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CUSTOMER : ULTRAFAB INDUSTRIES LTD.,

WO. NO. :1173PQ

A.W.C. SERIALNO. :7472
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9)

: 48" O.D. VERTICAL INLET SEPARATOR TAG # 772-VESE-101
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REPORT
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WELD MAP
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10) DESIGN CALCULATIONS AND AS BUILT DWGS C/W ABS APPROVED DWGS



ALITYND - - 139X3 - - 3ONVITdWOD 40O F1YIIILHIAD

/8€€-662(9Ly) . Xvd  LLEE-66Z (9Ly) 3L Ly ALW " 1LNO 'HONOYOgHVYIS " IAY JHOWSSVYd 6Y
ALIMYND 40 NOILLIQVHL v

0261 8ouns sissubuz

Q3ILIWIT ANYAdWOD

aiam-1iv

439V JONVHNSSY ALITYND
130 'AJTLIN3E D 14380y

ELOZ 20 ACN

31va | JUNLYNOIS

vaN3aaviLoz NOLLId3 010z (e)zl -MN L A 'ITIA O3S 'S3A0D NSV

40 SAYVANY LS ANV S3A0D IH I ANV OV INO 40 ATIHOHINY A134VYS (INV
SQYVANYLS TVDINHOIAL IHL 40 13A3T 10HLINOD ALITYND 3HL SA330X3 ANV S3INdNOD

LOL-3SIN-CLL OVL HOLVHVYH3S L3TINI TVOILE3A 0 O .8Y JNTLE
clvl ‘S.ON TVIY3S

Odelll ‘ON'O'M oMV

a1 S3IHLSNANI gv4vdLin ‘™3INOLSNO

SV @J4ILNIAI STISSIA HNOA LVHL IHVYTO3A QINODISHIANN IHL |

JONVITdINOD 40 31VII411d430




NP TTemsremasc — s wrrrr cer erriingree weleeTiimwr) W IINSIWSNWIY WTLpe WU T SUIM T UM IWWIUW Y UOOUIS Iy

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

1 Manutactured and certified by ALL-WELD COMPANY LIMITED., 49 PASSMORE AVE., SCARBOROUGH, ONT. M1V 4T1 CA!’JAD& -
(Name and address of Manulacturer) )
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
(Name and address)
4. Type VERTICAL 7472 Mt0t35.5 1173-1-INREV. 5 9ts 2013
{Huarizontal or vertical |Manutacturer's serdal (CAN) \Orawing number) \Nationai Board Yaar built)
tank) number) number)
5.  The chemical and physical propertles of all parts meet the requirements of material specifications of the ASME BOILER AND PRESSURE VESSEL
CODE. The design, construction, and workmanship conform to ASME Rules, Section VIII, Division 1. 2010
Year
to 2011a N/A LETHAL UW-2(a)
|Addenda, if applicable (date)| (Code Case numbers) {Special service per UG-120(d))
6. Shell: SA240-316 t.75" 0 3'-8.5" 8-0"
[Material spec. numbar. grade) [Nomnal thickness) (Corr allow ) (Inner diameter| |Length (overall) |
7. Seams: TYPE 1 FULL 100% N/A N/A TYPE 1 FULL 100% 1
|Long (weided, dbl , sngl, lap [R T (spot or ful)] EH %) (HTtemp} (Time, hr) [Girth (welded, dbl, [R T (spot (Etf % [No ot courses)
buttil snal lap buttil  or fulh) \
8. Heads: (a) Material SA 240 316 (b) Material SA 240 316
|Spec. no, grade) (Spec. no . grade)
Location (Top. Minimum Corrasion Crown Knuckle Elliptical Conical Hemispherical Flat Side to Prassure
Bottom, Ends} Thickness Allowance Radius Radius Ratio Apex Angle Radius Diameter {Convex or Concave)
(a) TOP 1.71" 0" N/A N/A 2:1 N/A N/A N/A CONCAVE
(b) BOTTOM 1.71° 0" N/A N/A 2:1 N/A N/A N/A CONCAVE
If removable, bolts used (describe other fastenings) N/A
|Material spec. number, grade. size, numbaer)
9. MAWP 1378 PSI t5 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
t0.  Nozzles, inspection and safety valve openings:
(Inlet Pg:::]zteo,ain No, |Diameter Type Material Nominal Thickness Roorcement Attachment Details Location
' etc‘)' | orsize Nozzle Flange Nom. Corr. Material Nozzie Flange (Insp. Open.)
VENT (N14) 1 2"10 CLIVg(:lO SA182 F316 | SA1B2F316 1.06" 0" N/A UW-16.1 (e) N/A N/A
(GN’S OUTLET [ 4 [&ip CL"',?&O SA182F316 | SA182F316 | 1.875° Wy NnA | uw-16.1 () N/A N/A
(L;S;JID OUTLETI | [2p CL'\z?f SA182F316 | SA182F316 | 1.06° o NA | UW-16.1 (e) N/A N/A
LEVEL BRIDLE - CI.900
1 "D 182 F316 | SA182F316 1.06" 0" N/A UW-16.1 N/A
(N8B) 2 twn_ | SA © NA
t1.  Supports: Skirt YES Lugs N/A Legs N/A Other N/A Attached =~ BOTTOM HEAD & WELDED
(Yes orno) (Number) {Number) {Descnbe) (Where and how)

12. Remarks: Manufacturer's Partial Data Reports property identified and signed by Commissioned Inspectors have been fumished for the following items

of the report: N/A
(1) SHOP TEST PERFORMED IN THE VERTICAL POSITION (2) IMPACT TESTED EXEMPTED PER UHA-51 (3) SEE ATTACHED U-4 FORM
(Name of part, tem number, Mar 's name and identifying stamp)

CERTIFICATE OF SHOP/FIELD COMPLIANCE

We certify that the statements made in this report are correct and that ali 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 Authorizati
expires MAY 07, 2016

pate 7 ANOV 20 (> coname ALL-WELD COMPANY LIMITED. Signed

(Manufacturer) tive)
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 o ?,470 ‘% ,and state that,

to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel in accordance with ASME BOILER AND PRESSURE VESSEL CODE
Section VIII, Dwvision 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 Inspector nor his/her employer shall be liable in any manner for any personal injury

or property damage or a loss of any kind arising fromyor c(ﬁec_ted with this inspection.

DarbfORA O3 20l% _ signed = __——-______ Commissions N \%\OGA \ AT \‘13
(Authonized Inspector) [National Board (incl. endorsements), State , Province and number]
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| Manutactured and certified by ALL-WELD COMPANY LIMITED., 49 PASSMORE AVE., SCARBOROUGH, ONTARIO, M1V 4
{Name and address of Manufacturer)
2. Manufactured for ULTRA FAB INDUSTRIES LTD., 261088 WAGON WHEEL CRES., ROCKY VIEW, ALBERTA, T4A 0E2 CANADA
(Name and address of Purchaser)
3.  Location of instailation OFF THE COAST OF ANGOLA
(Name and address)
4. Type VERTICAL TANK 7472
(Horizontal, vertical. or sphere) (Tank, separator, heat exch, etc.) (Manutfacturer's serial number)
M10135.5 1173-1-INREV. 5 915 2013
(CRN) {Drawing number) (National Board number) (Year built)
DATA REPORT ITEM
NUMBER REMARKS
ITEM10:
Purpose Diameter of Material inal T Altachment Details Location
(inle1, Outlet, Drain etc.) No Size Type Nozzle Flange Nom. Corr. Matarial Nozzie Flange { Insp. Open )
TEMPERATURE " Cl.900 | SA182 SA182 " "
INDICATOR (N6) 1]2"ID LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A
" Cl1.900 SA182 SA182 " u
P1 (N5) 1]12"ID LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A
" Cl1.900 SA182 SA182 " "
PURGE(N12) | 1 | 2D LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A
LEVEL
BRIDALSAFE | 1 | 221D [ (1200 e SN2 | t0er | o | A |uwasie) | Na N/A
TY)(N9A)
MANWAY C/W
BLIND 1 |24 1D (\:/'é??g Sgﬁf 3%11%2 5.5" 0" N/A | UW.16 1(e) N/A SHELL
ELANGFE
PDI LOW " Cl1.900 SA182 SA182 " R
(N7B) 1] 2"ID LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A
LEVEL
BRIDAL(PROC|{ 1 | 2" ID CL'\',?,?\IO sg&z sg&z 1.06" 0" N/A | UW.16 1(e) N/A N/A
ESS)(NBA)
PD! (HIGH) " Cl1.900 SA182 SA182 " "
(N7A) 1]2'ID LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A
LEVEL BRIDLE
(SAFETY)Low| 1 | 2+ip [C1S00| SA182 | SAIB2 | o6 | o0 | NnA | UW.AE1E) | NA N/A
LWN F316 F316
(N9B)
LEVEL GAUGE " CI.900 SA182 SA182 " "
HIGH (N10A) 1}2"ID LWN F316 F316 1.06 0 N/A | UW.16 1(e) N/A N/A
" CI.800 SA182 SA182 & "
INLET (N1) 1]8ID LWN F316 F316 1.875 0 N/A UW.16 1(e) N/A N/A
" CI.800 SA182 SA182 0 "
SPARE (N11) | 1 [ 21D | \on Fa16 Fare 1.06 0 N/A | UW.16 1(e) N/A N/A
LEVEL GAUGE " CI.900 SA182 SA182 u "
LOW (N10B) 1]12"ID LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A
" Cl1.900 SA182 SA182 " "
PSV (N4) 120 [ Viwn E316 216 1.06 0 N/A | UW.16 1(e) N/A N/A
INSP. C/W
BUND | 1|8 (:Lli/?/?uo 5%11%2 sgéz 1875 | o | na | uwas1e) | WA | sHEWL
FLANGE (N15)
BOTTOM NPS | Cl.900 | SA312 TP SA182 u " UW.16.1
prainN13) | T 2 | wn | 316 Fate | 034" | O | NA L UWAB1(e) | ) WA
Certificate of Authorization:  Type: U No.: 21226 Expires MAY 07,2016 A/l
7
Date: 7 Nov 2o /> . ALL-WELD COMPANY LIMITED Signed M
t@_ (Manufacturer) (Representl
pate NONOt.20 k; Name = Commission N% \’S k%‘\ C/T\) [

(Authorized Inspector) (National Baard {incl. ), State, P , and number)



ALL-WELD CO. LTD.

TRAVELLER

(SUMMARY REPORT) Pg. 1 of 2

ad ya C L
DATE WORK ORDER CUSTOMER PO REVIEWED BYAl P
2013-02-06 [1173F QR l 2 DATE 2013-02-06[SIGN pr=te, OF . 12
ZRIAL NO. CRN. NATIONAL BOARD NO.
7472 . MiCI38..8
CUSTOMER ULTIMATE OWNER
ULTRAFAB
FOR DRAWINGS & DOCUMENTS/REV./DATE ISSUED TO Q.C.| ASME CODE 2010
SEE Q.C. DOCUMENT CONTROL FORM SECTION VI DIV 1
VESSEL TYPE/JOB ADD 2011
DESCRIPTION H=HOLD R =REVIEW
60 " ID VERTICAL AWL £ T"SEPERATOR
OPERATIONS, INSPECTIONS H H H
& TEST POINTS R AWC QC R CUSTOMER |R Al
N . o
REVIEW APPVD DRWGS, CALCS, H fef “\ D‘\\ S £ é- Pl =
REVIEW TRAVELLER AND REVIEW INSPECTION AND TEST A 1
PLAN H / /0} % B M.
REVIEW MATERIAL LIST H /0} / B (- %mu‘l’s AN
i\l
REVEEW WPS,PQR SAw-3-2,3-%5 -4 |y 9*}[”7//" | icu .03
2~ > (- Q%
INCOMING MATERIAL INSPECTION REPORT H A-\;,g)o7 I 1'% E- Foue 2 \¢
CHECK ROUNDNESS OF VESSEL H [y
FIT-UP INSPECTION H [?I “)1 /9
HLA
AGPARFGHE / LIQUID PEN TEST H )
APPROVAL OF RADIOGRAPH MAP BY Al 7 H ‘5/0} /1 % P ,%m&i&‘- 5
' {
RADIOGRAPHIC TESTS - FULL H /7/50 /l; v -3
ULTRASONIC TEST H 12 /10/ o
HARDNESS TESTS H ( 7’/ L‘/ (%
\
REVIEW WELDERS QUALIFICATION H 2«‘///0 / /3 B
WELD MAP REPORT H ’D//[n //1) L }é%x(zu A5
FINAL INTERNAL INSPECTION H 0)2[/(0/( %. H %Oq*'lt 12
POST WELD HEAT TREATMENT N/A
FINAL (ALL NCR'S HAVE BEEN CLEARED) H to, 2 >étDCF B
FINAL COMPLETED VESSEL INSPECTION H %}ﬂ?j /[ 0/ [ *\ éociz)\ \3
J
FINAL HYDROSTATIC TEST H \U ) ﬁf /I c/[ﬁ H ectel . 3
FINAL HYDROSTATIC TEST JACKET N/A
FINAL HYDROSTATIC TEST TUBE SIDE NA L ‘
-
APPLICATION OF CODE STAMP + ATTACH NAMEPLATE H Z"I// §v / [ % H %cu‘ riy, \3
I N »
DATA REPORT SIGN OFF H %/ [U/ (% H or M AR
1 17
5LASS BEAD BLASTING NA L
DATA PACKAGE SENT TO CUSTOMER H (4’0 i I { L// 5
w—r

ANN -EXEL - QA-TRAVELLER



ALL-WELD CO. LTD.

TRAVELLER

(SUMMARY REPORT) Pg. 2 of 2

|DATE WORK ORDER

2013-02-06 [1173PQ

SERIAL NO.

7472

REVIEW

DATE

1

2013-02-06

BY A.I-r\;/ “

SIGNFERO, T3

REMARKS:

NCp L -6\a ~ O\CC.(i‘E\»cal e S, wm%ﬁ;




ALL-WELD HYDROSTATIC TEST REPORT

[JOB NUMBER DATE
1173PQ OCTOBER 24 , 2013
_ [cusTOMER SERIAL NO.
~ |ULTRA FAB INDUSTRIES LTD 7472
VESSEL DESCRIPTION
48" OD VERTICAL OUTLET SEPARATOR TAG # 772-VESSE-101

~ [TEST PRESSURE VESSEL TUBE JACKET
1792 PSIG
- - [TEST METAL HOLDING TIME
- |[TEMPERATURE 50 F 1 HOUR MIN.
. |GAUGE # LAST CALI. DATE GAUGE # LAST CALI. DATE
122 & 123 12-Jun-13
- |REMARKS

~|1) HYDROSTATIC TESTING SHALL BE PERFORMED IN ACCORDANCE WITH
PARA UG-99 OF THE ASME CODE SECTION VIil, 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.

 |cCOMMENTS: ACCEPTED

Z {/dZ//Zo{l
, P /|
Q.A. SIGNATURE, 7 ; MIKE KANYAB rJ_l/'
v REVIEW D [
. ' WITNESSED [
DATE: OCTOBER 24, 2013 Fosulles oivE \0/24/13

- "4“‘"" LA PTY 5 B _.;_“

-1drs!nl:T=l§E& 5131“‘1 c,‘i—b”ﬂt‘?

Priot Name: émﬁ\ffz&h Spy Applus®

Signature: - VELOS!
Date: ﬂu 251001% 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-750PS! |B 1125 PSI|C 1500 PSI|D 2250 PSI REMARKS
12/12/2012] 12/6/2013}750 PSI 1125 PSI {1500 PSI 2250 PSI ACCSM 12/12/12
11/(]06/'/3 /v[/nfll y3 | 150 7l [ Pst | icwo Bl v ) fce. sSM_ '3 r/oe(//v




ALL-WELD COMPANY LTD.
CALIBRATION RECORD

ITEM IDENTIFICATION _ |NOMENCLATURE INSP. FREQ.
NUMBER PRESSURE GAUGE - PRODUCTION 1/6 MONTHS
TYPE TOLERANCE
0-3000 PSIG +0%,-5% (DEC. 2001)
MANUFACTURER STANDARD
123 WINTER'S MASTER GAUGE
VENDOR INSP. SOURCE
ALL-WELD Q.A. DEPT
INSPECTION TECHNIQUE VERIFIED TO MASTER GAUGE #45S
PERMISSIBLE RANGE 700 TO 2000 PSI
CALL DATE |DUE DATE |A-750 PSt |B 1125 PSI|C 1500 PSI|D 2250 PSI REMARKS
12/12/2012| 12/6/2013{750 PSI 1125 PSI |1500 PSI |2250 PSI ACCSM 12/12/12
117/061/’5 (v{/nf U3 1250 PS) (N Psi| [ CooRs) 24D R) hce M ‘13,/06'/ N




’—h Winters Instroments Tol 416444 2345

NIN ERS 121 Railside Road Fax. 416-444-8979

Toronto, ON M3A 1B2 1-800-WINTERS

m Cenada www winlers com
Since

o ‘-

Were Hhere

\_ ~ CALIBRATION TEST CERTIFICATE

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

505 500

1001 1000

1498 1500

2000 2000

2497 2500

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

Register Your Certificate at www.winters.com/tc

/
Technician: ___/ 2 ecer= e="——e—<==  Approved: /)

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

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

JuL 073 2013

A GLOBAL MANUFACTURER OF INDUSTRIAL INSTRUMENTATION



materials testing limited

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

Tel: (905) 812-3868 Fax: (905) 812-38668
www.cambridgematerials.com

SO 17028 Accredited”

Report For: All-Weld Company Limited
49 Passmore Avenue,
SCARBORQUGH, Ontario
M1V 4T1
Phone: 416-299-3311
Fax:  416-299-3387
Email: mail@aliweld.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 (SO4*) 27.7
Thia report is SUDHEL 15 e FoRowing bs and conaiions: 1, This repcrt ratatas orly © (he specimen provided Page 1 of 1
ond fwre 's No represantation or warranty it & spplies 1o simiar substances or maleriald o e buk of which Te ag
mhamzmmdhmihnmauwm&ﬂ e
oo ey 108 L' gt 3 T T Carte s Tcing Uk st Cambyidge Materials Testing Limited
f&mmammﬁfr'm Limied, 4 rfmmmmw é
nor any of %9 empicyass be mspontidia of heid lets for any claims, loss or damages areing in
mdmmmqummwmﬁnhnmuumm Per éf'—\/ﬂ—'
5. Specimens &re retained 8 monthe, teetl re0ns 8nd 1AL GBI 10 relaiNed 7 yoars rom date of inal tast report QMUTYAS—m

ond e clapcasd of. unioss inslucted athansisa b witthg.

= Cambridge Materisls Testing Limited is accredited for tests xted on the scope of socrecitaion available for
feview 8t www.cimbridgematoriall.com.
Tast Report Tempiate Revision March 2010

Per )



SHELL MAWP [
SHELL MAEWP (SN
. SHELL SOMT R
B s NNEL MAWPE

A




TCERTIFIED BY |

AL f-WELn

i SGOMPANY LIMITED
& SCAR’BQROUGH ONTARIO?
' ENGINEERS SENCE 1920

SHELL MAWP BEBELIEE kP2 ATm"C

B0 SHELL MAEWP i 1035 g AT BRI °C

j@ SHELL MDMT °C  ATEEECEITH kPa §
CHANNEL MAWP Hl Nm kPa ATEE

| JACKET MAWP BRI kPa AT °C 1

£ . '- ,kPa AT EEEETN°C |
NA Ke ATkPa_‘
SERIAL NO 7472 YEARBUILT e

s T i0asette . g
TAGH ?72~VESE 1m a0 R




4

COMPANY LIMITED
Enginecra $inoo 1820

49 Passmore Ave., Scarborough, ON M1V 4T1 o 416-286-3311 Faxx 416-280-3387 E-Mall: mall@eliweid.ca

1)

2)

3)

4)

5)

RADIOGRAPH REVIEW FORM

W.O0. NO. [ 73 PR
SERIAL NO. 1477 2

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

THE INFORMATION REQUIRED IN ASME SECTION V T-281 IS FOUND ON THE
WELDING INSPECTION REPORT MADE OUT BY KV INSPECTION SERVICES.

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

THE IDENTIFICATION OF THE MANUFACTURER'S REPRESENTATIVE WHO
PERFORMED THE FINAL ACCEPTANCE OF THE RADIOGRAPHS |8 IDENTIFIED

BY HIS STAMP FOUND ON THE WELDING INSPECTION REPORT MADE OUT

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

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

PREPARED BY: ROBERT C. BENTLEY pare;_0CT 10 2013
Q.A. MANAGER
HLH
CONTINENTAL PENN SERVICED ( € @ o @ L H - : See—
SRRSO OF MLNELD _nﬁ‘.ﬂ—:&'ﬁ."’-’.ﬂ?ﬁ FILTERS

Secinde, Mg Micked All=gs, Theabem, Absmem, Cogpem, Bovd - owey 169 WETY

A Tradition of Quality

oMiicn QF ML-WELD CoMPANY LMmTED



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

EDWIN DUITSCHAEVER

l * l Naturatl Resources Ressources naturelles
Canada Canada
Name Edwin Duitschaever
orty
Ree o 515
o matricube
Iswr fate 2011/11/28

irate d’emivaon

This card dors oot (4 By O ttted mdiviinal o 0r an raploree o

of Nt Commda ( overvemes of (snada.
{ ‘ene carte o Wensilie pon Miadtvids € #re W cmpley ¢ 4R an rYpr cantand de
Rewerers memmrrie { meds (o orpesen du § nads

- Correvlive iemses for (A | near | | far vision
Verres corvectifs poar s vision de |A | pres | | distancr
. .! Sigaature | € aren o
l * l Natural Resources Ressources naturelles
Canada Canada
. . ' T ke oAb B S18
Method Level Sectar Cert. Date Date recert Expires
Methode  Niveau Secteur ate cert Date recert. Expiration
MT 2 EMC 197806 20141231
PT 7 eMc 1380/07/01 20141231
RT ? BMc 19780671 201412701
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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: kvinspi1@aol.com
CHRIS VEENEMAN
l ‘ I Natural Resources Ressources naturelles
Canada Canada
:“"‘ Chnstopher Veeneman
k:v:-um 6651
Iwvasc r3te

2
e domedil 2011/02/14

omectve lorees fov [3] near [N} far vison
Verres correcufs pour 2 visan de | X| pres [X] detance
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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: kvinspl1@aol.com

FRANK MARUNDE

l * l Natural Resources Ressources naturelles
Canada Canada
Naene Frank Marunde
“wom
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KV INSPECTION SERVICES LTD

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

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

TODD CAMPBELL

I * I Natural Resources Ressources natutelles
Canada Canada
“ame Todd Campbell
~en
Reg o 11748
o Rl
tower st 20131/12/06
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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: kvinspl1@aol.com

SHERWIN SUYOM

| il Natural Resources Ressources naturelies
il o
= Canada Canada
Seame Sherwin Suyom
Arun
Hee N 15133
ozt iule
b fhair 2011/04/01
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KVInspection Services Ltd.

RT

Radlographlc Examlnatlon Report

( 1486 Wallace Road Specification — Acceptance Criteria
\ Oakville, Ontario L6L 2Y2
Phone: 905-844-9448 ASME-” UW-51 ~UW-52 B31.1 B31.3NS CSA  Other
Fax: 905-844-6697
B General D Data B _ |
' Customer e &AL 4, Lfof  Dae AtetC 120 3
1 Location SMaLWCK oﬁ 0. #
 Project Ma{-é j{;/m@ Shop Order# // 73 /D& _5'4) 7‘?'72_
' Procedure A) -{.‘_5‘:'.@[1/3 \ Worksheet # SE £ T .
Technician | A9 € Bored | CGSB Reg# /o2 7<~ | ASNTISNT-TC-1A Level
§ Technical Data Lo & |
Material Type Carbon Alloys « Isotope IR 192  Other ' Physical/Focal Size - /&S5
| Base Material Thickness / %/ « Exposure = Single Wall e~Double Wall  Film per Cassette /
| Weld Thickness J ,7‘/ View Single Wall «” Double Wall | PWHT Yes No =
Reinforcement / Number of Exposures ;—
| Film Mfg. M/}«k Minimum Source to Object Distance _?9(
Film Type -4 Maximum Distance from Source Slde of Object to Film '7/2 ~
UNIT No. SIZELOC | SLAG | LOP. | LOF. | CRACK | POROSITY | UC. | OTHERS | ACC | REJ
' | [ |
er-Z‘ o—/7" < | ! e — er
C /- | —
S A IS E— N i S
4 Z-3 | . - o N R Y 2 B
S- 3H3y) wull s |
: s N : A
s—é —
i - S EE— 7__———1
RS ) L SNER S I i —
T . ]
= — 1 ‘ i
I R + Wdaw‘ﬁk‘ oA |
. Mrntiepr seaerrr N LI
'_@,\/\M'—‘ VELOS!
(10 115 velosi Ampsca L2
Y T SR - 1
\
KV | tion Technici Dat Z :
nspection Technician | ate P 2/3
|
Customer Representative | Date M&R 1 59013
|




KVInspectlon Services Ltd.

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

Fax: 905-844-6697

Radi_ographic Examination Report

RT

Specification — Acceptance Criteria

@ UW-52 B31.1 B31.3NS CSA  Other

General Data

Customer A(J_, WEOD -

Date 0?2 Ayt 2013

Location S caftbotowGH

PO#

Project VF)ZSE .

ShopOrder#  [173p) SNT472

Procedure Kyes Revo3

Worksheet # 36 3—04

Technician L).MD ormace

CGSB Reg# 10395 ASNT/SNT-TC-1A Level

Material Type Carbon

Base Material Thickness

/
Technical Data _ 2, go '

Isotope IR 192 PhysicallFocal Size 1 188"

Exposure (Singlé Wal)  Double Wall ~ Film per Cassette [

|  Weld Thickness | 74 View CSingle Wall)  Double Wall ~ PWHT | Yes
Reinforcement lz i Number of Exposures /
Film Mfg. |Ca 1Y Minimum Source to Object Distance | /157
Film Type A Maximum Distance from Source Side of Object to Film 2 B
UNITNo. | sizEnoc | stAaG | Lo.p. | LOF. | cRACK | PorRosITY [ u.Cc. | OTHERS | ACC | REJ
l 1]
SN THIL | B 1] | |
LR | 3-Y 1
LR , — SN N el E—
| . I — ] o - |
|
R |
o . - B / |
— l-v BD - e >
S Ammmsvr;“‘)’%‘i’f M F ﬁ.%!cﬂfz
Pprint Names " VELOS!

p gw 5 LG

KAMYAS
N RREWED

IDQ

FOR:

KV Inspection Technician

Customer Representative

Date- Oﬁ W)e'B

Date APR 1§ 2013




KV Radic_)graphic Examinatio_n_Report
Inspection Services Ltd. RT

1486 Wallace Road
( Oakyville, Ontario L6L 2Y2

Phone: 905-844-94438 ASME — UW-51-" UW-52 B31.1 B313NS CSA  Other
Fax: 905-844-6697

Specification — Acceptance Criteria

General Data

Customer ﬁ é/fé.b ~ Dbate | 24;/%/7” r3

Location ;a/f;ézezwqﬁf — LU
Proje_ct__ B ' /ﬁ;‘:&_ P Shop Order # 7 '#//;gfg — ;Z;/.?L
_Procedure K/_AVA/ ¢5'/4-./a 1’_ Worksheet # Té/ /3 I
Technician w AL CGSB Reg#  4/Z&r | ASNTISNT-TC-1ALevel g 1'
Technical Data Co (&0 e
Material Type Carbon Alloys ~~ | Isotope IR 192 Other/f Physical/Focal Size . /f? |
Base Material Thickness // Exposure Single Wall &~ Double Wall ~ Film per Cassette I8 !
Weld Thickness View Single Walle~  Double Wall PWHT Yes No —
Reinforcement /’; “ +7 Number of Exposures _ | / _ .
Film Mfg. Ko K Minimum Source to Object Distance ‘ / (st s C
F||m Type T Y8 44-/ - Maximum Dlstance from Source Side of OErect to Film l 07
UNITNo. | SIZEALOC | SLAG ,| LOP. | LOF. | CRACK | POROSITY UC. | OTHERS | ACC | REJ

C o-/ B I —
T /-2 . o e
T A T =T
3 ¥ | e |
I B 5/’1{_ 7 ‘—__ B ) /
sy I — =
A Z _ | S . I )
| Z- L ) —
| £-7 — oot «]
i 7 - /D | msssso a gl
Y/ 3% T
/
- YCCEP TED/REVIEW F—°<’“E‘j:‘“swc,’ SH
ror and o tetalf oft == D <F\ HJA
- e Ao S
Signature: "/:hn ,
W 77(3\

5
\

KV Inspection Technician Swy.,RY, R GVE . Date /%/%5

» - ) ;
Customer Representative rsl iy B o?f Date SEP 2 64014




KV | Radiographic Examination Report
Inspection Services Ltd. RT

( 1486 Wallace Road Specification — Acceptance Criteria
Oakville, Ontario L6L 2Y2 —

Phone: 905-844-9448 CasMED @uw-sz B31.1 B31.3NS CSA  Other
Fax: 905-844-6697

~_ _General Data

Customer  fre. My __Date 07 Aper- i3
Location 5: W Bolle s H P.O.#
Project | VES’IE_(— - _ Shop Order # []73 [4<) - SN7472 _j
Procedure KU #S /Z!;‘, 03 Worksheet # 36 SHAf '
Technician | _ ] A€ Dorna co CGSB Reg# /0375 ASNT/SNT-TC-1A Level | _ﬁ|
» Technical Data Csgo |
Material Type Carbon Isotope IR 192 Physical/Focal Size /38"
Base Material Thickness I "4 " Exposure Double Wall  Film per Cassette [ '
Weld Thick %, " i Double Wall Y |
e. ickness | ? View @ ouble Wa PWHT es |
Reinforcement l/Z Number of Exposures / I
Film Mfg. KopA Minimum Source to Object Distance ‘ @Nd@"’/¢ |
Film Type ,4,4 Maximum Distance from Source Side of Object to Film | Z é_ “ _|
_ UNIT No. SIZE/LOC SLAG | LOP. | LOF. | CRACK | POROSITY | ucC. | OTHERS | AcC | REJ |
| :
SNHIZ | - | | I, — ]
(‘ 2 O— ‘f'/’ -5- . J; —|
L3 1 f S A S | A
- I -— Z - - - i ] . - ‘/
2-3 e B | - | =
3-4 | | | e
- 7I= e -
B 4-5 -l L SRees —
| 5-6 e~ Jr “
[ - *R-23/% B 7 -~
C 7 4 - N | =S el
7 - Y / B B /
s -9 |7y S<5 <
I-lo_piltt £ =T
. ot e 2 I R
O-0 |rer+ -l ora Sl
ACCEPTEDREVIEWED 0 (T ok a
for and on behall Off cowei=s AL
gk Akolus?
Prnt Name ) T T NELOS
_Signature: o TR o ameres BLC
ED Date __MW °

KV Inspection Technician

07 e i3

Date APR 17 2013

Customer Representative




KVInspectlon Services Ltd.

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

UW-52 B31.1 B31.3NS CSA Other

Radlographlc Examlnatlon Report
RT

Specification — Acceptance Criteria

General Data

cusomer [/ Clesen Date 17 Apee Zo(3

Location | <J . aARcrecves P.O.# R
Project |\ Jgos,c0 ShopOrder#  [)I3PQR SN 7472
Procedure K S Peuo> Worksheet# = 3 G6F5 3 . |
Technician ). Mﬁ‘@o ~ALD CGSB Reg# (0375 | ASNT/SNT-TC-1ALevel (

Technical Data

Co 6O

Material Type Carbon @ Isotope Physical/Focal Size /85 "
1
Base Material Thickness [4 ! Exposure Double Wall ' Film per Cassette { !
Weld Thickness [ %" View Double Wall |~ PWHT Yes |
Reinforcement '/q v Number of Exposures |
_Film Mfg. EaDAK Minimum Source to Object Distance Pmom,‘_ |
Fllm Type MaX|mum Distance from Source Side of Object to Film 2 “ _ 4
UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY uU.C. | OTHERS : ACC REJ |
SN ™HIZ . |
|
. — i . o
L | O-1 ¥i>s7 ‘;W"" Y4 “
by 4
4-5 I — N |
G~7] - ) 7 |
5-9 o — .
[(0-O b — '~
[ACCEFTEDREVIEWEDRRLRRSED. o 11 T
WMM L A
Syl SabY D
int Name: .__E‘J: ’S?LJ V‘US
Signature: 2
W—:@ﬁ%’—fc/\l | - Velod Amesica L1
; =
il
TTNE!
FOR:

KV Inspection Technician

Customer Representative

Date

7 ,(60,4,4,, o 3

APR 7.3 7013

| Date




KVInspectlon Services Ltd. |

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

RT

Radlographlc Examlnatlon Report

Specification — Acceptance Criteria

52

B QWD uw-

B31.1

B31.3NS

CSA

Other

_ Fax: 905-844-6697
L General Data |
Customer gy 4y Loty 1&3 I
Location ScorSonevis P.O. # '
Project UsATILAL SSPrnmpn ShopOrder# )/ 73/ Q- 7972 _
Procedure Y 4 ( Worksheet #
Technician & %2 : CGSB Reg# 46451 ASNT/SNT-TC-1A Level  J/
) Technical Data (5 éo N
Material Type Carbon Isotope  IR192 (Othed PhysicallFocal Size )2
Base Material Thickness /% 2 Exposure Double Wall ~ Film per Cassette / |
Weld Thickness . View | (Singe Wall ) Double Wall = PWHT Yes !
Reinforcement L %, ~ Number of Exposures ] |
FiIm Mfg. ‘d 3 4K Minimum Source to Object Distance ﬂm vC (4/ ”'J |
F|Im Type d"A' Maximum Distance from Source Side of Object to Film | ,Z. " '
__UNITNo. | SIZE/LOC SLAG | LO.P. | LOF. | CRACK | POROSITY u.c. OTHERS | ACC | REJ
! 1 i I |
: |
| | | e
r . ] T " —r o -
AR e-) a-5h - S ) v
( | +
! - |
| wiTNESSED |
Ir peeo— p=—t—— I — - T FOoR— - B
= ] __1> . N — W [ —
N = S S . WED/RELEASED id
_' for and onbchalfgf: tﬂ"\j“ OF’\‘L}H‘J’ -
} Print Name: AR VZSHI SPIT us®
L S E— — BT T — CHAR e e
I . pus D viiromaric

KV Inspection Technician

Customer Representative

Date

Date

7 Af
MAY 137013




KVInspectlon Services Ltd.

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

Radi_ographic E;(aminatihb;r__Report
RT

|
| Specification — Acceptance Criteria

|
UW-52 B311 B31.3NS CSA  Other |

~General Data & |

Customer  As¢ wEw) Date 23 Juen Doy |
Location | L pegppoutet . PO# N .
Project | [/ggsee _ | ShopOrder#  /;73p@) - 7472 _
_P_rﬁedure_ 1 /2 l/ 0‘5 ) gu 63 _l V!o_rksheet# | 373q5
Technician | ). M4 Vgnaeo | CGSB Reg# (0375 ASNT/SNT-TC-1A Level /
‘ Technical Data Coto
Material Type Carbon Isotope (R 192 PhysicallFocal Size o /ﬁ?
Base Material Thickness / ;'7 v Exposure Double Wall  Film per Cassette .
Weld Thickness y View Sln le W Double Wali PWHT Y
Reinforcement < 7 ’ Number of Exposures (
Film Mfg. [CorRi Minimum Source to Object Distance ] EﬂNQ(Z.HM/C
_Fllm Type )44 Maximum Distance from Source Side of Object to Film Z i
UNITNo. | SIZELOC | SLAG | LOP. | LOF. | CRACK | POROSITY UC. | OTHERS | ACC | REJ
I :
l
== ik i ]_ -_— 1___ 4
o
_C(O . _&-1 ..l_ | I S |
- < Jl_ S S N R .
SN ST - = . .
' |
_!_ —— T —
. | |
—e e o
o N R S I | — | i e IKE KAMYAB
| WITNESSED E/
o —— E————— || R —— — FOR:
. '\/ : o
- o ACCEPTEDREVIEWEDREZESS |p 7 -
of: ST ML=
bl (A~ZRI_ PP p e hius®
— _ Print Name: A A S Q:LOS\
- Signature: === VY . Velosi AmCﬁ“Lu:\
4
—O——T
KV Inspection Technician Date
’ 22 Junr Sor>
Customer Representative Date JuL 7 612013




KV Radiographic Exami_;ation Report
Inspection Services Ltd. RT

1486 Wallace Road
Oakville, Ontario L6L 2Y2

Phone: 905-844-94438 ASMB~" UW-51 ¢ UW-52 B314 B313NS CSA  Other
Fax: 905-844-6697

Specification — Acceptance Criteria

General Data

Customer /44¢_ o A2D (407, Date M/,?//J
Location S AL > L crees o | PO i
Project b TAATHAS, Shop Order# - TSR — 7¢7Z_
Procedure L) o el Worksheet# | 37F5C
Technician | C LIlERAS S CGSB Reg# & & 5 ¢ | ASNTISNT-TC-1A Level_Z/
Technical Data - _ -
Material Type Carbon Alloys « Isotope IR 192 « Other Physical/Focal Size S X
Base Material Thickness Sl Exposure  Single Wal' Double Walle—~"Film per Cassette ’
Weld Thickness Sao View Single Wall Double Wau-/f PWHT Yes No ~~
Reinforcement co2 < Number of Exposures Z/od:z.o
Film Mfg. feodD e Minimum Source to Object Distance ‘ /g .
F|Im Typg P Maximum Distance from Source Side of Object to Film e_@
UNIT No. SIZE/LOC ' SLAG L.O.P. | LOF. | CRACK POROSITY u.Cc. OTHERS ACC | REJ
P 1
/l/ /3 Z % ——— = L | S -
</’ ﬁ‘; B I | d - et o
5 = o | /
& _ -
- | | |
o | |
.z - | —
7 D
C Z.. 24 | |vg2vessso tl ‘/‘!
& B - i e
B & 1 /
< = ; wnELE‘-‘-SW' A Nﬁl
| AC . oM o) == %
1 oflnd‘ﬁﬂmd 5 dPR7
e —— — - —— T M—uﬂm" } O \/\ 2 4
I Signatur AN 8 T%) )’L) . Velosi
| o
I
| | | L
' & | i i '
S i ! |
N 5 =
l ""e( UI} _ |

| _ Aa o]

I / ‘ I
KV Inspection Technician z ﬁp,. 12, ) Date /%/_?//j

Customer Representative @ Date AUG 7 0 2003




KVInspectlon Services Ltd.

Oakville, Ontario L6L 2Y2

1

486 Wallace Road

— e

Radnographlc Examlnatlon Report

RT

Specification — Acceptance Criteria

Phone: 905-844-9448 GSMED (GW-51) UW-52 B311 B313NS CSA  Other |

- Fax: 905-844-6697 -

General Data B B
Customer Jhte et N Date _  otr @ //3
Locatlon St Sonodlt P.O.#
Project VLT AR Shop Order # /173 rA- 2472
Procedure Kv & oz Worksheet # |
Technician | 2 fgyiisan CGSB Reg# 4547 ASNT/SNT-TC-1A Level 7
Technical Data "

. Material Type Carbon Isotope Other Physical/Focal Size /? |
Base Material Thickness Ty * Exposure  Single Wall I Film per Cassette [ '
Weld Thickness - View Single Wall  (Double WalD) PWHT | Yes |
Reinforcement /.J/y " Number of Exposures 2

' Film Mfg. Minimum Source to Object Distance | -

Film Mfg. Ko btk mum Source to Objec T a——

| Film Type A Maximum Distance from Source Side of Object to Film 2 _ |

| UNIT No. SIZELOC | SLAG | LO.P. | LOF. | CRACK | POROSITY UC. | OTHERS | ACC  REJ |

| ‘; | |

| ﬁ " S— - 1 | |

. | e |

ey £ —] e B ==
| 6 - -— - |

[ C/ v

| B |
| —— - i S I — [V S I W—
i |

— _’_ — — — e ——r +

St | S S— . S ———

= _\// B :

|
- ! \ —— 046 !
. ELEASED _ b (. o
| L AQCEPW;W??M or)SH,UﬂL_.L |
d on —
| e SR R eonis® |
Print Name:  —- W gLOSt ]
3 . 1‘ . N o
one o L s i
_— . — "
1
KV Inspection Technician /gz Date @7-?//3
Customer Representative - Date y
P b 0CT 1.0 2013
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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

Gene__r_a'l Data

Customer ' All-Weld Company _ Date  February 26, 2013 ]
Shop Order | 1173 PQ Serial # 7472 Project === ==

Component P.O. # ~ Worksheet #: 36451
i Drawmg _- o —[ Rev __ Technician Frank I\7Ia'runde ETEC]I{I—-W;— 1
NDT Speclf‘ c_atu_m N ASTM E_ 797_ Appendlx _: NDT Procedure KV-UT# 1 R.02 }

Technical Data — Ultrasonic Examination (UT)

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

Material Thickness inetrument e Olympus Epoch 10001 ’ Serial # ‘ 090054812

Weld Type O Butt O TJoint O Filet Surface ® AsRolled O Ground O Machined O ShotBlasted
Weld Thickness N/A Couplant @ UTX O Ol O Other 'Temperature |

Heat Treated O YES O NO _ Sensitivity (PRL) 75 dB -

Heat Treatment Surface Conditions

Transducers/Calibration Blocks
Diameter Size Beam Angle Frequency Manufacturer Blocks

o w O %' O 5/8" x 5/8" O 45° O 1.00 MHz O Techsonic O 1w A2

o o1 O %x1" . O 60° O 225MHz ® Panametrics | O ASTME164 MAB
|® % ] O 1us" o 1"x1" o 70° @ 500 MHz O Krautkramer | O Back Reflection

0 o e Normal 0o 0O ® Micrometer Shell

. Scope of Testing

Thickness Examinations
A g
Shell Head to C1 | Head to C2 | A L1 C
A 1.766 1.797 1.785 - C
B 1.786 '1.740 1732 a1 C2
c | 1768 1749 | 1740 B
B ‘All Dimensions are in inches -
| .7
‘on FEB 7 8 90my
' - - Scanning ] T2 )

Test Area Disposition From Length Depth Amplitude

~ Evaluation — Acceptance
I 7 Accepted KV Inspection Services ~ Technician F 7 Date February 26, 2013

O Rejected  (cGsB No. 48.9712-2000 Reg. No. 8885 Place Scarborough, ON.
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KV Inspection Services Ltd.

