dp = 1.0054/15
c = F/A

= F/ (2*(0.25*1t*Dp2))

= 21,151/ (2*(0.25*1*1.52))
c /o = 5,984 /13,320

Lug Thickness - Tensile stress

treqd = Fr /(L - d)*Gt)

= 21,151/ ((5- 1.5625)*19,980)

qa/t = 0.308/15

G = F,/A
= F/(L-dy

= 21,151/ ((5 - 1.5625)*1.5)

6/, 4,102/ 19,980

Lug Thickness - Bearing stress

wad = v/ (Dpop)

1176

21,151/ (1.5%29,970) =

i
—
o
=)
o
A

= 0.67 Acceptable

5,984 psi

= 045 Acceptable

0.308"

= 021 Acceptable

4,102 psi

= 0.21 Acceptable

0.4705"
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/t = 04705/15 = 0.31 Acceptable

o = I:V/Abearing
= F, /(D (1)
= 21,151/(1.5*(1.5))

9,400 psi

c/6, = 9,400/29,970

0.31 Acceptable
Lug Thickness - Shear stress

[Fv / 6s] / (2*Lshear)
= (21,151/13,320)/(2*2.0153) = 0.394"

/1t = 0.394/15 = 0.26 Acceptable
T = Fv / Ashear

= Fv/ (2*t*Lshear)

= 21,151/(2*1.5*2.0153) = 3,498 psi

t/6, = 3,498/13,320 = 026 Acceptable

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

o = 55'D,/d
= 551.5/1.5625
= 528°
Lenear (H- a2 - 0.5%d) + 0.5"D_*(1 - cos(9))

= (75-5-0.5"1.5625) + 0.5*1.5*(1 - cos(52.8))
= 20153"

Lug Plate Stress

Lug stress tensile + bending during lift:
O ratio = [Ften / (Aten*cl)] + [Mbend / (Zbend*cb)] =1

= [(Fu(m)*cos(o) ) / (t'L*o))] + [(6*abs(F (o) *sin(a)*Hght - F (o) “cos(a)*a) ) / (t*L?*6,,)] < 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 |bf

A

2*(0.707)*t,*(b, + d, +1)

weld
= 2%(0.707)*0.625*(5 + 4.875 + 1.5) = 10.0527 in?
T = Fai'cos(a) /Ay
= 21,151*c0s(0.0) / 10.0527 = 2,104 psi
Ty = Fuy'sin(e) / Agq

21,151*sin(0.0) / 10.0527 =0 psi

Torsional shear:

Weld areas

Ai = 0.707*tw"Li

A1 = 0.70770.625*4.875 =2.1541 in?

A2 = 0.70770.625%5 = 2.2094 in?

Aveldtorsion = = A =4.3635 in?

Weld centroid locations

X1 = Oll

Yy, = 2.4375"

Xy = 2.5"

y2 = Oll

Xpar = L (A%) /LA,

Yoar = Z(AY) I ZA,

Xbar = (2.1541*0 + 2.2094*2.5 )/ 4.3635 1 2658"
Ybar = (2.1541*2.4375 + 2.2094*0 )/ 4.3635 1.2033"
Radius to centroid locations

n = Sqr((xbar - Xi)2 + (Ybar - yi)2 )

r = sqgr{ (1.2658 - 0)2 +(1.2033 - 2.4375)2 ) = 1.7679"
r, = sgr( (1.2658 - 2.5)2 +(1.2033 - 0)2) = 1.7237"
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Radial distance from centroid to weld:

r = sgr{ AX2 + AY?)
= sqr( 3.73422 + 1.20332) =3.9233"

8, = arctan( AY / AX)

= arctan{ 1.2033/3.7342) =17.86°
Polar Moment of Area

. = 0.707*t,*(LJ3) / 12
0.707*0.625*(4.875%) / 12 = 4.2662 in
0.707+0.625*(5%) / 12 = 4.6029 in*

= 2T () + A Parallel axis theorem (weld on both sides of
I 101 |ug)
27[4.2662 +
_ 2.1541*(1.7679)2 + : _—
J = (4.6029 + = 44.33in
2.2094*(1.7237)?) ]