Oakville, Ontario L6L 2Y2

1486 Wallace Road

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

Ultrasonic Examination Report

uT

~ General Data

Customer | All-Weld Company _ Date April 8, 2013

Shop Order | 1173 PQ Serial # 7472 Project

Component P.O. # | Worksheet #: | 36763
Drawing | Rev. | o Technician Frank Marunde | SNT-TC-ALevel | III
NDT Specification | ASME Sec. VIII Appendix 12 | NDT Procedure | KV-UT# 1 R.02

Technical Data — Ultrasonic Examination (UT)

Material Type _|_Stainless Steel | Technique | ® Pulse @o-_cé@ O Immersion 0 D_ual_- -
Material Thickness 1%" Ineirument ® Ompus Epoch 1000 | Serial # | 090054812
| Weld Type [ oBut ® T Joint _c_gfiqgt Surface __ .o _A;o[e_d 0 érogn_d_ b ‘Machined 0 _slﬁagd .
Weld Thickness 134" Couplant @ UT-X O Ol O Other [Temperature
Heat Treated O YES O NO Sensitivity (PRL) 49 dB /57 dB
Heat Treatment Surface Conditions
I -l < v Transducers/Calibration Blocks
Diameter Size Beam Angle Frequency N Manufactuiez Blocks
o % O % ® 58" x %' | ® 45° | O 100MHz | O Techsonic O wA2
o % o 1 0O %'x1" o 60° @ 225MHz | @ Panametrics | O ASTME164 MAB
o % O 1w | O 1"x1" i ° 70° O 500MHz | O Krautkramer | O BackReflecton
(0] 0] O Normal (0] 0] ® ASME
3 Scope of Testing - -
1173 PQ-7472: Examination of category D nozzle attachment welds
N2-W1 & N14-W1 /
ACCEPTED/REVIEWED/RELEASED |
for and on behalf of: _ 2028 O/} SueAg
- ( prvPsi S
| Pnsm .- e : Ivéf.g:
- , ignature: 7y
APR 11 2013 Dite: %7\’( DN Vetost America LLC
Scanning |
~ Test Area Disposition ~_From __Length Depth |  Amplitude |
[ e N A
- Evaluation — Acceptance o
e Accepted | KV Inspection Services - Technician o /_,/ Date April 08, 2013
O Rejected | cgsB No. 48.9712-2000 Reg. No. ' 8885 Place Scarborough, ON.

N




KV Inspection Services Ltd.

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

Ultrasonic Examination Report

Ut

General Data

Customer All-Weld Company Date April 30, 2013

Shop Order | 1173 PQ Serial # 7472 Project

Component P.O. # | Worksheet #: | 36888
Drawing | Rev. | Technician | Frank Marunde | SNT-TC-tALevel [ III
NDT Specification | ASME Sec. VIII Appendix 12 | NDT Procedure | KV-UT# 1 R.02

Technical Data — Ultrasonic Examination (UT)

| Material Type LStainIgs_s_ Steel Technique  ® Pulse Echo-Contact O Immersion ool |
: . " Instrument ) .
Material Thickness 13 Brand @ Olympus Epoch 1000i Serial # | 090054812
(WeldType [ oBut ® Tuoint OFilet |Surface | @ AsRolled O Ground O Machined O ShotBlasted |
Weld Thickness 13" Couplant ® UTX O Ol O Other TTemperaturel
Heat Treated O YES 0 NO Sensitivity (PRL) 47 dB / 57 dB
Heat Treatment Surface Conditions
~_Transducers/Calibration Blocks A
Di?meter Size Beam Angle Frequency Manufacturer - _BIoz_:ks .
o W O % O 5m8"x%" ® 45° O 1.00 MHz O Techsonic O w A2
0o % o O %x1 o e60° ® 225MHz ® Panametrics | O ASTME164 MAB
o W O 1us o 1"x1" e 70° | O 5.00MHz O Krautkramer | O Back Refleclion
0] 0] O Normal o) 0] ® ASME —
. Scope of Testing
1173 PQ-7472: Examination of category D attachment welds
Nig4-wi
MAY 0 7 7012
Per NCR NV -0O3b
o _____Scanning 57 IR 0 o
Test Area Disposition From Length /] Depth | Amplitude |
. - ) - _ | _A}OCEPI'BDIREVDEWEDIRELBASED ) . _046]
. | | for and on behalf :_,QJbN o PPS L
a R o (R TURETTY BN S
" - . 1 Sienae —Jterse—— LARPIUS® | |
- I ) . _____‘ﬁ_r T _ : VELOSI
T ——‘ﬁlﬁ‘l"‘llﬁjl_ Velosi America LLC
. ~  Evaluation — Acceptance § i i
» Accepted | KV Inspection Services - Technician . = i ;/ Date April 30, 2013
f — N - - - o
O Rejected | cGsB No. 48.9712-2000 Reg. No. E 8885 Piace Scarborough, ON.
} {




KV Inspection Services Ltd.

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

Ultras

I

General Da

onic Examination Report

uT

ta

Customer  All-Weld Company Date  September 30, 2013
| Shop Order | 1173PQS/N 7472 | Project _ -
Component | B | P.O.# Worksheet #: 37595
Drawing | Rev. =~ Technician  Frank Marunde SNT-TC-1ALevel  III
NDT Specification ASME Sec VIII Appendlx 12 NDT Procedure  KV-UT#1 Rev 02
- Technical Data — Ultrasonic Examination (UT)
Material Type Stainless steel Technique ® Pulse Echo-Contact O Immersion O Dual
. . “ Instrument . .
Material Thickness 1% Brand @ Olympus Epoch 1000i Serial # | 090054812
Weld Type O Butt ® TJoint O Fillet Surface ® AsRolled O Ground O Machined O Shot Blasted
Weld Thickness 1 3" Couplant ® UT-X O Ol O Other [ Temperature ‘
Heat Treated O YES 0 NO Sensitivity (PRL) j 48 dB/ 58 dB
Heat Treatment Surface Corﬁitions
Transducers/Calibration Blocks
Diameter Size Beam Angle Frequency Manufacturer Blocks
o %' O %' O 58" x%" ® 45° O 1.00 MHz O Techsonic O Iw A2
O %" |01 O ¥Wx1 O 60° ® 225MHz | ® Panametrics | O ASTME164 MAB
LRz O 1w O 1"x1" e 70° O 500MHz | O Krautkramer | O Back Reflection
o o O Nomal | O 0 ® ASME
Scope of Testing
Examination of category 'D’ attachment weld N13-W1
< ¥ y
S s ; i
E "Q / Cl 23
Scanning
Test Area Disposition From Length Depth Amplitude
LEASED o)
ACCEFTE C;.M Y mel-‘E
l’orundonbehiﬂ"_"‘ STy .
AANEA Arplus
51 Print Name: /}ﬁ'ﬂ-/\ A VELOS!
 Signaturel = e Lerya e s T
Evaluation - Ac.eptla.nc_g__ e
M
e Accepted KV Inspection Services — Technician - Date | September 30, 2013
O Rejected  (qqp o, 48.9712-2000 Reg. No. 8885 ‘ Place Scarborough, ON
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KVInspection Services Ltd.

1486 Wallace Road

Oakyville, Ontario L6L 2Y2

(

Phone: 805-844-9448

Radiographic Examination Report

RT

Specification — Acceptance Criteria

ASME —UW-51" UW-52

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

[ 3 v _ ~__General Data L AF B
Customer | %—-ﬂ/‘g‘pb Date 2 /9 / ‘287 '3’_ - N
Location " <O 4P one g6t P.O.# ¥R -
Project yeecs ' Shop Order# /o ”;/ff/ﬂ 4
Procedure // jpﬂf &/ & A Worksheet # g ﬂ/ =z
Technician onAttl it I/ CGSB Reg # 459 | ASNTISNT-TC-1A Level o”

Technical Data

Lo 2O

Material Type Carbon Alloys = _ Isotope IR192  Other | PhysicallFocal Size /77

Base Material Thickness / 5/ Exposure = Single Wall*™ Double Wall = Film per Cassette /

Weld Thickness /’ . View ‘ Single Wall = Double Wall | PWHT ‘ Yes No _—

Reinforcement / 73 “ € = Number of Exposures /’Z

Film Mfg. ML ~ Minimum Source to Object Distance ‘ > "

Film Type | 5@& IM Maximum Distance from Source Slde of Object to Film 2

UNIT No. SIZE/LOC SLAG | L.O.P. L.OF. CRACK POROSITY u.c. OTHERS ACC REJ
v\ f£-Z | | | | | i ~
7 e

(7" _|\lz-32 oy e R

IR T L — W%

I Y 2 R N AR/s

— — S R S R S - —
s | /-2 | oo e
er

. & zZ-Z | N R ) o
B3 -7 S I R R e S e 7S
R gV B .| — |\ RYs

PPy /RE'LEQASE"D.’ k| lt‘U,?
T 2 T B == AL <pm LIESHS
V /4 /- Z . L bt NP YY) @ | “
$” \Z-3 print Name: {LLALE=S4 4 AriyeLos
T 72 B B et/ s o TS L e
| 3 "y | | Date: g i

- — = — - %.— — - _ﬂ_ | S -

KV Inspection Technician

Customer Representative

SEP 7 6 2013

Jﬁﬁ%ﬁj




KVInspection Services Ltd.

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

Radiographic Examination Report

RT

Specification — Acceptance Criteria

ASMEY UW-517 UW.52

B31.1 B31.3NS CSA Other
Fax: 905-844-6697
I General Data =
| Customer R\\ - we\d Date - 2’1 09 | ZO \3 )
Locati \ P.O.#
 Location | ore LON (PO - _
Project \,eSSe\ Shop Order # wo ) r]s PQ ‘7‘4 7L_
Procedure KU NDDTH5 Kev. 0& Worksheet # B 7613
Technician |8 ManG ahon CGSB Reg# L} 23C] | ASNT/SNT-TC-1A Level
< Technical Data /go(p ]
Material Type Carbon Alloys V4 Isotope IR192  Othey/| PhysicallFocal Size | 199
Base Material Thickness V3 Jy " Exposure | Single Wall,” Double Wall = Film per Cassette / )
Weld Thickness V31" View Single Wall Ve Double Wall l PWHT ‘ Yes No .~
Reinforcement T Number of Exposures iZ.
Film Mfg. Kodi ok~ Minimum Source to Object Distance | 22"
Film Type | oo AH Maximum Distance from Source Side of Object to Film r 2"t
UNIT No. SIZEILOC SLAG L.O.P. L.O.F. CRACK POROSITY u.C. OTHERS ACC REJ
oy =2 | ) | : B A
( S AL Z —_3 \/
K z2-4 | I N o
. 4 — | . 7
== — e e S = = —— - —
FTVCTRN Rt SN S S A N VA N
' |lz-3 | | | L [ R |V ]
I - 1 N R _ B v )
H—| B /
NAK | -2 = RW{M S 046 < .
AULEYFT / 1 - _‘[ )
" 2 -3 for and onbehalf of: 3J%M _CFFSHLAE S
A S E— _ - |
3" Print [Name: (A)J\/‘o"?:&” SB””AFP'USQ Ve
I N Y __l - o Sighature: ':I \T mo::c v
{3 \ l \ .
C—— | - . Date 3;(’ £25) Velosi _=‘ -
- e | ED DUITSCHAEVER .
| CGSB LEVEL II, Reg# 515
- .
KV Inspection Technician -l;'-'- IPT AN Date e L, /Oq I 20| 3
v-'$c - z e
Customer Representative < Date SEP 27 3




KVInspection Services Ltd.

1486 Wallace Road

Oakyville, Ontario L6L 2Y2

Phone: 905-844-9448

Radiographic Exa_mination Report
RT

Specification — Acceptance Criteria

ows2

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

5 ~_General Data :
Customer | Aei-vis2 N ) Date Se¥Pr26 /3
Location Serepamover] P.O.#
Project cir B weed< | Shop Order # N3/ -74972
Procedure Lr s~ o 2 ) Worksheet # 37728
Technician Cleon th;;m: B CGSB Reg# 44 ASNT/SNT-TC-1A Level 77

Technic'al__Data .60

| Material Type Carbon ' Isotope IR192 (OtheD PhysicallFocal Size | 199"

' Base Material Thickness /3o * Exposure @u Double Wall ~ Film per Cassette /
Weld Thickness . View ‘ @ Double Wall ] PWHT | Yes G
Reinforcement Aty ” Number of Exposures P pon
Film Mfg. Ko DNA-k Minimum Source to Object Distance l 20"

Film Type ‘ 4 Maximum Distance from Source Side of Object to Film I ,2 s
UNIT No. SIZE/ILOC SLAG L.O.P L.O.F. CRACK POROSITY u.C. OTHERS ACC REJ
NS-wl | f~2. | | ) . 1 - v -
Z2-2 v
( 3 B . ) ) v

NBB-w1| /-2 o : I I R | -

ol 2-3 i __ih - - e

_____ S I ol N | I v

N3-W1| -2 | ) 1 B I I B R
- 2-3 - N T e

B I . I I I S B v

NTA-WL| -2 N s v

P 035
S 2,3 | AYZEPTEDIRBVI:EWED,RELEASED I i) /4 v
- — —_ 2 M D -
3| aodontebatl o SR BT —
=—— [~ o -
Afﬂ -Ni ~F m—%g—— ELOSI e
B R ' . L aRl[E, Vi fmera TG
-~ z 3 B —=E==nE R L Date: At R v
3-1 e ./
NR2-WL | -z | b ] CHRIS VEENEMAN v
CGSB LEVEL I, REG.# 6651
i 2-3 - PY/RT/UT v
33— SNE—TC-lA LEVEL II v
—_ o e EE— IT/PT/RTIUT :

- ( .

KV Inspection Technician %\ Date S Al 28 /?
: .“o
Customer Representative <4 Date

OCT 0 4200




KVInspection Services Ltd.

) 1486 Wallace Road
- ( Qakville, Ontario L6L 2Y2

Radnographnc Exammatlon Report

RT

Specification — Acceptance Criteria

Phionegla0s- 54440443 - (UW5T) UW-52  B311  B313NS CSA  Other
[ - ~_ General Data - B |
! Customer e _”M“ B Date ST, 25’”3 . _H
Location  seaesonovef Pu Qi P
Project oD pends ' Shop Order # _// 73 FQ- 7-5/7_2 -
Procedure Ky S~ @' 3 Worksheet# | B
Technician /7 /o0 yomran CGSB Reg# 4457 :hASh_l_T_Isr\l_T-TC-Mt Level J
Technicai Data G éo
Material Type Carbon Alloys Isotope IR 192 @ Physical/Focai Size . 199 "
Base Material Thickness /-?/q‘ Exposure W Double Wall  Film per Cassette (
Weld Thickness . View Snglewal) Double Wall | PWHT |  ves
Reinforcement Z %y o Number of Exposures 3 A
Fllm Mfg /@MK - Hﬂm_mum__s_gu_rie_to Objfgt__Dls_tance 27 " B
Fllm Type‘ - 7 Maximum Distance from Source Side of Object to Fllm b
UNIT No. SIZE/LOC SLAG L.O.P. L.OF. CRACK POROSITY u.C. OTHERS ACC REJ
NEAWI | (-2 o -
. 2-3 - - —r et
( 3 o . Wl
8 . - =
N6- 1-2 . . _— Iy
B A - o i
- —
Niok- vt [-2 B S S
z-3 v
— _— — S —_. 73 _;

- 3-1 - (ROCEPTEDREVIEWED/RELEASED e
| for and on behalf of ;

Velosi W LLC

CHRIS VEENEMAN
- ~ CGSB-LEVEL H, REG.# 6651
MT/PT/RT/UT
SNT-TC-IALEVELIT
PidT/_PT/RT,IUT___

KV Inspection Technician Date

soPres /A3

Customer Representative Date

SEP 2 7 2013




KVInspection Services Ltd.

1486 Wallace Road

Radiographic Examination Report

RT

Specification — Acceptance Criteria

( Oakville, Ontario L6L 2Y2
: Phone: 905-844-9448 UW-52 B31.1 B31.3NS CSA  Other
- Fax: 905-844-6697
= Fob General Data f
Customer Aee .“m Date SN 285 A:S
Location Scredorouci] P.O.# |
Project onr A pends Shop Order # /17382~ 7972 _
Procedure Kv £~ £ov/ 3 Worksheet #
Technician | /7, /40 nemian CGSB Reg# &S] | ASNTISNT-TCAALevet 7
: Technical Data G 62
Material Type Carbon Isotope IR 192 Physical/Focal Size F 199 "
Base Material Thickness /3y Exposure = Gingle Wa®  Double Wall | Film per Cassette | (
Weld Thickness ” View | @nglewal) DoweWall | PWHT |  ves
Reinforcement LYy Number of Exposures 3 P
Film Mfg._ - _ /CDMK Minimum Source to Object Distance ‘ 2/"
Film Type A4 Maximum Distance from Source Side of Object to Film I 2"
UNIT No. SIZE/LOC SLAG L.O.P L.OF. CRACK POROSITY u.c. OTHERS ACC REJ
Nosw| -2 | | | | | | |
- |23 | B N A .
b w N —4 — e ——— - — = = & S PR . — —_— - — e —
98-wi | (-2 | - - - - v
|23 P S L I
|3 ] | i
Nz-wi| 4-2 | | | | | o e
2-3 =) —
VLU UUN I U = oﬁ /‘ﬁ
B ofmdonw(lﬁﬂﬁksi‘} CM!}
W 7 Print Name: T : I ECUS P
JUi'__.___I_’_ S — Signature: B v
- -3 Dat&___:______ii__ - (e
- 2-1 %
CHRIS VEEN :MAN
T/PT/RT UT
- / E— S B E— LI
i . ———— ) B I I T/PT/RT/UT
KV inspection Technician Date ST e s Aj’
4\\}\ {:\ S
Customer Representative < = j\u Date SEP 2 72013




KV Inspection Services Ltd.

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

Radiographi'é Examination Report

RT

|

Specification — Acceptance Criteria

@wsD w52

B31.1 B31.3NS CSA Other
Fax: 905-844-6697
- - General Data - -
Customer All-ws N _ - ~ Date ot - 9 //3 . B
Location 5¢ pebornov e LU LA — )
Project TRA-FB o | Shop Order # N73 P4 7472 B
Procedure kv S o2y - Worksheet # - -
Technician (' eemommon. CGSB Reg# L6681 J ASNT/SNT-TC-1A Level 7

Material Type

Base Material Thickness
Weld Thickness

Carbon

Technical Data .60

Isotope

IR 192 Physical/Focal Size

Exposure  (Sigie Wall)

| G

192"

Double Wall = Film per Cassette

(

o _ View Double Wall ‘ PWHT i Yes @
Reinforcement s I/,m Number of Exposures /
Film Mfg. Ko BA-1C Minimum Source to Object Distance l Lrvlogavic ( 32z ")
Film Type M Maximum Distance from Source Side of Object to Film 2°
UNIT No. sizenoc | sLAaG L.O.P L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ
Mwi-ut| -} | | | - I It
( (= | -~
I T R - o fed |
| 2-3 | I I S R
- 3 -4 9 ' I R S R
S i ) | i 1~
| 677 | | I i I
-~
7Y . S S SR S S —
| &8 ) -~
9-0 -
o ) - LEASEDD o | I
for and oo bebalf of: S oM LS
11 T T . Sy (T | I B
L - | Sigrature M VELOS! ]
Daie: Y J;_ Velodi America LLC
| I L S - (- - . .
ol
KV Inspection Technician :.-/-u 2 Date oer ? //3
Customer Representative Date 0CT 1072013
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Liquid Dye Penetrant Inspection
KV Inspection Services Ltd. Report

1486 Wallace Road PT
Oakville, Ontario  L6L 2Y2 Specification — Acceptance Criteria
Phone: 905-844-9448
Fax: 905-844-6697 As per ASME Sec. VIII Div. 1
General Data
Customer All-Weld Company T Date ' March 12, 2013
Location Scarborough, ON P.O. #
Project 48" O.D. Vertlcal Outlet Shop Order # ~—1173 PQ
Procedure | KV# 16 Rev. 03 Worksheet # 36630
Technician | Todd Campbell CGSB Level ll, Reg # l 11748 I ASNT/SNT-TC-1A Level | ||
- Technical Data — Liquid Dye Penetrant (PT) ) B
Material Type 0 Carbon Steel @ Stamless Steel O Other Material Thickness 1 %"
Equ:pment & Method
- | e Chemetall Oakite 906 . \;;m; B " Light mete,
Penetrant O Chemetall OQakite 996 O  Fluorescent — —
O  Chemetall Oakite 970P25E TVPe . EA31
Cleaner e Chemetall Oakite 9PR50 | e Water Washable Serial #: 070706809 |
Developer o Cherr;etgll C—)a—lzl—t.e— 5D1B O Solvent Removablgz Intel;s_lt);. 1160 _ljx—_

Lighting Equnpment Descrlptlon Shop lights, Flashllght
Inspection

Description:
Item # Description of Weld/Test Area Defect Location Interpretation
Serial #
7472
Long seam - L1 No relevant indications noted.
100% inspection Acceptable to specification
(internal and external)
.- o
ACCEPTED/REVIEWED RELEASED 4
for a0d on bebalf of: — 24LM.__ Bz Stoll
Print Name: Qﬂw}rw SAH Applus®
Signarure: ez P == VELOS!
Date: J My»& LYl . Velosi America LLC
KV Inspection Technician e = Date March 12, 2013

- — < (oA LK e, N - ——
Customer Representative O~ Date Yak 1 47013




—

KV Inspection Services Ltd.

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

Liquid Dye Penetrant Inspection
Report

PT

Specification — Acceptance Criteria

As per ASME Sec. VIII DIV.1 Appx 8

General Data

Customer All-Weld Company Date | September 24, 2013

Location Scarborough, ON P.O.# ‘

Project Shop Order# 1173 S/N 7472

Procedure KV# 16 Rev. 03 Worksheet # 37649

Technician | Frank Marunde : CGSB Level ll,Reg# | 8885 | ASNT/SNT-TC-1A Level | 1

Technical Data - Liquid Dye Penetrant (PT)
Material Type —I OCarbon Steel @ Stainless Steel O Other

Material Thickness

Equipment & Method

Lighting Equment Descrlptlon Flashllght

® Chemetall Oakite 906 B Light meter
Penetrant O Chemetall Oakite 996 @ Visible

O Chemetall Oakite 970P25E | O  Fluorescent Type: EA31
Cleaner ® Chemetall Oakite  9PRS50 | ®  Water Washable Serial #: 07076802
Developer ° Chemetall Oaklte 9D1B_ _ _| O Solvent Removable Intensity: _1400 Lx

— = e = — —

Description:
item # Description of Weld/Test Area
| 1) Circular seam C1
' (interior and exterior)
|
' 2) Nozzle attachment welds
N4-W1, N8BA-W1, N8B-W1,
N10A-W1, N6-W1, N10B-W1
N3-W1, N7B-W1, N9A-W1,
‘ N1-W1, N9B-W1, N12-W1,
, N15-W1 (interior and exterior)
|
| 3) Skirt L1 (interior and exterior)

Inspection

Defect Location

Interpretation

Acceptable to specifications

Acceptable to specifications

Acceptable to specifications

v

Print Name:

ACCEPTE D/REVEWED’RLLEAS!:D
for and on behalf of:

046

0 A Hotll
O am&m S A KA

Signature:

M Afplus®

Date:

VELOS!
Lot ] L3 Velod America LLC

KV Inspection Technician

L Customer Representative

September 24, 2013

!DateJ
S S J"

Date I




Customer Representative i [y ’ : Date AFR 27 7013
2% -

KV Liquid Dye Penetrant Inspection
Inspection Services Ltd. Report
1486 Wallace Road PT
Oakville, Ontario ~ L6L 2Y2 Specification — Acceptance Criteria
Phone: 905-844-9448 -
Fax: 905-844-6697 As per ASME Sec. VIII Div. 1 Appx. 8
General Data
Customer All-Weld Company Date April 17, 2013
Location Scarborough, ON. P.O.#
Project Vessel Shop Order # 1173 PQ
Procedure | KV# 16 Rev. 03 Worksheet # 36853
Technician | Sherwin Suyom CGSB Level Il, Reg # | 15133 ‘ ASNT/SNT-TC-1A Level | II
Technical Data - Liquid Dye Penetrant (PT)
Material 1 Type TO Carbon Steel @ Stainless Steel O Other —TMaterlaI Thickness
Equnpment & Method
® Chemetal Oakite 906 o \Visible L|ght meter
Penetrant O Chemetall Oakite 996 O Fluorescent
_ | O Chemetall Qakite 970P25E Type: EA31 _
Cleaner @ Chemetall Oakite  9PR50 ® Water Washable Serial #: 07076863
Developer ® Chemetall Oakite 9D1B O Solvent Removable Intensity: 2000 Lx
Lighting Equipment Description: Shoplight and Headlamp
el Inspection
Description: 48" Vertical Separator
Item # Descrlptlon of Weld/Test Area Defect Location Interpretation
Ser# 7472 100% internal and external Acceptable to specification.
inspection of C2
S TR / TEASE 046
pecrriRe Sk LM OL}:_S.HE]L_‘&'—
for 111 o behalfl ocfl- —-:p[% : A W )
0 sl 27 <]
N Sl AFplI.IS
P';‘ TN S~ VELOS)
1141
Date: & :}Mﬂ }%L_ Yolos
i i ams
KV Inspection Technician _ ,‘_'_;{ f_.“, ' Date April 17, 2013




Liquid Dye Penetrant Inspection
KV Inspection Services Ltd. Report
1486 Wallace Road PT
Oakville, Ontario  L6L 2Y2 Specification — Acceptance Criteria
Phone: 905-844-9448
Eax: 905-844-6697 As per ASME Sec. VIII Div. 1 Appx. 8
General Data

Customer All-Weld Company Date ' May 7, 2013

Location Scarborough, ON. P.O. # |

Project Vertical Separator_ o Shop Order #_ i ~11-7~3‘ ID—Q—T7472 N

Procedure | KV# 16 Rev. 03 Worksheet # 36980

Technician | Chris Veeneman CGSB Levelll, Reg# | 6651 | ASNTISNT-TC-1A Level | II

~_ Technical Data - Liquid Dye Penetrant (PT)
Material Type T O Carbon Steel ® Stainless Steel O Other Material Thickness -[ 1%
Equipment & Method
Penetrant (.) %mzr:;eetz:lc())iﬁza %%66 w Visible Haht meter
O Chemetall Oakite g70P2sE | O ' uorescent Type: EA31
Cleaner @ Chemetall Oakite 9PR50 e Water Washable Serial #: 07076863
Developer -0 Chemei;ll Oakite EHB. _ O Solvent Removable Intensity: 1400 Lx
| ngIWgEqmpment Description: Trouble Light . N 8
- Sa— ____Inspection = o

Description: Repair Areas Inside and Out

item # Description of Weld/Test Area Defect Location Interpretation

C2R 0-1 Acceptable to specification

/.
ACCEPTED/REVIEWED/RELEASED

forandonbehalia S hM O - Siloitle
Print Name: AESH _SHID
Signarures __ o Hg I\ AFPJEI-L'EO‘»:

Dt —ézd-lﬁq-é.).\,‘?. Velosi America LLC

KV Inspection Technician 4;%\ Date May 7, 2013

TSR . - At N S B —
Customer Representative Date MA\' 0 712013




KV Inspection Services Ltd.

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

Liguid Dye Penetrant inspection
Report

PT

Specification — Acceptance Criteria

As per ASME Sec. VIII Div. 1 Appx. 8

General Data

Customer All-Weld Company Date July 23, 2013

Location Scarborough Ontarlo P.O. # _

Project | 1173PQ - "~ |'shopOrder# | Ser# 7472 -
Procedure | KV# 16 Rev. 03 Worksheet # 37345

Technician | Sherwin Suyom CGSB Level ll, Reg # | 15133 [ASNT/SNT-TC-1A Level | II

Technical Data - Liquid Dye Penetrant (PT)

Material Type = O Carbon Steel

@ Stainless Steel

O Other Material Thickness

e Chemetall Oakite

Penetrant O Chemetall Oakite
O Chemetall Oakite

] Cleaner e  Chemetall Oakite
Developer e Chemetall Oakite

Equipment & Method

906 :
996 ®  Visible Light meter
970P25E O  Fluorescent Type: EA31
QLDRSO @ \Water Washable Serial #: 806 1§5_1_8
_9D1B O Solvent Removable ] Intensity: 1100 Lx

Lighting Equipment Description: Headlamp & Flashlight

Description:

ltem # Description of Weld/Test Area

PT on repair area 0-1
External & internal

Car

Inspection

Defect Location Interpretation

Acceptable to specifications

v

ACCEP | ED/REVIEWED/RELEASED
for and on bebaif of; —3 %M (%)
( povizsli SAN

FESHM e
)
znmuda

VELOSI
JyAg INHLS  Velosi America LLC

Print Name:
Signature:
D

KV Inspection Technician

Customer Representative

28

‘4

£
July 23, 2013

2
I

Jun 7 47013

A

a

p—




Liquid Dye Penetrant Inspection
KV Inspection Services Ltd. Report
1486 Wallace Road PT

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

Specification — Acceptance Criteria

Fax: 905-844-6697 As per ASME Sec. VIII Div. 1 Appx. 8
General Data
Customer | All-Weld Company Date ' April 08, 2013
Location Scarborough, ON. P.O. # r
Project Vessel Shop Order # ' 1173 PQ
Procedure KV# 16 Rev. 03 Worksheet # 36763
Technician Frank Marunde CGSB Level ll, Reg # l 8885>*T ;Svr;ﬁ'ISNT-TCdA Level | II i
Technical Data — Liquid Dye Penetrant (PT) el 4155 |
Material Type | O Carbon Steel ® Stainless Steel O Other Material Thickness
Equnpment & Method
- | e Chemetall Oak_ite 906 T e Visible Lig.ht meter
Penetrant O Chemetall Oakite 996 ' O Fluorescent .
L | O Chemetall Oakite 970P25E Type:EASL
Cleaner ® Chemetall Oakite  9PR50 @ Water Washable Serial #: 80613518
. Developer @ Chemetall Oakite 9D1B ) o Solvent Removable Intensity: 1400 Lx

Lighting Equlpment Description: Flashllght

Inspection

Description:
Item # Description of Weld/Test Area Defect Location Interpretation
Ser# 7472 N2-W1 3 linear indications (exterior)
-nozzle attachment weld Areas were repaired and re-tested.
(exterior and interior) Acceptable to specification.
N14-W1 2 linear indications (exterior)
-nozzle attachment weld Areas were repaired and re-tested.
(exterior and interior) Acceptable to specification.
SRELEASED o)
ACCEPYED'RE“EWE%R% m O[S Hcﬂér
oF ¢ B ®
G pNRSY S Applus
- -[—T'(_""_- V‘ELOS|
AWLw
- = _—
KV Inspection Technician f-*“‘"""’"/’ Date April 08, 2013
Customer Representative < ' Date APR N1 o 712




Liquid Dye Penetrant Inspection
KV Inspection Services Ltd. Report

1486 Wallace Road PT
Oakville, Ontario  L6L 2Y2 Specification — Acceptance Criteria
Phone: 905-844-9448 N
Fax: 905-844-6697 As per ASME Sec. VIII Div. 1 Appx. 8
General Data
Customer | All-Weld Company Date April 30, 2013
Location Scarborough, ON. P.O.#
Project Vessel Shop Order # 1173 PQ
Procedure | KV# 16 Rev. 03 Worksheet # | 36888
Technician | Frank Marunde CGSB Level ll, Reg # l 8885 ‘ ASNT/SNT-TC-1A Level | II
S Technical Data - Liquid Dye Penetrant (PT) o
| Material Type O Carbon Steel @ Stainless Steel O Other ‘ Material Thickness B N
Equipment & Method |
@ Chemetall Oaku?e 906 o Visible Light meter
Penetrant O Chemetall Oakite 996 O Fluorescent
O Chemetall Oakite 970P25E | Type: EA3L
Cleaner @ Chemetall Oakite  9PR50 | ® \Water Washable Serial #: 07076863
Developer @ Chemetall Ozakite 9D1B L O Solvent Removable | Intensity: 1400 Lx
Lighting Equipment Description: Flashlight B
Inspection
( Description:
T ltem # Descnptlon of Weld/Test Area Defect Location Interpretation
Ser# 7472 N14-W1 attachment weld Acceptable to specification.
(interior and exterior)
Do NC&  NY3- 036
v T r“”fﬂ
~OCE! rvomwﬁw
4 on behalf of:
for an sy SR }AFP‘USG
Prinf ' .
—_ ::/ /
KV Inspection Technician e st Date April 30, 2013
/ ///, T p
Customer Representative i :D‘\' Date MAY 0 72013




Liquid Dye Penetrant Inspection
{ KVInspection Services Ltd. Report

1486 Wallace Road PT
Oakville, Ontario  L6L 2Y2 Specification — Acceptance Criteria
Phone: 905-844-9448
Fax: 905-844-6697 As per ASME Sec. VIII DIV.1 Appx 8
General Data
Customer All-Weld Company Date September 24, 2013
Location Scarborough, ON P.O. # .
Project ShOp Order # 1173 S/N 7472
Procedure | KV# 16 Rev. 03 Worksheet# | 37649
Technician | Frank Marunde CGSB Level Il, Reg # | 8885 ; ASNT/SNT-TC-1A Level | II
) Technical Data — Liquid Dye Penetrant (PT)
Material Type | O Carbon Steel @ Stainless Steel O Other | Material Thickness
Equipment & Method
® Chemetall Oakite 906 '- ) | Light meter
. @ \Visible
Penetrant O Chemetall Oakite 996
O Chemetall Oakite 970P25E Fluorescent Type: EA31
Cleaner ® Chemetall Oakite  9PR50 | ® \Water Washable Serial #: 07076802
 Developer e Chemetall Oakite 9D1B | O Solvent Removable J Intensity: 1400 Lx

Lighting Equipment Description: Flashlight

Inspection

( escription:
Iltem # Description of Weld/Test Area Defect Location Interpretation
1) Nozzle Attachment welds As Marked Linear indications detected
N5-W1, N7A-W1, N11-W1 Unacceptable to specifications
(interior and exterior)
/_ M 046
TR R L ol E
for and on bebalf K:M
_LMH——S-Q- AFpIusm
Print Name: ~— VELOS!
Signature: Vdoﬁm"w
Date:
m—— T
{V Inspection Technician Date September 24, 2013
S — e B — - (S — R
Customer Representative 'ti\c b' Date Jerin 2013
=2
., \J




Liquid Dye Penetrant Inspection
KV Inspection Services Ltd. Report

1486 Wallace Road PT
Oakville, Ontario  L6L 2Y2 Specification — Acceptance Criteria
Phone: 905-844-9448
Fax: 905-844-6697 As per ASME Sec. VIII DIV.1 Appx 8
General Data
Customer All-Weld Company Date September 26, 2013
Location Scarborough, ON P.O.# ‘
Project Shop Order # 1173 PQ S/N 7472
Procedure | KV# 16 Rev. 03 Worksheet# | 37593
_Te—chnician Frah-k Marund(-a- - __——CGSB L;\—/veilil,_Reg # A_TB-BBS - I ASTJT/_SB]T-;C-;A Level —I_I_

Technical Data — Liquid Dye Iienet_rant (PT)

Material Type ! O Carbon Steel @ Stainless Steel O Other Waterial Thickness
Equipment & Method
® Chemetall Oakite 906 ] _ w Light meter
: ®  \Visible
Penetrant O Chemetall Oakite 996 r
_ O Chemetall Oakite 970P2sE | O  Fluorescent Type: EA31
Cleaner e Chemetall Oakite 9PRS0 | @  water Washable Serial #: 07076802
Developer ® Chemetall Oakite 9D1B | O solventRemovable | Intensity: 1400 Lx
Lighting Equipmeqt_Descri_ptio_n:_l_:lashli_gDE -
- I Inspection :
- Description:
item # Description of Weld/Test Area Defect Location Interpretation
1) Nozzle attachment welds Acceptable to specifications

N5-W1, N7A-W1 and
N11-W1 (repair areas)

KV Inspection Technician %’“7// Date September 26, 2013
g

l Customer Representative Date




KV Inspection Services Ltd.

1486 Wallace Road

Liguid Dye Penetrant Inspection
Report

PT

QOakville, Ontario L6L 2Y2

Specification — Acceptance Criteria

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

As per ASME Sec. VIII DIV.1 Appx 8

General Data

Customer All-Weld Company Date September 30, 2013
Location Scarborough, ON P.O. # 1
Project Shop Order # 1173 PQ S/N 7472
Procedure | KV# 16 Rev. 03 Worksheet # 37595
~Technician 1 Frank Marunde‘— - CGSB Level ||, F\‘—eg # ]E}S—S _l ASNTISN'FTEK Le:/:l_—lill

Technlcal ‘Data

Material TVPe TO Carbon Steel

@ Stainless Steel

- Liquid Dye Penetrant (PT)
O Other

Material Thickness

Ser #7472 Nozzle attachment weld
N13-Wi
(interior and exterior)

Eqmpment & Method
e Chemetall Oakite 906 N | Light meter
: @  \Visible
Penetrant O Chemetali Oakite 996 -
- | O Chemetall Oakite 970P25e | O  Fluorescent Type: EA31
Cleaner e Chemetall Oakite = 9PRS50 @ \Water Washable | Serial #: 07076802
Developer o Chemetall Oakite 9D1B |8 (0] Solvent Removable | Intensity: 1400 Lx
Lighting E Equ1pment Descrlpt|on Flashllght__ - - B o N B
. - Inspection ]
( Description:

Item # Description of Weld/Test Area Defect Location Interpretation

Acceptable to specifications

H‘DIREVlLWED-’R[L):.A.SLD ) Q \0

f

CCEY
for and on bebalf O

>

KV Inspection Technician |

Customer Representative

Date September 30, 2013

SRR

Date




(

KV Inspection Services Ltd.

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

Liguid Dye Penetrant Inspection

Report
PT

Specification — Acceptance Criteria

As per ASME Sec. VIII Div. 1 Appx. 8

General Data

Customer All-Weld Company Date ' August 13, 2013
Location @ KV Inspection, OakV|IIe ON P.O. # B - -
| Project | Ultrafab Shop Order# 1173 PQ SN 7472
Procedure | KV# 16 Rev. 03 Worksheet # 37436
Technician | Ed Duitschaever CGSB Level ll, Reg # | 515 : ASNT/SNT-TC-1A Level | il

e

Technical Data - Liquid Dye Penetrant (PT)

Material Type ! O Carbon Steel @ Stainless Steel O Other Material Thickness
EqU|pment & Method
o Chemetall Oakite 906 o L|ght meter
Penetrant O Chemetall Oakite 996 RS
s | O Chemetall Oakite 970p2se | O Fluorescen RIS |
Cleaner e Chemetall Oakite ~ 9PR50 @ \Water Washable ‘Serial #: 80613518
i Developer B e Chemetall Oakite 9D1B (_) Solvent Removable | Intensity: i 1300 Lx

Lighting Equtpment Descrlptlon Sﬁop & Exterlor nghtlhg R

Description: Nozzle 13

tem # Description of Weld/Test Area

SN# C1
7472

2”@ Butt weld

C2 - 2"@ Butt Weld

Defect Location

Inspection

Interpretation

Acceptable to specification

Acceptable to specification

il

ACCEPT EDIRBVIEWED/R ELEAS ED

W PPttt

for and on behalf of; )
) 2 & B
Print Name: ” Applus‘*’
Signature: VELOSI

Date: ___OH._.iL_hj} yklosi America LLC

KV Inspection Technician

Customer Representative

August 13, 2013

AUG 1 42013




Liquid Dye Penetrant Inspection
KV Inspection Services Ltd. Report

|
|
|
1486 Wallace Road L PT
l

Oakville, Ontario  L6L 2Y2 Specification — Acceptance Criteria |
Phone: 905-844-9448 |

_ Fax: 905-844-6697 | AsperASME Sec. VIII DIV.1 Appx 8 .

[ General Data -
rCu-stomer _AIWel_d_(_Zompény . Date - October 9, 2013 ]
' Location ‘ Scarboroﬁgh, ON P.O. #
: pmiec{ ' | Shop Order # 1173 PQ S/N 7472 ﬁ
' Procedure | KV# 16 Rev. 03 Worksheet # | 37760
| Technician | Frank Marunde CGSB Level Il, Reg # 8885 ASNT/SNT-TC-1A Level | [I
| ‘ Technical Data - Liquid Dye Penetrant (PT)

Material Type_ ) 0] Carbon Steel _o Stainless Steel 9 Other . Material ]'hickness

Equipment & Method

. @ Chemetall Oakite 906 ° - Light meter
 Penetrant O Chemetall Oakite 996 Visible
' O Chemetall Oakite 970P25E | O  Fluorescent Type: EA31

Cleaner @ Chemetall Oakite = 9PR50 ® \Water Washable Serial #: 07076803
| Developer ® Chemetall Oakite 9D1B O Solvent Removable Intensity: 1400 Lx
| Lighting Equipment Description: Flashlight
r T B Inspection 1

_ | Description:
item # Description of Weld/Test Area Defect Location Interpretation |
1) Nozzle attachment MW1-W1 Acceptable to specifications
(interior and exterior)
2) N13-C3 weld Acceptable to specifications

e

ACr v EDIREY VEL W LLEASED
for and on behall Of, s

ba&ﬂ
O VR 7% p S

o ]l et

—
KV Inspection Technician /-“"7/ Date October 9, 2013

l Customer Representative Date OCT 1017013




KV Inspection Services Ltd.

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

Fax: 905-844-6697
I _
Customer All- Weld Company
lrLocati_or_\ _' Scarborough, ON
| Project
Procedure KV# 16 .Rev. 03
Techmcnan Frank Marunde

Report
PT

Liquid Dye Penetrant Inspection

Specification — Acceptance Criteria

As per ASME Sec. VIII DIV.1 Appx 8

General Data

Worksheet #

I

Date October 1, 2013
P 0.4
Shop Order # 1173 PQ S/N 7472
I 37733

CGSB Level ll, Reg # | 8885 ASNT/SNT-TC-1A Level

| Technical Data - qumd Dye Penetrant (PT)

Material Type

O Carbon Steel
| . a/od

e Chemetall Oakite
| Penetrant O Chemetall Oakite
| O Chemetall Oakite
' Cleaner @ Chemetall Oakite

Developer ® Chemetali Oakite

|_ Lighting Equipment Description: Flashlight

Nescription:

Item # Description of Weld/Test Area

[ 1) Vortex Breaker welds
' (loose)
2) Skirt-W1 and skirt-L1

(interior and exterior)

[ 3) 4 Lifting lug attachment

welds

. Stainless Steel

Equipment & Method

906

996
970P25E

9PR50

9D1B

O Other Material Thickness

® Visible Light meter
O  Fluorescent Type: EA31

® \Water Washable Serial #: 07076802

O Solvent Removable Intensity: 1400

Inspection

Defect Location

Interpretation

Acceptable to specifications

Several indications detected, were
repaired and re-tested
Acceptable to specifications

Acceptable to specifications

u’&v_’z\b—’r AFp‘ex.osl
I vasamal

Print Name:

Sigparure:
Dhie

II

Lx

KV Inspection Technician

| Customer Representative u’() ©
Aa.s

Date October 1, 2013

Date ULl 233

N



KV Inspection Services Ltd.

1486 Wallace Road

Liquid Dye Penetrant Inspection
Report

PT

Qakville, Ontario L6L 2Y2

Specification — Acceptance Criteria

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

Customer

As per ASME Sec. VIII DIV.1 Appx 8

‘General Data

All-Weld Company Date October 21, 2013
_ Location | Scarborough, ON | P.O. #
' Project | Shop Order # 1173PQ S/N 7472
| Procedure * KV# 16 Rev. 03 ‘ Worksheet # 37867
i Technician I Frank Marunde ' CGSB Level ll, Reg # 8885 ASNT/SNT-TC-1A Level - 11
| ) Technical Data — L|qU|d Dye Penetrant (PT) '
Material Type O Carbon Steel @ Stainless Steel O Other ~ Material Thickness
I Equipment & Method
@ Chemetall Oaki.te 906 ® Visible Light meter
Penetrant O Chemetall Oakite 996
O Chemetall Oakite 970P25E = O  Fluorescent Type: EA31
Cleaner @ Chemetall Oakite  9PR50 @ \Water Washable Serial #: 07076803
| Developer ® Chemetall Oakite 9D1B O Solvent Removable intensity: 1400 Lx

Lighting Equipment Description: Flashlight

Description:

ltem # Description of Weld/Test Area

| Ser# 7472 Item 6/4 - Manway cover welds

MW1 Davit bracket attachment weld

Nozzle support attachment welds
N3, N4, N5, N6, N7A, N7B, N8A,

Inspection

Defect Location Interpretation

Acceptable to specifications
Acceptable to specifications

Acceptable to specifications
N8B,

NOA, N9B, N10A, N10B, N11, N12, N13,

i & N14.

_____—-——-—#Cti’é“ﬁﬁ\ e to specifications

| Name bracket attachment wei”_‘_)/
D/REVIEWED, “‘w o € F3He8

for and on behalf of: — S A -4
! Print Name: Al:pvm_om
_ Signature: {9/(/" 12 Velosi America LLC
| L Date: ¢ 7
7
KV Inspection Technician /‘Z"-;// Date October 21, 2013
Customer Representative 520“‘ Date 197
b = 2 0C1 22 2003




KV ~ Liquid Dye Penetrant Inspection
Inspection Services Ltd. Report
1486 Wallace Road PT
Oakville, Ontario  L6L 2Y2 Specification — Acceptance Criteria
Phone: 905-844-9448
Fax: 905-844-6697 As per ASME Sec. VIII DIV.1 Appx 8

| General Data

Customer All-Weld Company Date October 16, 2013

Location Scarborough, ON P.O.#
| Project Shop Order # 1173PQ S/N 7472

Procedure | KV# 16 Rev. 03 Worksheet# | 37765

Technician | Frank Marunde CGSB Level ll, Reg # ‘ 8885 ~ ASNT/SNT-TC-1A Level | II

_ Technical Data — Liquid Dye Penetrant (PT)
Material Type O Carbon Steel @ Stainless Steel O Other \ Material Thickness |
Equipment & Method
e Chemetall Oakite 906 - | Light meter
. ® \Visible {
Penetrant O Chemetall Oakite 996
O Chemetall Oakite 970P25E | O  Fluorescent Type: EA31

Cleaner ® Chemetall Oakite ~ 9PRS50 @ \Water Washable Serial #: 07076803
Developer @ Chemetall Oakite 9D1B O Solvent Removable | Intensity: 1400 Lx

'Lighting Equipment Description: Flashlight

Inspection

Description:

item # Description of Weld/Test Area Defect Location Interpretation

[
Ser# 7472 Attachment welds

Item 25/2 to sheli Acceptable to specifications
Item 21/2 to N3 Acceptable to specifications
Vortex breaker to N13 Acceptable to specifications

/

EWED! 046
ACCEPTED/REVI /RELEASED
fornndonbehalfof:_,( M GPPﬁ,L)—OﬂL

Print Name: ﬁMZN Y e H;q;pluss“a

Signature: VELOSI
o Lot 23 I3 Velosi America LLC
-4 —

prd

KV Inspection Technician %"% Date October 16, 2013

7z . :
: Date OCT 1 72013

I Customer Representative <

A




KV Inspection Services Ltd.

1486 Wallace Road |

Liquid Dye Penetrant Inspection
Report |
PT

QOakville, Ontario L6L 2Y2

Specification — Acceptance Criteria

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

As per ASME Sec VIII DIV.1 Appx 8
General Data

1

Customer All-Weld Company

| Location IScarborough, ON

L

Project Ultrafab
Procedure KV# 16 Rev. 03
Technician | Chris Veeneman

Technical Data

Date October 23, 2013
P O # |
Shop Order # 1173PQ S/N 7472
i Worksheet # 37924 !
! CGSB Levellll, Reg# 6651 ASNT/SNT-TC-1A Level ' II ‘

=) ; = =
- Liquid Dye Penetrant (PT)

|
L MaEerial Ty_pe

O Carbon Steel @ Stainless Steel O Other Material Thickness _||
Equipment & Method ‘
| L] Chemeta" Oaklte 906 L Light meter
| . ® Visible
Penetrant O Chemetall Oakite 996
O Chemetall Oakite 970P258 | O  Fluorescent Type: EA31
Cleaner ® Chemetall Oakite  9PR50 @ \Water Washable Serial #: 07076803
Developer e Chemetall Oakite 9D1B O Solvent Removabie Intensity: 1400 Lx

Lighting Equipment_D_escriptioni Trouble_light

Inspection

Nescription:
Item # Description of Weld/Test Area Defect Location Interpretation
1) Tailing Lug Welds Acceptable to specifications
i
|
|
| . |
. VA 046 '
[ACK o L Sl ‘
‘formdonbehalforé'gﬁ— /
22 Applus?
Print Name: VELOS! |
- ﬁf_,z:&%— Velos Amera LLC
| e 22 \
|
| —
KV Inspection Technician P —— —— =l Date October 23, 2013

| Customer Representative

Date

ot 261201




KV Inspection Services Ltd.

1486 Wallace Road |

_Liq_Uid byé Penetrant Inspection

Report
PT

Oakville, Ontario L6L 2Y2

Specification — Acceptance Criteria

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

Customer
|

Location

All-Weld Company
i Scarborough, ON

Project

KV# 16 Rev. 03
Frank Marunde

Procedure

Technlman

Materia_l Type _ O Carbon Steel

“Gen

® Stainless Steel

eral Data -

Date October 1, 2013
[P. 0.#

shop Order # 1173 PQ S/N 7472

Worksheet # 37733

| CGSB Level Il, Reg # B 8885

0

Other Material Thickness !

, Equipment & Method

e Chemetall Oakite 906
| Penetrant O Chemetall Oakite 996 ¢
O Chemetall Oakite 970P25E o
Cleaner ® Chemetali Oakite = 9PR50 o
Developer @ Chemetall Oakite 9D1B (o)

|
| Lighting Equipment Description: Flashlight
|

Description:

' | Item # Description of Weld/Test Area

' Ser #7472 Internal attachment welds

Item 1/7- Shell

Item 6/7- Shell

Item 23/2- Shell
‘ Item 26/2 -N1

Item 2/3 - Skirt

Defect lLocation

Visible

Fluorescent Type: EA31

Water Washable

Solvent Removable Intensity:

Inspection

Interpretation

As per ASME Sec VIII DIV.1 Appx 8

ASNT/SNT-TC 1A Level
Technical Data - L|qUId Dye Penetrant (PT)

Light meter

Serial #: 07076802
1400

Lx

Several indications detected, were repaired

and re-tested

Acceptable to specifications
Acceptable to specifications
Acceptable to specifications
Acceptable to specifications

Acceptable to specifications

L

Print

ACCEFTE!
fot and on behalf oft ==

Signature!

\ ELEASED
mgvmwmg;M SRS Hord

g

(ippdzhil S

N S——

.
.,’/‘;,. lﬂ 1510

Name:

D e

Arplus

VELOS!
Velosi America LLC

046

J_H_ :

|

KV Inspection Technician

Customer Representative

Date

Date

October 1, 2013

12372013
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KV Inspection Services Ltd.

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

248 HV

General Data

Vo

Customer | All-Weld Company Date March 12, 2013
Location Scarborough, Ontario P O.#
Project Vertical Separator Shop Order# 1173 PQ
Procedure | KV HT# 50 Worksheet # 36630
Technician | John MacDonald HT Certified | v CGSB Reg # 10375
Technical Data - Hardness Testing (HT)
Material
Test Method & Equipment
Technique @ Ultrasonic Contact Impedance (UCI)
Equipment ® GE Inspection Technologies MIC 10 DL Type #34101  Ser# 8483 |
Readings Taken O Average of 5 readings O Average of 3 readings @ Other - ]
| Scale . O Brinell Hardness ® Other
L . Inspection B ]
Description:
Item # Description of Test Area Readings
Serial # 7472 - L1 Parent Material 246
H.A.Z 216
Weld 233
— — — F.r HE = - e —
H.A.Z 224
- — : ) - 1 — e=
Parent Material 246
- _I_ — . e
< -
‘ ACCEYTE REVIEWED/RELBASED
for and on bahalf oft ___3 29 QLFSHUR /2
o Print Name; C&HWIZSH SHH i}
Signature: N — AFQ_IEUSG)
- R o = = T §
3 l_ -A'}?*&‘ “LU—}*—-— Velosx Amerua L_‘
T
(V Inspection Technician | Date March 12, 2013
— | o @( R R (R [
Customer Representative | Date dak 147013




KV.

spection Services Ltd.
1486 Wallace Road

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

Fax:

Hardness Testing Report

HT

Specification - Acceptance Criteria

% General Data g e
Customer | All-Weld Company Date September 23, 2013 gg 2
Location Scarborough, ON P.O. # | ol -5.-; 2
Project Shop Order # 1173 PQ S/N 7472 J|l & §_
Procedure KV HT# 35 Rev.00 Worksheet # 37648 g o
Technician | Frank Marunde HT Certified ¥  CGSB Reg #8885 ‘:\\\‘ 2| |~

Technical Data — Hardness Testing (HT) slal N
Material Stainless Steel 2| o A
. = — yS 3 -
Test Method & Equipment W ~
- —_— — —tae _—
. e Y
Technique ® Impact Load - Digital Readout O Impact Load — Ocular Viewing ) e \E
. I 2 == == : i = B B . I

Equipment @ Equotip D Impact Device % _g_g Y

- J = FAYURP L TNPaLt LEVIRE — N a = 21
Readings Taken O Average of 5 readings ® Average of 3 readings O Other 3 g
Scale O Brinell Hardness ® Hv Unit Setting: gz &
et N TRES Inspection - H o
Description:

. loweooe e | Parent Parent

( ) Item # Description of Test Area Material HAZ Weld HAZ Material
Ser# 7472 C1 153 153 182 209 206
Ni-W1 185 210 149 154 165
. N3-W1 190 201 164 200 173
t e
:,' N4-w1 189 173 154 184 191
L
N5-W1 197 180 159 171 193
N6-W1 196 167 133 199 192
N7A-W1 191 164 180 218 205
N7B-W1 232 212 133 182 176
— +— —— - - = -
Skirt W1 134 161 168 174 152
; B Skirt L1 133 143 118 140 166
WV Inspection Technician 7 ) 120 September 23, 2013
R N/P:x; | N
Ep 5 SEp o
Ifustomer Representative N Date 26 013




KV Inspection Services Ltd.

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

HT

Hardness Testing Report

Specification — Acceptance Criteria

248 HV Max

General Data
Customer | All-Weld Company Date April 17, 2013
Location Scarborough, Ontario P.O.#
Project Vessel Shop Order # 1173 PQ
Procedure | KV HT# 35 Rev. 00 Worksheet # 36853
Technician | John MacDonald HT Certified v CGSB Reg# 10375
Technical Data - Hardness Testing (HT)
Matenal ‘ Stainless Steel
Test Method & Equipment
Technique I @ |mpact Load - Digital Readout
 Equipment | ® EquotipDImpactDevice R
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® HvV
inspection
( Description:
Item # Description of Test Area 1 Parent Mat’l HAZ Weld HAZ Parent Mat' I
| - _ IR
Ser# 7472 c2 200 183 173 178 147
SIS /
v — o
Aoczmomgwnwaomm_msz C hoilHd
for and on : Mér
R m‘ﬂjhsn 5 us®
- T I~ LOST
Signature: .
. %m W2 Velosi LLC
- | — .
( (VInspection Technician Date April 17, 2013
W)
Customer Representative | ( D“) Date aPR 72 7013
j s




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

248 HV10 Max

Customer All-Weld Company
Locatlon ‘ Scarborough, Ontario
Projec_t_ " -Vessel -
| Procedure | KV HT# 50 Rev. 00

Technician ' John MacDonald

Date © July 23, 2013
po# o

Shop Order # 1173 PQ

36980 [ 37345

HT Certlfed v CGSB Reg #10375

‘ Technical Data - Hardness Testing (HT)

| Material Stainless Steel
Test Method & Equipment
ITechnique | @® Ultrasonic Contact Impedance (UC!)
' Equipment i @ GE Inspection Technologies MIC 10DL Type# 34101 Ser# 8483
| Readings Taken | O Average of 5 readings ® Average of 3 readings O Other
| Scale O Brinell Hardness ®  Other
[ ' Inspection
Description:
Item # \ Description of Test Area | M':f::al | HAZ | Weld HAZ sz:r?al
Ser# 7472 [ C2 R (0-1) 241 l 247 234 ! 218 ﬁ 242
. | 1

l

| \

KV Inspection Technician

Customer Representative

Date July 23, 2013

Date HOV 0 6 201




KV Inspection Services Ltd.

1486 Wallace Road

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

Fax: 905-844-6697
General Data
Customer | Ali-Weld Company Date April 08, 2013
Location Scarborough, Ontario P.O.#
Project Vessel Shop Order # 1173 PQ
Procedure | KV HT# 35 Rev. 00 Worksheet # 36763
Technician | Frank Marunde HT Certified 4 CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material Sta|n|ess Steel
Test Method & Equnpment
Technique ® |mpact Load - Digital Readout
Equipment ® Equotip D Impact Device - B - B
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® HV
s o i Inspection
_ [ Description:
— S — S S - — 4
Item # Descrlptlon of Test Area | Parent Mat’l HAZ Weld HAZ Parent Mat'|
Ser# 7472 N2-W1i 205 202 170 172 171
N14-wi 202 189 174 184 180
- |
S v
ED/REYIEWED/RELEASET] . 046
o for and on bebatfoft %M _ @ FESHoN L
Print Name: (Aﬁf\’rZ-Sﬂ‘ SAHA
— §mmméjigv\/ Applus®
Date: .
- e Veloti Amer
- ke
= i
V Inspection Technician e Date April 08, 2013
/'- cer—— ——— — - P—

Customer Representative | % A Date

P | [ APR 15 2613




KV Inspection Services Ltd.

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

248 HV Max
Fax: 905-844-6697
General Data
Customer | All-Weld Company Date April 30, 2013
Location Scarborough, Ontario P.O.#
Project Vessel Shop Order # 1173 PQ
Procedure | KV HT# 35 Rev. 00 Worksheet # 36888
Technician | Frank Marunde HT Certified 4 CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material Stainless Steel
Test Method & Equipment
Technique ® |mpact Load - Digital Readout
Equipment | ® Equotip D Impact Device . B —
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® HvV
Inspection
Description:
— R o . — J
Item # Descrlptlon of Test Area | Parent Mat’l HAZ Weld HAZ Parent Mat'l
il | RN _ i | -
Ser# 7472 N14-Wi 198 221 172 183 177
Per N NIZ-03%
I v
ACCEP TED/REVIBWED{R ELEASED 046
— o for gnd on behalf of; Q1AM OF[’%HUM R
it Name: U\ﬂﬂ\}sﬁ SHE? lus®
: cg~— _ AFRlS
R — N Y | —
Date: __é:’.lé;\qéj .L’L. |Velosi Americs LLC
KV Inspection Technician R /‘,‘. Date April 30, 2013
-
Customer Representative ( D‘\j Date MAY ) 77013




KV Inspection Services Ltd.

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

Fax: 905-844-6697 ©
General Data 2 |
Customer All-Weld Company Date September 23, 2013 b £
Location Scarborough, ON P.O. # & ‘g
ci
Project Shop Order# | 1173 PQ S/N 7472 HEE
Procedure | KV HT# 35 Rev.00 Worksheet # 37648 P :f 0\
Technician | Frank Marunde HT Certified ¥  CGSB Reg #8885 ‘\f NN
- Technical Data — Hardness Testing (HT) __5_1: |/ :9___
Materlal Stalnless Steel Q%ﬂi ‘\
L - Test Method Sf__eq_J_lp_r_r_lent___. - \ %Q 9
| Technique Impact Load — Digital Readout O Impact Load — Ocular Viewing S \
‘ — S - — - '__
l Equipment ® Equotip D Impact Device g § 5 gb
. - o ' o B o = 3
Readings Taken O Average of 5 readings ® Average of 3 readings O Other 8§ B &
. . <8 M
Scale O Brinell Hardness ® Hv Unit Setting:
= o ~_ Inspection o B ]
Description:
Item # Descrlptlon of Test Area Parer.1t HAZ Weld HAZ Parent
o o T Material Material
Ser# 7472 N8A-W1 215 183 147 184 182
N8B-W1 201 191 145 198 179
— - .I_
N9A-W1 200 169 129 170 182
N9B-W1 209 182 149 171 197
N10A-W1 188 150 164 175 194
N10B-w1 217 207 173 174 189
N11-wi 167 194 158 206 216
N12-w1l 204 218 178 133 163
N15-wil 190 180 140 185 174
(V Inspection Technician e P 120 September 23, 2013
= 7= AN T ces = s ssSs ]
i ST
Customer Representative K%{\ &) Date SEF 2 ZUH
KV




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 30, 2013
Location Scarborough, ON P.O. #
Project Shop Order # 1173 PQ S/N 7472
Procedure | KV HT# 35 Rev.00 Worksheet # 37595
Technician | Frank Marunde HT Certified 4 CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material Stalnless Steel
Test Method & Equipment
Techmque ® |mpact Load - Digital Readout O Impact Load — Ocular Viewing
| Equipment ® Equotip D Impact Device B - B -
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® Hv Unit Setting:
. B _Inspection . .
Descnptlon
- B s I Parent | ., | e ‘Parent |
. Item # Description of Test Area Material HAZ Weld HAZ Material
Ser# 7472 N13 172 170 193 207 193
e — I =
- ELEASED RE e
= — i nmﬂ@/;l 1 ofa/z.‘gm
for and dn behalf of: YY)
- - e Ve B S A.-p_lusm
L5l M ——o__ [ T'vELOS!
) - B Signature: = @T— losi America LLE ]
e T
<V Inspection Technician /;"‘Z’% 120 September 30, 2013
- - - .__Lru_'s,r . [ e
) { ! Uct 0 2013
Customer Representative \ y Date J
e




Hardness Testing Report
KVInspectlon Services Ltd. HT

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

Specification — Acceptance Criteria

Fax: 905-844-6697 248 Max
General Data

Customer All-Weld Company Date { August 14, 2013

Location | @ KVI, Oakville, ON P.O. # ’ '

-Project o Jés;;al___— - | _ého'p O_rder# ' 1176 -PQ Ser#7472
Procedure | KV HT# 35 Rev.00 Worksheet # 37440

Technician | Ed Duitschaever HT Certified | ¥ CGSB Reg #515

Technical Data - Hardness Testing (HT)

ﬁerigl : [ S_t;l;Iess Sge; o —

Test Method & Equipment

Technlque @ Impact Load — Digital Readout O Impact Load — Ocular Viewing
Eqmpment | ® Equotip D Impact Device _ _ ) o
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale @ Brinell Hardness O Other
Inspection
Description:
: _ [ ) Parent Parent
Item # Description of Test Area Material HAZ Weld HAZ Material
__Flange - o
Ser# 7472 N13 -C1 144 142 160 178 156
N13 - C2 181 143 135 191 154
F
KV Inspection Technician /—4:%-&’; Date | August 13, 2013
S ____________;‘_C,,,_______ : : S
Customer Representative i< )'l Date ‘ Al 147013
=S




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 |
- P _General Data — U
Customen: AII Weld Company Date October 9, 2013
Location | Scarborough, ON XP 0 #
e . i i
Prolect Shop Order # 1173 PQ S/N 7472
Procedure KV HT# 35 Rev 00 Worksheet# ] 37760
Techn_lclan Frank Marunde - HT Certlf'ed v cGsB Reg #8885 i
Technical Data — Hardness Testmg (HT)
Material Stainless Steel
B . i . fnr — = |
Test Method & Equipment |
|
Technique @ |mpact Load - Digital Readout O Impact Load — Ocular Viewing '
| Equipment @ Equotip D Impact Device I
|
Readings Taken O Average of 5 readings @ Average of 3 readings O Other
Scale O Brinell Hardness ® Hv Unit Setting:
| Inspection 1
. Description: i
' Parent | Parent |
( Item # | D(ﬁl‘l_ptl(in of Test Area i Material | HA_Z . We_ld | HAZ ‘ Material
‘ Ser# 7472 MW1 4 . 159 146 ll 167 L 188
- - { - i :
‘ N13-C3 | 167 149 \ 161 147 153 |
il z | |
\ |
{
| -+ — l — .
| | | | |
‘ . E— il N T | —
’ ED/REVIEWED/RELEASED | o2 v .
| CPEDREVENEDTELASEO, o0 G B |
for and on behalf oft pe ﬁ\') 9_
| | N/ Y2 1 ©| |
. l o VR A VELOS! .
] e 1B Velos LLC
R o —WT—F SR
S R | I N - R
L |
. S ] =
\ <V Inspection Technician /f:'/“"‘"’"f/ 120 October 9, 2013
G N
Customer Representative % ' Date 0CT 1 0 2013




KV.n

Oak

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

spection Services Ltd.

Hardness Testing Report

HT

1486 Wallace Road
ville, Ontario L6L 2Y6

Specification — Acceptance Criteria

< o5 Q
General Data S "
Customer | All-Weld Company Date October 1, 2013 ( 2u
Location Scarborough, ON P.O. # 3 : 2
Project Shop Order # 1173 PQ S/N 7472 R S
Procedure | KV HT# 35 Rev.00 Worksheet# | 37733 ol .
Technician | Frank Marunde HT Certified CGSB Reg # 88850 3| | | L1
o v
Technical Data - Hardness Testing (HT) 313 N
Material Stainless Steel 2 é
. — )
Test Method & Equnpment \_ﬁ s
o - B Pl ER:
Technique @ |mpact Load - Digital Readout O Impact Load — Ocular Viewing @ g P
 Equipment ® Equotip D Impact Device _.’.:. e E_g g
i L quotip L Impact Ue - B B . R =
Readings Taken O Average of 5 readings ® Average of 3 readings O Other 5 ?5; g @
. . < 2 -
Scale O Brinell Hardness ® Hv Unit Setting:
- B - Inspection B -
‘ Descrlptlon
N . A Parent iAo I Parent
( ) I}em_# Description of Test Area Material HAZ Weld HAZ Material
Ser# 7472 Vortex breaker loose 119 134 108 121 163
Skirt-w1 167 145 161 182 180
Skirt-L1 156 143 106 129 128
Item 2/3-Skirt 150 138 131 133 144
Item 23/2- Shell 204 158 105 137 150
Item 26/2-N1 173 178 144 180 138
I Item 1/7- Shell 210 183 130 191 194
Item 6/7- Shell 193 187 114 181 188
i MIKE KAIAVAD /J/
gevieweD B
wiNesseo O
. I — FQR:
{\ AV Inspection Technician S = 120 October 1, 2013
- - o i o T ——— ‘é o ” =] ] L}L ! Ly s
Customer Representative . K. e Date 0Z 13
L o>,




(

(

KV Inspection Services Ltd.

HT

Hardness Testing Report

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 October 1, 2013
Location Scarborough, ON P.O. #
Project Shop Order # 1173 PQ S/N 7472
Procedure | KV HT# 35 Rev.00 Worksheet # 37733
Technician | Frank Marunde HT Certified & CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material Stainless 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 O Brinell Hardness ® HV Unit Setting:
S Inspection - —
i Description:
1_ T ————— . . - . SR —_— —r i
Item # Description of Test Area Parer.lt HAZ Weld HAZ Parer.1t
Material Material
Ser# 7472 Lifting lugs
0° 133 171 148 151 153
90° 147 150 138 163 159
180° 154 178 135 146 180
270° 141 146 146 169 182

(V Inspection Technician

Customer Representative

120

Date

October 1, 2013

CT 0 31700

'
B8]
'



|
KV Inspection Services Ltd. |

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

Fax:

Customer
| Location |
‘ Project ’

Procedure

’ Techn1c1an

i
Materlal

Technique

Equipment

} — = -
KV HT# 35 Rev.00

905-844-6697

AIl Weld Company

Scarborough, ON

Frank Marunde

Hardness Testing Report

HT

'[_

Specification — Acceptance Criteria

|

~ General Data

Date
} P.O.#

| Shop Order #

. Worksheet #
HT Certlfed

~ October 16, 2013

| 37765
v

1173 PQ S/N 7472

CGSB Reg # 88&_§

Technical Data - Hardness Testing (HT)
Stamless Steel

@ |mpact Load — Digital Readout

® Equotip D Impact Device

o)

Tes_t Iiliethoci_& Equipmen't“

Impact Load — Ocular Viewi

18 [

| Readings Taken | QO Average of 5 readings @® Average of 3 readings O Other
Scale O Brinell Hardness ® Hv Unit Setting: l
| Inspection
Description:
| e | Parent Parent
ltem # | Description of Test Area | Material 4 HAZ Weld HAZ Material
| e | =
| Ser# 7472 | N3 support welds ' |
| | |
| . . .
| g #1 192 ] 180 155 152 | 124 |
! | = - ‘ , . | .
' #2 205 175 jl 147 142 | 139 |
‘ | #3 167 147 160 147 l 117 ‘
S === _1 = S . S . = i
| ‘ #4 181 147 151 I[ 138 i 130 ‘
| |
| — B + | + ! — =
- N4 support welds ' \ j
- e — - .i. — -
' #1 216 159 l 165 132 128
#2 T 217 150 123 156 122
#3 183 146 120 149 125
#4 169 | 141 127 152 122
r = —
<V Inspection Technician = Date October 16, 2013
Vs =
Customer Representative ( ‘;’ 'If Date 0CT 1 72013
L




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 e
Customer _All-Weld Company Date October 16,2013 |2 @ &2
Location [ Scarborough, ON P.O.# 4 = P g ]
Project | ShopOrder # 1173 PQ S/N 7472 "gl -

it _ - | o =ty . L
Procedure | KV HT# 35 Rev.00 lWorksheet # | 37765 -i_-b 5
Technician | Frank Marunde | HT Certified Y CGSB Reg # 888! ;:_ 30_4

I = - - | = — . = B & -
Technical Data — Hardness Testing (HT) TN I _-—-\
. N @ O — T
Material Stainless Steel 2 d'(‘)
Test Method & Equipment 3311-%— |
- | 8 Q
Technique | ® |mpact Load - Digital Readout O Impact Load — Ocular View|ng % . 5%___: |
2]
Equipment | @ Equotip D Impact Device \ E % DP
Reﬂ:lings Taken | O Average of 5 readings ® Average of 3 readings o Other & E_\é 3 g _;
| Scale ' O Brinell Hardness ® HvV | Unit Setting: | é 3 E 3 :
Inspection 28 |
| Description:
|
: ltem # Description of Test Area - arent HAZ Weld | HAZ Parent
( L _ | Material | | - Material
Ser# 7472 N5 support welds ! !
l, B o iy o : i - o = l
‘ #1 | 198 168 170 199 120
| | - . S i ) ‘ — ..
‘ #2 | 218 j 173 152 ‘ 132 147
3 r._ — — — - — P ——
‘ | #3 l 143 | 165 I 161 164 133
| — i T t
| ! #4 . 146 { 147 | 127 135 125
| I | |
I J‘r . T - - S
‘ N6 support welds l | | | |
i e _1 - 4 —
i . #1 197 147 ‘ 170 | 152 | 131
. ! . 1| : . = =
#2 | 211 154 i 135 133 J 123
| - T .
‘ #3 162 172 146 155 J 152
| L #4 171 { 154 wt 143 156 1 137
1
[ XVInspection Technician i Date October 16, 2013
—a.\'lr
Customer Representative ‘j‘j Date ocT 1 72013

i
I
[



\

KV Inspection Services Ltd.

Hardness Testing Report

HT

1486 Wallace Road

i
Specification — Acceptance Criteria |

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

__General Data

Customer All—Wéld Company Date October 16, 2013 < i{
' Location l Scarborough, ON Ip.o.# |
Project | Shop Order # 1173 PQ S/N 7472 J
Procedure | KV HT# 35 Rev.00 | Worksheet # | 37765 |
Technician | Frank Marunde ' HT Certified ¥  CGSB Reg#888 ‘
| Technical Data — Hardness Testing (HT) i
Material Stainless Steel
Test Method & Equipment 1
- |
| Technique e Impact Load — Digital Readout O Impact Load — Ocular Viewing
Equipment | @ Equotip D Impact Device
Readings Taken 4 O Average of 5 readings ® Average of 3 readings O Other |
Scale O Brinell Hardness ® HvV Unit Setting: | |
| Inspection |
Description: '
ltem # | Description of Test Area | arent HAZ | Weld HAZ Parent |
[ 7% Material : Bl i Material |
Ser# 7472 N7A support welds | '
+ 1 {
|
#1 212 179 134 178 138 |
I - 1 — t . { I} l
#2 231 ‘ 184 . 139 154 | 121 ‘
— S—— + - —_— + e - + 4
#3 193 | 144 | 154 150 148
- - - J‘. 1 — — l = = 1
#4 184 ] 156 157 157 129 '
I | | . ) ] l |
| | — | |
| N7B support welds | ; ‘ |
| - S —— t e _1 i i = .
‘ #1 200 164 159 140 119
#2 j 204 168 149 141 124
. - 1l . il S
#3 | 216 147 131 141 119
| i #4 ‘ 196 158 160 154 114
|
I 7 :
KV Inspection Technician M Date October 16, 2013
m S
Customer Representative ' Date acr 17 2013




|
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 October 16, 2013 |4 %5 §J
Location Scarborough, ON P 0 # ;j%
Project Shop Order # 1173 PQ S/N 7472 Q> 3
Procedure | KV HT# 35 Rev.00 Worksheet# | 37765 ﬁz 3 |
| Technician Frank Marunde J HT Certified v CGSB Reg # 888 <t i l
Technical Data — Hardness Testing (HT) ‘0 \ '
Materlal Stamless Steel | ;l :—Sl
Test Method & Equipment "'* ~ ‘
= I | .:’. ~
' Technique ® impact Load - Digital Readout O Impact Load — Ocular View Ng
Equi t R i
| Equipmen . @ Equotip D Impact Device 2 |
| Readings Taken O Average of 5 readings ® Average of 3 readings O Other % % 24 j-,:-ré |
f ' - [, . . - o Zz a- 1 |
| Scale O Brinell Hardness ® Hy | Unit Setting: 53 ;2_3 l
i Inspection 9 & i ‘
Description: !
Item # Description of Test Area [ arent HAZ Weld HAZ Parent i
N N | Material ) - - | Material |
Ser# 7472 | N8A support welds | | ' |
| | .
L #1 210 169 154 153 146
I ] - i |
#2 \ 205 l 163 151 145 133 |
#3 178 168 153 1 142 124
R e E . L )
| #4 134 134 129 } 166 138
|
N8B support welds | . |
L - - T - _— | . .I.
#1 211 180 123 123 118
#2 193 178 127 125 128
' #3 \ 160 150 153 146 ( 139
‘ #4 | 155 143 149 138 122
J— /—/
{V Inspection Technician /.f Date October 16, 2013
Customer Representative QA‘WA Date 0CT 1 7 2013




|
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

o o __GeneralData 2
Customer  All- Weld Company Date October 16, 2013
Location Scarborou_g_h, ON | p.o. o ?‘j
Project Shop Order # 1173 PQ S/N 7472 g
Procedure KV HT# 35 Rev.00 Worksheet # 1 37765 :ﬁ
Techmclan Frank Marunde ] HT Certlfed v CGSB Reg # 888 SQ(Q :
Technical Data - Hardness Test|ng (HT) "é)r
Material Stainless Steel 25
Test Method & Equ1pment \ g" j%i
1 > . %
| Technique | ® Impact Load - Digital Readout O Impact Load — Ocular Viewing | % % {\P
Equipment ® Equotip D Impact Device % g § %g
R 5, z
| Readings Taken l O Average of 5 readings ® Average of 3 readings O Other a3 g 3
— - 183 N
Scale | O Brinell Hardness ® Hy ' Unit Setting: =
Inspection
Description:
. | Parent | Parent
{ Item # Description of Test Area | Material | HAZ Weld HAZ Material
b - 4 : T E - ——
Ser# 7472 N9A support welds \ | |
. L | |
#1 206 172 | 155 153 | 142
1 -
|
#2 180 ' 153 142 143 155
! ! '
#3 199 ' 154 133 116 125
tremmee f = 1 |
#4 176 148 165 126 . 130
— — —_ ;__‘T_ — — — _f N p—
N9B support welds !
B - | = s il = |
#1 197 | 152 143 168 151
#2 216 158 160 176 147
' #3 206 194 156 154 145
#4 194 175 170 170 155
| —— :
( KV Inspection Technician /44—/—’-/’// Date October 16, 2013
Customer Representative 4 A Date 0CT 171203




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 | I ) N
{_ S _____ General Data S g__ﬁ_f
Customer  All-Weld Company Date ) October 16, 2013 lﬁg l
.+ Location Scarborough, ON P.O. # g Eé 5
| Project Shop Order # 1173 PQ S/N 7472 4:% -%
Procedure | KV HT# 35 Rev.00 ' Worksheet# | 37765 §‘a >
Technician | Frank Marunde ‘ HT Certified Y CGSB Reg#8885 | & ol 50
Technical Data — Hardness Testing (HT) 3e 4 :1\
' Material Stainless Steel ?{Z ge
A - = = S e - : >
Test Method & Equipment “@Q% 3
m M
Technique @ |mpact Load - Digital Readout O  Impact Load — Ocular Viewing\ % "5§ D
| Equipment @ Equotip D Impact Device %’ 3 o |
Readings Taken O Average of 5 readings @ Average of 3 readings O Other ‘; 8 é % g ‘
i . - 0 - 9. . Ml |
. : iy R
Seale | O BrinellHardness & HV | Unitsetting: | |8 5 & _
Inspection |
Description: :
| - |  Parent Parent |
( Item # | Description of Test Area Material } HAZ Weld HAZ Material
| — Waterial | -~ erial |
Ser# 7472 N10A support welds I T |
- 4 il L |
‘ #1 197 ' 163 151 167 l 149 I
#2 180 | 174 182 | 142 127 J
— — 1 | | —
‘ #3 | 2 185 155 166 | 158
I = L 1 T T i‘
| | #4 J 206 173 151 ‘ 152 135
0 — ] — R
i R | - | e _
N10B support welds |
T S = e R — — —_— i — - S — —
#1 231 189 ‘ 130 139 147
. R B - F— - N A
#2 218 185 | 135 169 137
#3 194 171 # 157 140 118
#4 174 166 l 147 146 128
|
( <V Inspection Technician %’“/’// Date October 16, 2013
Customer Representative 4} Date ) 1 720]3
p @

Sy



| Hardness Testing Report

HT

KV Inspection Services Ltd.
!f

1486 Wallace Road Specification — Acceptance Criteria

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

| [ — .
General Data

S

[
lus
Amial

il

Tof
@

Customer | All-Weld Company_ Date October 16, 2_0_13
O e = s - B N G e
Location Scarborough, ON \ P.O.# 4\% g
Project Shop Order # 1173 PQ S/N 7472 ﬁ? >
- - . Pe _ e B -
Procedure | KV HT# 35 Rev.00 | Worksheet# | 37765 %M A
Technician | Frank Marunde ‘ HT Certified v CGSB Reg # 8885 -5) I = §
| o TEEE — e = 255 Reg ) 3 4
Technical Data - Hardness Testing (HT) gg__@%ﬁ
Material Stainless Steel XN s
Test Method & Equipment ol & HNE
. | R
Technique ‘ @® Impact Load — Digital Readout O  Impact Load — Ocular Viewing %
| Equipment | @ Equotip D Impact Device = 8 é é g
. o =
‘LReadmgs Taken ‘ O Average of 5 readings @ Average of 3 readings O Other é g ga |
| Scale . O Brinell Hardness ® Hv Unit Setting: =
Inspection
| Description:
- ; - | Parent ! Parent
( Item # Description of Test Area Material | HAZ | Weid HAZ Material
Ser# 7472 | N11 support welds ‘ | ' |
{ - | ~ | il . =
' | #1 207 159 ' 170 | 142 l 152
d - . | 2 L = s ] -
|
| | #2 191 148 | 155 | 137 127
! e ) | | - _i, R
‘ #3 193 157 153 153 132
| | | o
‘ : #4 . 212 | 154 143 L 137 | 129
‘A — - - troe iy T 1 1 -4- —
, o | 1 - L . ]
| N12 support welds '
| S ] o — | -
#1 189 169 183 151 127
| . - S I S - |
#2 183 186 | 189 145 114
#3 164 159 153 153 123
#4 156 156 166 180 133
I N L b
( <VInspection Technician = Date October 16, 2013
Cust R tati / Dat
ustomer Representative ;m e Ul 17413
LY 0‘#’;
-



(

KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y6

Hardness Testing Report

HT

Specification — Acceptance Criteria

Phone: 905-844-9448 2 8 g
Fax: 905-844-6697 _ B .m0
‘ . General Data _ 1 | 3g¢
Customer AII Weld Company Date October 16, 2013 [skg g
| — - — - — - g -3
3
Locatlgi Scarborough ON P.O.# - £ %2. 21
Project ' Shop Order # 1173PQS/N 7472 | & Q 1L\
N— I | FaE e
Procedure | KV HT# 35 Rev.00 __ Wor'ggee_t{iE —[37765 _ ao j;) A \\
Technician | Frank Marunde | HT Certified ¥  CGsB Reg#8885 2 QN )
Technical Data — Hardness Testlng (HT) gé_\ }z g
Material  Stainless Steel NERNT RN
=T - S S = = NE o= ~
Test Method & Equnpment A8 8 \L
| Technique @ |mpact Load - Digital Readout O Impact Load - Ocular Viewing % ai g é g
| ks ©
Equipment i @® Equotip D Impact Device § El E &
| Readings Taken | O Average of 5 readings ® Average of 3 readings | O Other = & -
| Scale | O Brinell Hardness ® Hyv | Unit Setting: |
: Inspection
| Description:
i Parent Parent
item #  Description of Te?t é_r_ea ' Material 1| HAZ _ Weld HAZ | Material
| Ser# 7472 N13 support welds l [
! 1 I
. #1 127 ! 174 138 135 | 144
- - . .i — 1 ’ - ——==—=
‘ #2 120 155 , 137 161
| - —T . —] | ‘;
| #3 146 151 143 148 117 |
— ——— r ]
#4 148 g 161 146 I 146 | 123
- R L HLE
| |
— : |
. N14 support welds | | | i
- . . | | - .
#1 142 . 122 159 140 1 140
p— — - —‘f' S — — — — —
#2 154 148 149 133 137 ‘
I S I — b . - S |
| #3 154 173 161 140 128
#4 160 161 170 142 121
XV Inspection Technician = . Date October 16, 2013
.;‘a"\
F>
Customer Representative - 9 Date 0CT 1712013
o)
Tl




(

\

Project

KV Inspection Services Ltd.

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

~ Fax: 905-844-6697

Customer AII Weld Company
Location Scarborough ON

Procedure KV HT# 35 Rev 00

Techmclan Frank Maru nde

Hardness Testing Report

HT

Specification — Acceptance Criteria

J

General Data

Date October 16, 2013

P.O.# |

Shop Order # 1173 PQ S/N 7472

Worksheet # 37765 :
| HT Certified v CGSB Reg #8885

Technical Data - Hardness Testlng (HT)

Materlal Stainless 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 l O Brinell Hardness ® Hv | Unit Setting:
Inspection
Description: |
ltem # Description of Test Area o Parent | Weld HAZ Parent |
L P ST material | | | _ _ Material |
|
Ser# 7472 | MW1 Davit bracket | 184 ' 209 203 I 201 .} 190 |
_ — | | - |
! Vortex breaker r 165 186 l 174 i N/A N/A
} — N R _|. .I. =)
Item 21/2 to N3 T 165 | 160 | 154 179 | 176
| Item 25/2 to shell 1 ‘ 174 174 150 | 231 | 204
| B M - ¢ I
Item 25/2 to shell 2 T 206 185 164 | 201 223
— I I 1l :
| Name bracket to shell 131 L 141 153 W N/A N/A
. ) ] L o |
z
— —— \ /' mﬁﬁ— S e — M ——— —
pccp ORI o p FSPokE
for d vn behalf of: H L
L " £ ” , ~ ) 4 =] |
'tName: AFPVEI. s1
- — 1 D“;”#“a}—’tkﬁ‘- Veloh i

<V Inspection Technician /J—ﬂ'% Date October 16, 2013

Customer Representative

Date 0CT 172013




~ 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 B 1"—7_%
General Data o

Cu;tarﬁer | _AII-WeId Company Date October 21, 2613_ B ‘g
Location | Scarborough, ON \ P.O.# E1 0N
e - _—
Project l l Shop Order # 1173 PQ S/N 7472 s
Procedure | KV HT# 35 Rev.00 | Worksheet # 37867 ﬂ\
Technician J Frank Marunde | HT Certified Y CGSB Reg # 8885 .f\; X
Technical Data — Hardness Testing (HT)
Material Stainless Steel =
Test Method & Equipment @U
| i)
Technique @ Impact Load — Digital Readout O  Impact Load - Ocular Viewing | &,
|
Equipment @ Equotip D Impact Device E
Readings Taken | O Average of 5 readings @ Average of 3 readings O Other
i_ScaIe B O Brinell Hardness ® Hv Unit Setting: |
; Inspection ;
| Description:
- ' Parent i Parent
| .
{_ ltem # | Descr!_ptlon of Test Area | Material | HAZ | VYeId | HAZ Material
Ser# 7472 Item 6/4 Manway #1 186 171 | 141 215 | 210
. ! ! f
Item 6/4 Manway #2 181 154 146 200 206
a | .| { 1, |
Item 6/4 Manway #3 187 151 ' 141 205 211 ‘
I I — o S S — _— | S | :
Item 6/4 Manway #4 192 | 175 133 | 195 | 221 |
| 1 1 i 1
| ! | |
|
i i | T — i
I |
| .
A : | 4 ! k|
|
k |
13 L : 2 I =
i
L | i T _— - |
1 ‘ | |
KV Inspection Technician Date October 21, 2013
Customer Representative 9 Date 0CT 22 72013
o)




KV Inspection Services Ltd.