J

Jq
Jp
J

Secondary shear

T, = M*r/J
= [F(a)*cos(a)*(X - X, - F{a)™sin(a)*(Y - Yoarl * 7 /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

T oo = SAr( (T, + 1,°€08(8))2 + (T4 + 1,°sIN(8,))2 ) / Toyowapte < 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, ID,, 61.75"

Shell Allowable Stress, f i

Pad Allowable Stress, f, N/A

Design Factor, K, 1.2500
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Summary Values - EN13445

Force on Vessel, F, 17.076 Ibf
Maximum Allowable Load, Fp_ .. 12.200 Ibf
Load Acceptance Ratio, Fg / Fg.., [1.3997

Lug Design Unacceptable
Equivalent Inner Diameter

IDeq = cone inner diameter at center of lug

Deg = Deone / COS(at)

IDeq = 61.75/cos(0)

ID = 61.75"

eq

Applied Force

F

= = force on vessel at lug

F

Fare WIT - (I,7cos(a) + I3*sin(et)) / (1, *cos(at) + I,*cos(a) + I3*sin(e) )]
= 43,247%(1 - (70.6144*c0s(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

'y’ is the distance between this tailing lug and the center of

gravity

3" is the distance between the vessel centerline and this tailing

lug (

Lug factors

A = line load factor
A = b/ sqr(IDgye,)
= 5/sqr(61.75*0.75)
= 0735
\Z = ratio between local membrane stress and local bending stress
v, = min(0.08"4, 0.2)
= 0.059

global membrane
m stress

o = P'Dg/(2%,)
= 0%61.75/(2*0.75)
= 0.0000 psi

ratio between global membrane stress and
allowable stress

v, = o,/ (K
= 0/(1.2520,000)
= 0
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Kiy = 1/(1.2'sqr(1 + 0.06*A2))
= 1/(1.2*sqr(1 + 0.06%0.73472))

= 0.8202

K = 1/(0.6"sgr(1+0.03"A2))
= 1/(0.6*sgr(1 + 0.03*0.73472))

= 1.6533

Bending Limit Stress

Ko = (1-vA) /(13 +v,*v,) +8qr( (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 -
02)*0.05882 ) )

= 14885

oy, = KK

= 1.4885"1.2520,000
= 37,213 psi

Maximum Allowable Load

Farmax = 58,2/ (K,5*|cos(B)] + K,,"|a,"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" i,
t, » L,, | 4.875" .
Ly, | 2.625" L
t_f:
Base Ring Geometry |‘1|_2—a"kﬁb"|
Effective skirt length:
Rn,= (D;+1)"0.5
= (61.75 + 0.75)*0.5 = 31.25"
L, = Min(0.78"sqr(R*t,), 167t,)
= 0.78*sqr(31.25*0.75) = 3.7762"
Section Area:
A = t*L, = 07537762 = 2.8321in2
A= t,'L, = 1*(4.875+2625) = 7.5in?
Aga= Aj+A, = 28321+75 = 10.3321 in2
Centroid, C:
h,= Ly, +05 = 4.875+05'0.75 = 5.25"
hy= 05%(L,, +Ly) = 0.5*(4.875 + 2.625) = 3.75"
C= ((Ahy) + (A"hy) ) / Agga
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= ((2.832175.25) + (7.5"3.75) ) / 10.3321 = 4.1612"
Moment of Inertia, I:
ly= (L3 /12 + A*(h, - C)2
(8.7762"0.75%) / 12 + 2.8321*(5.25 -

- — in4
= 2.1612)2 = 3.
= 4 (Ly, + Lop)®/ 12 + A*(h, - )2
_ 1%(4.875+262503/12+75*(3.75-  _ 36.4
T 4.1612)2 ~ in?
Iring = I1 + I2
= 3.4904 + 36.4242 = 39.9in*