Hardness Testing Report

HT

1486 Wallace Road

Specification — Acceptance Criteria

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

_ Fax: 905-844-6697 W — o
[ B ~ General Data S
| Customer  All-Weld Company Date October 23, 2013
'LLcE:—z;\ti.bn _ __ Sc;rborough, O-N IP O.# B -
Project Ultrafab Shop Order # 1173 PQ S/N 7472
Procedure | KV HT# 35 Rev.00 : | Worksheet # 37924
Tgc_hni_criia; Ch ris Veeneman : il H; __C_ertlﬁed v CGSB Reg # 6651 _
_ Technical Data — Hardness Testlng (HT)
| Material Stainless Steel
i Test Method & Equipment
| Technique ‘ ® |Impact Load - Digital Readout O Impact Load — Ocular Viewing
| Equipment | @ Equotip D Impact Device

| Readings Taken O Averageof 5readings ~ ® Average of 3 readings O Other :
Scale | O Brinell Hardness ® HV | Unit Setting: | 248 VIC Max ‘
o Inspection
Description: |
ltem # | Description of Test Area | ~2¢™ 1 paz | weld HAZ Parent
| - ~° | Material |~ _ | ~ | Material T
Ser# 7472 Tailing Lug . 198 182 } 169 l 184 | 175 |
- — S - - 4 | <+ == |
| T | | |
! I | , |
| | | '
| - + + ! | -.
| ‘ . . '
I i | | |
+ ! 1 + |
| | |
| |
|
‘ . I _w_ N _1_ — - 1| i !
. | i . |
. IR S PN S S
| - AL — T, | | —
_ ACCEPTE E‘mzwggﬂ 0 FFS Halle '
oft 2T
| - R e N STV | -
| print N — o — VELOS! ||
. ls e%‘,—vr % yeosAmmialic) |
i W v - I
| |
| L —
| | | | | |
I p—
<V Inspection Technician o e ___ Date October 23, 2013

Customer Representative

(XY Date utl 2 82013




C OMPANY LI M1 T ED

Engineers Since 1920

QA COPY

NCR No.
L NON-CONFORMANCE REPORT 13015
f rk Order Serial Number Customer NCR Author NCR Date
; 1173PQ 7472 & 7475 Ultrafab 13-Mar-13
| DN
NCR Background
Discovered JCustomer AWC Other
By DN KVi
Nature of {Product X System Documeni Vendor Other
NCR
Description
ASN 7472 x-ray weld repair in L1 @3 (3" to 4") slag, lack of fusion. Welders # 25 & 109
SN 7475 x-ray weld repairin L1 @6 (8" to 10 1/4") slag. Welders # 25 & 109
Immediate
Action
NCR Disposition
Decision |S:rap lRework IRepalr X IRemm to Suppher Use As s Other |Assigned tO
Description
Grind out repair areas
2) PT repair areas. QA Inspect
3) Weld with WPS 3-4
4) PT repaired weld
5) X-ray repair
ISee suplimentary fite for further Disposition File Namel
Contract |Quote Extra Amount AWC Rep [Notes Dates
Adjustment Submitted
(ECN Only) Approved
X |Approvals Required - (Sign and Date) NCR Approvals
Customer Engineer 1ISO
Sales 4 x oA‘\ﬁ’\uL,\ Mae 13>,/| af  [otner-
X |Proj. Mgr /(/b%"/) it g Al %z MAT 15.\2 Other -
(Sign andDate) Disposition Verification
Dwgs/Calcs Prod-CPS 1SO
Purchasing QA/\D/&&'\ MO\I’ 26 / 2 Other -
Prod-AWC A Al %‘z MMZ M. [ r Other -
Follow-Up Required
No Follow-Up Required Corrective Action Investigation Employee Review Other -

Exhibit 9-2

Rev. 3




(

T E D

cC OMPANY |
Engineers S/nce 7920

QA Copy

NCR No
'ork Order Serial Number Customer NCR Author NCR Date
1173PQ 7472 Ultrafab 10-Apr-13
1 DN
NCR Background
Discovered [Customer AWC Other
By DN KVinspection
Nature of [Product x System Document Vendor Other
NCR
Description

X-ray repair in C2: films 0-1, 4-5, 6-7, 8-9, 9-10, & 10-0 linear slag indications. Welder #109

Immediate
Action

NCR Disposition

Decision JScrap IRework IRepau x IReturn to Supplier IUse As s IOlher IASsigned to
Description
i . ;
‘) Grind out repairs
2) PT repair areas.
3) Weld with WPS 3-4
4) QA inspect
5) RT repairs
|See suplimentary file for further Disposition File Name
Contract Quote Extra Amount AWC Rep }Notes Dates
Adjustment Submitted
(ECN Only) Approved
X |Approvals Required - (Sign and Date) NCR Approvals
Customer Engineer 1SO
Sales [ , i /@—Y M"\ /O/i)“/l% Other -
7. Proj. Mgr M,{, \.«(H' l 'A,,(,'L o Al é MAY 2 . Other -
(Sign angpaé) =4 Disposition Verlflcatlon
Dwgs/Calcs Prod-CPS 1ISO
: Purchasing %L\ MG“ 251 /l? Other -
Prod-AWC Al ie_,\*\b&/ ‘\/( E Other -
Follow-Up Required
No Follow-Up Required Corrective Action Investigaticn Employee Review Other -

Exhibit 9-2




ALL-WELD

Exhibit 9-2

C OMPANY I' T E D If“i__ﬂ ONAN\/
Engineers S/nce 7920 - PAY. :
| NCR No.
NON-CONFORMANCE REPORT N13.036
ark Order Serial Number Customer NCR Author NCR Date
1173PQ 7472 Utrafab 12-Apr-13
DN
NCR Background
Discovered |Customer AWC Other
By DN
Nature of [Product x System Document Vendor Other
NCR
Description
N14 conn out of level 0.6 degrees max per ASME & SBM spec is 0.5
Immediate
Action
NCR Disposition
Decision IScrap IRawork IRepalr IReturn to Supplier Use As is IOlhar- IASS|g ned to
Description
» Mﬂk.-—, L v E D S 4 i Y i NTO PO T on
Ve DD we Ane PT _§ O7 THYT
Repene (& regqu red
[See suplimentary file for further Disposition File Name)|
Contract [Quote Extra Amount AWC Rep TNotes Dates
Adjustment Sl
{ECN Only) Approved
X |Approvals Required - (Sign and Date) NCR Approvals
Customer Engineer 1ISO
T g Ape J5fi ] o
~¢|Proi. Mgm vy |¢7/12 Al Other -
(Sign and Date) Disposition Verification
Dwgs/Calcs Prod-CPS 1ISO
Purchasing QAg/ éa’\ / Other -
L/b5/1>
Prod-AWC Al Other -
Follow-Up Required
No Follow-Up Required Corrective Action Investigation Employee Review Other -

Rev. 3



COMPARN.Y ' M | T E D QACOF“W
Engineers S/nce 71920
NCR No.
| NON-CONFORMANCE REPORT N15.042
ork Order Serial Number Customer NCR Author NCR Date
1173PQ 7472 Ultrafab 18-Apr-13
| DN
NCR Background
Discovered |Customer AWC Other
By DN KVInspection
Nature of [JProduct X System Documeni Vendor Other
NCR
Description
X-ray repair in C2 @ 0 to 1 film segment (slag inclusion) W LD S~ 40
Immediate
Action
NCR Disposition
Decision IScrap IRework IRepalr X |Relurn to Supplier IUse Asls IOlher- |Assigned to
Description
Gouge out repair
'2) PT repair area
3) Weld with WPS 3-4
4) QA Inspect
5) PT, HT, & RT repair
ISee suplimentary file for further Disposition File Name
Contract [Quote Extra Amount AWC Rep [Notes I Dates
Adjustment Submitted
(ECN Only) Approved
X |Approvals Required - (Sign and Date) NCR Approvals
Customer Engineer 1ISO
Sales A 5 1% /i Other -
_ =1 8/0‘}// 3
{ lproj. Mgr/@(/\/ko A.,o,\, 8 Al %_, Miat 2. S Other -
(Sign and Date) Disposition Verification
Dwgs/Calcs Prod-CPS ISO
Purchasing m mc_” LC1/I'S Other -
' |Prod-AWC AlQA AR, (1 Other -
" Follow-U Required
No Follow-Up Required Corrective Action Investigation Employee Review Other -

Exhibit 9-2




'}
\

AL " W ELL

C OM P A NY I T E D
Engineers S/nce 7920
' NON-CONFORMANCE REPORT NeR e
N13-048
ark Order Serial Number Customer NCR Author NCR Date
1173PQ 7472 Ultrafab 8-May-13
I DN
NCR Background
Discovered jCustomer AWC Other
By DN KVInspection
Nature of [Product X System Document Vendor Other
NCR
Description

RTrepairin C2film#0to 1@ 2 to 5 1/2" staggered slag indication.

Immediate
Action

NCR Disposition

Decision ISCrap IRework lRepalr X IReturn to Supplier IUse Asls IOlher lAssigned to
Description
Grind out repair.
2) PT repair area.
3) Weld with WPS 3-4
4) QA Inspect
5) RT repair
6) Perform PT & HT on repair
ISee suplimentary file for further Disposition File Namel
Contract [Quote Extra Amount AWC Rep Notes Dates
Adjustment Submitted
(ECN Only) Approved
X |Approvals Required - (Sign and Date) NCR Approvals
Customer Engineer I1ISO
Sales . m m CI € //3 Other -
y |Proi: MngO My g/,g Al t‘;f Mew 0& 3 Other -
; el 7 7
{Sign and Date) Disposition Verification
Dwgs/Calcs Prod-CPS 1ISO
Purchasing ML'\T\A\J JH'AB Other -
Prod-AWC A /}é Yoy L . bulZ Other -
Follow-U RP uired
No Follow-Up Required Corrective Action Investigation Employee Review Other -

Exhibit 9-2

Rev. 3




Welding Procedure Specification (WPS)

CARBON STEEL

@ Provincial Registration |WP D700.5
@ Company R2363.5 / R2060.5
e ALL-WELD COMPANY LIMITED 3 Procedure Identification
. 49 PASSMORE AVE. _ 14 PASSMORE AVE. WFS NO. 11 Revision No. 6
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Section IX Date 14 April, 07
Postal Code ( PLANT 1) Postal Code ( PLANT 2 ) PQR No.
M1V-4T1 M1V-2R6 1,1A & 78
@ 1 SMAW Manual { X Semi-auto. Auto.
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints (QW-402)
Design SINGLE & DOUBLE V GROOVE Backing faterial WELD METAL
Backing es Mo X MOTE  SMAW SHALL BE USED WITH BACKING ONLY
Sketch
i 7
o o . ~ 75" .
LR S L 4 N +5°—15° _
E 7 ISR A\
T 41"—%"13‘\ i s 7
( L 1) L ~| L " i " | "'_t " 4 L " "
JHerEiee "l L'3’32 =1 g e —v‘ L*3132 21732 ALL FILLET WELDS
§ 6) Base Metals  (QW-403) P No. 1 Gr.No. 182 toP.No. 1 Gr.No. 18&2

or Specifications type and grade

SA-36, 53. 105, 1

06, 181, 234WPB, 285 & 516 to

SA-36, 53, 105, 106, 181

, 234WPB, 285 & 516

or Chemical Analysis and Mech. Prop.

NONE

Thickness Range Qualified

Total 1) 1/16"to 1 1/2"
Other 1) NO SINGLE PASS TO BE GREATER THAN 1/2"
7 Filler Metals (QW-404)
I AWS No E7018-1H4 RETURN LOW SFA 5.1 F-No 4 A-No. 1 Dia. 3/32" & 118"
L awsno  E70181H4 | o HYOROSER [P 51 FNo 4 ANe 1 Da 52
3 AWS No E7018-1H4 | OVEN EVERY 4 HOURS | SFA 5.1 F-No 4 A-No 1 Dia. 316" & 1/4"
Flux Tradename NONE Electrode Flux Classification NONE
jonsumahia insce NONE QInSE MAX DEPOSITED METAL 1 1/2"
@ Positions (QW-405) @ Postweld Heat Treatment (QW-407)
Positian(s) of Graove ALL Temperature Range NONE
veiding Progression UP Time Range NONE
Position(s) of Fillet ALL Other NONE
e NONE N




@ 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 (
P_reheat Maintenance SEE 'OTHER' Trailing Shield Gas Composition NONE
Of‘her NONE Other NONE
@ Electrical Characteristics and Technique (QW-409)-(QW-410)
Filler Metal Current
Weld Layer(s) Pracess —— - - Travel Speed Range
Classification Diameter Type Polarity Amp. Range Volt Range
ROOT SMAW | E7018-1H4 3/32" DC RP 70-120 20-22 N/A
ROOT SMAW | E7018-1H4 1/8" DC RP 70-150 22-24 N/A
FILL SMAW | E7018-1H4 3/32" DC RP 70-120 22-24 N/A
FILL SMAW | E7018-1H4 1/8" DC RP 70-150 22-24 N/A
FILL SMAW | E7018-1H4 5/32" DC RP 120-200 22-24 N/A
FILL SMAW | E7018-1H4 3/16" DC RP 200-275 22-24 N/A
FILL SMAW | E7018-1H4 1/4" DC RP 300-400 24-26 N/A
Tungsten Electrode Size and Type NONE
Mode of Metal Transfer for GMAW NONE
String or Weave Bead STRING
Hethod of Back Gonging GRINDING OR ARC AIR GOUGING AND GRINDING (

Initia! and Interpass Cleaning (Brushing, Grinding, elc )

WIRE BRUSH OR GRINDING

Orifice ar Gas Cup Size NONE

Osciltation NONE ki) NONE Freaveney NONE
Contact Tube to Work Distance NONE

Multiple or Single Pass (per side) MULTIPLE

Mullipte or Single Eteclrocle SINGLE

Electrode Wire feed speed range NONE

other  Preheat Requwements When weldlng to or together for the thickness noted below the preheat requirements must be
fo " thi atto 80° F 1" thick and 1o 200" F

@ Supplementary Comments

NONE

/R
Company Representative Signature Date 14 April, 07

Robert C. Efentley C. "Ii
(
Registration of this Welding Procedure (Specification plus Qualification Record) is requured 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

r
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LR
.Ministry of Boilers and Tel. (416) 965-4121 400 University Avenue
J11 Taronte) ‘Ontaric
Consumerand Pressure Vessels M5G 185 *
Commercial Branch e e,
Ontario  Relations Technical Standards Division

COPY

PROCEDURE QUALIFICATION RECORD

5 PQR =1

25 /90 4-7 A SSMdRE AVE scamsoea“,,

pae APR 23,/979

My 477

ALL-WELD C
. {Meanufacturer)
Weld Proc. Spec. Ng, {WPS -~
i

Weld Process({es)

S At

(Manual, Automatic)

JOINTS (Qw-402)

\(75‘\7/

BASE METALS {QW-403)
Material Spec.___Carbon Steel
Type or Grade SASB GR.B

Other ___

N/A

!5 ) \ / } P No. 1 to P No. 1
* "
Thickness 432
;53- —.-' l* * '/Ié Diameter 6" PiDe
Groove Design Used Other 0’ D s
7 3/3/zc 3T PTY/)
FILLER METALS (Qw-404) POSITION {(QW-405)
Weld Metal Anaiysis A No. Al Position of Groove A_l_l___
Size of Electrode __ 3/32  1/8 Wald Progression up
(Uphill, Downhill)
Filler Metal F No. ____F4 ——
SFA Specification L | Other N/A
AWS Classification - E7018 PREHEAT (QW-408) 5
Other N/A Praheat Temp, ~NONE- 50°F utw‘?ﬁ?
! Interpass Temp. N/ A
Other — N/ A
POSTWELD HEAT TREATMENT (Qw-407) GAS (Qw-408)
Temperature None Type of Gas or Gases N/A
Time . N/A Composition of Gas Mixture N/ A
Other N/A Other - m_ —
ELECTRICAL CHAHACTERISTICS (Qw-409) TECHNIQUE (Qw-410)
Current . DL e String or Weave Bead __.Stil_llg_ e
Polarity ___ Rever S_e e Oscillation o _N_/_‘_(\ _—
Amps.__12{}-150 — Volts .. 22-24 Multipass or Single Pass _Mult_lpas S
~Iper side)
Travei Speed NSA ~ o ey

Single or Multiple Electrodes S ing le

Hesns”



TENSILE TEST (Qw-150)

PRR=-

ULTIMATE ULTIMATE CHARACTEP
SPES('JMEN WIDTH THICKNESS AREA TOTAL LOAD UNIT STRESS FAILUF;

. LB, PSI LOCAT:
13-47-T1 0.759 0.367 0.279 18,950 67,900 pareﬂétal
13-47-T2 0.773 0.359 0.278 18,600 66,900 P“"e;}tl .

GUIDED BEND TESTS (QW-160)
FIGURE No. RESULT FIGURE NO. RESULT

FB 1 Saﬁisfactory RB 1 Satisfactory

FB 2 Satisfactory RB 2 "Satisfactory
TOUGHNESS TESTS (Qw-170)

SPECIMEN NOTCH NOTCH TEST IMPACT LATERAL EXP. DROPWEIGHT
NO., LOCATION TYPE TEMP, VALUES = —_— e em -
. % SHEAR MILS BREAK NO BREAK
4._ e - - — - T
Type of Test e o _

Deposit Analysis___ S
Other

Tensile Test Made By_Vern W. Jones C.E.T.
Lab_oratory Test No. 282 -0170

Warnock Hersey Professional Service L

Weld Test Witnessed By
Authorized | nspector

H.L.P. Wright

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

BOILERS AND PRESSURE VESSELS BRANCH

ACCEPTED

ianed_ALL-WELD COMPANY LIMITED
W.P, No.b..'.?.O.Q.'..;a:.....!?.!.’s.*?.h.rol SRS 3

(Manufacturer)
Dete A2 HC) Ty <dges
x iner... 2 oot avss By > / /’a—)_
MINISIRY OF 0 SUMER TG AN e 4 R. J7 Mclntyre,
& COMMERCIAL ReLATIgN Q.A. Supervisor.

PROVINCE oF ONTARIO




W HSn Yy e rerrmree e wew rea

ALL-WELD COMPANY L/MITED

Address/ Adresse
49 PASSMORE AUVE

W " " Consumer and  Consommation Vessols - des spparels . ::/Résultat de méthode de soudage (RMS,
' Commercial et du Safety soua pression w b et 5 B s
.Ontario _Relations Commerce Branch S I
o . (Reference: ASMI‘E Section IX/Référence: ASME, Section li()
¥ Provincial Registration wp .
( G Company/Entreprise @ Enregistrement provincial #ﬂZK 23635
. «ame/ Nom e

Record identification/Désignation du résultat

®

SCARBoOROUVUGH ONTARIO

.

[©

Postal Code/ Code postal
My WIS Ty

Welding Process(es)/Procédé(s) de soudage

PQR No.
AMS N° 1 -A
WPS No.

omgrve l A=l

®

TYDO 5 [
N SMA W MANUAL 7 -
2 Type ;
3 Type L
———— -
@ Base Metais/Métaux de base (Qw-403) _'! 1
P No. | GrNo. | 72 tla PN | agrn | +2 %2.1132“' { 3 «+y
I—_Speciﬁcativ.m@' Spéclfication Tensite/ Tenslon Ty 32 - /32
SA-Sl~-6R 70 70,000
SA ~Sl- GGR70 70,000 Groove Design usad/ Croquis du jaint utilisé
Thick . Oiameter/ Dlamdlre Postweld Heat Trestment/
Ep':isrs‘:f; '/ g Traltement thermique postsoudage (GW-407)
Other Temperature
el Mo SINGLE PASS T0 BE GREATER THAN /2" TK| | Température NONE
A Filler Metals/Métaux d’'apport (QW-404) e —_——
\ Classificalion (AWS) SFANo. F - No. A - No. et —
E7018 5.1 - [ G Gas/Gaz (Qw-408)
Shielding Gas Composition
Compclls?llon du gazp de protection NONE
Gas Flow Rale v
. Débit du gaz —
h n Backing Gas Compositi
e MAX DEPOSITED METAL GUALIFIED Y2 || Campeiion du gaz de soutien —_——
@ ' Positions/Positions  (Qw-405) DaBt g g':?e e ¥ —
Position(s) of G Oth —
Pbs;!;g:{s} du 1533“ I G Aalmes' —"
Waelding P ession [§]
Prggr':szgsio:lo%ru S‘:cl)zdage Mgmam O 32::endam O @ Technique/ Technique Qw410
Other Stri Wi Bead
Autre Cc:rz%nozmi??: osc?llanl STRING
® Preheat/ Préchauffage (Qw-406) sl N/a
Preheat Temperal, ° Muti Single Pass (per side)
Temperalure e purréechauﬂage SO°F MIN. Pausslg a::l:Je o?:gmulllaple zgr c'aﬁ; MULTIPLE
interpass Temperature Sing| Multipte Etectrod
Température de Iinterpasse 3ISo°F MAX Elggueo;er unlq:?e ou murmp?a SINGLE
Other Other
Autre Autre
@ Electrical Characteristics and Technique/Caractéristiques électriques et techniques  (QW-409) + (QW-410)
R MF}llelardMelal Courrent ’
e yer(s etal d’apport Courant
Co Process Travei Speed
de :Szgfls,)a Procédé Classification Diameter Type Polarity Amp Volt Vitesse
| . Diamdlre Type Polarité Ampdrage Voltage
[ aT SMAW E7018 Vg | oe RP j00-150 | zz-24 | 7-/0
FILL SMAW | E7018 Yg® | o | RP (ov-]50 | 2z-24 | 7-/0

@




@ Tansile Tests/Essals 3 la traction pheiy sk C i
Dimensions Character and Location
Specimen Dimensions Area Ultimate Total Load Ultimate Unit Stress of Failure
Eprouvette wWidth Thickness Surface Charge limite Contrainte limite WNature e! endroit
Largeur Epaisseur de la ruplure
Tl 0.748 |o0-243 |o0-1818 IS &40 8o o446 FRACTURED I
T2 0.757 |o2+z |o0-1832 15670 85 S38 BASE MET.
@s) Guided Bend Tests/Essails de pliage guldé o oncet
ecimen Face Root } Side Rasult Epecimen Face Root | Side Result
rouvette Face | Racine | Cdté Résultat prouvetle Face |Racine| Cétd Résultat
S vd ACCEPTAELE S3 v’ ) ACCEPT AELE
SZ v’ Acc EPTARLE Sf i ACCEPTAELE
Toughness Tests/Essals de résilience Flotorence
Specimen Lateral Expansion Drop Weight
?pecirnen Noéch Location N’_plch Type Temperature lrgpact.Valua Expansion latérale Essal en chute libre
prouvetts AL UG Température nergie de Shear Mills Break No Break
UG UL de I'dprouvette fupture % clsaillement |  Milli2mes Cassé Non cassé
f,.
D) Fillet Weld Test/Essai de soudure d’angle v} dobigs
Result - Satisfactory Yes No Penetral into Parent Metal Yes No
Résultat satisfaisant Oui O Non O Pé:6lral;g: ;m mlélaI de base Oui NonD
Macro - Resulls
Résuitals macroscopiques
Other Tests/Autres essais ;‘2}3{::2:
Weltder s Name St No.
Nom du soudeur (SS A BRKAYLEH N"ag: sy:mola / 6

T ducted b
Egigscg?fegfugs p;r CAMBRIDPGCE MATER/IALS TES

Lab Tesl.No: . -
FING  eTD  Fios boaper 1251 24 7119

We cerlify that the statements in this record are correct and thal the lest welds were prepared. welded and tested in’ apf:otdence with the

raquirements of section IX of the ASME Code

e"

Nous certifions que las renseignements concernant ce rdsultat sont exacts e! que les essais de soudage ont é!é -ptaparés
soudds el exécutés conformément aux exigences de la section IX du Code ASME.

\|
[ |

Dae 27 J'dz}'éz zlﬂms

Date

® sz rrenes At CRTor
Signature £ D

Signature du représentant de
I'entreprise

@ Department Use Only/Réservd au ministére

WP-R 23k

BN BN e =
e

L

/{%A_ N W

lnspeclor

Record verified on
Résultats véritiés le W Y / 7 / er- lnspec!eur
& # ot

Rliae



- WA eI W . W MWl w RS RLw ey l.“"‘._‘l"‘

| ! Ccasumer and  Consommation Vessels < des opparslls . 1 lﬂ‘ll.lﬂll de: méthode de soudage (Rﬂ'
Commercial et du Safety Sous pression &
Ontario . Relations Commerce Branch . = 3 ﬁ‘
P (Reference: ASME Section IX/Référence: ASME, Secl:on IX)
Company/ E, Provincial Registration | wp E 060:5
( -fﬁm‘ pany ﬁngrgpfi“ @ Enregistrement provincial | MS, z 2
e ALL - WELD aed - @ Record Identification/Désignation du résuitat
1ass, resse o f+
- 49 PASSMOHRE AvVE PQR No. ’
7 AMS N° 78
SCARBOROWEGH ONTARIO WPS No. 3 78 -)
4 Postal Code/ Code postal DMS N°
- CANADA My LY I T ! ® ,f"r‘“; ‘?F‘ -
® Welding Prmll(fas)]l’rocédé(s) de soudage " v
= e Type
N SMAW MANUA L.
2 R Type
i | /
3 ’ o0 Tyee
— ) }.
@ p fHetals/Métaux de base (Qw-03) v /
" " ! ]
PNo. | Gr N&Y) ¢ 2 tia P.N 1 GrN | €2 u '/’6.‘_:!,%2 )
Spécification/ Spéclfic; Tensite/ Tension
2 60°
SA-SIG-6GR 76 To 749000
SA - é 16 6 R 7 0 7 0'0 o0 Groove Design used/Croquis du loint'ullllsé.
Thickness | Diametar/ Diamdtre Posiweld Heat Treatment
palsseur ’/ 2" —— Traltement ?hem;lfw;n ;oa/lsoudage {Qw-407)
Other " Temperature
[Autre - No  sInveLE PASS D BE &FEEATER THAM Il2’nd | Tem NONE
ﬁ\/ Filler Metals/Métaux d'apport (Qw-404) e, — 1
B Classification (AWS) SFA-No, F - No. A - No. e —_
EJ018 S o | @ Gas/Gaz (aw-408)
Shielding Gas Compositi
Cor:pogglonats!u gazp?lse :nmleclian NONE
Gas Flow Rate
Débit du gaz —— l—
Other Backing Gas Composition
Aulre Composition du gaz de soulien —
Positions/Positions  (Qw-40s) Dot o g':az|tB e B
Position(s) of Groove Othar S DE—
Position(s) du joint 1 G Autre
Welding P i '
Prggr:sgsio;o?ir:ist;ggage Al;gnlan! D gg::endam D @ Tachnlque/ Tachnlque QYo
Other Strii Wi Bead
Autre Cordon droit ou asciliant STRIN &
® Preheat/ Préchauffage (Qw-406) Oscilation N/A
Preheat Te f Multipass ar Single P: id
T:n:gramer’:’:ferap‘;réechauﬂage S0 f F  AMIN Pa';gga:;qua o’:lg;uma;?a ((r;,earr f:al?) MULTIPLE
nt T s - .
T'Lren'g?f;w: 'deﬁ%:pme 350° MAX s’:g}fo;; m::g.;?elao? fn%?e SINGL.E

Other
Autre

Other

Autre

®

Electrical Characteristics and Technlque/Caractéristiques électriques et techniques

(Qw-409) + (Qw-410)

Weld Layer(s) Mgg?rdg:?;n %%zrrl:l:‘l'

Couche(s) Process Travel Speed
de soudure Procédé Classification g;::g;,e; R’g: 'F,’g;:rr'ig m::g,gge Va\;g; . Vitesse
Y SMaAawW | E 70/8 g* | DC RP 70-120 20-22

L | —h— —i— | 3e" | —"— | —¥— | 200-275 | 22-24

i

o_




Rafarence:

»a

@ Tansile Tests/Essals 3 la traction Référence: A
Dimensions Character and Location
Specimen Qimension Area Ultimate Totat Load Ultimate Unit Stress of Failure
Eprouvette Width ickness Surface Charge timite ContrairMe limite Nature et endroit
Largeur ‘paisseur y de la ruplure
' : FRACTURED
Tl 0.715 | 1,487 |1.0632 | 84700 79 66fl e MET
—>— " - | FRACTUSED .
T2 0:726 1v+84 | 10774 862806 '8093;@ | gASE METAL
@s) Guided Bend Tests/Essals de pllage guidé Reference:. ¥ L
ecimen Face | Root | Side, |, Resuft Specimen ;| Face-| Root Sj&}g Result
prouvetle Face |Racine| Coté | > . Résultat Eprouvette || Face |Racine| Cdt i Rdsultat
sl V' | AcceeraBLE 53 V, | AecerraBLE
Sz T | Accerrasce sS4 A| Accerrasce
- 1 %
- ToUfghness Tesls/Essals de résilience -Raference: t t
. . - Specimen Lateral Expansiion Drop Weight
ecimen Natch Location Notch Type 1 Temperature Impact Value Expansion latéra'e Essai en chute libre
prouvette Epd'na"'ud’ ﬁ?m:e'i?g # Température Energie de Shear Milis Break No Break
. entaille entaille . db I'dprouvette rupture % clsaillement |  Millldm'23 Cassé Non cassé
. '
: R _ A\
D A} \ ‘. -‘\_ \
S e %
: T
ot Y
' UL K
% (-
\ .
- l\
"-
Fillst Weld Test/Essai de soudure d’angle ik il T 3
Resull - Satisfacl Y N P tion Into P; Metal Yes No [
Rézzllal sall?!ais:r?l/ O?l? O Ngn 0 nggg:ﬂgnn t;‘;g! lanrgtnatl d: 1386 Qui O Ng.n[:I
Macro - Resulls
Résultats macroscoplques
Other Tests/Autres essais Feterrcal
Weld N 2 St No.
. N:rlvec;:sairt;‘gur KEEV! AJ RAM NATH amp 0 3'1“

Tests conducted by
Essais effeciués par

We

requirements of section X of the ASME Code

Nous certifions que les renseignements conc
soudés et exécutés conlormément aux exigances de la section IX du Co

@ Company Representalive s %} M_ Date
Signature Date
Signature du représentant de 2 0 U’ o

{'entreprise

CAMBRIDGE MATERIALS TESTING LTD

certify that the statements in this record are correct and that the test welds were prepar

de ASME.

arnant ce résultat sont exacts et que les essals de soudage ont &

ed, welded and tested jJ, :

&

Department Use Only/ Réservé au ministére

§1|—1,T

Do vy

BT IaT

Samples Welded on
Pidces souddes le

IAN 26/ 7

|nspeclo%-/

Inspecfeug”

Record verilied on
Résultats vérifiés le

o 3/ VA

Inspeclor
Inspeclaur%/i /é/
. 4

N° ds symbole

=

PR TUX £ DTG 0 -




Welding Procedure Specitication (WPS)

(AN VT) TSN SRS N Ry | V)

CARBON STEEL

Customer
Work Order # @ Provincial Registration |WP G186.5
no Company
e/ ALL-WELD COMPANY LIMITED Procedure Identification
Address/ 49 AVE. 14 PASSM A WPS NO. 21 Revision No. 4
PLANT 1 PLANT 2 3
SCARBOROUGH, ONTARIO Sade Sectian IX Date 14 April, 07
Postal Code ( PLANT 1) Postai 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)
Design SINGLE & DOUBLE V GROOVE Backing Materiai WELD METAL
Backing Yes No X Other NONE
Sketch
o 0
75 75
+5° —15° +5o_15
L
ﬂ\' i
332"x "32 —wl |(—3132"+1r32" 3327 2132" e' |&3;32"+ 132" ALL FILLET WELDS
@ Base Metais (QW-403) P.No. 8  Gr.No. 1 to P.. No. 1 Gr.No. 18&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 Quali_ﬁed Total 1) 3/1 6" to 1 1/2"
Other 1) NO SINGLE PASS TO BE GREATER THAN 1/2"
@ Filler Metals (QwW-404)
1. AWS No E309-16 RETURN ELECTRODES | SFA 54  F-No 5 A-No. 8 Dia. 3/32" & 1/8"
2. AWS No. E309-16 TOTHEOVENEVERY4 | SFA 54  F-No 5 A-No. 8 Dia. 5/32" & 3/167
3. AWS No. HOURS SFA F-No A-No. Dia.
Flux Tradename NONE Electrode Flux Classification NONE
Consumable Insert NONE Other MAX DEPOSITED METAL 1 1/2"
Positions (QW-405) 10) Postweld Heat Treatment (QW-407)
Ho:ition(s) of Groove ALL Temperature Range NONE
Welding Progression UP Time Range NONE
Position(s) of Fillet ALL Other NONE
Other NONE




) (Qw-408)
@ Preheat (QW-406) Shielding Gas Compasition 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 iU NONE
@ Electrical Characteristics and Technique  (QW-409)-(QW-410)
e o Filler Metal Current
eld Layer(s) rocess Classification Diameter Type Polarity Amp. Range Voit Range Travel Speed 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 NONE Width NONE Frequency NONE
Contact Tube to Work Distance NONE
Muitipie or Single Pass (per side) SINGLE AND OR MULTIPLE
Multiple or Single Electrode SINGLE
Electrode Wire feed speed range NONE
oter Preheat Requirements: When welding to or together for the thickness nofed below the preheat requirements must be

followed. For P1 -Thickness and minimum temperature 0 to 3/4™ thick preheat to 50° F. 1" thick and up 200° F.

Supplementary Comments

©)

NONE

Company Representative Signature W‘Lﬂ%
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.

Date 14 April, 07




Ministry of

Boilers and

Tol. (416) 965-4121

400 University Avenue

W Consumerand Pressure Vessels g oneane
Q \ Commercial Branch -y .
" Ontario  Relations Technical Standards Divigion * ' "
. . PROCEDURE QUALIFICATION RECORD
T
PQR-2
Date_December 1,1981
All-Weld Company Limited ... . 49
{Manufacturer) ' (Address o
Weld Proc. Spec. No. P8XP1xFS Weld Process{es) ____SMAW Types
. ] o tﬁanua!,kuwm‘ﬁc)

JOINTS {QW-402)

\/75"3/

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

Tyoeor Grage__ 304 & C-S.
i | P No. 8 to P No. 1
r TR Thickness 3/4"
i 3 —_— 3 Diameter___ FLAT
Groove Design Used Other m'
NHCK- oL P A

FILLER METALS (Qw-404) POSITION (QW-405)

Weld Metal Analysis A No. A8 Position of Groove FLAT

Size of Electrode ___ 1/8 X 5/32 Woeld Progression N/A

{Uphill, Downhill)

Filter Metal F No. F5

SFA Specification ___SFA 5.4 Other

AWS Classification E308~16 I PREHEAT (QW-408)

/4

/

Other N-/A Preheat Tomr.!.___b—“o° F Maw
Intarpass Temp. RSO’ F tMMax
Other ‘N/A

POSTWELD HEAT TREATMENT {QwW-407) GAS (Qw-408) I .

Typeof GesorGeses N /A

Temperature _ Nowns=
Time N/A Compopltion’of Ges Mixture_N/A -
Other N/A Othur‘, = N/A i
ELECTRICAL CHARACTERISTICS (QW-409) TECHNIQUE (QW-410)

r Current D.C String or Weava Bead STSING

-‘ Polarity REVERSE ‘ o.cmailoq'_‘,i N/A -

Amps. 120 Volts 25 Multiput. or smgu\ Pass MULTIPASS
Travel Speed 7-10 1pM ' (p""w‘_')
Other N/A Single or Multiple Electrodes SINGLE .f.';_l.‘éi \

B S e =

G /€S




TENSILE TEST (QW-150)

SPECIMEN [ ULTIMATE ULTIMATE CHARACTER OF I
NO | WIDTH THICKNESS AREA TOTAL LOAD UNIT STRESS FAILURE &
: | LB. PSI LOCATION |
_AW=7-5 .. l .755 . .370. __1.280. | swnn__mum_mt
AW-J [ = =] _1_7_55__._ Y 1_350__. _1_a264. 63 » 000 P
GUIDED BEND TESTS (QW-160)
TYPE AND TYPE AND
FIGURE NO. RESULT FIGURE NO. RESULT
AW=7=-1 SATISFACTORY =7=3 SATISFACTORY
| AW=T7-2 SATISFACTORY : =7= _ SATISPACTORY
. TOUGHNESS TESTS (Qw-170)
SPECIMEN NOTCH NOTCH |  TEST IMPACT LATERAL EXP. DROPWEIGHT
NO. LOCATION- | - TYPE TEMP, VALUES
% SHEAR MILS BREAK NO BREAK
— = o . JL1
I DU S

Type of Test

Deposit Analysis

Other

Weld Test Witnessed By___Mr., J. Clark Tensile Test Made By_The Warnock Hersey-Co
Authorized Inspector Ltd
Laboratory TestNo.__7735/TP63/TP96

We cartify 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

REGISTERED
UNDER THE AUTHORITY OF THE BOILERS
AND PRESSURE VESSELS ACT

WPS.: G186
SIGNED! ‘4/
DATE: /7.7 2-B/

Signed p—

anutactur .f

J MCINTYRE/
Q A. " SUPERVISOR/
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STEEL
Customer
AWork Order # @ Provincial Registration |WP T4628.5
D Company
amel ALL-WELD COMPANY LIMITED @ Procedure Identification
agaress) 49 PASSMORE AVE. | 14 PASSMORE AVE. WPS NO. 3.4 Revision No. 1
PLANT 1 PLANT 2 B
SCARBOROUGH, ONTARIO Code Section IX Date 27 March, 2013
Postal Code ( PLANT 1) Postal Code ( PLANT 2) PQR No. 3 3X
M1V-4T1 M1V-2R6 B
@ 1 SMAW Manual | X Semi-auto. Auto.
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
(5 Joints  (QW-402)
Design SINGLE & DOUBLE V GROOVE Backing Materia) WELD METAL
Backi Y N Oth
acking es [o] x er NONE
Sketch
o )
75 v 75
1
LS # ﬁ }
F T ~ > |
1] + ] " ”» ' .
ALL FILLET WELDS
6 Base Metals  (QW-403) P.No. 8 Gr. No. 1 to P,. No. 8  GrNo 1
or Specifications type and grade
SA-479, 312,240 & 182 - 316L to  SA-479, 312, 240 & 182 - 304, 304L, 316 & 316L,
or Chemical Analysis and Mech. Prop. NONE

Thickness Range Qualified

Totai 1) 5/8 "to 8" for Impact use 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 E316L-16 RETURN ELECTRODES SFA 54 F-No 5 A-No. 8 pia.  3/32"

2 AWS No. E316L-16 TO THE OVEN EVERY 4 | SFA 54 F-No 5 A-No. 8 Dia. 1/8" 5/32"
5 AWSNo.  E316L-16 HOURS SFA 54  FNo 5  ANo. 8  Da 316"

Flux Tradename NONE Electrode Flux Classification NONE

Consumable Insert NONE Other MAX DEPOSITED METAL 8 " & SEE SECTION # 12

Positions (QW-405) @ Postweld Heat Treatment (QW-407)

Jpsition(s) of Groove

emperature Range

For Impact use 1G & 2G Only / Non impact use all NONE
i i nge
felding Progression Horiz and Flat for Impact Use / Up non impact use [IIETT NONE
Posttion(s) of Fill Other
osion(s) illet ALL NONE

Other

NONE




w Gas (QW-408)
Preheat (QW-406) Shielding Gas Composition NONE
Preheat Temperature Min. 50°F Gas Flow Rate NONE
terpass Temperature Max. 350°F Backing Gas Composition NONE
{
Preheat Maintenance 50° F Trailing Shield Gas Composition NONE \
Other NONE Other NONE
?f\
@ 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 E316L-16 3/32" DC RP 65-95 20-25 4"TO 8"
FILL SMAW E316L-16 1/8" DC RP 90-120 20-25 4"TO 8"
FILL SMAW E316L-16 5/32" DC RP 120-160 20-25 4"TO 8"
FILL SMAW E316L-16 3/16" DC RP 155-195 20-25 4" TO 8"
Heat Input ( Per QW-409.1 ) =45,000 / in Maximum
l | l
Per QW 409.1 only 3/32 ' and 1/8 " Electrode used for Impact welding
I

Tungsten Electrode Size and Type

NONE
Mode of Metal Transfer for GMAW NONE
String or Weave Bead STRING

tethod 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 NONE S NONE Frequency NONE
Contact Tube to Work Distance NONE

Multiple or Single Pass (per side) MULTIPLE

Muttiple or Single Electrode SINGLE

Electrode Wire feed speed range NONE

Other

©,

Supplementary Comments

1) CHARPY V NOTCH IMPACT TESTED TO-50 F 2) MACROETCH TO ASTM E3-11

3) VICKERS HARDNESS TEST TO NACE MR0175/1SO 15156-2:2009/CIR. 1 : 2011

Company Representative Signature

Eolod Bl

Date 27 March, 2013

Robert C. Bentley CT’/
Registration of this Welding Procedure (Specification plus Qualification Record) is required p ant 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 IX)

1 ) Company
Name § ALL-WELD COMPANY LIMITED
el U0 49 PASSMORE AVENUE

SCARBOROUGH, ONTARIO

Posta! Code
MI1jV]4]T]1

Welding Process(es)

@ Provincial Registration WP

3 Record Identification
PQR No. 3-3X
[WPS No. 3-3B

©

Groove Design used

1 SMAW Type MANUAL
2 Type 75°
3 Type \‘5" Ci )
(s) Base Metals (QW-403) % J_g %
PNo. 8 GrNo. 1 to P.No. 8 GrNo. 1
b = i | e
Thickness P Diameter | Postweld Heat Treatment /
Other S Temperature P
D) Filler Metals @w-os) | |"™ NONE
Classification (AWS) SFA-No. | F-No. | A-No. | [Other NONE
E316-16 5.4 5 8 (1) Gas (Qw-408)
[Shielding Gas Composition NONE
Gas Flow Rate NONE
Other e Backing Gas composition NONE
@ Positions  Qw-40s Pashloelee NONE
Position(s) of Groove 2G Other NONE
[Welding Progression Up D Down E] @ Technique (QW410)
Other R String or Weave Bead STRING
@ Preheat (Qw-406) Oscillation NONE
Preheat Temperature 50°F |Multipass or Single Pass (per side) MULTIPLE
Interpass Temperature 350°F Single or Multiple Electrode SINGLE
Other No single pass greater than 1/2 " Other NONE
@ Electrical Characteristics and Technique (QW-409) + (QW-410)
Weld Layers |  Process Iassiﬁca:::l:r T Diameter Type Polarity et Amp Voit Travel Speed
ROOT SMAW E316-16 3/32" DC RP 65 - 95 20-25 4"'TO8"
FILL SMAW E316-16 1/8" DC RP 90 - 120 20-25 4"TO8™




@ Tensile Tests Reference: ]
Specimen Dimensions in Inches Area Ultimate Totat Load Ultimate Unit Stress | Character and Locatio'u.—
Width Thickness. in Inches? in Foot Pounds in PSI of Failure
T2A 0.756 " 0.865 " 0.654 " 55,409 84,500 T2B FRACTURED IN
T2B 0.755" 0.905" 0.683 " 57,283 84,000 "';';mg‘f GST;;-FT'
T5A 0.753" 0.842" 0.634" 52,974 83,500 e
T5B 0.755" 0.790" 0.596 " 50,353 84,500 JMANNER
@ Guided Bend Tests Reference:
Specimen | Face | Root | Side Result Specimen | Face | Root | Side Resuit
S1 X ACCEPTED S3 X ACCEPTED
S2 X ACCEPTED S4 X ACCEPTED
Toughness Tests Reference:
Specimen Notch Location Notch Type TSpecimen Impact Value Eatarel Expansior.r Prop Welght
emperature Shear Mills Break No Break
1 Weld ( 1/6" below ) V Notch -50 F 49 ft -Ibf 100 36
2 Weld ( 1/6" below ) V Notch -S0F 52 ft -lbf 100 44
3 Weld ( 1/6" below ) V Notch -50 F 49 ft -Ibf 100 37
1 HAZ V Notch -50F 125 ft -Ibf 100 58
2 HAZ V Notch 50 F 127 ft -Ibf 100 66
3 HAZ V Notch 50 F 114 ft -Ibf 100 50
1 Weld ( 1/4" below ) V Notch S50 F 44 ft -Ibf 100 22
2 Weld ( 1/4" below ) V Notch 50 F 50 ft -Ibf 100 31
3 Weld ( 1/4" below ) V Notch -50 F 48 ft -Ibf 100 30
i@ Fillet Weld Test efersnce]
Result - Satisfactory Yes I:I No I:‘ Penetration Into Parent Metal Yes l:' No L._.-
Macro - Passed , Nace 228 HV 10 Max and Heat Input ( j/ in ) = 45,000
Other Tests Reference:
MACROETCH EXAMINATION PER LAB REPORT 634805-13 ( REVISED )
VICKERS HARDNESS TEST PER LAB REPORT 634805-13

Welder's Name

STEVE LIEW

Stamp No.

CAMBRIDGE MATERIAL TESTING LTD.

Tests conducted by

90

636411-2013, 636412-2013, 636413-2013
634851-2013, 634803-2013, 634805-13

Laboratory Test No

634805-13 ( REVISED )

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

B ———

S— e

@ nical Boilers and L
Company Representative's Signature da':“ Date _ ABMARGH 20 '3_
ROBERT C. BENTLEY, CE.T. 1<
Authorlty Safety Program
21 Department Use only SO AR TS
Samples Welded on Inspector AW =L F =) & u;w:w
WP-T%4238-& (
lRewrd veriﬁed on lnspeCtor Ifl W‘ R sl: ......'ml..mm..‘m“m“". J

Fe iz

$-3X

WpS 3-38

d:

s (A,zﬂ

29z Zé' ;_,;_j/j
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STEEL
Customer
Work Order # @ Provincial Registration |WP R3578.5, R4056.5
I @ Company R7674.5, D852.5
Name! ALL-WELD COMPANY LIMITED Procedure Identification
agdress/ 49 PASSMORE AVE. 14 PASSMORE AVE. WPS NO. 0.4 Revision No 7
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Section (X Date 09 April, 13
Postal Code ( PLANT 1) Postal Code ( PLANT 2) PQR No.
M1V-4T1 M1V-2R6 9, 9AB , 54 &105
@ 1 GTAW Manual | X Semi-auto. Auto.
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints (QW-402)
Desian SINGLE V GROOVE Backing Material WELD METAL
Backing Yes No X Other NONE
Sketch
75° R
s Y
”.-P‘_‘—\-
]g—”‘“ 7 N
3
31'32""’1132 _4 ‘_3,'32"-&1;32--
ALL FILLET WELDS
@ Base Metals (QW-403) P.No. 8  Gr No. 1 to P,. No. 8  GLNo. 1
or Specifications type and grade
SA-182, 240, 312, 403, 479-316L to  SA-182, 240, 312, 403, 479, 304, 304L, 316 & 316L
or Chemical Analysis and Mech. Prop. NONE
Thickness Range Qualified Total 1) 0.035"TO 1 1/2" NON IMPACT  2) 1/16" TO 1/2" IMPACT TESTED
Other 1) NO SINGLE PASS TO BE GREATER THAN 1/2"
(7) Filler Metals (QW-404)
1. AWS No ER316L SFA 5.9 F-No 6 A-No. 8 Dia.  1/16"
2 AWS No. ER316L Product Form - Sofid SFA 59 F-No 6 A-No. 8 Dia. 3/32"
3. AWS No. SFA F-No A-No. Dia.
Flux Tradename NONE Electrode Flux Classification NONE
Consumable Insert NONE Other  paX. DEPOSITED METAL 1 1/2" THICK NON Impact & 1/2" Impact
Positions (QW-405) @ Postweld Heat Treatment (QW-407)
Position(s) of Groove ALL Temperature Range NONE
Welding Progression UP Time Range NONE
Position(s) of Fillet ALL Other NONE
Other NONE




O,

Preheat (QW-406)

L/

Gas

(QW-408)

Shielding Gas Composition

ARGON 99%

Preheat Temperature Min. 50° F Gas Flow Rate 25 CFH
Interpass Temperature Max. 350° F Backing Gas Composition ARGON 99%
Preheat Maintenance 50° F Trailing Shield Gas Composition ARGON 99%
Other NONE Other NONE
@ Electrical Characteristics and Technique {QW-409)-(QW-410)
Filler Metal Current
Weld Layer(s) Process — - 8 Travel Speed Range
Classification Diameter Type Polarity Amp. Range Volt Range
ROOT GTAW ER316L 1/16" DC SP 80-110 8-11 7-8 IPM
FILL GTAW ER316L 3/32" DC SP 130-200 11-18 7-8 IPM
For - 200 F IMPACT TEST APPLICATION SEE BELOW per PQR 105 WP-R4056.5
Heat Input ( Per QW-409.1) = 16,800 j/in
ROOT GTAW ER316L 1/16" DC SP 80 - 110 8-11 7 -81PM
FILL GTAW ER316L 1/16" DC SP 110 - 140 8-14 7-8IPM

Tungsten Electrode Size and Type

1/8" & 3/32" 2% THORIATED TUNGSTEN ( ZIRCONIUM TUNGSTEN )

Mode of Metal Transfer for GMAW

NONE

String or Weave Bead

STRING

Method of Back Gouging

GRINDING OR ARC AIR GOUGING AND GRINDING TO SOUND METAL (

Initial and Interpass Cleaning (Brushing, Grinding, etc)

WIRE BRUSH OR GRINDING

Qrifice or Gas Cup Size

1/2 TO 5/8
Oscillation NONE Width NONE Frequency NONE
Contact Tube to Work Distance 112 TO 3/4
Muitiple or Single Pass (per side) MULTIPLE
Multiple or Single Electrade SINGLE
Electrode Wire feed speed range NONE

(1)

Supplementary Testing Done

1) Vickers Hardness per NACE MR0175/ISO 15156-1:2009(E) Lab Report 637323- 13 Report A

2) Macroetch Evaluation Test Per ASTM E3-11 Lab Report 637323-13 Report B

Comments

‘ Company Representative Signature

Robett C. Bertley CE’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 1X, affecting

Date

09- Apr~(




Ministry of Boilers and Tel. (416) 865- 41?1".;-—-:-,.-: ., 400 Universty Avenue
o Toronto, Onltario
Consumerand Pressure Vessels Msmss
Commercial Branch s
Relations; Technical Signdards Division ] . o
Sf:n? g? ? ) ._9790EHb PH 307 .
£ RIL042

PROCEDURE QUALlFICATION RECORD
" P@QR 9

Date_ October 10, 19°

/18 / fo 49 ‘PASSMORE AVE., SCARBOROUGH, ONTARIO M1V 471

- {Manufacturer) . : (Address) “;7 -
Weld Proc. Spec. No. i WPS 9- ..’ Weld Pr_ocess(es) GTAW Types.MANnAl
D52, 5»' . {Manual, Automatic)
JOINTS (QW-402) BASE METALS (QW-403)
Material Spec. SA 312
\</7f\7/ Type or Grade 204 Stainless Steel
P No. 8 to P No. R
J L Thicknass 218
. //6 .__>.He { Diameter 2" Pipe
. Groove ‘Elleﬁgn Used Other N/A
FILLER METALS |0w4o41 POSITION (QW-405)
Weld Metal Ansfysis ANo._____. L Position of Groove ALL POSITIONS
Size of Electrode 3/32 Weld Progression UPHILL
{Uphill, Downhill)
Filler Metal F No. &
SFA Specification _. . .5.9 Other N/A
© AWS Classification : . - ER316 PR p——— ]
e ___N/A Preheat Temp. N/A
Interpass Temp. N/A
] § l Other N/A
POSTWELD | HEAT TF!EfTMENil' (Qw-407) - GAs (Qws08] '
Temperature i I N/N - Type of Gas or Gases_____ ARGON.
Time N/A Composition of Gas Mixture . N/A _*
Other N/A Other .N/A
| ELECTRICAL CHARACTERISTICS (QW-409) TECHNIQUE (QW-410) - |
" Current D.C. String or Weave Bead - STRING
.’olaritv ! STRAIGHT Oscillation ___ ___N/A l
Amps.__110-140 Volts : : Multipass or Single Pass MULTIPASS
Travel Speed _ 7" - 8" T.P M, e
| Y N/A_ Single or Multiple Electrodes _ STNGLE




TENSILE TEST (Qw-150) /@ A~9
SPECIMEN ULTIMATE ULTIMATE CHARACTER OF
NO WIDTH THICKNESS AREA TOTAL LOAD UNIT STRESS FAILURE &
: LB. ps| LOCATION ,_
S-1 494 192 0948 7830 82600 wm‘
_TS-2 o 211 109 84990 R2500 WEID
el
GUIDED BEND TESTS (QW-160) sk
TYPE AND TYPE AND
FIGURE NO. RESULT FIGURE NO. RESULT
1 _RB SATISEACTQORY NO.2 EB SATISEACTORY
NO. 3 RB SATISEACTORY NO.4 FR dATISEACTORY
l
TOUGHNESS TESTS (Qw-170)
SPECIMEN NOTCH NOTCH TEST IMPACT LATERAL EXP. DROFWEIGHT
NO. LOCATION TYPE TEMP, VALUES -
% SHEAR MILS BREAK NO BREAK

Type af Test

Deposit Analysis

Other

Weld Test Witnessed By

Authorized Inspector

G.EWING

Laboratory Test No.

BOILERS AND PRESSURE VESSELS BRANCH

ACCEPTED

WP N D.BSA:.5.... . EBXT 0%
Date.......... 17"?’.7.9-

‘Examiner...,, ~£., s Q13 2T
MINISIRY OF CONSUMER & COMMERCIAL RELATIONS
PROVINCE OF ONTARIO

Signed

Tensile Test Made By

Warnock Hersey

Professional Service Ltc

282

-388

{(Manufacturer)

By /—/'?/Q%/ (;ﬂ; 7:}71/

We certify that the Statemengts 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.

R.J.MCINTYRE

Q. A. SUPERVISOR

DY



PROCEDURE\ QUALIFICATION RECORD (PQR)
»  RESULTAT DE METHODE DE SOUDAGE ( RMS)

(Reference: ASME Section IXIHalamnca ASME, Sectlon IX)

b Provinclal Registration .
. Complny/Enmpme @ Enrogmnm:ngt provlncltl s WP-R7674.5
Y Nom .
ALL-WELD COMPANY LIMITED (®  Record identification/Désignation du résultat
Address/ Adresse .
49 PASSMORE AVENUE, e 9AB '
SCARBOROUGH WS No.
Wi Gode/ Code posial | |25 W 9A
i ' ONTARIO . Myl V) 4T, 1 @
® Weiding Process(es)/ Procédé(s) de soudage 1/32"
: Type
A ' graw MANUAL | ..2'_02.5_ "
5 . Type I | | \ i
3 Type )
-© Base Melals/Métaux de base (aw4o3)
PNo. g8 GNo. ] tola PN 8 arn 1
Speéciicationy Spdcification Toraite/ Tension
SA-213-316L 70,000 L
Groove Design used/ Croquis du joint tiksd
Cifrer Damts stweid sdmenl
e 0.035" TK 1/4 R A TR ponluoudlgl _ {awor)
ey NONE

Filler Metale/Mélaux d’apport (aw-404)

[o)

(®[35es g’e

' Ciassiticaion (AWS) sFANo. | F-me A.No e
- * ER316L 5.9 6 o 8 Gas/Gaz @wos)
fekiing Gna Compasitian
g‘npc:%m dv gaz de protection 99.9Z ARGON
Rab
gl‘:n%gn 20 CFH
Gas Composition
m’ mﬂm du gaz de souten 99.9Z ARGON
® Posltions/Positions  (aw40s) ean e o 10 CFH
Poailion(s) of Groove Other
Position(s) du joint 1G Autre
Noerossion S saodage P e Down e | 132 Technique/ Technique  (aw410
Nther Sring or Weove Bead
wire Cordon droit ou osciilant STRING
Oscifiation
@ Prsheal/Préchaufiage (Qw-06) Oscilistion N/A
Single P sid
Z:u"f" Tempeaiy S0°F Pasah unidios ou mutiple (o cats)  MULTIPASS
Tomperauis Muttiple Electrod
rcmp&um de rintsrpasse 350°F MAX. Smb o: mlq:o ou mu!lp’a SINGLE
nher
wirs . e
@ Electrical Characterisiles and Technique/Caractéristiques électriqucs et uchnlquu (QW-409) + (QW-410)
Fitler Metal Courrend
o e o ] e
i T tasse
‘.” soudure T Dl:nngg T)yr:: Polamz Amplrgga Voll':ge
Rl OT GTAW ER316L 1/16" | DC STR 100 20 8 IPM
QLLL GTAW ER316L 1/16" DC STR 100 20 8 IPM




@ Tansile Tests/Essals 3 fa traction P rarce: ~
Dimensions Location
ecimen Dimersians Area Ultimats Tota! Load Uliimate Unit Stress ey e
rouvette Width lckness Surfsce Charge Hmile Contrainte limite Nature ot endrolt
Largeur yaisseur de fa rupture
T1 0.250 | 0.0350" |0.0236 1987 1bf 84000 PSI Ly
T2 0.249" 0.0350" |0.0235" 1975 1bf 84000 PSI " "
(D) Guided Bend Tests/Essals de pllage guldé P erance:
: ecimen Face Root | Side Rasult ecimen Face Foot | Side Pssult
rouveite Face | Racine| COié Résuftat rouvette | Face |Racine| Clid Résuttat
Bl X ACCEPTED B3 X ACCEPTED
B2 X ACCEPTED B4 X ACCEPTED
-* Toughness Tesis/Essals de résiilence Pateronca:
; Latoral Expensi
ecimen Notch Location Notch Type Taocaman Impact Vaiue Expansion Iatérals Esa oh oo fibre
rouveits Endrolt de Forme de Température Energie de YT Mills Bron
Fentallle rentaille de Féprouvens rupture % clsallioment | MiiJdmes Cocd ;’; Bl;’«
(®) Flliet Weld Test/Essal de soudure d’angle iv bl N
Re ol Y
B S0 0 [ mast. 80 R
acro - Resulis
Rdautats ves
Other Tests/Autros essals Parararce:
8 Yo' swvdewr __ROBIN GREER o, i

Tasts conductad by

Essals effsctud

par

CAMBRIDGE MATERTALS TESTING LID.

Laboratory Tes! No.
_Esaal de laboratoire

We cerilfy that the stalements In this record are comect and that the test wakis were prepared, weided 2nd ustad tn accotmh;e with the

raquirements ol section IX of the ASME Code.

Nous certifions que las renseignements concernant ce rdsultat sont exacta ef que les essais de soudage ont &4 |

souddés el sxdcutds conformémant aux exigences de la ssction IX du Code ASME.

~
W.ES..,
@ g::gr::::ye Reprasenialive’s W / g::: 18 APRE‘uS _2002d
l'sc%nu?::i‘; adu représentant de ROBERT C. BENTLEY igned.......
=y Department Use Only/ Réservé su ministére Date

o+ 305909-2002

Teds o

Bty oo,

pripars, REGISTERED

SR OLY ¥ W YW ,

Samples Welded on
Pidces souddes I

Inspeclor

inspecieur

Racord verified on
Résultals vérifigs le

Inspeclor

Inspecteur

v ry o~ wmmmn

9-a



... Procesuure Quaiiiication Record {FQH)
w2 Résultat de: méthode de soudage (RMS
T Fr
(Refersnce: ASME Section IX/Référence: ASME, Sectlon IX)

Company/Entreprise

Provincial Regisiration | wp

®

»-

Enregistrement provincisi|[Ms WFP- R3578-5

AL - WELD co, &TD ® Record identification/Désignation du résuitat
mm“",’" 49 PASSMORE AUVE POR No: S )
SCARBOROUVGH omnTARLO WPS No. sS4 -1
Tal Codel Gode bus N
| CANADA MUULVIE T ®
@ Welding Process(es)/Procédé(s) de soudage
k § éo ©
! CTAW " MANUAL
2 Type
3 . Type '_Tr— ,
@ Base Mestals/Métaux de base (awo3) _‘__ 7
PNo. 8 @rNo. to/ a PN & enN | t A\
Specification Spéoiffication Teratie] Tension ?ﬁ -
Go*
SA-240- 316 L T 790,000
SA-240-3/6L 70,000 Groove Design used/ Croquis du foint utltsé
‘rhl:(lz::: 3/L+ n Oiametsr/ Diamdire Postweld Heat Treatment/

Traitement thermique postsoudage (QW-407)

ape NO SINGLE PASS To BE GREATER THan 12 'Th

Tombéeatis

NONE
) Fliler Metals/Métaux d'apport @w-os) o —
’ Ctassification (AWS) SFA-No. F - No. A - No. i -
- ER et =9 G 8 @ Qas/Gaz (aw-o8)
Composhion g ger g eporscion ARG an 494 7
333/:?: p?}b 25 cFH
m %&&” dmgmmden -
D) Positions/Positions  (aw-s0s) g::uﬁb -
aiionis) qu . |G ALAT el
‘;':r‘:fﬂ:"g’:‘:a‘“‘m“ E&um 0O mmm 0 @ Technique/ Technique (ow-ato
~ Cordan drt 00 ceeihen: STRING
9) Preheat/Préchautfage (aw-06) Socihation N/
ool ity R SO°F mn o || Pesse eigue o mari o 358 i oLT I PASS
mibdiaiure g5 Tierpasss 350 °F MAX Elotrods unlqus. oo s SINGLE
:::: o
) Electrical Characteristics and Technique/ Caractéristiques éleciriques et techniques (aw40s) + (Qw-410)
overymrts) Process el dappon Courant Travel Speed
i | et | owwenr TR | | Bew | e | e ] e
‘ GTAW | ER3I6L l/g Dc | sP |80 17 ‘q
. GTAW ER 3G L Yg* | pc | sp [ 80 (7 9
]




Ralsrencs:

149) Tansile Tests/Essals & Ja traction P, SECT IX ASME CODE
"_ Dimensions Cheracter and annﬁ’on
~~eclmen - Dimensions Area Ultimate Tolal Load Ultimate Unit Strass ol Fallure
uvelts width icknass Surface Charge Hmite Contraints limite Nature et endroil
Largeur alsssur da la rupture
T2 0.796 | 0,750 |0,559S 49 340 88 18Y FRACTURED ™ WE™
T3 0,151 | 6:75] |eise40 49 &30 7990 FRACTURED ™ ‘v
D, Quided Bend Tests/Essais de pliage guidé Plgercs:  cpor IX QW H62:2
ecimen Face Root | Side Rasult sciman Face Root | Side Result
Drouveie Face |Rascina| COtd Résultat rowvetts | Face |Racine| Cid Résulta
S vV | Acceeren 53 V| Accerren
sz — sS4 V| ==
16) ' Toughness Tests/Essals de réslilence vl beed
Lateral Expansi Drop Welght
aclman Notch Location Notch Type TE,‘,J‘;C,‘:;%?, mpact Value Exp:zlmr;:r?rm Essai g?v cnui% libre
rouvetie E}“’n""';”‘" e Tempéralure Energie de Shear Mills Brask No Break
Ll entaille de l'dprouvetts uple % claalilsment {  Milildmes Cassé Non cassé
D) Fillst Weld Test/Essal de soudure d'angle vty g i
igsuft - Satisfectory Yes No [ Panatration Inio Parent Mata Yes [ No D i
¥sultal satisfaisant Oul Non Pénduation dans métal de base Oui Non
Macro - Resulls
Résultats macroscopiques
Other Tests/Autres essals v bl

19 welder s Name R.OBIU GREER

Suamp No. q

Nom du soudeur

Essas par

We cerilly thal the stalemerts In this record are
requirements of section 1X of the ASME Code

Nous cenifions que lss ronseignements concermani
soudgs el sxécutés conlormément aux sxigences de la seclion 1X du Code ASME.

¢ Ochlaag

Signature
Signature du représentant de
fentrapriss

B) gy Peerane: bt C/fj»%-?{lg/ B

1

Department Use Only/ Réservé av mlnll\;éro

e

Samypns Welded on Inspeclor

Pracus souddes le Inspectaur
Record verified on Inspector

Résultats vérifids le Inspecleur

N° de symbole

Tosis conducted by A M BRIDGE MATERIALS TESTING CTD Loboaiory Tost No. . 1522111996

gd do laboratoire n*

L .
correct and that tha tesl welds were prepared, weided and tasled ‘n accordance with the

co rédaultal sont exacts et que les essals de soudage ont i prépaés,

. WP-R 35
yn/ .
ag.(o-(7

54 -



T R e e v e— e, wWm e ever .- —

.Résultat de: méthode de soudm (RMS

(Reference: ASME Sectlon IX/Référance: ASME, Section IX)

Company/Entreprise

om

AlLL-WELD COMPANY &TD

®

Adresse

Provincial Registration WP
Enregistrement provincial|Ms WF- RH05/ S5

Record identification/Désignation du r‘uﬁn-t

®

49 PASSMORE AUE POR N | 5
SCARBOROUGH WSNe  Jo0S5-|
Fostal Codel Code poetal | | OMS M
| - ONTARIO LIINALIYSVALO)
@ Welding Process(es)/Procédé(s) de soudage
1 Type
i - GTA W MANUAL
a Type e0°
s T . : / 352 2y
S // l;]r" ]
@ Base Melals/Métaux de base (Qw-403) 4
P No. 8 Gr No. ' o/a P. N° 8 er N 3/32 * ‘/’32 ’ ‘
"Specificationy Spécification Tensite/ Tension
SA-240- Bl L TO 70000
SA-2%0- =2le L 20 00 0O Groove Design used/ Croquis du joint utilisé
Thickness B Diameter/ Diametre [ /oo Post ot T
Epaisseur '/ oY —_ Trdt‘:v.nko’nr:hom%ampgts/tuudago (Qw-407)
_&";‘;’ NO Si1me LE PASS D> Mo * Tembdrature NOAVE
) Flller Metais/Métaux d’spport (QW-404) Dinge -
__ Classification (AWS) SFA-No. F - No. A - No. Qney )y -
ER 316 L 5.9 @ 8 D) Gas/Gaz (QW408)
Shiekding Gas Composition
Canp:yum.;u gaz de protection ARGOA 182 +OX)’ZZ
Gas Flow Rate
D‘ul’mdugu 2S cFH
el MAX DEPOSITED METAL Va2 " a'“;'o'gm?:'du s do souten NOo~E
® ' Positions/Positions  (Qw-40s) g:gf:n::g':.z- -
“Position(s) of G
Postton(s) du foint |6 THROVGH GG el —
wmmrm oo U i o Down sl @ Technique/ Technique Qw410
Other n Weave Boad
Autre ga?m%mwmlm STRING
@ Preheat/Préchautiage (Qw-406) Oeciiaton ~A
M Tempersture M Single P id
Temparairs G prichutge So°F s || Paase waue S e o 5%)  MULTI PASS
interpass Temperature Muttl ectrod
Tempdérature de [interpasse S00°F M AX ?."2:,:{ uﬂu:up.bq?m‘lp.b S/INGLE
2?.« Other
_lf. Autre
@ Blectrical Characteristics and Technique/Caractéristiques électriques et nclmlquu (QW-409) + (QW410)
Flier Metal &) Courrent
Weid : Courant
dm;":,;('."}" mz cn...uu - dIPPmmm‘. T Polari Am Volt Mv’:-f: pec
® r L] &r! []
we e Diambdtre Wgo me'} Mvp‘rggo Vol?lgo
g T GCTAW ER 3/6L. ‘/lé De sP 8o- 110 i 7-8 X |
FILL eTAw | ER3ieL | Yo" | e | SP 1o - 140 | 1 2-8 TrM




Rafsrence

-

D) Tansile Tests/Essais 4 la traction honce
3limensions Characu'erled Location
i . mensions Ar Uttimate Total Load Uttimate Unit Stress of Failure
Es:r;gv':.ﬁ: Width ickness Sud:a 'g::ge lia:ni:e Contrainte limite Nt;l:nlaa erlu:wndr;w
Largeur P 8isSeur —
FRACTURED Iy
\ o748 0.249 |0-1863 16560 88924 BASE META
- FRACTURED /£ )
16 0.154 |o.247 |o-1862 6840 Q0 440 EASE METAL W&
; — {
@) Guided Bend Tesis/Essals de pliage guidé Palerence: :
i i i Face | Poot | Side Result
;fk";?:: ;:cc: R'::?I:e gbdtg Rzzz‘;tl;r pfﬂv"::: Face |Racine| Cotd Résultar
S| vl ACCEPTED s3 V0 ACCEPTED
S2 v’ ACCEPTED S V' ACCEPTED
‘ Toughness Tests/Essals de résillence Peterance:
i Lateral Expansion Drop Weight
ecimen Notch Location N’%Ch Type TE,?,:?:::;, |ﬂs'l’l’)&:l_Vl:;ue Expansion latérale Essai en chute libre
Endroit d me d ergie de
rouvere Tenvaile’ Fentaille d ;e'rp Pfgll%:O ruplure % clz]ﬁl:rmcm mm'fm gi:g; Iyo‘:w ?:r:saské
CHARPY o
2 WELD 96 86
3 W ELD 94 78
4 HAZ 84 78
s HAZ 70 70
(A HAzZ 82 72
7 BASE e9 74
8 BASE oo 75
BASE Y 90 75
D) Fillet Weid Test/Essal de soudure d'angle e
Resuit - Satisi Yi N Pe tion Into Parent Metat Yes No
Sdsultel satistaisart ou U Non 1 Pénduation dans mélal de base ou Non =)
Macro - Resuits
Résultats macroscopiques
Other Tests/Aulres essals D teranca:
. N :
9 mg:sow:ur ROB/U &R EER ma;‘:bala q
T Test No.
Exeeis ofocivds pir _CAMBRIDGE MATERIALS TESTING FeT2 Eaeal de laborsaren 1@ 9712 - [997
We certify that the stalements in this record are correct and that the test weids were pre‘é:ied. weided and tested fin -
requirements of section IX of the ASME Code. { lEOllers and
. N ressure
Nous certifions que lss renseignements concemant ce résultal sont exacts el que les egsris de soudage ont éié ppéq Vessels
soudés et exéculds conformément aux exigences de /a section IX du Code ASME. S afety
Division

[/ f

Sompern Represenaive s Sue 12 Jo~ 8 19TREGISTERED
wepdsomam de
5) PPy S pop———— WPs.:. WRR405¢. 5%
impies Weided an napector i Signed:..... J. 0 .
Geonai wérités e inapectour Date:............. A06 T




T g . . - STEEL

Customer
Work Order # @ Provincial Registration |WP T4646.5
@ Company
homes ALL-WELD COMPANY LIMITED @ Procedure Identification
daess! 49 PASSMORE AVE. 1 4 PASSMORE AVE. ' WPS NO. 50-3A Revision No. 0
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Section IX Date 23 March, 13
Postal Code ( PLANT 1) Postal Code ( PLANT 2) PQR No. 50X
M1V-4T1 M1V-2R6
@ 1 FCAW Manual Semi-auto. | X | Auto.
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints (QwW-402)
Design DOUBLE V GROOVE & FILLETS Backing Material WELD METAL
Backing Yes No X Other NONE
Sketch
s 19° N
+ 5° —15
%L—ﬁ :
4 332"+ 4/32" _)I |(_ 3132" + 132"
( ALL FILLET WELDS
6 Base Metals  (QW-403) PNo. 8  GrNo 1 to P, No 8 GrNo. 1
or Specifications type and grade
SA-240, 316L to SA-240, 316L, 316, 304L & 304
or Chemical Analysis and Mech. Prop.
Thickness Range Quafiied 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"  2) IMPACT TEST QUALIFIED TO-50F
7 Filler Metals (QW-404)
1. AWS No E316LTO-1 SFA 522  F-No 6 A-No. 8 Dia.  0.045"
2. AWS No. Product Form : Flux Core | SFA F-No A-No. Dia.
3. AWS No. SFA F-No A-No. Dia.
Flux Tradename NONE .
Electrode Flux Classification NONE No Supplementary filler metal is allowed to be used
Consumable Insert NONE Other MAX DEPOSITED METAL 8 "
Positions (QW-405) 71 0 Postweld Heat Treatment (QW-407)
. Positian(s) of Graove 1GTO6G Temperature Range NONE
I'Weldirﬁﬁugression UP Time Range NONE
Position(s) of Fillet ALL Other NONE
Other NONE




Q’) Gas (QW-408)
@ Preheat (QW-406) Shielding Gas Composition cO2
|Preheat Temperature Min. 50° F Gas Flow Rate 45 CFH
Interpass Temperature Max. 350° F |Backing Gas Composition NONE (—‘1
Preheat Maintenance 50° F Trailing Shield Gas Composition NONE
Other NONE Other NONE
@ Electrical Characteristics and Technique  (QW-409)-(QW-410)
Filler Metal Current
Weld Layer(s) Process - — - - Trave!l Speed Range
Classification Diameter Type Polarity Amp. Range Voit Range
ROOT FCAW E316TO-1 0.045" DC RP 290 - 330 27-30 10-15 IPM
FILL FCAW E316TO-1 0.045" DC RP 290 - 330 27-30 10-15 IPM

Heat Input ( Per QW-409.1 ) = 59,400 j/in

Tungsten Electrode Size and Type NONE
Mode of Metal Transfer for GMAW SPRAY
String or Weave Bead STRING

|Method of Back Gouging

GRINDING OR ARC AIR GOUGING AND GRINDING

D)

|initial and interpass Cieaning (Brushing, Grinding, etc.)

WIRE BRUSH OR GRINDING
Orifice or Gas Cup Size 1/2"
Oscillation NONE Width NONE Frequency NONE
Confact Tube to Work Dislance 3/4"
Muitiple or Singie Pass (per side) MULTIPLE
Multipie or Singie Electrode SINGLE
|Etectrode Wire feed speed range 400 IPM
Other NONE
@ Supplementary Comments

NONE

Company Representative Signature

Robeft C. Bentley C.E.T.

) | HE—
E*A\ ;z ﬁ? Date _23 March, 2013

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 IX)

1 ) Company Provincial Registration P :
Name / @ T4' 6 46 ‘5
ALL-WELD COMPANY LIMITED
re—y 3 Record Identification
49 PASSMORE AVENUE 5
QR No. 50-X
SCARBOROUGH, ONTARIO WES NG,
| fmi o | 50-3A
MI1]Vv]4jT]1 .
4) Welding Process(es) @ Groove Design used
1 FCAW Type MANUAL
2 Type 75°
3 Type \\,50 —15°
@ Base Metals (QW-403) ' I
PNo. B8 GrNo. 1 to P.Noo 8 GrNo. 1 % ] %
Specification Tensile s arann
SA-240-316L 70,000 psi Lz *I fsszreimer s
Thickness " Diameter Postweld Heat Treatment /
Ues N/A
Other NONE Temperature NONE
@) Filler Metals (aw-4os) | |'™e NONE
Classification (AWS) SFA-No. F - No. A - No. Other NONE
E316LTO-1 5.22 6 8 11 Gas (Qw-408)
Product Form - Flux Core LS LT DT co2
. Gas Flow Rate 45 CFH
No Supplementary filler metal is allowed to be used
Other No Single Pass Greater than 1/2 " LI L NONE
Positions  Qwaos Gas Flow Rate NONE
Position(s) of Groove 3G Other NONE
Welding Progression 'Up D Down D @ Technique (Qw-410)
Other NONE String or Weave Bead STRING
@ Preheat (Qw-406) Oscillation NONE
Preheat Temperature 50°F Multipass or Single Pass (per side) MULTIPLE
Interpass Temperature 350°F Single or Multiple Electrode SINGLE
Other NONE Other Transfer : Spray
@ Electrical Characteristics and Technique (QwW-409) + (QW-410)
Filler Metal Current
WG AL Classification Diameter Type Polarity Amp Voit ULt
ROOT FCAW E316LTO-1 0.045" DC RP 330 30 10
FILL FCAW E316LTO-1 0.045" DC RP 330 30 10




@ Tensile Tests RO
Specim Dimensions in inches Area Ultimate Total Load Ultimate Unit Stress | Character and Location
pecimen Width Thickness. in Inches® in Foot Pounds in PSI of Failure
T2A 0.754" 0.810" 0.611" 49,863 81,500
T28B 0.756" 0.820" 0.620" 51,004 82,500 All coupons faied
T5A 0.754" 0.885" 0.667" 57,278 86,000 uctile manner in 8
T5B 0.756" 0.908" 0.686" 56,013 81500 base metal
@ Guided Bend Tests Reference:
Specimen | Face | Root | Side Result Specimen | Face | Root | Side Result
S1 X ACCEPTED S3 X ACCEPTED
S§2 X ACCEPTED S4 X ACCEPTED
@ Toughness Tests Reference:
Specimen Notch Location Notch Type TSpecimen Impact Value Satee Expanslor.'t Drop WWeigh.
emperature Shear Mills Break No Braal:
1 Weld ( 1/16" belew ) | V NOTCH -5GF 26 fi-ibf 100 22 _ _'
2 Weld ( 1/16" below | V NOTCH -50F 26 ft-Ibf 100 24
3 Weld ( 1/16" below } V NOTCH -50F 26 ft-1bf 100 20
1 HAZ V NOTCH -50F 85 ft-Ibf 100 37
2 HAZ V NOTCH -50 F 43 ft-lbf 100 28
3 HAZ V NOTCH -50F 63 fi-Ibf 100 30
1 Weid (1/4 t opposite) | V NOTCH -50F 25 ft-Ibf 100 20
2 Weid ( 1/4 topposite) | V NOTCH -50F 25 ft-Ibf 1‘700 19
3 Weld ( 1/4 t opposite ) | V NOTCH -50F 27 ft-lIbf 100 23
(7 Fillet Weld Test pretersnce)
Result - Satisfactory Yes No Penetration Into Parent Metal Yes No | ¥
] D WP -] 4@4@ S J
HEAT INPUT = 59,400 j / in Maximum ///
Other Tests frsterencel ./4.7)"2 71,2013
1) MACROETCH EXAMINATION PER LAB REPORT 636455-13 ( Report A )
2} NACE MR0175/1ISO 15156-2:2009/CIR..2011{E} VICKERS HARDNESS PER LAB REPORT 636455-13 ( Report B )

WS4 So 3/&90-/?

®

Welder's Name Steve Liew Stamp No.

636448-2013,636450-2013, 636452-2013,

636453-2013, 636454-2013, 636455-13(Report A)

Tests conducted by CAMBRIDGE MATERIAL TESTING LTD. Laboratory Test No 636455-13(Report B)

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

with the requirements of section IX of the ASME Code.
Company Representative's Signature E\M”—\ Date 23 March, 2013

ROBERT C. BENTLEY,CET.

24 Department Use only

Samples Welded on Inspector

Record verified on Inspector




Welding Procedure Specification (WPS) STALECE
Customer
Work Order # r Provincial Registration |WP R4428.5
|\® Company
fflome ALL-WELD COMPANY LIMITED Procedure Identification
| ry— WPS NO. Revision No.
"PLANT 1 : PLANT 2 SAW-W-24 | 0
SCARBOROUGH, ONTARIO N IX Date  21-Mar-13
Postal Code ( PLANT 1) ~Postal Code ( PLANT 2) PQR No. ~
M1V-4T1 M1V-2RE SAW-2A1
4 1 SAW Manual Semi-auto. Auto. | X
Welding Procass(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
e 19° ~
L b
L] I — L]
. w2212 _{ | 3mmeame-
FLAT POSITION FILLET WELDS
Base Metals  (QW-403) P. No. 8 Gr. No. 1 to P,. No. 8 Gr. No. 1
or Spacifications type and grade
SA-240, 316L to SA-240, 304, 304L, 316 & 316L
or Chemical Analysis and Mech. Prop. NONE
[Thickness Range Qualiied Total BB TO B " for Impact Testand 3/16 " to 8 for Non Impact test
Other 1) NO SINGLE PASS TO BE GREATER THAN 172"
(7) Filier Metals (Qw-404)
1. AWS No ER316L SFA 59 F-No 6 A-No. 8 Dia.  0.125
2. AWS No. SFA F-No A-No. Dia.
3. AWS No. SFA F-No A-No. Dia.
Flux Tradename LINCONWELD ST100 Electrode Flux Classification NONE
ConBiRpbis it NONE Cther MAX DEPOSITED METAL 8"
: Positions (QW-405) 10 Postweld Heat Treatment (QW-407)
Posion(s) of Groove 1G emperaiure Range NONE
~— {Weiding Progression UP me Range NONE
l'mm(a) of Fillet 1F or NONE
|°"‘°’ NONE




|QD Gas  (QW-408)
Preheat (QW-406) [Shieldlng Gas Composition NONE
{Preheat Temperature ~ Min. 60°F IGIS Flow Rate NONE
‘F.rpau Temperature Max. 350°F |Backing Gas Compoasition NONE (
{Preheat Maintenance 350°F Traliing Shield Gas Composition NONE I -
Other NONE IWW NONE
/12 ) Electrical Characteristics and Technique  (QW-409)-{(QW-410)
Weid Layer(s) Process Fer e Current Travel Speed Range
| _ Classification Diameter 'Lype Polarity Amp. Range Voit Range - i
ROOT SAW ER316L 0.125 DC RP 350-500 30-32 16-24 IPM
FILL SAW ER316L 0.125 DC RP 350-500 30-32 16-24 1P\
Heat Input ( Per QW-408.1 )= 60:000 [/ in Paxinum
Tungsten Electrode Size and Type NONE
[Mode of Metai Transfer for GMAW NONE
String or Weave Bead STRING
r"'“"“ — GRINDING OR ARC AIR GOUGING AND GRINDING
Ilnlﬁal and interpass Cleaning (Brushing, Grinding, efc.) WIRE BRUSH OR GRINDING -
Orifice or Gas Cup Size 3/4"
e NONE saon NONE Frecuetcy NONE
Contact Tube to Work Distance 1u
IMulﬁple or Single Pass (per side) MULTIPLE
|Mullip|e or Single Electrode SINGLE
'fledmch Wire feed speed range 55 IPM
[0"'8' NONE

G

Supplementary Comments

1) Impact Testing to - 50 F per Laboratory No 636543-2013

2) NACE MR0175 /1SO 1516-2:2009 / Cir.1:2011 ( E) per Laboratory No 636546--13 ( Report B )

14

3) Macroetch per ASTM E3-11 per Laboratory blo 636546-13 ( Report A)
Date

Company Representative Signature

21 March, 13

Robert Bentley QCM

Registration of this Welding Procedure (Specification plus Qualification Record) is required pursuant to the provisions of Section 36 (1';*

of the Boilers and Pressure Vessals Act of Ontario.
The registration becomes invalid when any essential variable changes, or any requirement of the ASME Cade Section IX, affecting

this procedure, is altered.



RESULTAT DE METHODE DE SOUDAGE ( RMS)

(Reference: ASME Section IX/Référence: ASME, Section IX)

Company/Entreprise

=

ALL-WELD COMPANY LTD.

Provincial Reglstration WP —
Enregistrement provinclal | MS f? 4428 .S

©

L (3  Record identification/Désignation du résultat
Address/ Adresse
] 49 PASSMORE AVE. ;on's I:.o SAW-2A1
SCARBOROUGH WPS No. SAW--2A
Postal Code/ Code postal DMS N°
ONTARIO
- M1V 14,78 1B
@ Woelding Process(es)/Procédé(s) de soudage 6o°
Type 7
! . SAW AUTOMATIC \‘;’WW
2 Type
3 Type
F
@ Base Metals/Métaux de base (Qw-403)
PNo. 8 GrNo. —— tola 8 PN - arhe
Specification/ Spécification Tersile/ Tension
SA-240-304 75000
SA-240-304 75000 Groove Design used/ Croquis du joint utilisé
Thickne Diameter/ Diamdtre Postweld Heat Treatment
Ep:m:u: 11/2" - Traliement ’hcm:l;u:m poa/uoudagc (QW-407)
Temperature
i Tempdaturs  NONE
Flller Metals/Métaux d’apport (Qw-404) i 8 —
( Classificstion (AWS) SFA-No. F - No. A - No. e —
“ER 308 5.9 6 8 @ Gas/Gaz (Qw-08)
Shielding Gas Composition
Ca:po:glon‘;u gazp?o protection NONE
Gas Flow Rate ——
Débit du gaz
Other Backing Gas Composition
Autre Composlflog du gar de soutien -
@ Positions/Positions  (Qw-405) Dont G gur -
r_.—
P loms) S Goave  1y" GROOVE Shar
w&zﬁz’:&zw. 1G P vere Down e @ Technique/Technique  (Qw-410
Other Stri Weave Bead
Autre Cazgmogrolt ‘:u. oscillant STRING
- Osciffati
i} @) Prsheat/Préchauffage (Qw-4ce) Oeciliation N/A
Freheat T - Mulli Single P id
Tomparctira 3 prichaufiegs 50°F e o e e o h99) MULTIPASS
e g T Tatl i
| Tampasurs o rinapesse 350°F MAX. Singie or Mutiple Electiods) SINGLE
X Other
Apery Aulre
@ Electrical Characteristics and Technlque/Caractéristiquas électriques &t techniques (Qw-409) + (QW-410)
Filler Metal Courrent '
w’c'gwm'}” Process Métai d'apport - Courant Travel Speed
de soudure Procédé Clasasification Diameter Type Polarity Amp Volit Vitesse
Diamadtre Type Polarité Ampérage Voitage
? T SAW ER308 5/32" DC POS 600 28 28" /M
L L SAW ER308 5/32" DC POS 600 28 28" /M




) c—stmit— s — == ————ew w = s m—seees | remwce:
3‘3’«':;3: ot St Ohu-:k'lrF:;'dl.m
Uttimate Unit Stress o ure
gm ) Width Icknass S:Irf::O Um%:%w c?mdm limite N;mr7 et endroM
Largowr sisseur e la rupure
| ma 0.755" |1.504" |1.1355 99,440 87,573 FRACTURED BASE .
| 0.750" |1.507" |1.1302 99,950 88,433 FRACTURED BA{
Quided Bend Tests/Essals de pliage guidé Rylerence: :
ecimen Fi Root | Sid Rasult
- Bl X ACCEPTED B3 X | ACCEPTED
B2 X ACCEPTED B4__ X ACCEPTED
“ Toughness Tests/Essals de résillence P rance:
Lateral Expansh W
ecimen - Noécnl; nL,zc;ﬂon . Notch Tgpo rﬁ?é'm. Itznpnct, V:;uo Expunlm‘;mrglno Eugr:g clnz“ Kbre
‘ : ° Forme de Te ergie de
rouveds _ Tomaile Fentailie de Tdprouvete rupture et o LI i s Sroa
. )
| ' (
@ Fillet Weld Test/Essal de soudure d'angle v}
Rasult - Satisl Y Y
Mits e R I ®0__ mO
Macro - Resulls
Rdsultats macroscopiques
@ Other Tests/Autres essals P pnce:
() jowesName YITTORIO VITRANO N i symicle 38
B s by CAMBRIDGE MATERIALS TESTING LTD. Poboratory Test No. - 183506-1998

¢

#2 comy thel the statemaris In this record ara comact erd that the 1est walds ware prepared, weided and ME ¢ with the Eoilers and

reQuaremonis of saction IX of the ASME Coda. Pressure
Nous certifions que les ranssignements concemant ce rdsultst somt exacts e qua lss essals de soudage ont gffsgf ts
souddés st exdcutda conformdment aux exigences de la section IX du Code ASME. : 74 D‘." Y is{ on
ggnnm Representative's %%‘ Osle 7 JAN. 1 98: REGISTERED
“nature du représemant do  pogERT ¢, BENTLEY / j wps.. WHER4s2P &
Department Use Only/ ﬂ‘mm ministére 2 \
Sarmples Weided on inspector Bigned:
Pidcss souddes i Inspecteur 5 X 0 /J—
{ Fpcord verified cn Inspector ate: . l ...... e
| RbsuRata vérifds le Inspecteur

o
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HOBART BROTHERS

PO | 3-AED

McKay

CERTIFICATE OF ANALYSIS

CUSTOMER: EXOCOR C/O USF HOLLAND BUFFALO P.O. # 021702

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

DATE: 57772013 2:14:00 PM
WORK ORDER:

PRODUCT TYPE: STERL AP 309/309L. 1/8 10 CAN
LOT NO: 23R056
SPECIFICATION: AWS A5.4,/ASME SFA §.4

STOCK NUMBER: 8483944-033
HEAT NO: 743678
CLASS: E309/309L.-18

ACTUAL CHEMICAL ANALYSIS (%)

c
Mn
P
S
si
Cu
Cr
Ni
Mo

0.028
1.060
0.034
0.007
0.534 ~
0.114 ~
22.859
12.983
0.120

This material has not coma in contact with mercury or mercury contalning compounds.