Section Modulus, Z:
Z= rlng/C = 39.9146/4.1612 = 9.592in3

Base Ring Loads without stiffener beam

Base Ring Load
W = W=F

r

i = 21,151 Ibf
Base Ring Loading
Reference: Roark's Formulas for Stress & Strain - 6" Edition. Table 17, Case 20

For thin ring sections k, = k, = 1

Change in vertical diameter, D,

(-W)*R¥*(*k, /8 - k2 /) / (E* I)

Internal Moment, M, = W*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, = -21,151732.3388%(n*1 /8 - 12/m) / (29,000,000*39.9146) = -0.046"

Mar = 21,151*32.3388*(1 - 0.5) / (2"x) = 54430.4090 Ibf-in
Nar = 0.75"21,151 /= = 5,049 Ibf

Load Equations

LTy, = W*R*(1 - cos(x) - 0.5*x*sin(x)) /
LTy = -W*(x*sin(x)) / (2*n)

LT, = W*(sin(x) - x*cos(x)) / (2*r)

M = M,-N"R*(1 - cos(x)) + V,*R*sin(x) + LT,
N = Np*cos(x) + V,"sin(x) + LTy

V= -Np'sin(x) + V,*cos(x) + LT,

Load Table for Load W,

1176 Rev. 6 185/201



x[°] fLTy, [in-Ibf] {LT, [bf} LT, [Ibfl [MIin-Ibff |N [lbf] 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 |4672346 |-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 (9315.27 [13500.46 |-8779.31 16790.58
0 435443.27 |-0.00 10575.41 |163291.23 |-5049.38 | 10575.41
(0 ° at lug)

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'F, = 14,400 psi

Base Ring Stresses

Maximum combined stress occurs at 0.00

degrees

f, = N/A = -5049/10.3321 = -489 psi

f = M/Z = 163,291/9.5922 = 17,023 psi
f,/F,+f,/Fy, =074 Acceptable
Maximum shear stress occurs at 0.00 degrees

fg = V/A = 10,575/10.3321 = 1,024 psi

f,/ Fyg = 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 material: 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 0.375in
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
Requlred t
Load | andiion oty ) |otares | mase | oS
(in2) (In) (psi)
Wind | operating, corroded | 27,784.9 | 40,890.5 0] 0.365 41.3
Wind operating, new 28,0201 41,806.6 Q10.3682 42.02
Wind | empty, corroded 27,7849 27,793 01]0.3249 32.72
Wwind empty, new 28,020 | 28,831.4 010.3288 33.52
Wind | vacuum, corroded | 27,784.9 | 40,890.5 01 0.365 41.3
Seismic | operating, corroded | 187,179.7 | 40,890.5( 0.5642 1 0.9511| 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 | 0.422]0.8056| 201.17
Seismic empty, new 140,660.2|28,831.4(0.4358]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-D2) /4 - N*pi*d,2/ 4
= *(732 - 582) / 4 - 8*n*1.6252 / 4
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=1,526.7159 in2

lo=7*(D,%-D? /64

= t*(73% - 58%) / 64

= 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 (operating, corroded + Wind)
From Brownell & Young, Table 10.3:,1/b = 0.2201

M, = 0.0052*41722.14992 = 104.3 Ib,

M, = -0.4525*4174.8752 = -444.1 b,

= (6" Mgy / S0
( *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", =0.929*0 = 0 Ib,

= (391°F /(S,"(2'b / waw / (2°1)d,*(2/ w1/ (2°1)))))05
(3 91*0/(36,000%(2"4.875 / 4+4 / (2*2.625)-1.625"(2 / 4+1/ (2'2.625)))))°*

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*04.875/ (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 (operating, new + Wind)

P=-W/N +48*M/(N*BC)

-41,806.61 /8 + 48 * 28,020 / (8°68.5)
-2,771.52 Ib

The anchor bolts are satisfactory (no net uplift on anchor bolt)
Foundation bearing stress (operating, new + Wind)
A, =pi*(D,2-D?) /4 -N*pi*d2/ 4

=7"(732-582) /4 - 8*n*1.6252/ 4
= 1,526.7159 in2
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I =n*(D,* - Df)/ 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 + 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 I,

t

r

= (6"Mp,, / S,)0%
(6*451.84 / 20,000)05
0.3682 in

The base plate thickness is satisfactory.
Base plate bolt load (Jawad & Farr eq. 12.13, operating, new + Wind)
Bolt load = A *f, =0.929"0 = 0 Ib,

t=(3.91*F/ (S,"(2b / w+w / (271)-d,*(2 / w+1 / (2*1))))e-2
(3.91*0/(36,000%(2*4.875 / 4+4 / (2*2.625)-1.625*(2 / 4+1 / (2*2.625)))))°5
Oin

nn<

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%2*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*d2/4

n*(732-58%) / 4 - 8*1*1.6252 / 4
1,526.7159 in?
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l,=n"(D,*-D#) /64

=n*(73%-58%) /64

= 838,498.2 in*

fo=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*3322.14992 = 82.7 Ib;

M, = -0.4525*33*4.8752 = -351.8 Ib;

t = (6"M ./ Sp)°-5

= (6*351.82/20,000)%5

=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;

—

(8.91*F / (Sy*(2*b I w+w [ (2*1)-d*(2 / w+1 / (2*1)))))03
(3.91*0/ (36,000%(2*4.875 / 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*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

=7*(732-58?%) /4 - 8*1*1.6252/ 4

=1,526.7159 in?

|_=7*(D,*- D% / 64

c
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= 7*(734 - 58%) / 64
= 838,498.2 in*

f, = 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 b,

My =-0.4525"34"4.8752 = -360.5 Ib;

t = (6"M,, / S,)°5

= (6*360.45 / 20,000)°5

=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,

3.91°F /(S,"(2'b / w+w / (271)-d,*(2 / w+1 / (271)))))02
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 (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"(D2-D?)/4-Npi*d,2/ 4

=n*(732-58%) /4 -8"1*1.6252/4
=1,526.7159in?

=7 (D,*- DY)/ 64
=m*(734 - 584) / 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*4174.8752 = -444.1 Ib,

t = (6"Mpa, / Sp)°5

(6*444.07 / 20,000)05
0.365in

The base plate thickness is 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)-dy (2 / w1 / (271)))))05

= (
(3.91*0/ (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*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 (operating, corroded + Seismic)

P=-W/N +48*M/(N*BC)

=-40,890.52/8 + 48 * 187,179.7/ (8768.5)

= 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, 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"5qr(3,000) = 3,122,019 psi
n = EJE, = 29.0E+06 / 3,122,019 = 9.2889
t, = (N*A,) / (w*d)

= (80.929) / (n*65.5)
=0.0361in

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, +Ly)/ (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

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,

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+f/(n*))

=1/(1+ 6,989/ (9.2889*280))

=0.271492

Base plate required thickness (operating, corroded + Seismic)
From Brownell & Young, Table 10.3:, 1/ b = 0.2201

M, = 0.00527280%22.14992 = 708.5 Ib,

M, = -0.4525*280"4.875 = -3,015.3 Iy

t=(6"Mp,, / S,)°5

T
= (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_*f, =0.929*6,989 = 6,493.17 Ib,

t=(3.91°F /(S,*(2"0 / waw / (241)-d.*(2 / w+1 / (21)))))05

< (3.91°6,493.17 / (36,000°(2°4.875 | 4+4 / (2*2.625)-1.625%(2 / 4+1 / (2°2.625)))))°5

=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)

=11,5635.62 Ib,

Required area per bolt = P/ S, = 0.5768 in?

The area provided (0.929 in2) 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, 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

(N*A,) / (w*d)

( *0.929) / (n*65.5)
0.0361 in

g

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, + L)) / (L, + L,)

=(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

fo=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

G, =T + (1 + VAccel)*W + Bolt Preload

=21,164.02 + (1 + 1)*41,806.61 + 0

=104,777.23 Ib;

Foundation bearing stress

fo=Co 7 (((t; - 1) + n*1)*(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=171 +f,/(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*287722.14992 = 724.3 |b,

M, = -0.4525%287"4.8752 = -3,082.7 Ib,

r=(6M 05 /
< (6°3,082. 67 /p 20,000)° (
=0.9617 in

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=(3.91"F /(S (2" / w+w / (2*1)-d,*(2 / w+1/ (271)))))°2

=(3.9176,637.79 / (36,000*(2"4.875 / 4+4 / (2*2.625)-1.625*(2 / 4+1 / (2*2.625)))))0>
= 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*0.75%*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 Ip,

Required area per bolt = P / S, = 0.422 in?