Measured FN: 9
Delong FN: 13
Schaefflor: 9

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

Filler Metals Quality Assurance

Hobart Brothers
400 Trade Square
Troy, Ohio 45373

Authorized Signature ;

e

Brian Simpson, Q.A. Technician

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

©
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| wes -~
AR
HOBART BROTHERS Vekay

CERTIFICATE OF ANALYSI(S

CUSTOMER: EXOCOR % USF HOLLAND BUFFALO  P.O. &: 021768 .
MARKED FOR: DATE: 52412013 7:33:39 AN
PACK SLIP\ORDER #: A7841/00 WORK ORDER:

LBS SHIPPED: 60

PRODUCT TYPE: STERL AP J00/300L /810 CAN  STOCKNUMBER: 5403040033
LOT NO: 24R048 HEAT NO; 744973
SPECIFICATION: AWR A5.4,IASME SFA 5.4/ CLASE: E308/300L-16 /

ACTUAL CHEMICAL ANALYSIS (%6)
¢ 0.032/
Mo 1.068 /
P 0.020/
8 9.008;
St o574
Cu  0.070 f
cr 22122/
NI 12735/
Mo 0147/
This meterial has not come in contact with mercury or mercury gontaining compounds,

Measursd FN: 10
Delong FN: 13
Schaeffler: 9

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

Hobert Brothers
400 Trade Square
Tray, Ohio 435273

AT

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

Authorized Signature ;




HOBART BROTHERS

U IdT L) SO~
cwrPs 2~

MeKay
CERTIFICATE OF ANALYSIS
STOMER, CPG PO # 59751

MARKED FOR: DATE: 7/2412012 8:42:12 AM
PACK SLIP\ORDER # 44941/01 WORK ORDER
LBS SHIPPED: 180
PRODUCT TYPE: STERL AP 309/309L 5/32 10 CAN STQCK NUMBL 12 5483951-033
LOT NO: 26P006 HEAT NG 740749

E308/308L-16

SPECIFICATION: AWS A5.4,/ASME SFA 5.4 CLASS:

VCTUAL CHENITCAL ANALYSIS (%)

¢ 0.028
Mn 1102
P 0.021
S 0.005
Si  0.647
Cu 0.048
Cr 22454
Ni  12.309
Mo 0.070

I'ins matenal has not come in contact with mercury or mercury containing compounds

Measured FN: 9
Delong FN: 14
Schaeffler: 10

TYPICAL MECHANICAL PROPERTIES
Tenstle  8§3.000 psi ( 573 Mpa)
Yield 06,000 psi (435 Mpay
Llongunon 40

tuler Metads Guatity Assurance

tHobwt Brothers

Y Trade Square

Fron, Uhip 13373

ﬁﬂw/

Authorized Signature ;
Brizn Simps

. YA Techmeian

Cartfication-and Liowted Warcanty - Data for the abave supplicd produnt arms hnse obfained when wolded sad ested it sccordance with e atove spaciticatian. Al tests fo
thie above ctassification were satistied. Other tests and precedures may produce different regults. Hobart Biathers praduces welding consimatdes ender cantinuinig nnality

FBSUHNCE Pragrams audited and approved by the Amencan Bureau of Shipping 4887



~ HOBART BROTHERS

CUSTOMER!
MARKED FOR

PACK SLIP\ORDER #
LBS SHIPPED

PRODUCT TYPE.
LOT NO
SPECIFICATION

CERTIFICATE OF ANALYSIS

STERL AP 316/316L 1/8 10 CAN
21R006

P.O. #.
DATE:
WORK ORDER:

STOCK NUMBER:

HEAT NO:

AWS A5.4, ASME SFA 5.4 EN10204 3.1CLASS:

ACTUAL CHEMICAL ANALYSIS (%)

(o
Mn
-]
S
Si
Cu
Cr
Ni
Mo

0.04
1.08
0.028
0.008
0.65
0.28
17.30
13.41
2.27

SM Ao

oS 3 ”(7[‘
McKay
111912013 5:26:19 AM
$482944-033
741891 ,
E316L-16 E318-16

This matenal has not come in contact with mercury of mercury containing compounds .

Cerification and Limted Warranty - Dala for the above supplied product are thos
the above ciassffication were satisfied. Other lesis and procedures may produce different results. Hobart Brothers produces

assurance programs audited and approved by the American Burasu of Shipping ("ABS").

Measured FN :
Schaeffler :

1
2

TYPICAL MECHANICAL PROPERTIES
Tensile 81,000 psi ( 559 Mpa)
Yield 58,000 psi ( 398 Mpa)
Elongation 39

Filler Metals Quality Assurance

Hobart Brothers
400 Trade Square
Troy, Ohio 45373

Authorized Signature :

o

Brian Simpson, Q.A. Technician

e obtained when welded and tested in

accordance with the above specfication, Al tdts for

mmmmmmmumm

(s)



s HOBART BROTHERS

CUSTOMER
MARKED FOR

f?ACK SLIP\ORDER #
LBS SHIPPED

PRODUCT TYPE
LOTNO
SPECIFICATION

CERTIFICATE OF ANALYSIS

PO.#

DATE:

WORK ORDER:
STERL AP 316/316L.5/32 10 CAN STOCK NUMBER:
31P050 HEAT NO:

AWS A5.4, ASME SFA 5.4 EN10204 3.1CLASS:!

ACTUAL CHEMICAL ANALYSIS (%)

SM AW

o PS 3"7/

McKay

12/51201212:57:15 PM

5482951-033
741891
E316L-16 E318-18

c
Mn
P

S
Si
Cu
Cr
Ni
Mo

0.03
1.02

0.022

0.009_

0.44 N
0.25

17.68

12.87

214

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

Measured FN: 2
Delong FN: 1
Schaeffler: 3

TYPICAL MECHANICAL PROPERTIES

Tensile 81,000 psi ( 559 Mpa)
Yield 58,000 psi ( 398 Mpa)
Elongation 39
Filler Metals Quality Assurance

Hobart Brothers
400 Trade Square
Troy, Ohio 45373

Authorized Signature :

ﬂ/‘\g/

Brian Simpson, Q.A. Technician

Certification and Limitad Warranty - Data for the above suppiied product are these obtmined when weided and tested in accordance with the above spacification. AH tests for
the abova classification were satisfied Other tests and procsdures may producs different resulta. Hobart Brothers producas weiding consumables under continuing quality
assurance programs audted and approved by the Amarican Buresu of Shipping {"ABS").
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the Lincoln Electric Company
22801 St Clair Avenue
Clevelaad, Ohio 44117-1199

Product:
Classification:

pecification:
Jate

This is to certily that the product named above and supplied on the referenced onder number is of the same classification. manufacturing pracess, and materiol
requirements ns the material which was used for the test that was concluded oa the date shown, the results of which are shown below. All tests required by the

Lincolnweld® 316/316L
ER316, ER316L

AWS AB.9:2008, ASME SFA-6.9

March 08, 2012

[PV AR A

LY/~ | V\

CERTIFICATE OF CONFORMANCE

(APPLIES ONLY TO U.S. PRODUCTS)

’

V-

THE WELDING EXPERTS*

[3Year])

spevifications shown for classification were performed at that time and the material tested met all requirements. It was manufoctured and supplied according to
the Quality System Program of the Lincoln Electric Company, Cleveland, Ohio, 11.5.A., which meets the requirements of ISOY001, NCA3ZR00, AWS A5.01, and
other specilication and Military requirements, ag applicable. The Quality System Program has been approved by ASME, ABS, and VATUV.

Electrode composition (weight %) ER316 R ERI:’“L I 3’352;5“! !cltxmid‘ l
c 0.08 max. 0.03 max. 0.02
Mn 10-25 1.0-25 14
Si 0.30-065 0.30-0.65 0.39
S 0.03 max. 0.03 max. 0.00
P 0.03 max. 0.03 max. 0.02
Cr 18.0-20.0 18.0 - 20.0 19.1
Ni 11.0-14.0 11.0-14.0 12.3
Mo 20-30 2.0-3.0 24
Cu 0.75 max. 0.75 max. 0.08
N Not Required Not Required 0.04
Nb Not Required Not Required 0.01
|
WRC-1992 (C) Not Required Not Required 8.10
WRC-Delong (C) Not Required Not Required 9.80

1. This certificate complies with the requirements of EN 10204, Type 2.2.
2. All other diameters manufactured wiil also meet these requirements
3. Results below the detection limits of the Instrument or lower than the precision requlred by the specification are reported as zero.

Qe LT March 07, 2012

- >
ot 2o W March 08, 2012

Toronto Cunningham, Certification Supervisor

Date

Dave Fink, Manager, Compliance
Engineering, Consumable R&D

Date

Page 1 of 1

Cert. No. 40316
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02-22-2013  00:43am  From~LINCOLN ELECTRIC 4184213144 T-852 P.001/004 F-380

w-on [[)IPR

22801 St Clalr Avenue
Clavaland, Ohio 44117-1109 U.BA,
{216) 481-8100

LINCOLN !

THE LINCOLN ELECTRIC COMPANY

PRODUCT CERTIFICATE
ST-100 FLUX
mmwmwwmmmmmbdmmm snd
matedal requirements as the materal which Geiculations, the results
below mm:mnummmgm;:u e of which 1w shown
* Basiclly index
Bl =12

“Calcutated using Bonlszewskl fonmula shown below

B-'--“%M&
810z + 0.5 (TI0, + Zr0, + AlzGy)

. S igtri *
+20 MESH 32% Maximum
-20 +100 MESH 64% Minimum
-100 MESH 4% Maximum

*U.S. sieve number per ASTM E11-04

L 4

D
E
8,
g
g

S
>

Ceart No. FST-100




t4th Floor - Centre Towsr

Technical 3300 Glaor Siest Vo Welder/Welding Operator Certificate
andards an
et Aty et O o o TechnicalstndardeandSatetyact | No. 258822
Welder's LastName Initsal First Name Si re Stamp No
GREER ROBIN 7?(}«(,\/\ M "
Res Address Pbstal Code Provincial Registralion No
835 MOUNTAIN ASH ROAD , PETERBOROUGH , ONTARIO Koo, J|8 k2 HISTe.S. [is2 5 & R1645
Employer Name Companly PQR No .
ALL - WELD COMPANY LIMITED
Streel Address 54,9 ,9AB
49 PASSMORE AVE Company WPS Mo used
Postal Code
SCARBOROUGH , ONT Moy v T 9.3
Welding Process(es)Used GTAW Type(s) ;/ manual hi : : .
BaseMaterial(s) S5A-312-316 Thickness(es) 0.188 " Y TestCoupon Production Weld
Variables for All Processes Actual Values Range Qualitied
Backing material (withAithout) WITHOUT WITH OR WITHOUT
Base Melal P-Number to P-Number 8 to 8  _P1THRUP1SF P34, & P4X PLATE AND PIPE 12" OD AND UP
{ } Plate ( X ) Pipe (enter diameter it pipe) 112" SCH 160
Fillar Metal Specitication (SFA) Class (QW-404) (Informational Only) 59 ER316
Consumable Insert for GTAW or PAW (QW-404) NONE
Welding Position (1G, 5G, elc } (QW-405) §G 6G -
Manual or Semi-automatic Variables {QW-350) Actual Values Range Qualified
Filler Matal F-No (QW-404) F6 F6
Filler Metal Product Form for GTAW . PAW (QW-404) SOLID . SOLID
Weld deposit thickness for aach welding process (QW-404) 0.188 " 0.376 " MAX PLATE GROQVE +PIPE 112" 00D +UP
Process ' 3 layers minimum [ Yes [~ No 3 + ALL FILLETS
Process 2: 3layers mnimum [~ Yes [ No NONE NONE
Vertical progression (uphiltidownhill} (QW-405) UPHILL NONE
GTAW. PAW or GMAW backing gas or OFW tuel gas {OW-408) ARGON 93.9 % ARGON 99.9 %
GMAW transfer mode (spray/globular or pulse to shor circuit {QW-409) NONE NONE
GTAW welding cutrent type & polarity (AC. DCEP DCEN)(QW-403) pC/Ssp DC/SP
Machine Welding Variables {QW-361.2) Actual Values Range Qualified
Durect or remote visual contral NONE
Automatic arc voltage contral (GTAW) NONE N
Automalic ot tracking NONE
Multiple or single pass per side NONE
Automatic Welding Variables (QW-361.1) Actual Values Range Qualified
Filler Metal {EBW or LBW) NONE
Laser type for LBW (COg lo YAG etc.) NONE
Conlinuous 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.
RESL_JLTS
Visual Examination of Completed Weld (QW-302 4) ACCEPTED
Y Transverse root and face [QW-462.3(a), Longitudinal root and face JQW-462 3(b)}. Side (QW-462 2},
Pipe bend specimen, corrosion-resistant overlay {QW-462.5(c)], Plate bend specimen, corrosion-resistant overlay (QW-462 5(d)|,
4 Pipe specimen, macro test for {usion [QW-462 5(b)j, . Plate specimen macro test for fusion [QW-462 5(e)]
Type = . _Result . Type __Result. ... Type Result Type . _Result
QW-462.3(a) | ACCEPTED . QW.462.3(a) . ACCEPTED . Qw-462.3(a) ACCEPTED QW-4623(a) ACCEPTED
_ (Face) . . (ROOT) o . (Face) ) {ROOT)
Alternative radiographic examination results (QW-191)_NONE -
Fillet weld — fracture test (QW-181.2) _NONE Length and percent ot detects NONE
Fillet welds in plate [QW-462 4(b)) Fillet.welds 1n ptpe [QW-462 4(c)}
Macro examination (QW-184) NONE _ Fillet size (in) MONE____ x NOME _ Concavity/convexity {in.) NONE

Other tests _NONE
Film or specimens evaluated by _NONE

Company HNONE
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED Laboratory test no NONE
welding supervised by (Print name) ANDREW LEWIS

Test requested by (Pnnt name) ROBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH , ONT

We centify that the stalements in this record are correct and that the test coupons were prepared. welded, and tested in gccgrdance with the requirements
ol Section IX of the ASME Boiler and Pressure Vessel Code
Organization ALL - WELD COMPANY LIMITED Signature

Date 03 -06- 2012
mm-dd vy 7y

FOR TSSA INSPECTOR USE ONLY

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

Check (v/) applicable box below.

v To weld for the Employer named above only This Ceriticalg expires PER ASME SECTION IX -~
: mm-dd-yyyy
For seeking employment only.
—_ - Ty o -
LoSAIek el ONT %S - WAL O7F 20 |2
Inspector Mame and Number (Print} 7 inspector Signature and Date

PV 09387 (08/10)
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14th Figor - Cantre Tower
3300 Bloor Strest West

Technical
Standards and Toronto, Ontarlo  MaX 2X4
Salety Authority  yep site: www.tssa.0rg

Welder/Welding Operator Certificate

Technical Standards and Safety Act

Boilers and Pressurs Vagsels Regulatiog — No. 262465
Walder's Last Nama Initial First Name Signature Z Stamp No
GABBIDON ALPHONSO = 25
Res. Address Postal Code Provinclal Registration No
49 HAVAGAL CRES MARKHAM , ONT L 3, P|7,6 6| RS
Employar Nama Company PQR No
ALL - WELD COMPANY LIMITED SAW - W-2.A1
Street Addrass
49 PASSMORE AVE Company WPS No.usad
Postal Code SAW-W-2.4
SCARBOROUGH , ONT Il 11V14 lTl1
WaldingProcess{es)Used SAW Typets) [} ([Cmachine [ Jeemt
BaseMaterials) SA-240 - 316L Thickness{es) 134" I TestCoupon [ _] ProductionWeid
Variables for All Processss Actual Values Rangs Qualified

Backing material (withAwithout)

BASE & WELD METAL

Base Metal P-Number lo P-Number

] to P8

BASE & WELD METAL

P1 THRU P1SF, P34 & P4X PLATE AND PIPE 2 7/8" OD AND UP
(x ) Plats { ) Pipe (entar diamater Hf pipe) 134",
Fillar Metal Spec {SFA) Class (QW-404) (Informational Only) 59 ER3IM6L
Consumabla [nsart lor GTAW or PAW (QW-404) NONE
Waelding Position (1G, 5G, etc ) (QW-405) 16 16
Manual or Ssmi-sutomatic Varlables (QW-350) Actual Values Range Qualified
Fliler Metal F-No. (QW-404) s 5
Fillar Matal Product Form lor GTAW, PAW (QW-404) NONE
Waeld depost thicknass for each weiding procass (QW-404) 134" MAX TO BE WELDED
Process 1. 3 layers minl [ Yes [~ No 14
Process 2: 3 layers ™ Yes [~ No NONE
Vartical progression (uphilt/downhill) (QW-405) NONE
GTAW, PAW or GMAW backing gas; or OFW lusl gas (QW-408) NONE
GMAW transter mode (spray/globular or puise lo short circuit) (QW-409) NONE
GTAW welding current type & polarity (AC, DCEP, DCEN)(QW-409) NONE
Machine Welding Variables (QW-361.2) Actual Values Range Quasliified
Direct or remota visual control NONE
Automatic arc voltage control (GTAW) NONE
Automatic joint tracking NONE
Multiple or single pass per side NONE
A Welding (QW-381.1) Actual Values Range Quallified
Fiiler Matal (EBW or LBW) NONE
Laser type for LBW (CO3 to YAG elc.) . NONE
Continuous drive or inertia welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE

Note: Values In “Range Qualified” are valid only when used witha G

RESULTS

visual Examination of Complated Weld (QW-302.4) _ACCEPTED

E Transverse root and face [QW-462.3(a), Ij Longitudinal root and face [QW-462.3(b)); l:] Side (QW-462.2);

D Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)];
[:] Pipe specimen, macro test for fusion [QW-462.5(b)[,

[__] Plate bend specimen, corrosion-rasistant overlay [QW-462.5(d)(;
D Plate specimen, macro test for fusion {QW-462.5(e)]

T
| Type

Result Type Resuit Type Resuit Type Resuit
i Ow-4622.2 ACCEPTED QW-452.2.2 ACCEPTED

!
[

Alternative radiographic examination results (QW-191)_NONE

Fillet wald — fracture tast (QW-181.2) _NONE

| Fililet welds in plate [QW-462 4(b)[
Macro examination (QW-184) NONE

Fillet size (in) NONE

Length and percent of defects NONE

|| Fiiiet welds In pipe {QW-462.4(c)]

Other tasts _NONE

x NONE Concavity/convexity (in.) _NONE

Film or specimens evaluated by _NONE

Company NONE

Mechanical tests conducted by _ALL - WELD COMPANY LIMITED

Laboratory tast no _NONE

Waelding supervised by (Print name) ANDREW LEWIS

Test requested by (Print name) ROBERT BENTLEY

Tested at (Print address) 43 PASSMORE AVE , SCARBOROUGH , ONT

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

of Section IX of the ASME Boiler and Fressure Vessei Code
Organization _ALL - WELD COMPANY LIMITED

1

Signature /\

Date 03 -04-2013
(mm-dd-yyyy)

| FOR TSSA INSPECTOR USE ONLY

The Welder named above has passed the welding test required under Ontario’s Technicat Standards and Safety Act, Boilers and Pressure Vessels
Regulation and Is hereby authorized, subject to the fimitations of this certificate

Check (v) applicable box below

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

s oo

Inspector Nama and Numbar (Print)

TH R S

PV 09397 08N10)

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

MRt 19 . LoV

Inspactor Signature and Date




{»\ Technical 14th Floor - Centre Tower
@ Standards end

NS/ Satety Authority

“Weldara Lasl Fame
MIRZA

HAFEEZ (ABDUL)

WelderMei%!ﬂl}Jdar&or Certificate

Res. Addrees
2050 BRIDLETOWN CRICLE, #607, SCARBOROUGH ONTARIQ

No. 262459
Tare e,

3

Employer Name
ALL - WELD COMPANY LIMITED

“Street Acdress
43 PASSMORE AVE

SCARBOROUGH , ONT

3. M
[ Company Wi o used

NI 1‘V|4 lT V] a8

Welding Frocess(es)Used  SMAW

Typels) [/ manual [ Jmachine [_|semi-sutometis [ sutomatic

BaseMoteriel(s) SA-240-316 TO 8A-240-316

| Tvcknemstes) 134"

Varisbiss for All Processee

Rangs Quatitied

Backing material (withwithout)

WiTH

Base Metal P-Number to P-Number

P4 THRU P18F, P34 & P4X PLATE AND PIPE 27187 OD AND UP

(X ) Piate { ) Pipe (enter iameter i pipe)

18

Fller Metal Specification (8FA) Clase (QW-404) (informational Only) _(84)

Consumable insert for GTAW or PAW (QW-404)

NONE

Welding Position (13, 53, et.) (QW-408)

2

28

Menusl or Sermb-automaiic Variahles (QW-350)

Actusl Valuss

==

Filler Metal F- No. (QW-404)

FS

%]

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

NONE

Weld deposit thickness for sach weiding procsss (QW-404)

134"

NAX T0 8E WELDED

Process1: SMAW _ Stayersminimum (71 Yes [ No

Process2.________ Slayersminknum [ Yes [ No

NONE

PLATE GROOVE ¥ PIPE 27/8" OD ¢ UP + ALL FRLETS
*

Vertios) progression {uphilidownhill) (QW-405)

NONE

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

NONE

GMAW transier mods (spray/globular or pulss 10 short circult) (QW-408)

NONE

GTAW weiding cusrent type & polarity (AC, DCEP, DCENNQW-408)

NONE

Maching Weiding Variables (QW-381.2)

Actual Veluss

Dirsct or remole visual control

NONE

Automsiic arc voltage conrol (GTAW)

NONE

Automatic joint tracking

RONE

Muttipis or singie pass per side

NONE

Automatic Welding Variebies (QW-381.1)

Actusl Values

Fillor Metal (EBW or LBW)

NONE

Laser type for LBW (COZ 10 YAG o)

NONE

Continuous drive of inertia weiding (FW)

NONE

Vacuum or out of vacuum (EBW)

NONE

Note: Values in “Range Qualifisd™ are vaiid only when used with a Gualified Weiding Procedura.

Visual Examination of Compieted Weld (QW-302.4) _ACCEPTED
[J Tranaverse root and face [QW-482.3(a};
{7 Pipe bend specimen, comosion-resistant overiay [QW-482.5(c));

RESULTS

(7] Longitudinal root and face [QW-462.3(0));
[ Piate bend specimen, corrosion-resistant overiay [QW-462.5(d)];

[¥] Sice (Qw-462.2);

[]_Pipe specimen, macro test for fusion (QW-4e250); _[[] Piate , macro test for fusion [QW-462.5(e)]
Type Result Type Result Type Result Type Result
w22 ACCEPTED Qw-822 ACCEPTED
| { SIDE) (SIDE)

Altemative radiographio examination results (QW-191)_NONE

Filiet waid — fracture test (QW-181.2) _NONE

] Filet weids in plate [QW-462.4(b)]
Macro examination (QW-184) NONE |
Other tests _NONE

Length and percent of defscts NONE

[] Filtet weids in pipe [QW-482.4(c)]

Filiet size (in.) NONE

x NONE __ Concavityconvexity (in.) NONE

Film or specimens evsiuated by _NONE

CQmm NONE

Machanical tests conducted by _ALL - WELD COMPANY LISITED

Welding supervised by (Print name) ANDREW LEWIS

Laboratory test no. _NONE

Test requested by (Print name) ROBERT BENTLEY

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

Organization _ALL - WELD COMPANY LUATED

Signature

Tested at (Print address) 49 PASSMORE AVE . SCARBOROUGH , ONT
w.wmmmmmmm«mmmmtwmmmm.mm

in accordance with the requirements

Date _03-26-2013
[

|

FOR TSSA INSPECTOR USE ONLY

\

1

The Weider named above has passed the welding test required under Onlario's Technical Standards and Safety Act, Bollers and Preasure Vesseais
Regulation and Is hereby authorized, subject to the limitations of this certificate.

Check (v) appiicable box beiow:

To weid for the Employer named above only.
D For seeking empioyment only.

Losica

LAY ONTHS

Inspector Name and Number (Print)

This MQR ASME SECT!O‘?%W
AR 28, Lol

Inspector Signature and Date



14th Floor - Cantre Towar
3300 Bloor Strest West
Toronto, Ontario M8X 2X4

Technical
Standards and

©

Welder/Welding Operator Certificate

Technicai Standards and Safety Act
Satety Authority oy cie: www.tssa.ong Boliers and Pressur 0. 258824
Welder's Last Name Inial First Name ignature
MIRZA HAFEEZ
Res. Address Postal Code Prowgkial Registration No
2050 BRIDLETOWN CIRCLE # 607 , ONTARIO W1 w2 v s
| R3578.5,08525 & RT64.S
Employsr Name Company POR No
ALL - WELD COMPANY LIMITED
Streat Address 54,9 ,9AB
49 PASSMORE AVE Company WPS No.used
Postal Code
SCARBOROUGH , ONT Mot V4T 9-3
WaldingProcesses)Used GTAW Typets) v I “lmachine []somi te [
BassMstarial(s) SA-312:316 Thickness{es) 0.188 " | [7] TestCoupon Production Weld
Variables for Afl Processes ActuaiValues Range Qualified
Backing material (with/without) WITHOUT WITH OR WITHOUT
Base Matal P-Number to P-Number 8 10 L) P1 THRU P15F, P34 , & P4X PLATE AND PIPE 172 " OD AND UP
( ) Plate { X ) Pipe (enter dlamalet if pipe) 112" SCH 180
Filler Metal Specification (SFA) Class (QW-404) (Informational Only) 59 ERJ6
Cansumable Insert for GTAW or PAW (QW-404) NONE
Walding Posltlon (1G, 5G, etc.) (QW-405) G ]
Manusl or Seml-automatic Variabies (QW-350) Actual Values Range Quatitied
Fillar Metal F- No_(QW-404) F§ i
Fillar Matal Product Form for GTAW, PAW (QW-404) SOLID SOLID
Wald deposil thickness for each welding process (QW-404) 0.188" 0.376 " MAX PLATE GROOVE + PIPE 1/2" 0D +UP
Process 1:, 3 layers minimum (73 Yes [ No 3 + ALLFILLETS
Process 2- 3 layars minimum [ Yes [ No NONE NONE
Vartical progression (uphill’downhill) (QW-405) UPHILL NONE
GTAW, PAW or GMAW backing ges, or OFW fuel gas (QW-408) ARGON 99.9 % ARGON 99.9 %
GMAW transfer mode (spray/globular or puisa to short circuit) (QW-409) NONE NONE
GTAW welding current type & polarity (AC, DCEP, DCEN){QW-409) DCISP DC ISP
Machine Weiding Veriables (QW-381.2) Actual Values Range Qualified
Direct or remots visual control NONE
Automatic arc voltage control (GTAW) NONE
Automatic joint tracking NONE
Muttiple or single pass per side NONE
Automatic Welding Variables (QW-381.1) Actus! Values Range Qualified
Filler Metal (EBW or LBW) NONE
Laser type for LBW (CO; to YAG etc.) NONE
Continuaus drive of inertla welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE

Note: Valuss in “Range Qualified” are vaiid only when used with a Qualified Welding Procedure.

Visual Examination of Completed Weld (QW-302.4)

RESULTS

ACCEPTED

@ Transverse root and face [QW-462.3(a),
D Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)[.

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

| Side (QW-462 2),

Plate bend specimen, corrosion-resistant overlay {QW-462.5(d)),

Pipe specimen, macro test for fusion [QW-462.5(b)], D Plate specimen, macro test for fusion [QW-462.5(e)]

Type Result Type Resuit Type | Resuit Type Result
| QW-482.3(a ) ACCEPTED QW-482.3(a) ACCEPTED QW-4623(a) ACCEPTED QW-482.3(a) |_ACCEPTED
(Face) (ROOT) (Face) (ROOT)

Alternative radiographic examination results (QW-191)_NONE
Fillat weld — fracture test (QW-181 2) _NONE

| Fillet welds in plate [QW-462.4(b))
Macro examination (QW-184) NONE Fillet size (in.) NONE
Other tests _NONE
Fitm or specimens evaluated by _NONE
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED
Welding supervised by (Print name) ANDREW LEWIS
Test requested by (Pnnt name) ROBERT BENTLEY

Length and percent of defects NONE
Ftllet welds in pipe [QW-462.4(c)]
x NONE Concavity/convexity (in) _NONE

Company NONE
Laboratory test no. NONE

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

Organization _ALL - WELD COMPANY LIMITED

in accordance with the requirements

03.06-2012
e Ga-YYyy)

Signature Date

FOR TSSA INSPECTOR USE ONLY

The_ We_lder_n;med above h:é passed the welding test required under Ontaﬂ_a's_Te;hﬁiéil S-t-at;d;ds:w -Silat; Ac_t,_ Béil_ers an_d P-res-sur.e \7e“ss.el;_-
Regulation and is hereby authorized, subject to the limitations of this certificate.
Check (v) applicable box below

Y| To weld for the Employer named above only

This Certificate - PER ASME SECTION iX
| For seeking employment only (mm-ad-yyyy)
Ok oW OWT IS WhR 0%, 2012
Inspector Name and Numbar (Print) = Inspector Signature and Date

PV 09397 (08110)



25, ) Standards and Toronto, Ontano MBX 2X4
e/ Satety Authority  \wop ooy issa org

Technical Standards and Safety Act
Boilers and Pressure Vessels Regulation

No. 164471

Welder's Last Name Initial First Name Signature J/ P Stamp No
YANG FAN JFen o] 83
Res Addrsss Postal Code Provincial Régistration No
39 - 1050 BRISTOL RD., W., MISSISSAUGA, ONT. L VI|2,ES OW2142,5R & R2180.5
Company Name Company PQR No
ALL-WELD COMPANY LIMITED 3
Sireet Address
49 PASSMORE AVE, Company WPSNo used
Postal Code 3-1
SCARBOROUGH, ONT. MlylaTy

Welding Process(es)Used SMAW

Topets) [ sgmarual [Jrchine [ soracorat [Joutomat

BaseMaterialis)  SA 516-70 / SA 516-70

Thickness(es) 5/ l6"

Variables for All Processes Actual Values Range Qualified
Backing matenal (matal, weld metal, welded from both sides, flux, etc ) WITHOUT WIIH QB WITHQUT
ASME P or S No to ASME P or S No Pl w Pl Pl THRU P11l & P4X PLATE &
{ X ) Plate ( ) Pipe (enter diameter if pipa) 5/]_6" PIPE 2 7/8" 0.D. & 1P
Filler Metal Specification (SFA) Class (QW-404) {Informational Only) (5 .4) E308-16
Consumable insert for GTAW or PAW (QW-404) — )
Welding Position (1G 5G, etc ) (QW-405) 2G 2G
Manual or Semi-automatic Variables (QW-350) Actual Values Range Qualified
Fillar Metal F- No (QW-404) F5 F5
Filler Metal Product Form for GTAW, PAW (QW 404) - w—
Woeld daposit thickness for each welding process (QW-404) 5/ 16" 5/8 " MAX
Progression (uphil/downhill) (QW-405) — J—
GTAW, PAW or GMAW backing gas. or OFW fuel gas (QW-408) — -
GMAW transier mode (QW-409} —_— —
GT»;;I-V welding currant type 8 polanty (QW-409) - — —_—
Machine Welding Variables (QW-361-2) Actual Values Range Qualified
Drrect or remote visual control — -
- Automatic voltage control (GTAW) — —
S‘ Automatic joint tracking -— —
:,), Multiple or single pass per side - -
g Automatic Welding Variables (QW-361-1) Actual Values Range Qualifiad
E Filler metat (EBW or LBW) — —
::5 Laser typa for LBW (CO2 o YAG sic ) - -
g Continuous dnve or inertia welding (FW) — ——
Vacuum or out of vacuum (EBW) - ——

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

RESULTS
Visuai Examination of Completed Weld (QW-302.4) ACCEPTED
X'_ Bend test; X| Transverse root and face {QwW-462.3(a)(; Longitudinal root and face [QW-462.3(b)); Side (QW-462.2);
Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)); Plate bend specimen, corrosion-resistant overlay [QW-462.5(d));
Macro test for fusion [QW-462.5(b)(; D Macro test for fusion [QW-462.5(e)}
Type Result Type Result Type Result
QW462.3(a) ACCEPTED QW462.3(a) ACCEPTED
ROOT FACE
Alternative radiographic examination results (QW-191) -
Filtet weld — fracture test (QW-180) - Length and percent o delects -
Macro examination (QW-184) - Fillet size (in.) e X == Concavity/convexity (in.) ==
Other tests —
Film or specimens evaluated by - Company -

Mechanical tests conducted by __ALL-WELD COMPANY LIMITED

Welding supervised by ANDREW LEWIS

We certily that the statements in this record are correct and thal the test coupons were prepared, welded, and testeq in accordance

0 gamzation __ALL-WELD COMPANY LIMITED Signature "

issued under Ontano's Technical Standards and Safety Act
Boilers and Pressure Vessels Regulation

PER ASME
Expiry Date: S_E_QI‘-_LX__ .
FAN_YANG 83
Waelder Symbol

Has passed the wekding test required under Onlario's Technical Slandards and
Sa‘fgr Acl, Boilers and Pressure Vessals Regulation and is hereby authonzed to
we

ALL-WELD COMPANY LIMITED

Subject to thglimitations is certificate

Director

Authorized Examiner

Laboratory test no. __—=

th the requirements of Section IX of the ASME Code

pate _ FEB. 23, 2006

¢

Office Use Only

Test Requested By ROBE T BENTLEY =

Pont Person's Name)

ALL-WELD COMPANY LIMITED
49 PASSMORE AVE., SCARBOROUGH, ONT.

(Pnnt Address)

District # / < Inspector # M Fee lpsz -

Tested At

PV03397(03/04)



LAl "Hn kool Lenire 1ower
N\ Technical 4300 Bloor Straet West VWEIUST/ VWWEIUNlY VpTsIalul IusTiiunivauvn varu

Manulaciuies 5 wupy

1834 ) Standaras and Toranto. Ontane MBX 2X4 Technical Standards and Safety Act ~ 1
o=/ Setety Authority  Luop cia wwwissa org Boilers and Pressure Vessels Regulation No. l ) ‘] 1 1
Nelders Last Name Tntal __ First Name Signature Slamp No
_YANG FAN ez \/l Um 83
% Adress Postal Code ¢ Provi Registration No
. - 1050 BRISTOL RD.W.MISSISSAUGA, ONTARIO 5.vR E8 D852.5 + N3ere’s
Company Name Company PQR Na
ALL-WELD COMPANY LIMITED 9
Street Address
49 PASSMORE AVENUE Company WPSNo used
Postal Code
SCARBOROUGH, ONTARIO M1 VAT } 9-1
WeldingProcessissUsed  GTAW Trvoe) TJmamar [Jrchine [ serkostonati [ Joornn
BaseMawrisks) SA 312-304 / SA 312-304 Thickness{es) 0,218"
Variables for All Processes Actual Values Range Quaiified
Backing material (matal, weid metal, welded from both sides, flux. etc.) WITHOUT WITH OR WITHOUT
ASME P or S No. to ASME P or S No. _L8 o _P_l
{ ) Plate { X ) Pipe (enter chameter d pipe) 2 3/8* 0.0 PIPE 1" 0.D, & UP
Filler Metal Specitication (SFA) Class (QW-404) (informational Only) {(5.9) ER308
Consumabie insert for GTAW or PAW (QW-404) NONE
Welding Position (1G, 5G, elc.) (QW-405) 6G 6G
Manusl . o (QW-350) Actual Values Range Quailfied
Filler Metai F- No. (QW-404) F6 F6
Filler Metal Product Form lor GTAW, PAW (QW-404) SOLID SOLID
Weld deposit thickness for each weiding procass (QW-404) 0.218" 1/16" TO 0,436 MAX
Progression {ughil/downhill) (QW-405) UPHILL
GTAW, PAW or GMAW backing gas; or OFW fuel gas (QW-408) ARGON 99% ARGON 99Z%
G transfer mode (QW-409) N/A N/A
—an welding current type & potanty (QW-408) DC/SP DC/SP
Machine Weiding Varisbles (QW-361-2) Actusi Values Range Qusiified
Direct or remote visual control — —
Automatic voltage control (GTAW) — —
Automanc jont tracking -— —
Muitipie or singie pass per side - -
it g V {Qw-361-1) Actual Velues Range Qualified
Filler matal (EBW or LBW)
Lasar type tor LBW (CO3 to YAG elc.) - -
Continuous drive or inertia welding (FW)
Vacuum or out of vacuum (EBW) - —
Note: Values in “Rangs Quaiitied™ are valld only when used with a Qualified Weiding Procedure.
RESULTS
Visual Examination of Completed Weld (QW-302.4) ACCEPTED
E Bend test: E Transverse root and face (QW-462.3(a)); D Longitudinal root and face [QW-462.3(b)]: D Side (QW-462.2);
": Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)}: D Plate band specimen, corrosion-resistant overlay [QW-462.5(d)];
G Macro test for fusion [QW-462.5(b)); D Macro test for fusion {QW-482.5(e)]
Type Resuit Type Result Type Result
(ROOT) ACCEPTED (FACE)
(ROOT) ACCEPTED (FACE) ACCEPTED
A....native radiographic exarmination results (QW-191) -
Fillet weld — fracture test (QW-180) - Length and percent of defects -
Macro examination (QW-184) - Fillet size (in.) - x ==___ Concavity/convexity (in.) —
Other tests -
Film or specimens avaluated by - Company -
Mechanical tests conducted by __ ALL-WELD COMPANY LIMITED Laboratory test no. -
Melding scpervised by ANDREW_LEWIS .
Wa certfy that the statements in this record are correct and that the test coupons were prepared, we in acco with the requirements of Secton IX of the ASME Coge
org ALL-VWELD COMPANY LIMITED Signature ”ﬁg«&/ pate _JANUARY 26, 2006
{ssued under Ontano's Technics! Standards and Safety Act Oﬂle. Use Only
Boilers and Pressure Vessels Ragulation
PER ASME
exory Date:SECT. 1K . Test Reauesisasy _ROBERT BENTLEY
R ARG 83 .- sy ALL-WELD COMPANY LIMITED

Has passed the welding ltest required under Ontano's Technical Standards and

testean 49 PASSMORE AVE., SCARBOROUGH, ONT.

7 Act, Bollers and Pressure Vessels Regulation and 1s heraby authorized to (Prnt Address)
or:

ALL=W gnp ¥ LIMITED ' - gy = -
Sub;ocl tot nlahons coriticate Distncts " inspectors "~ ~ Fee

Dirsctor

Authonzed Examiner PV 09397 (09/04)



Standards and
Safety Authority

3300 Bloor Street West
Toronto, Ontario M8X 2X4
Web site www tssa org

e e e m e —g e

Technical Standards and Safety Act
Boiiers and Pre*ure Vessels Rggulation

PeA Wl IR I WARARIW I D WAl W

No. 169502

Welder's Last Name

First Name
HUYNH

initial

Signature Stamp No

VAN-LY
Res. Address
134 GOLDEN GATE CIR, WOODBRIDGE, ONTARIO

87
Postal Code .

L4 HI 1NG6

Provincial Registration No.

8.5
D852.5 + R7674.5

Company Name

ALL-WELD COMPANY LIMITED

Company PQR No

Street Address
49 PASSMORE AVE.

Company WPSNG used

SCARBOROUGH, ONTARIOQ

Postal Code
M . llV | 4IT'1

9-1

WeldingProcess(es)Used GTAW Type(s) lx—] manual Dmachlne D semi-automatic f_] automatic
Base Malerial(s) SA 106-B / SA 106-B Thickness(es) (),218"

Variables for All Processes Actual Values Range Qualified

Backing malerial {(metal, weld metal. welded from both sides, flux etc ) WITHOUT WITH OR WITHOUT

ASME ParS Nailo ASME P or S No Pl o _P1 Pl THRU P11 & P4X PLATE & ALl
{ ) Plate (X ) Pipe (enter diameter if pipe) 2 3/8" 0.D PIPE 1" O.D. & UP

Filler Metal Specitication (SFA) Class (QW-404) (Informational Only) (5.9 ) ER308

Consumable Insert for GTAW or PAW (QW-404) __NONE ——

Welding Position {1G, 5G. etc ) (QW-405) 6G 6G

Manual or Semi-automatic Variables (QW-350) Actual Values Range Qualitied

Filler Melal F-No (QW-404) F6 F6

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

Weld daposil thickness for each welding process (QW-404) 0.218" 1/16" TO 0.436" MAX

Progression {uphill/downhill) (QW-405) UPHILL -

GTAW, PAW or GMAW backing gas: or OFW fuel gas (QW 408) ARGON 997 ARGON 997

GMAW transler mode (QW-403) N/A N/A

GTAW weiding current type & potanty (QW-409) DC/SP DC/SP

Machine Welding Variables (QW-361-2)

Actual Values

Range Qualified

Direct or remote visual controi

Automatic voltage control (GTAW)

Automatic joint tracking

Multiple or single pass per side

M Dy

Automatic Welding Variables (QW-361-1)

Actual Values

Range Qualified

Filler metal (EBW or LBW)

Laser typs for LBW (COp to YAG etc)

mManuia.

Continuous drive or inertia welding (FW)

Vacuum or out of vacuum (EBW)

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

Visual Examination of Completed Weld (Qw-302.4) ACCEPTED
@ Bend test; @ Transverse root and face [QW-462.3(a)];

Longitudinal root and lace [QW-462.3(b)]; D Side {QW-462.2),

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

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

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

Type Resuit Type Result Type Resulit
(ROOT) ACCEPTED (FACE) ACCEPTED
(ROOT) ACCEPTED (FACE) ACCEPTED

Alternative radiographic examination results (QW-191)
Fillet weld -— fracture test (QW-180) .
Macro examination (QW-184)
Other tests

Film or specimens evaluated by
Mechanical tests conducted by ALL-WELD COMPANY LIMITED
ANDREW LEWIS

Filiet size (in.)