The area provided (0.929 in2) 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, S: 36,000 psi

E, = 57,000*Sqr(3,000) = 3,122,019 psi
n = E/E, = 29.0E+06 /3,122,019 = 9.2889
(N*A,) / (n*d)

(8*0.929) / (n*65.5)
.0361 in

tS
From table 12.4 for k = 0.258551:

K, = 25324, K,=1.3942
L, = 15.8189, L, = 37.6005, L, = 13.4328

Total tensile force on bolting

T=(12"M-W*(L, + L))/ (L, + L)

(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

=T/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

fo=C,/ (((t, - t) + Mt )*(d/ 2)*K,)

C

S
=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 +1fg/(n*f.)

’
/(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"2014.8752 = -2,163.2 I,

t

(6 Mmax/S)

(6*2,163. 18/20 000)0:5
0.8056 in

T

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 Ib,

t= (3.91°F /(S,*(2*b / w+w / (2°1)-d,"(2 / w1 / (211)))))05

= (3.91%4,978.26 / (36,000*(2*4.875 / 4+4 / (2*2.625)-1.625%(2 / 4+1 / (2*2.625)))))°5

=0.5102in

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S, = 1.5"F"b/ (gussets™nt,2*h)

=1.5"4,978.26*4.875 / (2*n*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+06 psi

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

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

(8*0.929) / (n*65.5)
0.0361 in

S
From table 12.4 for k = 0.259119:
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K,=25312, K,=1.3958
Ly =
L, =157817, L,=87.5733, 37,

Total tensile force on bolting

(12*140,660.2 - 28,831.35 *(15.7817 + 13.462)) / (37.5733 + 13.462)
16,552.95 Ib;

T=(12"M-W*(L, + L)) / (L, + Ly)
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, - t) + 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.
k=1/(1+f,/(n*))

=1/(1 + 5,529 / (9.2889*208))
=0.259119

Base plate required thickness (empty, new + Seismic)
From Brownell & Young, Table 10.3:,1/b = 0.2201

M, = 0.0052*208*22.14992 = 526 Ib,

My =-0.4525%208*4.875% = -2,238.4 Ib;

t = (6"M, / S,)°°

= (6*2,238.41/ 20,000)°5

=0.81851in

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)-dy"(2 / w+1/ (2*1)))))05

(3.91%5,136.17 / (36,000*(2*4.875 / 4+4 / (2*2.625)-1.625*(2 / 4+1 / (2+2.625)))))0%
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*5,136.17*4.875 / (2*1*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 in2?) 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, 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*A,) / (r*d)

= (870.929) / (n*65.5)

=0.0361 in

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

= (12°M - W (L, + L)) / (L, + Ly)
(127187,179.7 - 40,890.52 *(14.9706 + 14.0992)) / (36.9789 + 14.0992)
20,703.19 Ib,

T
Tensile stress in bolts use the larger of f, or bolt preload = 0 psi
f,=T/(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

f.=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 satistactory.
/(1 +1,/(n*t))

:
/(1 + 6,989 / (9.2889*280))
271492

k=
=1
=0.
Base plate required thickness (vacuum, corroded + Seismic)

From Browneli & 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;

t = (6"M,,,/S)%°

= (6*3, 015 29 20,000)05

=0.95111in

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

(B.91F /(S,"(2"D / ww / (270" (2 / w1 / (")

=r (3.91%6,493.17 / (36,000%(2*4.875 / 4+4 [ (2*2.625)-1.625"(2/ 4+1 / (2*2.625)))))°5

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)
=1.56,493.17*4.875 / (2*1*0.752*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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