Welding supervised by

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

Organization ALL=WELD COMPANY LIMITED

ot

Issued under Ontario's Technical Standards and Safety Act
Boilers and Pressure Vessels Regulauo;PER ASME

Expiry Dale SECT. IX
VAN-LY HUYNH - 87
Welder Symbol

Has passed lhe welding test required under Ontario’s Technical Standards and
Salfg Act, Boilers and Pressure Vessels Regulation and 18 hereby authorized to
weld for:

ALL-WELD COMPANY

Subiecﬁo the figaé

Director

Authorized Examiner |

Signature

Length and percent of defects

X Concavity/convexity (in.)

Company

Laboratory test no.

with the requirements of Section tX of tha ASME Code

- pate MAY 31, 2006

W«j in acco

Office Use Only

ROBERT BENTLEY
(Pnni Person's Name)

ALL-WELD COMPANY LIMITED
49 PASSMORE AVE., SCARBOROUGH, ON

(Prnnt Address)

Test Requested By

Tested At

Inspactor 4 o 03’7

District # _/ 3

Fee _&t_

PV 03397(09:04)



Jelha ettt el . ey

Technical o Genire Tower Welder/Welding Operator Identification Card

Standards and

Toronto Ontario MBX 2X4 Technical Standards and Safety Act
Satety AUthority  \yoh st wiw fssa org Boilers and Pressure Vessels Regutation No. 2 5 7 1_ 8
\Velder's Last Name Initiat First Name Signatur Famp No.
Liew Steve 90
Res Address Postal Qglle =T Provincial Regrstration No
11 Indian Mound Crescent, Scarborough, Ontario ML (H|1 W2 D700.5 & R2363.5 R2060.5

Employer Name

Company PQR No

Street Address 78, 1 +1-A
49 Passmore Ave

Company WPS No used

Postal Code

Scarborough, Ontario M1 V4Tl 1-1

Welding Process(es) Used AW Type(s) X | e : ; :

Base Material(s) SA 516-GR 70 / SA 516-GR 70 Thickness(es)  3/8"

Variables for All Processes Actual Values RAange Qualified

Backing mater al (metal, weld metal, welded from both sides, fiux, etc ) without vith or without

ASME P or § No to ASME F or S No PI  w_P1 P1 thru PléF P34 & PAX Plate & all

{ X ) Plate { | Pipa (enter diameter it pipe) 3/8" pipe 2 7/8°0.D. & up

Filler Metal Specification (SFA) Class (QW-404) {Informatianal Only) (5.1) £7018 - 1H4

Consumabie Insert for GTAW or PAW (QW-404)

Welding Position (1G, 5G, elc ) (QW-405) ZG 2G

Manual or Semi-automatic Variables (QW-350) Actual Values Range Qualified

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

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

Weld deposit thickness for each welding process (QW-404) 3/ 8“ 3/ q" max

Process 1 = _ 3 layers minimum X Yes No 4

Process 2' 3 layers minimum Yes No - -

Progression (uphilt/dawnhill) (QW-405) - -

GTAW. PAW or GMAW backing gas: or OFW fuel gas (QW-408) o -

GMAW transfer mode (sprayiglobular or pulse to short circuit) (QW-409)

GTAW welding current type & polarity (AC, DCEP, DCEN){QW-409) - -

Machine Welding Variables (QW-361-2) Actual Values Range Qualitied

Ovrect or remote visual control

Automatic arc voitage control (GTAW) -

Automatic joint tracking - —

Muitiple or single pass per side - -

Automatic Welding Variables (QW-361-1) Actual Values Range Qualified

Filler metal (EBW or LBW)

Laser type for LBW (COp 1o YAG elc.) - _—

Continuous drnve or inertia walding (FW) -

Vacuum or out of vacuum (EBW) -

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

RESULTS
Visual Examination of Completed Weld (QW-302.4) accepted
X Bend test. X Transverse root and face [QW-462.3(a)); l: Longitudinal root and face [QW-462.3(b)]; __ Side (QW-462.2);
Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)]; ,: Plate bend specimen, carrosion-resistant overlay [QW-462.5(d)|;
' Macro test for fusion [QW-462.5(b); ' Macro test for fusion [QW-462.5(el]
Type Result Type Result Type Result
W 462.3 (a) acceptefW M 462.3 (a) accepted
(ROOT) (FACE)
Alternauve radiographic examination results (QW-191) - JE—
Fiilet weld — fracture test (QW-180) - Length and percent of defects -
Macro examination (QW-184) - Fitiet size (in.) - x = Concavity/convexity (in.) -
Other tests -
Film or specimens evaluated by - Company -
Mechanical tests conducted by ___ All-Weld Company |imited Laboratory test no. -
Welding supervised by Andrew Lewis
Test requested by (Print name) Robert C. Benﬂey Tested at (Print address) 49 Passmore Ave ScarborOUQh’ ON

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

of Section IX of the ASME Boiler and Pressure Vessel Code
Organizarion A11-Held Company Limi ted Signaturs % Date _July 11, 2011

tmm-dd-saay )
FOR TSSA INSPE"TOR USE ONLY Bﬁ

The Welder namec above has passed the welding test required under Ontario’s Technical Standards and Safety Act, Boilers and Pressure Vessels
Reguiation and is he-epy auihorized. subject to the imitations of this certificate

Check (v) appacabla box be'ow

ﬁ( To weld ‘or the Empioyer named abcve only This Certihcate expires / (“Q‘ /d‘ 3 \/\ C

For seeking emolovment only. v "" REEE
DR Car __antanas —
“spector Namie ani Mumber (Print)

PY03397 0207



o~

~\ 14th Floor - Centre Tower

/'@ Techaical 3300 Bloor Streel Weat
N\,

Salety Authorlty  yon sie: www.remog

Technical Standards end Safety Act

Welder/Welding Operator Certificate

262466

tandards snd Totortn, Onterlo MBX 24
“Weiders Lual Name

ital el Name

LIEW STEVE

Boliers and Pressure Vessals Regulation No.
Soretae -

by

Lot

l Siamp No.
/’

Fow. Address
11 INDIAN MOUND CREBCENT , ONTARIO

Postal Code V
.l 1lH|th|2

Provincis! Flegistration No.

Empioyer Name
ALL - WELD COMPANY LIMITED

WP T40.0 XS

Company POR Na.

Street Addrese
43 PASGISORE AVE

3-X
Corrpany WP8 No.uoed

SCARBOROUGH , ONT

Postal Code

w1 VAT -

ypete)  []menuat | ] (oo 0
BessMateriels) 3A-240318 TO SA-40:318 | R— 1 [ Or weld
Vaciabies for All Provesses Actusl Values Range Guaiified

Backing materiel (witvwithoul) wWiTH WITH
Base Metsi P-Nurrber to P-Number 3 10 ] P
(X__)Pwls () Pie (erer dameter ¥ pipe) 134",

Fitlr Metal Speclication (SFA) Class (QW-404) (nformetionaiOnly) S48

Wolding Procssa(es)Used  SHAW

P34 & PEX 10" 0D AND
_AND ALL FILLETS

Consurmabile insert for GTAW or PAW (QW-404) NONE

Weiding Posiion (1G, 53, e8c.) {QW-408) 206

Manual or & (OW-350) T Actusl Values
Fillor Metal F- No. (QW-404) Fs FS
Filer Matal Product Form for GTAW, PAW (QW-404) NONE
Waild depoet for sach wekding p (QW-404) 134
Process 1 3layern 7] Yss [T} No
Process 2: 3 layers [ Yos [}No

16826

MAX TO BE WELDED

Vertical prograssion (uphillidownhill) (QW-405)
GTAW, PAW ar GMAW backing ges; or OFW fusl gas (QW-408)

GMAW transter mode {spray/giobular or puise to short ciroull) (QW-409)
GTAW weiding current type & potarity (AC, DCEP, DCENNQW-409)

Machine Welding Varisbles (QW-381.7)

Direct or remote visual control

Automatio 810 voltage control (GTAW)

Automastio joint tracking

Muktiple or single pase par side

Automatio Weiding Varisbles (QW-381.1)

Fifler Matal (EBW or LBW)

Lasec type fot LBW (COp 10 YAG ska)

Continuous diive of inertia welding (FW)

sl EEEE| FlEEREE)

Vacuum or out of vaousm (EBW)

Nots: Yalues in "Rangs Guaiifisd™ are vaild only when used with a Qualified Welding Procedure.
RESULTS

Visual Examination of Completed Weld (QW-3024) _ACCEPTED
[J Transveres root and tace [QW-482.3a); [_] Longitudinal root and face [QW462.3(b)); (/] Side (QW-462.2);
D Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)); D Plate band specimen, corrusion-resistant overlay [QW-462.5(d)];

[em men, macro test for fusion (QW-4625(b); [ ] Piate specimen, macro test for fusion [QW-462.5(e)]

Type Result Typs Rasuit Type Resuit Type Result
| C-482.2 ACCEPTED aw-402.2 BCCEPTED | QW-4022 ACCEPTED Qw4822 ACCEPTED
| (Side) (Side) (Side) (Side)

Altarnative radiographic examination rasuits (QW-191)_NOMNE
Fitiet weld — fracture test (QW-181.2) _NONE Length and percent of defects

D Flilet weids in plate [QW-462.4(b)}
Macro examination (QW-184) NONE
Other tasts _NONE

[ Fiet weids in pips [QW-462.4(c)}

Filiet size (in) NONE ___ x NONE __ Concavityonvexity (In.) NONE

Fitm or specimens evaluated by _NONE

Company NONE

Mechanical tests conducted by _CAMBRIDGE MATERIAL TESTING LISITED

Welding supervised by, (Print name) ANDREW LEWIS

Laboratory test no, $M4883:2013 4 6348812013

Test requested by (Print nama) _ROBERT BENTLEY

of Section iX of the ASME Boller and Pressure Vessel Code.

Organization _ALL - WELD COMPANY UMITED

Signature

Tested &t (Print address) 49 PASSHORE AVE , SCARBOROUGH , ONT
We certify that the statsmaents in this record are comect and that tha tast coupons were preparsd, weided, and tasted In accor

with the requirements

Date 03152013
{

| FOR TSSA INSPECTOR USE ONLY -

The Welder named sbove has passed the welding test required under Ontario's Technical Standards and Safety Act, Bollers and Pressure Vessels

Regulation and s hereby authorized, subject to the limitations of thia certificate.

Check (v) eppilicable box below:
To the Employer named above only.
O-r employment only.

OAWSTAIS

ra

inspactor Name and Number (Print)
PV 09397 (0BN0)

m; PER ASME SECTION IX

wa IS, 20\%

Inspector Signature and Date



@ Technical e e Welder/Welding Operator Certificate

Standards and  Toronio, Ontaric MBX 2X4 Technical Standards and Safety Act 258828

Salety Authority oy sie: www.tssa.org Botlers and Pressure Vessels Regulation No.
Waelder's Last Name tnitlal First Name Signatute — Stamp No
ALROUBAY! A RAZZAK - % 109
Res. Address Postal Code Provincial Regisiration No.
140 QUANTRELL TRIAL SCARBOROUGH . ONT M 1, B|1 L B|RUNS
Employar Name Company POR No
ALL - WELD COMPANY LIMITED SAW -2A1
Street Address
49 PASSMORE AVE Ci WPS No used
Postal Code SAW-W.2-1
SCARBOROUGH , ONT Mo Ve T
Walding Process(es)Used SAW Type(s) | ine | I ic v
Base Materlai(s) SA-240- 304 | Thickness{ss) 1~ v | TestCoupon | | Production Weld
Varlables for All Processes Actual Values Range Qualified
Backing material {(with/without) BASE & WELD METAL BASE & WELD METAL
Base Metal P-Number to P-Number P3 to Ps P1 THRU P15F, P34 & P4X PLATE AND PIPE 2 7/8" 0D AND UP
(x ) Plate { ) Pipe (enler diameter if pipe) 1"
Fillar Metal Specil {SFA) Class (QW-404) Onty) 59 ER308
Consumable insert for GTAW or PAW (QW-404) NONE
Walding Position (1G, 5G, atc.) (QW-405) 16 16
M: ) or Semt {Qw-350) Actual Values Range Qualified
Filler Matal F- No. (QW-404) [3 6
Filler Melal Product Form for GTAW, PAW (QW-404) NONE
Wald deposit thickness for each welding procass (QW-404) [ MAX TO BE WELDED
Process 1: 3 layers [ Yes [~ No 12
Process 2: 3 layers I~ Yes [~ No NONE
Vartical progression (uphii’downhill) (QW-405) NONE
GTAW, PAW or GMAW backing gas; or OFW luel gas (QW-408) NONE
GMAW transfer mode (spray/globular or pulsa to short circuit) (QW-408) NONE
GTAW wekding current type & polarity (AC, DCEP, DCEN){QW-409) NONE
Machine Weiding Variables (QW-381.2) Actual Values Range Qualitied
Direct or remote visual control NONE
Automalic arc voltage control (GTAW) NONE
Automatic joint tracking NONE
Multiple or single pass per sikle NONE
Automatic Welding Variables (QW-381.1) Actual Values Range Qualified
Filler Matal (EBW or LBW) NONE
Laser type for LBW (COg to YAG elc.) NONE
Continuous drive or inertia weiding (FW) NONE
Vacuum or out of vacuum (EBW) NONE
Note: Values in “Range Qualified” are vaild only when used with a Qualified Welding Procedure.
RESULTS
Visual Examination of Completed Weld (QW-302.4) _ACCEPTED
| Transverse root and 1ace [QW-462.3(a), _] Longitudinal root and face (QW-462.3(b)); L:/] Side (QW-462.2);
1_1 Pipe bend specimen, corrosion-resistant overlay {QW-462.5(c)}, '! Piate bend specimen, corrosion-resistant overtay (QW-462.5(d)};
. | | Pipe specimen, macro test for fusion {QW-4625(0)}. ___ | Plate specimen, macro test for fusion [QW-462.5(8))
. Type ____Result Type Result Type Result Type _Resuit '
Qw-462.2.2 ACCEPTED Qw-462.2 2 _ACCEPTED N [ |
Altemative radiographic examination resuits (QW-191)_NONE
Fillet weld — fracture test (QW-181.2) _NONE Length and percent of defects NONE
| Fillet weids in plate (QW-482.4(b)] | | Fiilet welds in pipe [QW-462.4(c)}
Macro examination (QW-184) NONE Fillet size (in) NONE x NONE Concavity/convexity (in.) _NONE
Other tests _NONE
Film or specimens evaiuated by _NONE Company NONE
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED Laboratory test no. _NONE
Welding supervised by (Prinf name) ANDREW LEWIS
Test requested by (Print name) _ROBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH , ONT

We certify that the statements In this record are correct and that the test coupons were prepared, welded, and t,s}ed In accordance with the requirements
of Section IX of the ASME Bolier and Pressure Vesse) Code. P e 4

Organization _ALL - WELD COMPANY LIMITED Signature M Date _03-08 - 201
bl 4 (mm-dd-yyyy)
{7 FOR TSSA INSPECTOR USE ONLY l

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

Check (v) applicable box below.
[ﬂ To weld for the Employer named above only. This @ expiras; _PER ASME SECTION IX

D For seeking employment only. (mm-cSyyyy

CLOSTICA Ro ONTIS = MkR 0%, 2o\

Inspector Name and Number (Print) Inspector Signature and Date

PV 08397 (08/10)



70\ Technical v ke VVEIOEer/ vwelaing UPerator Leruncate

TSSA Standards and
A/ Taronto, Ontario MBX 2X4 Technical Standards and Safety Act
G Safety AUthOrtY o g v tasa org Bollers and Pressure Vessels Regulation No. 257501
Welder's Last Name inhat Fust Name Sigaptur| Stamp No
INNIS ANDREW # MS [ 110
Res Address - Postal Cofle Provincial Registration No
21 BORNHOLM DRIVE TORONTO , ONTARIO M 1, Cj4 PG
Ede N — QW21425R & R21805 R
mployer Na Company PQR No
ALL - WELD COMPANY LIMITED o
Street Address BSS 3 & 3A
49 PASSMORE AVE - [= WPSNo used o
B Postal Code
SCARBOROUGH , ONT Mo Ve T e
Welding Process(es)Used SMAW h'YPﬂ(S) [Z E i D L D
BaseMaterlalis) SA-240-304 TO SA-249-304 i Thickness{es) 38" | [/] Testcoupon  [] Productionweid
Variables tor All Processes Actual Values Range Qualified
_B_a_cl‘dng material (wnhl.vinhoul) o WITHOUT WITH OR WITHOUT .
Base Metal P-Number to P-Number 8 10 8 P1 THRU P15F, P34 & P4X PLATE AND PIPE 2 7/8” OD AND UP
(X ) Plate { ) Pipe {enter diameter if pipe) 0.375"
Filler Metal Spectiication (SFA) Class (QW-404) {Informational Only} 54 E308-16
Consumable Insert for GTAW or PAW (QW-404) NONE
Waelding Position (1G, 5G. eic.) (QW-405) 26 26 B
Manual or Semi-automatic Variables (QW-350) = Actual Values Range Qualified
Filler Metal F-No (QW-404) FS e ! F5
Filter Metal Product Form for GTAW. PAW (QW-~404) NONE
Weld deposit thickness for each welding process (ow~404)__ﬂ o 318" 314" MAX
Process 1 - dlayers miimum / Yes No 4 PLATE GROOVE + PIPE 27/8" OD + UP + ALL FILLETS
Process2 3 layers minimum Yes No NONE
Vertical progression (uphitlidownhill)(QW-405) NONE
GTAW, PAW or GMAW backing gas, or OFW tuel gas (QW-408) NONE
GMAW transler mode (spray/globutar or puise 10 short circuit) (QW-409) NONE
GTAW welding current typa & potarity (AC. DCEP, DCEN){QW-408) NONE -
Machine Welding Variables (QW-361.2) Actusl Values Range Qualified
Direct or remota visual control NONE
Automatic arc voltage control (GTAW) NONE
Automatic joint tracking NONE
Multiple or single pass per side NONE
Automatic Welding Variables (QW-361.1) Actual Values Range Qualified
Filler Metal (EBW or LBW) NONE
Laser type for LBW (COg to YAG eic) NONE
Continuous drive or inertia welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE

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

Visual Examination of Completed Weld (QW-302 4} ACCEPTED =. —
Transverse root and face [QW-4623(a) || Longitudinal root and face [QW-4623(b)], | | Side (QW-462 2}
|:| Pipe bend specimen corrosion-resistant overlay [QW-462 5(c)] U Plate bend specimen, corrosion-resistant overlay [QW-462 5(d)]

_Q, Pipe specimen. macro test for fusion [QW-462 5(b)]. D Plate specimen. macro test for fusion [QW-462 5(e)] o
Type Result | Type | Result 1T Type RAesult Type . Result
QW-462.3(a) | ACCEPTED | Qw-4623(a) | ACCEPTED %________ [
| (Face) JIROOT’..___+__ B! P _'{, IR | S—

Altenative radiographic examination resuits {QW-191) NONE
Fillet weld — fracture test (QW-1812) NONE Length and percent of defects
[ | Fillet weids in plate [QW-462 4(b)} [ ] Fillet welds in pipe [QW-462 4(c)]

Macro examination (QW-184) NONE Fillet size (in) NONE  x NONE  Concavity/convexity (in) NONE
Other tests NONE o

Film or specimens evaluated by NONE e — —_—
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED
Welding supervised by (Print name) ANDREW LEWIS [ ) L
Test requested by (Print name) ROBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH , ONT

Company NONE
_ Laboratory test no _NONE

We certify that the statements in this record are correct and that the test coupons were prepared. welded, and tested in agcordance with the requirements
of Section iX of the ASME Boiler and Pressure Vessel Code -

Organization _ALL - WELD COMPANY LIMITED

Date 01-09-2012
Imm gd y_yly!

Signature

FOR TSSA INSPECTOR USE ONLY
The Welder named above has passed the welding test required under Ontarno s Technical Standards and Sa(_ety Z\cl, Boilers and Pressure Vessels
Regulation and s hereby authorized, subject to the imitations of this certriicate
Check (v) applicable box below

To weld for the Employer named above only This Certificate g; PER ASME SECTION IX -
[ For seeking employment only — man-dd-pyyy)
WS Trea o ONUTHS
) inspector Name and Number (Print) o Inspector(alg'ﬁaluve and Date o o

PV 09397 (0810}



14th Floot - Cantre Tower

@ Technical 2300 B St Yooet Welder/Welding Operator Certificate
Standards and Toronto, Ontario MBX 2X4 Technical Standargh and Safety Act 7
Satety Authorty  wep gite  www tssa org Boilers and Pr Vessels Rg;ulallon No. 257507
Welder's Last Name fnitial Fwst Name ; : Iy Stamp No.

INNIS ANDREW fol 110

Res Address Postfl Codg” Provincial Registration No

21 BORNHOLM DRIVE TORONTO , ONTARIO M 1, F|4 PG
= + R35785 D852 58 R764 5

Employer Name Company PGR No =
ALL - WELD COMPANY LIMITED
Strest Address 54,9 ,0AB
49 PASSMORE AVE Company WPS No used e

Postal Code

SCARBOROUGH, ONT M T Ve T8 94

WeldingProcessies)Used GTAW ypols) manual [ _|machine [ |semi ic [}

BaseMsterial{s) SA-312-304 Thicknessies) 0.218" | TestCoupon || Production Weld

Variables for All Procasses Actual Values Range Qualified
Backing material (withAvithout) R WITHOUT WITH OR WITHOUT
Basa Metal P-Number to P-Number 8 to 8 P1 THRU P15F, P34, & P4X PLATE AND PIPE 1" OD AND UP
{ ) Plate ( X ) Pipe(enter diameter if pipe) 238",

Filler Metal (SFA)Class (QW-404) (Informational Only) 59 ER308 o
Consumable Insest for GTAW or PAW (QW-404) NONE
Wokding Positian (1G. 56, elc ) (QW-405} o 66

Manual or Seml-automatic Variabies (QW-350) Actual Values Range Qualified
Filler Motal F-No (QW-404) 6 5
Filler Metal Product Form for GTAW, PAW (QW-404) SOLID SOUD
Waeld deposit thickness for each welkding process (QW-404) 0218 " o . 0.436 " MAX PLATE GROOVE + PIPE 1" 0D+ UP
Process 1 3 layers minimum  / Yes No 3 + ALL FILLETS
Process2 3 layers mnimum Yes No NONE NONE
Ver i) (QW-405) UPHILL NONE o
GTAW. PAW or GMAW backing gas. ar OFW fuet gas (QW-408) ARGON 99% ARGON 99%

GMAW transfer mode (spray/globular or pulse to short crcuit) (QW-409) NONE NONE
GTAW welding current typa & potarity (AC, DCEP, DCENXQW-409) DC/SP DCISP )

Machine Weidlng Variables (QW-381.2) Actusl Values Range Qualified
Direct or remota wisual control NONE

Automnatic arc voltage controf (GTAW) NONE
Automatic joint tracking NONE
Muttipie or single pass per side NONE

A g (aw-381.1) Actual Valuos Range Qualified

Filler Metat (EBW or LBW)

NONE

Laser typa for LBW (CO3 to YAG eic) NONE
Continuous anve of inestia welding (FW) NONE )
Vacuum or out of vacuum (EBW) NONE
Note: Values in “Range Qualifiod” are vatid only when used with o Qualified Welding Procedure.
RESULTS
Visual Examination of Completed Weld (QW-302 4) ACCEPTED

U_] Transverse root and face [QW-462.3(a)
D Pipe bend specimen. corrosion-resistant overlay [QW-462 5(c)]
D_Pige_spe_gm]e_n_ macro test for fusion [QW-462 5(b)],

[ | Longitudinal root and face [QW-462.3(b)]

[ Iside (Qw-462 2)

L_J Plate bend specimen, corrosion-resistant overlay {QW-462 5(d)]
[] Piate specimen, macro test for fusion [QW-4625(e)]

Type l

Qw4g23(a) JL_AEEE_T_EP.
|

—

Alternative radiographic examination results (QW-191) NONE

Fillet weld — fracture test (QW-1812) NONE
[ ] Fuiet welds in plate [QW-462 4(b)]

Macro examination (QW-184) NONE

Other tests _NONE

Film or spectmens evaluated by NONE

Welding supervised by (Print name) ANDREWLEWIS
Test requested by (Print name) ROBERT BENTLEY

We certify that the statements in this record are correct and that the test coupons were prepared, weldedyand tested in a
of Section 1X of the ASME Boller and Pressure Vessel Code

Organization _ALL - WELD COMPANY UIMITED

Length and percent of defects

Result |  Type Result Type Result | Type | Result
| aw4s23(a) | ACCEPTED QW-452.3(a) | ACCEPTED Qw-4623(a) | ACCEPTED
[ (ROOT) .Jr__ _| (Face) . AROOT) __.'; =

[ ] Fillet weids in pipe [QW-462 4(c)]

Mechanical tests conducted by _ALL - WELD COMPANY LIMITED

Filiet size (in) NONE  x NONE

Concavity/convexity (in ) _NONE

___ Company NOKE
___ Laboratory test no. _NONE

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

Signature

| FOR TSSA INSPECTOR USE ONLY / '

The Welder named above has p;;sed-t_he- Welding test reduired undé} 6mano s ?e_chn(eel Smndar;s and_ Safety Act, BoErs_ an_d Pressure_\:lfe;sel_s

Regulation and is hereby authorized, subject to the iimitations of this certificate

Check (v) applicable box below

To weld for the Employer named above only
I:] For seeking employment only

Cosalchk Qo

Inspector Name and Number (Prim)

PV 09307 |08

ith the requirements

ate 01-09.2012
_mmosyy

This Certific

ONTH(S

PER ASME SECTION IX

pres

(mm-od-yyyy)

I O 2ol

-~ Inspector Signature and Date

-~




141h Floor - Centre Tower
3300 Bioor Street West
Taronto, Ontanio MBX 2X4

Technical
Standards and

(A
Welder/Welding Opger\afc;r Ceﬂrtiﬁcate

Technical Standards and Safety Act

Safety Authorlty  op site: www.{553.019 Boilers and leessureﬂessels Regulation No. 262463

Welders Last Name Tnial __ First Name Signature CS Stamp No

INNISS ANDREW Ao e

Res. Address Postal Gode [ Provincial Registration No

M 1 Bl L B

21 BORNHOLM DRIVE TORONTO , ONTARIO LB B e ress

Employer Name Company PQR No

ALL - WELD COMPANY LIMITED

Street Address 50 -X

49 PASSMORE AVE Company WPS No used

Postal Code

SCARBOROUGH , ONT Mo vis T 50-3A
Weiding Process(es)Used FCAW Typels) IZ | E il 3 . . E )

Base Material{s) SA-240-316 TQ SA-240-316 Thickneas{es) 134" l TestCoupon E Production Wald
Variables for All Processss ActualValues Range Qualifisd

Backing material (withwithout) WITH WITH

Base Metal P-Number to P-Number 8 1o 8 P1 THRU P15F_P34 & P4X PLATE AND PIPE 276" 0D AND UP.
(X ) Plate { ) Pipa (enter diameter it pipe) 1 314"

Filler Matal Specification (SFA) Class (QW-404) (Informational Only) {5.22) E316LTO-1

Consumabie Insertfor GTAW or PAW (QW-404) NONE

Waelding Position (1G, 5G, elc ) (QW-405) 2G 26

Manustor Seml-automatic Variables (QW-350) Actual Valuaa Range Qualified

Filler Metal F- No (QW-404) £6 F6

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

Waeid deposit thickness for each welding process (QW-404) g MAX TO BE WELDED

Procass | _FCAW 3 layers [7 Yes [~ No - PLATE GROOVE + PIPE 27/8" OD + UP + ALL FILLETS
Process 2 3 layers [~ Yes [~ No NONE

Vaertical prog: jon {up ill) (QW-405) NONE

GTAW, PAW or GMAW backing gas, or OFW fuel gas (QW-408) co? co2

GMAW transter mode (spray/globular or pulse to short circuit) (QW-409) SPRAY SPRAY. GLOBULAR & PULSE

GTAW welding current type & polarity (AC, DCEP, DCEN)(QW-409)

NONE

Machine Welding Variables (QW-381.2)

Actual Valuas Ranga Qualified
Direct or remote visual control NONE
Automatic arc valtaga control (GTAW) NONE
Automatic joint tracking NONE
Muitiple or single pass per side NONE
A Woelding Vari, (QW-361.1) Actual Valuss Ranga Quailfied
Filler Matal (EBW or LBW) NONE
Laser type for LBW (COp to YAG etc) NONE
Continuous drive or inertia welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE

Note: Values in “Range Quatified” ars valld only when used with a Qualified Weiding Procedure.
RESULTS

Visual Examination of Completed Weld (QW-302.4) _ACCEPTED

D Transverse root and face [QW-462.3(a);

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

j Pipa spacimen, macro test for fusion [QW-462.5(b)};

E] Longitudinal root and face [QW-462.3(b)|;

Side (QW-462.2);

D Plate bend specimen, corrosion-resistant overtay [QW-462.5(d)[;
D Plate specimen, macro test for fusion [QW-462.5(e)]

[ Type | Resuit Type | Result Typa | Result Type Resuit
l Qw-462.2 I ACCEPTED QW-462.2 | ACCEPTED |
(SIDE] | ( SIDE ) , |
| | |
L ] |

Alternative radiographic examination results (QW-191)_NONE

Fillet weld — fracture test (QW-181.2) _NONE

[T} Fillet weids in plate [QW-462.4(b)}

Macro examination (QW-184) NONE
Other tests _NONE

Length and percent of defects NONE

[:] Fillet welds in pipe [QW-462.4(c)]

Fillet size (in.) NONE X

NONE

Concavity/convexity {in.) _NONE

Film or specimens evaluated by _NONE

Company NONE

Mechanical tests conducted by _ALL - WELD COMPARY LIMITED

Laboratory test no. _NONE

Welding supervised by (Print name) ANDREW LEWIS

Test requested by (Print name) _ROBERT BENTLEY

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

We centify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the requirements
of Section IX of the ASME Boiler and Pressure Vassel Code.

Organization _ALL - WELD COMPANY LIMITED

Signature

Date 04-11-2013
{mm-ad yyyy)

FOR TSSA INSPECTOR USE ONLY

The Welder named above has passed the welding test required under Ontario’s Technicai 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.

D For seeking employment only
GEsTick AU

Inspector Name and Numbar (Pnnt)
2\ AT iNRN M

riificate expires: _PER ASME SECTION IX
)

(mm-dd-yyyy)

e 2ol

inspector Signature and Date
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TRINITY HEADS, INC

FEBRUARY 15, 2013

ALL WELD CO LIMITED
49 PASSMORE AVE
TORONTO ON CANADA
MIV 4Tl

Attention:

Reference: Customer: 12-1612-1173Q Tag# 1173-1
Trinity SO # 112328

Gentlemen:

Attached are copies of mill test reports for the following material provided on your referenced purchase
order.

8-SA240-316/316L ELLIP-2:1 HEAD 48.00 OD 1.750 NOM 1.6100 MIN WITH 2.0™ SF.

CODE QTY THICKNESS PRODUCER MELT SLAB  GRADE
rSMYJ T Ta T Tso CNAS T PDSES T U SA240-316/316L |
Y7 R S o 1 T/ B VRAS T VEPY T CTTTTTT U SAZ0 3163161

Trinity Heads, Inc. certifies that heads manufactured from material represented
by this report were hot formed, annealed at 1950F(+/-25F) for 53 minutes and
water quenched.

The items listed above were formed in strict accordance with all applicable requirements of the ASME
Boiler and Pressure Vessel Code Section VIII, Div. 1. Heads comply with UG-79, UG-80 and UG-81.

Attached mill test reports are in compliance with ASME code Section 11 latest edition.

If you have further questions, please contact your customer service representative in Navasota, TX at 1-
800-392-3594.

VERY 'ERULY YOURS e :L./I S ——r———————
! / E EWED/LELEAS M6
; P
&’GA’ jﬁ{“/ ub.l?fci_ e
CHARLES DRAUS NP Wi
QUALITY MANAGER e CanBi>AlY Arplus®

- —

— ?‘:fi VELOS!
Dur o _.‘HQJ_}.’“Q,&[!}. Velosi America LLC

r

>

FEB 05 2013

ad1



KOMED

Outokumpu Stainless Plate, Inc.

Kok hkk kk ok ok hkokok ok okokokoh ok kokk

OUR ORDER 0282469 01

SOLD TO: ROLLED ALLOYS

CANADA

2283 ARGENTIA ROAD, UNIT 6

Certificate of Analpsis and Tests

Aok ok ok ok ok ko ok ok ok ok ok ok ko ok kR ok

* RE-CERTIFICATION *

HEAT & PIECE 855555-2A 03/06/13
SHIP TO: ALL-WELD
CUSTOMER PICK UP
CONTACT ANDYZHTSINTL.COM
00000 SCARBOROUGH ON 00

R

0o
------------------------------ YOUR ORDER & DATE ---------- R - I~ I
003203 7ME 11/16/12 ;'g
—————————————————————————————— ITEM DESCRIPTION ------ -- R T ]
HEAT & PIECE 855555 - 2A ¥Jg _§
WEIGHT 7564 S
FINISH 1 X1
GRADE 316L / 316 UNS S31603 / UNS-S31600 2;:
DIMENSIONS 1.750 X 96.000 X 154.000 EXACT %

a

------------------------------ SPECIFICATIONS -------- R & -
*+* MFG IN NEW CASTLE, IN, USA FROM SLABS IMPORTED FROM BRITATN g:
AMS 5507F WITH EXCEPTIONS AMS 55241 WITH EXCEPTIONS -
ASTM A240-12A ASMESA240-11ED ASTM A480-12 ASMESA480 11ED ™ §
ROLLEL/ ALLOYS SPECS 316L/316 NAFTA CTRY ORIGIN= SLAB CTRY ,gif‘ -
MEETS/EU ELECTRICAL ROHS LIST HEAT/PCE/SIZE ON INVCE Y
NACE MRO175-2009/IS0 15156 NO GRIPPER MARKS By
NO WELD REPAIRS 2 Y
ASTM A262-02A PRACTICE A ASTM A262-02A PRACTICE F g% by
PLATES & TEST PCS SOLUTION ANNEALED @ 1900 DEGREES FAHRENHEIT M~ NIMUM. = 8 Zg ag
THEN WATER COOLED OR RAPIDLY COOLED BY AIR £2 % 8
FREE FROM MERCURY CONTAMINATION AT CURRENT DETECTION LIMITS c £@

ACCE.
fo

HOT ROLLED, ANMEALED & PICKLED (HRAP)

( ---------------------------- MECHANICAL & OTHER TESTS
-~ HARDNESS HRBW 81
GRAIN SIZE 6 W.0. # N7‘5Q

YIELD STRENGTH (PSI) 46390
TENSILE STRENGTH (PSI) 80510 ML.# - 0"
INTERGRANULAR CORROSION OK THK. # [%(F
ELONGATION % IN 2" 57.9
REDUCTION OF AREA % 59.3 P.O. #(7/'/6 (1../{73
N L EL L LT T CHEMICAL COMPOSITION - — —-
CARBON (C 015
MANGANESE  (MN 1.70
PHOSPHORUS (P 031
SULFUR (s .001
STLICON (ST .29 .
CHROMIUM (CR)  16.33 g;.r;'ﬂ "S"”°fMat°
NICKEL (NI 10.06 A
COBALT (co 27 Qualifies fo all reguj
COPPER (CU ‘35 SA U —%% ‘? L per
MOLY (MO .04 st o
NITROGEN (N .08 Sect. II_{ g Edition UI@“W
COLUMBIUM  (CB .015
TITANTUM (TT .007
ALUMINUM (AT L1006 Fcd 05 2013
TIN (SN .007
TANTALUM (TA .002

WE HEREBY CERTIFY THAT THE MATERIAL HEREIN HAS BEEN MADE AND TESTED IN
ACCORDANCE WITH THE LISTED SPECIFICATION(S| AND THAT THE RESULTS OF ALL
TESTS ARE ACCEPTABLE.

JAMES DOUBMAN, QUALITY ASSURANCE MANAGER

‘( CEPTIFICATE IN CONFORMANCE WITH EN10204-95 3.1.B/EN10204-2004 3.1
).
gg‘@ P Nne
Outol pu Stainless Plate, Inc.
PO Bo» 370

llew Castle Indjana



KV Inspection Services Ltd.

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

Ultrasonic Examination Report

Ut

Fax: 905-844-6697
General Data
Customer All-Weld Company Date February 26, 2013
Shop Order | 1173 PQ Serial # 7472 Project
Component B P.O. # - ' Worksheet #: | 36451
Drawing | Rev. | " Technician _ Frank Marunde | SNT-TC-1ALevel  [II
NDT Specification ASTM E 797 Appendix NDT Procedure  KV-UT# 1 R.02
Technical Data - Ultrasonic Examination (UT)
Material Type Stainless Steel Technique @ Pulse Echo-Contact O Immersion O Dual
Material Thickness Insé::r:: 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 ®@ UT-X O Oil O Other i Temperature [
| Heat Treated OYES ~ ONO  Sensitivity (PRL) 75 dB
Heat Treatment Surface Conditions ]
- Transducers/Calibration Blocks ) o
Diameter Size Beam Angle Frequency Manufacturer Blocks
O %W |0 W O 58" x 5/8" O 45° O 1.00MHz O Techsonic O 1w A2
0 % (o1 | o wxt o 60° O 225MHz | ® Panametrics | O ASTME164MAB
e % |0 1ws']| O 1'x1 o 70° ®© 500MHz | O Krautkramer | O Back Refection
o @ Normal e o] ® Micrometer Shell
Scope of Testing
\ Thickness Examinations
A B
Shell Head to C1 | Head to C2 A L1 C
A 1.766 1.797 1.785 C
B 1.786 1.740 1.732 1 c2
C 1.768 1.749 1.740 B
All Dimensions are in inches B - ——045
RO [UOMEVIEWED P LBl
ff\ behalf @i‘?-‘-‘w e
i GNP H - S20D A;g:‘)’l&% FEB 7 ponn
T
o s AT SBI1D . veos America LIC -
o ——Scanniing
Tast Area . Disposiiion | From | Length ' Depth Amplitude
| . i
! ; |
| } |
Evaluation - Acceptance

®

l ') Accepted KV Inspection Services — Technician

0 Rejected  casa Ne.48.9712-2000 Reg. No.

Date February 26, 2013

=

3885 Place |  Scarborough, ON,

|
|




(

" "USTOMER ORDER NUMBER

14527 Smith Rd.
Humble, Texas 773

BRCH 755

TEL: (281) 441-4088

Page 1 of 1

REPORT NUMBER 72424

96

FAX: (201) 441-8899

13-0074
ALL-WELD CO,, LTD.
49 PASSMORE AVE.

~OLD/SHIPPED TO

SCARBOROUGH ON

Item Quantity Description

3

HEAT NUMBER:
N470

MATERIAL TYPE:
SA1B2F316/1

CHEMICAL ANALYSIS

C

DATE 3/5/2013

FCI ORDER NUMBER 59176

Processed |LAW. EN10204 3 1
LAW. NACE MRO175 7

T MIV 4T1

247 X900 X 26.50" LG HIJ -2, 34" OD REINFORCEMENT

CANADA

ITEM 1173-4

Manufactured in
USA

LA.W. ASME 2010 ED 11AD.

PHYSICAL PROPERTIES

C 018
M 1.830
5 " 0260 Yield PS!
S 0010 / Tensile PSI
Si 390 7 Elongation
Cr 16.600 7 Reduction of Area
Mo 2030 < Hardness
Ni 10170 “
0850

49300 <
85,000 «

50

75

170 HBW 7

Certification ofM'xtenaI Per ASME r v.O. # | ‘ "‘
Hr# N } ML '4/ ( :S/
Qualifigs to all equirements of jl
b&‘{s;}c: EELL‘E’_ L per ; THK
Sect. T1 > _Edition '{\__ Addenda "
= lpo #, 13-cey. MAR 18 2013

Heat Treatment SOLUTION ANNEALED @
Temperature 1925 °F M 1 )
Time at Temperature AR 2 2013
Cooling Media WATER

Immediately following hot working, while at temperature above, parts were rapidly quenched.
We hereby certify that all test results and process information contained herein are correct and true as contained in the

records of the company. \

7
i | Nﬁ.
2

v/

X
Name Rene O/r-‘k‘r es Title QA Feprasentat:

Page 10i 1

Print Name:
Signature:

ACC ?J'[EMEWWJ__*@_L
for and on behalf of;

Am;ﬂ/” ﬁﬂxﬂ P

Date

T VELOst
Upgicose 14,'.; Velosd

America LLC
Date printed 392013 8 18 45 AM
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Page 1 of1
14527 Smith Rd REPORT NUMBER 72426
E Wﬁm e DATE 3/5/2013
INC. TEL: (261) 441-4088
24” FAX: (281) 441-8899 FC1 ORDER NUMBER 52176
Processed LAW. EN10204 3.1
CUSTOMER ORDER NUMBER  13-0074 LAW. NACE MRO175
SOLD/SHIPPED TO ALL-WELD CO..LTD.
49 PASSMORE AVE.
SCARBOROUGH ONT MIV 4TH CANADA
tem Quantity Description
- MTR REVISED 3/27/13
pd 4 8 X90N X14" LG RTJ LWN ITEM 1173-5
| 4 4 8" X900 X 13.25" LG ATJ LWN ) N ITEM 1173-6
HEAT NUMBER: MATERIAL TYPE; Manufactured in
N464 SA192F316L usa
LA, ASME 2010 ED 11AD,
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
(o] 028
M 1.740 -
e 0150 < Yield PSI 39,100
g poon v~ Tensile PSI 50300 7
Si 380~ Elongation 802 ~
Cr 16.610 Reduction of Area 765
Mo 2030~ Hardness 149, 163 RBW
NI 10040 =
N 0757 Certificatipn of ‘atenal Per ASME
HT# —
Jyrn lf“e to al rcquxre Sfils of ‘
l per R+
Seci II g Edmon Addend
IMU\” ! g)
Heat Treatment SOLUTION ANNEALED
Temperature 1925 °F
Time at Temperature
Cooling Media WATER

iImmediately following hot working, while at temperature above, paris were rapidly quenched

We hereby certify that all test results and process information contained herein are carrect and true as contained in the
records of the company

Prepared by
i Y9

Hame: Phyllis Halley d{"‘ﬁne- QA Rzpresentative

Page 1 of 1 Date printed. 2272013125317 PM



Page 1 of i
14527 Smith Rd. REPORT NUMBER 72430

YRS,
ue:c. . )
4" TEL: (261) 441-4068 FC!| ORDER NUMBER 59176

FAX: (281) 441-8839
Processad I.AW. EN10204 3.1

'\ USTOMER ORDER NUMBER  13-0074 [LAW. NACE MRO175 ~
SOLD/SHIPPED TO ALL-WELD CO,, LTD.
49 PASSMORE AVE.
o _ SCARBOROUGH ONT MIV 471 CANADA
ltem Quantity Description
S 4 ] 2' X900 X 1250 LG R1J LWN ITEM 1173-7
HEAT NUMBER: MATERIAL TYPE: Manufactured in
N375 SA182F316/L USA
IAW. ASME 2010 ED 11AD.
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
C 018 v
Mn 1720 i sro00
p 0290« Yield PSi oo
[ 0280 < Tensile PSi 83,000
Si .360 ~ Elongation 62 7
Cr 16.990,. Reduction of Area 71
Mo 2.030 » Hardness 155 HBW 4
Ni 10000 -
( 0800

Certification of iateri-‘-Per ASME l N O. ?'3 [ ‘ —k( \<

|
|
T T 4 | ML # \
tes i utcm n
Q‘mllzg’gli % __1 éL per P THK. £ [ ‘ U?Q @
Sect. 11 _C L7 dmon _L Addenda "PO £ f'() CD:I*,[’$
Heat Treatment SOLUTION ANNEALED
Temperature 1925 °F aan 4 25610
Time at Termnperature MAR 0 2013
Cooling Media WATER

immediately following hot working, while at temperature above, parts were rapidly quenched.
We hereby certify that all test results and process information contained herein are correct and true as containea in the
records of the company

Prepared by i (M/{
HJ _/

N Rene Ord \ Tt QAR tati
a2me eng Urdo e epresentaive MG
rand onbchalf g | ;
( Pnnt Name (A ANES H—(’AKFPI
( ot oS!
0 e H,MA‘%,‘, Velosi America LLC

Page 1 of 1 M—— Dale printed 352013320 14 PM



Page 1 of 1
14527 Smith Rd. REPORT NUMBER 72428

COMIPORIERITS Humble, Texas 77396
m INIC. 2417 TEL: (281) 441-4088 DATE 3/5/2013
FCI ORDER NUMBER 59176 e

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

+USTOMER ORDER NUMBER  13-0074 I.AW.NACE MRO175 ~
SOLD/SHIPPED TO ALL-WELD CO., LTD.
49 PASSMORE AVE.
) - SCARBOROUGH ONT MIV 4T1 CANADA
Item Quantity Description
4 9 2" X900 X 11" LG RTJ LWN ) _ ITEM 1173-7
HEAT NUMBER: MATERIAL TYPE: Manufactured in
N379 SA1B2F316/L USA
AW, ASME 2040 ED 11AD.

CHEMICAL ANALYSIS PHYSICAL PROPERTIES

Cc 018 ~

M 1720 -

P " 03007 Yield PSI 43,000 .

S 0200 Tensile PSI B5.000 ~

Si 300 - Elongation 58 ~

Cr 16.690 - Reduction of Area n

Mo 2.050 - Hardness 174 HBW 4

Ni 10.010 ~

.0880

N3 TBEAEB

Certificatjo o%terial - Per ASME [ ‘W O.# ﬂ (‘Té

HT# l& 'l;"') M.L # )

‘%uahlles {o alh’cqmr ln?:niseofL o THK. # ( D

Seet. I _{g> Ednum____l_!_ Addends P.O. # {j “’Ccﬁ“pJ
Heat Treatment SOLUTION ANNEALED @
Temnperature 1925 °F MAR 2 0 2013 . 8
Time at Temperature MAR 102013
Cooling Media WATER

immediately following hot working, while at temperature above, parts were rapidly quenched.
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 b g
reparea by I/‘/ \(/)0//0 ACTPPTED/RBVIEWEL/k ELEASED ( 5‘3 H 046
Tor 5o on Denall of;

Name: Rene Ordonez = Tme QA Representalive ﬂ HA

Print Name: %ﬁ_ Amu Q

Signature: VELOS!

| o _Lttm,ha_ Velosi America LLC

Page 1 of 1 Date printed. 3/5/2013 3 1822 PM



Page 1 of 1

14527 Smith Ad, REPORT NUMBER 72427
Humble, Texas 77396
' 3/5/2013
E’ fpc. 4 n TEL: (261) 441-4088 DATE 3/5!.
FAX: (281) 441-8898 FCIORDER NUMBER 59176
Processed |.A.W. EN10204 3.1
~USTOMER ORDER NUMBER 13-0074 LA.W. NACE MRQ175 ~
SOLD/SHIPPED TO ALL-WELD CO., LTD.
49 PASSMORE AVE.
- SCARBOROUGH ONT MIV 4T1 CANADA
ltem Quantity Description
4 15 2" X900 X 11" LG ATJ LWN ITEM 1173-7
HEAT NUMBER: MATERIAL TYPE: Manufactured in
N443 SA182F316/L usa
LAW. ASME 2010 ED 11AD,

CHEMICAL ANALYSIS PHYSICAL PROPERTIES

c 023

Mn 1830 . 42,000 =

P 0290 ~ Yield PSI v

S 02607 Tensile PSI 85.000 -

Si 350 - Elongation 589 -

Cr 16.580 ~ Reduction of Area 614

Mo 2030~ Hardness 175 HBW 7

Ni 10150 -~

0740 Ng(,é';_mi%' [0k, loB, 1~

Cemﬁcaﬁn_of Material - Per ASME

HT# W.0.# | (’(5 -
ﬁlﬁgﬁ%—t_o all rcguxr sICNES {:L_ o ML & .‘ (7 /‘1>

Sect. IT 1 & Edmon_u_ Addenda rpz( RSy
PO.# % bUHp |

Mir 2 72013
Heat Treatment SOLUTION ANNEALED

Temperature 1925 °F
Tirne at Temperature
Cooling Media WATER MAR 16701

Immediately following hot working, while at temperature above, parts were rapidly quenched.
We hereby certify that all test results and process information contained herein are correct and true as contained in the

records of the company.
= (EOMMLY

Name Rene Ordonez Tille QA Representativ

# A
Print Name: M’—M Amluse

Sig e VELOS!
f (e 2% Velosi America LLC

i

Page 1 of 1 Date printed 352013 3 14 17 PM




Page 1 of 1
14527 Smith Rd. REPORT NUMBER 72485

s e L
LTONg Nsm Humble, Texas 77396
I’ R, 24” TEL: (281) 441-4088 DATE 3/7/2013
FC! ORDER NUMBER 59176

FAX: (281) 441-8899 . .
Processed |.AW. EN10204 3.1 7

( USTOMER ORDER NUMBER  13-0074 AW, NACE MR0O175 ~
SOLD/SHIPPED TO ALL-WELD CO., LTD.
49 PASSMORE AVE.
_ SCARBOROUGH ONT MIV 4T1 CANADA

Item Quantity Description

1 1 24" X900 X 26,50" LG RTJ 1-2, 35' OD REINFORCEMENT [TEM 1173-4

7 il = X800 RTJ BLIND ITEM 1173-9

HEAT NUMBER: MATERIAL TYPE: Manufactured in
N471 SA182F316/1 USA
AV ASHE 2040 ED {1AD.
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
c 018 v~
Mn 1410 _ . =
p 0230 - Yield PSI 49,600 -
S 0003~ Tensile PSI 90,100 -~
Si 500 .~ Elongation 528 .-
Cr 16430 ~ Reduction of Area 761
Mo 2050 -~ Hardness 170179 HBW
Ni 10100 -~
( 0710
rertificatiqn of Majerial - Ter ASME
UT# \__E\’_Qf | | C? Q /
me- :s to al n. um- ents 0
%’ ;fs é} pet |
i JO hdmon Ad dend [ 5 ',
gorn o | PO, (5 o
Heat Treatment SOLUTION ANNEALED
KVH .

Temperature 1925 °F ' R & 2013
Time at Temperature § 7003
Cooling Media WATER

Immediately following hot working, while at temperature above, parts were rapidly quenched.
We hereby certify that all test results and process information contained herein are correct and true as contained in the
records of the company.

= gl <
»ill / 046
= = L o
Name Rena Ordonez Title. QA Reprssentalive forand on behalf ofs S 1> M

PrintNamee __CALANESH SAHY
Sipatwe Lty us®

{ : 'vez.osu
' Dus: &0 YE[13  vgos america L1

Page 1 of 1 Date printed 3/9/2013 818 09 AM




VIRAJ PROFILES LIMITED VRAJ’!!

Regi & Mkt off: G-33 & 34, MIDC, Industrial Area, Tarapur, Thane(Dist) Maharastra.INDIA - 401506, E-Mail: sales@viraj.com it
Works: SURVEY No- 114,119 & 120,VILL. Mshsgaon,Tal: Palgar,Dist:Thane-401501, MAHARASTRA, INDIA, vielge@viraj.com

TEST CERTIFICATE
CUSTOMER ORDER NO PACKING LISTNO INSPECTION NO DATE
51/935703/9 100001546430 18.02.2012
GRADE HEAT No
316/316L 25410

BUNDLE NO :
5182915 ,5182916 ,5182918 ,5182917 ,

DESCRIPTION Certificgli 5;1 Maten% Per ASME ' ‘:tL—‘ 5 P Q .

STAINLESS STEEL BRIGHT BARS HT# _ e = i
altt 58 to require, nents of Q‘“
SRELR L . g5 |
ROUGH & PEELED Sect. II ]:dmon | Addend o ’ = ¢ e b |
& ROUND DIN 1013 1I7-15 4 '5,008000 LB
CHEMICAL ANALYSIS

'/oC‘/ %Mn\/ %Si v %S 3 '/-P‘/- %Cr ‘/ %Ni s %Cu %MV %Co %N2 -
00230 1.880 0350 00210 00360 16.700 10.090 0540 2020 0.180 0.0730 70 CN

AL
TEST RESULTS W

0.2% yleld Tensile Strength Elongttio} Reduction Of Area Hardness Grain Size

nrength ksi % % BHN NOS i 7 I
B / / MAR G 7 7013
370 840 60.0 720 168.0 7 6.0

SPECIFICATION:

MATERIAL CONFIRMS TO DIN EN 10088-3:2005. 1.4401/1.4404. EN 10222-5 AND EN 10272 COND-A & ASTM A1B2/A-182M-09, A276-10 COND A,
A4T/A4TIM-06s COND A A193/A193M-10a B8M CL-1,A320/A320M-05aBEM Cl1.-1,4484-10, A388/A338M-05 ASME SAIB2-04 SA479-04, SA 193-04 BSM CL-1,
SA320-04 B8M CL-]_KSTM A314-2002.1GC SATISFACTORY AS PER ASTM A 262-02a PRACTICE E. AMS 5648] / AMS 5653F(EXCEPT MARKING)
JQQ-S-763F NACE-MR(175-2002. SAE-AMS-S-T720A, MIL-S-862 B.AISI 316/316L & UNS#S31600/531603. CERTIFICATION AS PER EN 10204-3 1.

REMARKS

MATERIAL 1S FREE FROM MERCURY CONTAMINATION, FREE FROM WELD OR WELD REPAIRS, MICRO:FREE FROM CONTINOUS CARBIDE NETWORK
ON GRAIN BOUNDARIES. MACRO:GOOD, MINIMUM SOLUTION ANNEALING TEMPERATURE 1050C, SOAKING TIME 02 HRS, WATER QUENCHED
MELT SOURCE:AOD. WE CONFIRM THAT THE MATERJAL HAS BEEN TESTED AND FOUND TO BE FREE FROM RADIQACTIVE
CONTAMINATION.COUNTRY OF ORIGIN: INDIA.

We hereby certify that the material described above has been test, A s of order/contract.




Ml 24 BN 10204:2004 Mype 3.1 Mill Test Report Pa 1
Da e 4/05/13
From: Alloy Piping Products, LLC To: PINACLE STAINLESS STEEL
Corporate O fices 455 AMBASSADOR DR
P O Box 736 MISSISSAUGA
Shreveport ON LS5T 233
LA 71137-7368
Cust Ordi#: 70696-1
APP Inv#: 1253406 .
Heat Numbe1 Commodlty Size 1 Schd 1 X Size 2 Schd 2
81378 B/7 LR 90° ELBOW 2.0000 160
Alloy WP316/3161, Oty 4.0000
Short PN 00005393
ord Spec S5x403 WP S SEAMLESS Mﬁq LDt 12/12
Itm Spec ASTM hpec A403 ¥R-2012 Made 1in USA
Itm Spec ASHI Spec-5A4023 ED-2010
Raw Matl--Pipe Seamless
Chemical Composition:
Elem - Content , Elem - Content ,Elem - Content Elem - Content _-
C - 01800°  MN = 45000'/ = .028007 S : .00100
ST = .50000 “ CR 16.80000 “ NT - 11.10000~ MO ™ 2.10000 —
TEST RESULTS:
W/OH: 69323 LOARD: TEST SET: 1
Tt‘il)l]e Test 1
Specimen Type: . )
Size 1 Belore in Aftexr 1n
Size 2 Before in . After in
Area Before .0000 sqg in Red % .00 %
Gauge Inth .00 1n Elng % 52.60 % ¥
Tengile Load 0 Tensile Stlenqtn 1,70| Ibh/sq in v
Yield Load 0 Yield Strength 61,800 1b/sq ine
Hardness Test )
Hardness 183.00 Expressed as BHN unlens gtated otherwise
Heat Treat Statement 1
SOLUTION ANMNEALED AT 1950°F +/- 25°F FOR 1 HOUR
PER INCH OF THICKNESS, BUT NOT LESS THAN 15 MIN.
AND WATER QUENCHED. )
sm o CpESEE
Certificgipn of Mategis! - Per ASME mnmmu- 7 .
NP ey
H1# Y (4 & 2 jL___-—
(,FLAbe to all b’threli"nts of y - A o
i i 1 \s)_’a Velosi America LLC
Secl. n_{c, Edition “Addend Dase: et
e ' llARDNKS\ 1S ACCEPTABLE Z
LAW. NACT MRO-178180 13156
i B =T
o A&
i 103 (e <>
| PR # R APR 0 8781 |
| PO # [3~ A
| SRR i ————— o
Material, when Jhlgped 1s free from_ contamination by mercury, radiunm alEha
source and low mel Jng elements, Welds 100% Radiographed and acce tabl
(ASME Section VITI ara UW-51) when applicable. We Hereby Certify that the

materials
above applicable

listed above have been manufac
specifications and grades.

/..
s ,/'

A /

//

jDA/OC7M'IP S§§CT§ITFE"”

ured in accordance with,

and meet the

4/05/13
Date o



INSPECTION CERTIFICATE
EN 10204 3.1

Number: 519285 |Rev: 00
Page: 1/3

Created on: Mcadified on:
Date: 09.05.2011

TUBACEX

TTI - TUBACEX TUBOS INOXIDABLES

Registro Mercantil de Alava, Tomo 587, Folio 189, Hoja VI 2885 - N LT A-01140227

Tres cruces, 8

TL. +34 946719300

01400 Liodio (Alava) FAX +34 946725062

SPARN E-MAIL qualitytti@tubacex es
CUSTOMER DESCRIPTION

CLIENT SOLD TO

PINACLE STAINLESS STREL INC.

4355 AMBASSADOR DRIVE
MISSISSAUGA, ONTARIO ON LST 213
CANADA

CLIENT ORDER: 57733
SALES ORDER: 101551

CLIENT SHIP TO

PINACLE STAINLESS STEEL INC

455 AMBASSADOR DRIVE
MISSISSAUGA, ONTARIO ON L5T 2J3
CANADA

MATERIAL: SEAML.
PICKLED-PASSIVATED

GRADE: TE316/316L,

STANDARD: ASTM A312M-
TOLERANCES:
PLAIN ENDS,
DIMENSICHNS: 7"
COLD FINISHED

09 / ASHE
ASTM A999/A312

SCH! 180

NACE MRO103-10 i

STAINL. STEEL TUBES/PIPES,

S&312M ED. 10

Certification of Material - Per ASME
HT#

213~

Ou hfies to all,;renl Lxriments of
per

) [T Addend
G5 % tso 15156-3 @ 2008 Secl 1 (O Edition _l]_A 3
Sales Item Client Item Delivery Nr Prod. Order  Insp. Lot Heat Nr Pieces  Weight Tot Lgth Uz Lgth
170 8110007615 100323631 200040492 37015 | 82 KG 731 M 5791-7315 MM
170 §110007615 100323631 200040493~ 13771 s 1050 KG 9432 M 5791-7315 MM
RAW MATERIAL
Heat Nr: Supplier Method
37015 AUCERALAVA Flectric furnace+AOD 251
43773 ACERALAVA Electric furnace+AO1
CHEMICAL COMPOSITION (%) *I ladle C:Products P
* Heat Seq c Mn ¥ si < p 7 §+ Ni - Cr Mo -
L 37015 1 0n2s 1,53 0.480 0.028 0.0010 11,60 16.90 2,10
L 11773 1 0.015 1,55 0.500 0.028 0.0010 11,20 16 90 220
HEAT TREATMENT T ]
SOLUT.ANNEALED 1100 °C HOLDING TIME -= 1.% #Itl / MM WATER COOLING
AENOR AENOR
TUBACEX TUBOS
E INOXIDABLES
ING OE
Empeesa Ceslion
Regisiraca Amb ental
MOENL el M.l\i._.i




INSPECTION CERTIFICATE . )
EN 10204 3.1 Number: 519285 |Rev: 00

Page: 2/3
Created on: Madified on:
Date: 09.05.2011
TUBACEX
TENSILE TEST r / -
Prod. Order lns. Lot  Sample T Rp02 ‘Rpl.0  Rm‘  A2" AS
°C N'mm2 Nmm2 Nmm2 % %
100323631 200040492 1 20 291 347 566 53 50
200040493 1 20 296 354 578 54 st
2 20
HARDNESS TEST
Prod. Order las. Lot Sample HRB1  HRB2
100323631 200040492 | 78 7
200040493 i 77 78
= e
METALURGICAL TESTS

INTERGRANULAR CORROSION TEST ACC. TO ASTM A262 PRACT."E": SATISFACTORY

NON-DESTRUCTIVE TESTS
100 % EDDY CURRENT TEST AT E.426, GOOD.

POSITIVE MATERIAL IDENTIFICATION TEST ON EACH TUBE/PIPE BY
"X-RAY-FLUORESCENCE-ANALYZER": SATISFACTORY

VISUAL TNSPECTION ON EACH TUBE: SATISFACTORY fﬁ! w%
DIMENSTONAL CHECKING ON EACH TUBE: SATISFACTORY A AN
g
& g 2
o \/
= \? »
TECHNOLOGICAL TESTS 1 / |
i\ \.279/
FLATTENING TEST: SATISFACTORY 0 S ' i
A ) Vi
———— — 2P ! I
e e = e soss —
MARKING

TUBACFX 2" SCH 160 ASME SA312 ASTM A3l2 TP316€ TP316L CD SHMLS NH FET
HEAT/ PMI 1L.OT NO/ SPAIN TX2 TAl

REMARKS

NO MERCURY, MERCURY COMPOUNDS OR MLRCLIRY BEARING INSTRUMENTS AND/OR EQUIPMENT HAVE BEEN HSED ALONG
MANUFACTURING AND INSPECTION PROCESS

NO WILD RLPAIR WAS PERTORMED

MATERIAL MANUFACTURER APPROVED WITHI CERTIFICATE NR 07/2001/MUC BY TUV SUDDEUTSCHILAND (NOTIFIED BODY 0036)10

ISSUE CERTIFICATES OF SPECIFIC PRODUCT CONTROL IN ACCORDING 10O PRESSURL LQUIPMENT DIRLCTIVE 97/23/LC ANNEX |
POINT 4 3

MATERIAL CHARACTERIS TICS COMPLY WITH POINT 7.5 OF ANNEX 1 TO PED BY HAVING AN LLONGATION AFTER RUPTURE AT

AENOR AENOR
TUBACEX TUBOS
E? 5 GD INOXIDABLES
. | INGEN| OE
fmmena Geshion
ARepsledta 1 Ambienta
(mitnsom | Vs =0




INSPECTION CERTIFICATE Number: 519285 |Rev: 00
EN 10204 3.1 Page: 3/3
Created on: Modified on:
Date: 09.05.2011
TUBACEX

REMARKS

TENSILE TEST NO LESS THAN 14% AND A BENDING RUPTURE ENERGY AT IMPACT TEST NO LESS THAN 27) AT 20°C.

MATERIAL IS FREE OF RADIATION CONTAMINATION

AENOR AENOR

TUBACEX TUBOS
E? 69 INOXIDABLES
l ING DE
Reaeiaea R
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EN 10204 3.1 Page: 1/2
Created on: Modified on:
Date: 01.04.2011
TUBACEX
TTI- TUBACEX TUBOS INOXIDABLES
Registro Mercantil de Alava. Tomo 587. Folio 189, Hoja Vi 2885 - N.IF. A-01140227
Tres cruces, 8 TL. +34 946719300
01400 Llodio (Alava) FAX: +34 946725062
SPAIN F-MAIL: qualityttiidtubacex.es
CUSTOMER DESCRIPTION
CLIENT SOLD TO CLIENT SHIP TO -
PINACLE STAINLESS STEFLL INC PINACLE STAINLESS STEEL INC.
455 AMBASSADOR DRIVE 455 AMBASSADOR DRIVE
MISSISSAUGA, ONTARIO ON L5T 2J3 MISSISSAUGA, ONTARIO ON L5T 2J3
CANADA CANADA
CLIENT ORDER: 57733 E 3 —_—
SALES ORDER: 101551 ) ,’_}_- -‘5__1 '\ ', -
MATERIAL: SEAML. STAINL. STEEL TUBES/PIPES, s ] C /3) |
PICKLED-PASSIVATED .t “ 3 |
GRADE: TP316/316L, : !
- . 8
STANDARD: ASTM A312M-00 / AsME SALIIM LD L0 { 5 "L)_(‘fg..f’ i
TOLERANCES: ASTM AG99/A312 el
PLAIN ENDS, ign of I _",5)
DIMENSIONS: 4" 504 10 I 4"'%@5—‘_ e——
HOT FINISHED Quadifies 1 1 S,
| SASR-BiE]Bte L
NACE MRO103-10 / MRLLIIS / I1SO 151L6-3 @ &00% [g 1 _!!:
Sales Item Client Item Delivery Nr Prod. Order  Insp. Lot Heat Nr Pieces  Weight Tot Lgth Un Lgth
130 8110006752 100323274 200038013 13638 15 1718 KG 100,01 M 5791-7315 MM
RAW MATERIAL
Heat Nr: Supplier Method
43633 ACERALAVA Eleciric furnace +tAQD J
CHEMICAL COMPOSITION (%) *L- Ladle C Products .
. Heat Seq C Mo Si ~ P . Eg Ni T Cr Mo
L 43633 | 003 1.43 0,510 0.021 0.0090 1120 16.70 212
S — — Q.
HEAT TREATMENT

SOLUT.ANNEALED 1040 °C BAPIDLY COOLED

TENSILE TEST - (o . o .
Prod. Order Ins.Lot  Sample T Rp02  Rpl.0 c
b Nmm2 Nmm2
100323274 200038013 1 20 385 218
AENOR AENOR
TUBACEX TUBOS
E INOXIDABLES
INGI DE
Empresa Gest i
Regrsirade Ambiental
IhE TN 50900 (EZ R LB S




INSPECTION CERTIFICATE ; :
EN 10204 3.1 gggg::)ezr./z 516293 |Rev: 00

Created on: Modified on:
Date: 01.04.2011

TUBACEX
HARDNESS TEST -
Prod. Order Ins. Lot ./ Ssmple HRBI HRB2
100323274 200038013 | 88 89
METALURGICAL TESTS

INTERGRANULAR CORROSION TEST ACC. TO ASTM A262 PRACT."E": SATISFACTORY

NON-DESTRUCTIVE TESTS
100 ¥ HYDROSTATIC PRESSURE TESTED AT 1400 PSI, DURING 5 SEC, GOOD,

POSITIVE MATERIAL IDENTIFICATION TEST ON EACH TUBE/PIPE BY
"%-RAY-FLUORESCEMNCE-ANALYZER": SATISFACTORY

VISUAL INSPECTION OMN EACH TUBE: SATISFACTORY
DIMENSIONAL CHECKING ON EACH 1UBE: SATISFACTORY
TECHNOLOGICAL TESTS

FLATTENING TEST: SATISFACTORY

MARKING
TUBACEX 4" SCH 40 ASME SA312 ASTHM A312 TP3l6 TP316L HF SHMLS HEAT/
PMI LOT MO/ SPAIN TX3 TXL

REMARKS

NOMERCURY, MERCURY COMPOUNDS OR MERCURY BEARING INSTRUMENTS AND/OR EQUIPMENT TTAVE BEI'N USED ALONG
MANUFACTTURING AND INSPECTION PROCLSS

NO WELD RFPAIR WAS PERFORMED

MATERIAL MANUFACTURIR APPROVED WITH CERTIFICATE NR 07/2001/MUC BY TUV SUDDEUTSCHLAND (NOTIFILD BODY 0036)TO

ISSUF CERTIFICATES OF SPECIFIC PRODUCT CONTROI IN ACCORDING TO PRESSHRF EQUIPMENT DIRECTIVE 97/23/£C ANNEX |
POINT 43

MATLRIAL CHARACTURISTICS COMPLY WIETEPOINT 7.5 OF ANNEX 1 O PED BY HAVING AN ELONGATION AL FT R RUPTURE Al
TENSILE TEST NO LESS THAN 14% AND A BENDING RUPTURE ENFRGY AT IMPACT TLST NO LESS THAN 27) AT 204C

MATERIAL IS FRIE OF RADIATION CONTAMINATION

AENOR AENOR

. TUBACEX TUBOS
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SALZG”:TEF‘? ' ( Salzglller Mannesmann Stalnloss Tub"' . Mce SAS (o)
MANNESMANN B.P.10 - F 21501 Mantbard Cedex - F1NCE
STAINLESS TUBES vvaismsiiubes.com Page/Seile
ATAER S V) D Sav gl Trup INSPECTION CERTIRICATE "
Noffl", ) . Gerieat o rhasption :
24546300937484 EN 10204: 2004 TYPE 3.1 (A02)
Stzgrar Manaimion SUsss Tubes Prance SASBP.10- F 21601 boalbard Cedes- | Gustomer order noJKunde AuftragsnrN*Commando ol lent {A07)
SHAW ALLOY PIPING PRODUCTS PORS1684
740 MARKET 8MST-Tubes ordsr nofAufiragsnr./N*Commande {A08)
71107 SHREVEPORT 0000248463
Etals-Unls SHST-Tubes llom
Purchaser/Besteller/Acheteur 0000245463-000008

Product Descriplion/Produkt Beschrelbung/Dasoription du predult (B01) (802) (B04)
Seamless slalnlass hol fldshed plpo pickied end pasatvaled /Tubss finls 2 chaud sens soudure, décapss ¢l passlvés

ASME 8

1211 o/ ASME SA 378 11 a/ ASTM A 312 11/ ASTM A 376 08/ NACE MR0103 2007 / NACE

Spedificalions/Spozifikelionen/Spéclficallons 124178150 1515683 2009

GradeAVerkslofffMuance TP 318/ TP 316L
Tolerances/ToleranzanToldrances A 312

Marking of the productiKennzelchnung des Produktesiiarguage du produll (808-Do1)
WO : 324546300801 - DMV-F « ASTR A 376 / ASTH A 312/ ASME SA 378/ ASME SA312-TP 316/ TP 316L - NPS 4 X SCH 120 - 23.43 FT - SML -

449080 - QLA0037484 - FRANCE

Quantity/Menge/Quantité Dimenalons Abmessungan
Healne Quelitylot | gust Pleces | Tolal welght Totallsngth Tube length
Schmelze Nr, | Qualidtalos I Sl0ck | Gessmlgewicht | Gesamilinge aon WT Rohdinge
N°de Couide | Lolquallté oM | piacas | Massstotale | Longueuriolale Longueur tuba
(B08) B13) (B98) (810) min (B11)  mex
445050 QL30037484 | 000009 7 4454.00 Kg 49370 m 114.30 mm| 14.13 mm| ©098 mm| 7316 mm
L 3208 Lbs 16198 FI NPS 4 SCH 120 20.00 Ft 24,00 Fi

_ Chemtoal Analysis / Chemlsche Zusammansetzung / Analyae chlmlque (01.1_-39

3 ‘Heatnoi8ctimelzen Nr./N°de coulde 449080
Melling Process/ErschmelzungssiVElaboration (C70} VOO
Heal QrigintUrsp. der Schmelze/Orlgine de la Coule Germany

———

—i

-

-t vt

=, i e - —

Certificatio 1atena er ASME
Heat Analysls / Analyse de aoulés HT‘? ILP t ASMR
c 8 7 Mn P { 87} er /| M WMo 7
les to al gments .o
Minl 000 | 000 | 600 | 000 | co0 | 1800 | 4100 | 200 I ft ::,( ( per
Max| 000 | 078 | 200 | a.o4s | 0300 [ 1800 | 1400 | 3.00 ¥ G S
008 | 047 | 1081 | 0028 | oo0d | 1878 | 1144 | 20 Sect. IIJ_‘Edmon "1"" Addenda
- [wo# (07 2
-, Ct [ 3
(%\icr;L . IM-..J. #&3 9»-',
K . ND.. THE. # . 443 -
| P.O.#{3-C3 43 Rev
Ty ceriteals Yo sued by @ cormpa'sdzed gyslemand it vabd Dlnulwll::brﬂ Disss Boscheinigang wds il 1ile der E0Y | Ca cartBeal éal ridigh APyide rynds &
w‘outs'gmaui l:’;n mmw bu:nﬂ-:wl: 3!:{: ° ;?;:5_ ‘u;‘dm ;'t:; l:{n.lmdﬁl V-quln sonds u.‘znpﬂuu. smum Tumanlw-»lulon pout
Eﬁ‘?ﬁﬁmlvhndm Aoy attarafons o Sonafl | Urkundealliteburng usd mummmm -mm..xm:.mﬁym«uy

Salzgitlor Hannasmann Slalnloss Tubses France SAS l§09001 -LROA N*0284
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f SALZGITTER Salzgliter Mannesmann Slalnioss Tubes France SAS  (A01)
*ﬁ MANNESMANN B8.P.10- F 21501 Montbord Cedex - FRANCE
STAINLESS TUBES vawz.smsl-tubas.com PagelSella
A g ol Inp 82 oo INSPECTION CERTIFICATE ”
NoMNUN®  (A%3) Abnahmeprdfzaugnls
: Cortificat do récapllon
24548300937484 EN 10204: 2004 TYPE 3.1 (Ao2)

Mechanlcal testing

Quallty Lot ; QL30037484 -—

Tansllo tost at room temporature/Zugvaersiich bel Raumtemporalur/Essal de lractlon & lempérature amblante {c10)

ASTM AJ70
PT?' nﬁ PDILo.c;lﬂog“ Yiald strength/Dehngrenze/Ll Toana ﬂl“kn W
roben Ne. | Prol slreng enze/lmite festigke Reduct
N ung G élesticts e ate Elengetor/BruchdshrungiAtongement | G133 25
d'échantifion| Olrection / l.racﬂon 7A % g
- (coD) {c02) {c11) (C12) (C13)
02% 08% 1% NS s0mm 5D 686Vso| 4D
ksl i ! kst % ) / ] ] !
Min 30 ! / 76 36 { { ! ! !
Max 7 ! ! i ] ] 1 ! / !
30128250 [LONOMUOWAL|  47.67 1 ! 87.20 49,76 1 ! { I !
Hardnoss test/HarteprUmg/Essal de duraté (C30)
NACE MR01751S0 15166-3 NACE MR0103
Load i
Testno
Proben Nr,
N HB HRC HY HRB HR 15T HR 30T
d'échantl] °
on

Min| ¢ I ! i ! / ! / i / ! ! / / ] / !
Max] [/ ! ! 22 22 22 1 ! i ) ] ! 1 ] ! ! I

]
1

I min max evg | min mox avg | min mex evg | min--max _ svg min._max _ evg_| min __mex avg
] I r N S N R ER aathat st 4

-l'émazso" T o1 |<d8TT<d48 <8 | 1 Y

Flaitening test/Faltversuch/Essal d'aplatissament {C50)

ASTM A 999
Test Numbe? Rezult
30126249 oK
30120250 OK

Dther testing

Quallty Lot : QLI0G3I7484

Thbmﬂuluauwndwlwuﬁrut samandlavstd - bra Disss Mwuduﬂli!ﬁduew Ca catfical atl redig 3 Fatde dun traltenent daciesdovs da donndes
trs, 1o casethe umnraltn:gﬁwlmddmlnul uuﬂlund s)d\?gmm:ﬁy\lmaiwnwm stastappizable s245 Bonstars. Tol iunlrwuam‘eux
/dlf:mlwulmmm‘tytrd rasponsile fer | Varnendung Ky sader ensls Favies produlde Larenl canaidirls convra fulsifcaten de
myunhv- o ot sflzaed Gta. Any atereSons or fals\caban wil Urkundentdis chong ted Betug strafrechdich varfelgt -m-udmummu la uictefien pinals.
be skt to law

.

Sslzgillar Mannasmann Sialntess Tub’u Frohce 8AS 1808004 - LROAN' 9
1 . .
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NofNiN®

SALZGITTER
MANNESMANN
BTAINLESS TUSES

N 2Aevcdeer oY IND WIS Argup

(A03)

24548300037484

Salzgliler Nannesmann Slalnless Tubea Francoe SAS
B.P.10- F 21501 Monlbard Cedax - FRANCE
yaAusmst-tubes.com

INSPECTION CERTIFICATE
Abnahmeprlfzeugnls
Cantlficat de récoplion

EN 10204: 2004 TYPE 3.4

(rot)

PagelSelle

¥4

{Ac2)

Intargranulsr corronlon tasUPrlifung Intarkrisialiinen Komroslon/Essal de corroslon Inlergranulalre

Tost Nuniber Resull
30128249 Satlsfactory
30128260 Selsfaclory

MIL-P-24891/3 Feb, 1891 Ad 1 ASTA{A 282 PRACTICEE

—ro -

This ctrthzate (s Tssusd by 8 computanited systamn ard 1s vasd Disyes Zeygah baw, Dlsts Baschebolpang aurde il Hllp des EDV | Co oarbead salraigh A 2 fon Valiwant £egtoniqus #a senaisa
whout stonatra, bmlvuwwolwedg\nhwhmuul munvdklw'Uuthg 69 Vardadenngsn svala clullnﬂuﬂam y v
eppyollt m&utml&wnhm'ffvdﬂlh o o wesdensls | Savisas prod s Jde b 6l Eon da &
eny talawdd of not o Ay $oo cf felailcation wl Ursmiunuquwawupmmm«. sl fraude ol seront nidel & Lo JrdceBon pinate.
ba subleclolsa

> »

Salzgltisr Mandssmuonn S;h!nloésTub_u Franca SAS 1309001« LRQA N 926478 )
y . . . 1 .
] v b} ¥




f‘:{ ‘S ALZGITTER : Salzgliter Mannesmann Stalnless 'i’ubus Erance SAS  (Ao1)

MANNESMANN B.P.10 - F 21501 Monlbard Cedox - FRANCE
ATAINLESS TUBES \wearsnist-tubes.com Pago/Salie
ANpbar o g Saligitar Biow , INSPECTION CERTIFICATE 414
NoMNuN®  (A03) Abnahmeprlifzeugnls
Cortificat da récaptiion
24546300037484 EN 10204; 2004 TYPE 8.1 {A02)
Other Tests and Daclarations | Andrs Prifungon und Priltfeststellungan / Aulres jasts et ddalarations
QL30037484 .
\isual end dimenslonst inspeclien(VT}/ Beslchilgung und MassKontrolle {Examen ¥ nal 8slisfaclory/Beslander/Salisfalsant

Heat TrealmenllWannbahundlunﬂ'frmé‘menl Themlque [ Anneglad | Tempétature > jodo*c 19’6}‘F Ruepld cooling
Rydrosiatle Tast/ Wasastnnendruckversuch / Essal Hydrauliqua: 190 BARS/ bsec

AnUmixing check [PMI) of olf lubes by apaclrographio analysls 1Verviachsalungsprlung an slen Rehron mitiols Spekirelprofung 2Conirdie antl-mélange par
PMI100%: Sulla!nclorylﬂastnndws;u:{alsnnl

No Weld repalr / Kelne Reparaturschwelssung 1 Aucune réparaiion par soudure
The materiel s conforming to dlrective 2000/63/EC, 2002/85/EC and CD 2008/618IEG. ] Das hateriel entapicht den Anfarderungen der Richliinlon
2000/63IEC, 2002/05/EC und CO 2005/618/EC. /Le motérev ost conforme sux diectives 2000/5WEC, 2002/95/EC ot CO 2005/618/EC.

Tubes ere {rae from marcury contamination and from radloectve contemination / Die Rohre sind fra von Quecksibarveunreinigungen und frel vom
radloskiver Verunselnigung { Les tubes sont exempls do conlemination psris mercure el de contaminallon radicsciive

Confirmation vith referenca to Pressure Equipment Directive 97/23/ECS

Tha \varks oparalas a quellly mansgament sysiemthat has undsrgone & spacifid sasessment {or materisls for pressure squipment andls cartiflod 59 PN '_..___.__::'.‘:'..'.‘ )

compatent body (TOV-S00 CERT.N0:05/2011/MAN)

Bastallgung In Bezug sut DruckgeeBtorichilinle 87/23/EC:

Des Wark wendel eln Qualitsman ementsystem an, dos In Bezug aut \Werkslofis 10r Druckgersta elner speztfischen Bewarlung Unterzogsn wurde und
von elner 2ustgndlgen Stefla (T v-SOD CERT.N0I05/201 1/MAN) zertinzlert st

Confirmation concemantla Dlractive Equipsments sous Pression 97/23(EC: Lusina spplique un systdme domanagemenidela alté qul a foft fobjet d'une
svalustion apéciiqua peur les malédaux pour équipements sous presslon el qui st cerlifié par un crgenlsme compélent (TOV-SOD CERT.N0:05/2011/MAN)

SMST certlly that the delfvered p‘roﬁéils’ &:}np_{ Wilh e e iramanls elipulated In the order. [Dle Erzeugnlsse wurden baataflungsgeiaf geprafl wndterln
Ordnung b an. | SMST-Tubes alteste quales prodults%vrds sont conlormas oux spulations de [a commande.
Validatlon by manufacturar’s re prasontalive / Validierung durch Verietar das Harslellers

= [

ATf's Inspecior
Warksachvaratandiger T POMMERY
Le conlr8leur usine
Oele of edltion
Ausgabadalim 4110/2012
Dala &'édilon
Thls cardtcateis Iusued by C!uuzm&h hﬂ.uaquavﬁ!&hEW Co tarilont it 1ed gb § Polda S Vekerer! Hecronigos de danntes
(-
tdsScaton

eopitarizad sysemand ls vasd

e, fncate hs ey ol e or wxid relessa s | evalellued du;umm:hlgﬂpmmh <t ast spplicatie mdﬂ\\'«dw .fuk‘lpur
copy ol it nuuaustkvwhwﬂyudnﬂlhu asponshisfor Varwendcng B¢ srders werden 2l Laviray produits serord Lehs comrme docarceais
uuyugnMrmt afenwd Dsa. Any Biteratons or [l Jhcaten wi ukvw;ﬂﬂxhu\gwmwmdwfda. atfrauda of sarond scle 8 o hrddicCea plasle.

bttt iofaw.

Salzgliler h'(annes"marm_ Stalnless Tubes France SAS 1509004 - LRQA N* 926478
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INSPECTION CERTIFI 'E

204 3.1

Number:
Page: 1/2

516297 {Rev: 00

Created on:
Date: 01.04.2011

Modified on:

TUBACEX

TTI - TUBACEX TUBOS INOXIDABLES

Registro Mercantil de Alava, Tomo 587, Folio 189, Hoja VI 2885- N 1 F. A-01140227

Tres cruces, 8
01400 Llodio (Alava)
SPAIN

CUSTOMER DESCRIPTION

TL: +34 946719300
FAX. +34 946725062
E-MAIL: qualityttii@tubacex es

CLIENT SOLD TO
PINACLE STAINLESS STEEL INC
455 AMBASSADOR DRIVE

MISSISSAUGA, ONTARIO ON L5T 2J3
CANADA

CLIENT SHIP TO
PINACLE STAINLESS STEEL INC
455 AMBASSADOR DRIVE

MISSISSAUGA, ONTARIO ON L5T 213
CANADA

CLIENT ORDER: 57733
SALES ORDER: 101551

El i’?lg":_’

PICKLED-PASSLVATED

GRADE: TPILE/ILEL,
STANDARD: ASTM A312M-09 /
TOLERANCES: ASTM A999/A31.2
PLAIN ENDS,
DIMENSIONS: 3"
HOT FINISHED

STH 160

NACE MROLO3-10 / Mz0175

REME SA3L1ZM EL,

150 15156-3 :

MATERIAL: SEAML, STAINL, STEEL TUBES/PIPES,

10

2009

/5'%95"3 Aw

Sy e

gﬁfﬁ»lgt?ji'hl%!i_ (
L0 UL Adde

Sales Item Client Item Delivery Nr

180 8110006752 100323250

Prod. Order

Insp. Lot ; HeatNr
200037778 4363

Pieces Weight
8 1091 KG

Tot Lgth
4795 M

Un Lgth
5791-7315 MM

RAW MATERIAL
Heat Nr:
43633

Supplier
ACERALAVA

Method
Electric fumacc+AOD

CHEMICAL COMPOSITION (%)
* Heat Seq c 7
L 43631 | 0,013

Ma
143

7

*L. Ladle C:Products
Si P
03510 0.021

S Ni
0.0090 11,20

Cr
16.70 2.12

HEAT TREATMENT

SOLUT.ANNEALED 1040 °C RAPIDLY COOLED

TENSILE TEST

Prod. Order lps. Lot Sample T Rp0.2

%« Nonm2

100323250 20 132

200037778 |

-

Rpl.0
N mm2
472

Rm
N nm?
h25

AENOR AENOR

R ®

Lapieso Gestion
Regrsizada Ambientai

AL e uné 1y 60 1t

TUBACEX TUBOS
INOXIDABLES
ING DE




INSPECTION CERTIFICATE ] -
EN 10204 3. Number: 516297 |Rev: 00

1 Page: 2/2
Created on: Modified on:
Date: 01.04.2011
TUBACEX
HARDNESS TEST
Prod. Order Ins. Lot | Sample HRB1 HRB2
100323250 200037778 1 88 89
METALURGICAL TESTS

INTERGRANULAR CORROSION TEST ACC. TO ASTM A262 PRACT."E": SATISFACTORY

NON-DESTRUCTIVE TESTS
100 % HYDROSTATIC PRESSURE TESTED AT 2500 PSI, DURING 5 SEC, GOOD.

POSITIVE MATERIAL IDENTIFICATION TEST ON EACH TUBE/PIPE BY p ,V\-va‘
“X-RAY-FLUORESCENCE-ANALYZER": SATISFACTORY ¥ o
A ,
%\ \.f?? "
% %
VISUAL INSPECTION ON EACH TUBE: SATISFACTORY o V7S
= \ 0
] i
\ 2 Q
DIMENSIONAL CHECKING ON EACH TUBE: SATISFACTORY \ 278
TECHNOLOGICAL TESTS ~ wT
ﬁfu_ 7
FLATTENING TEST: SATISFACTORY “\ES.[}.
MARKING o ]

TUBACEX 3" SCH 160 ASME SA312 ASTM A312 TP31€ TP316L HE SMLS HEAT/
PMI LOT NO/ SPAIN TXA3 TX1

REMARKS

NO MERCURY, MERCURY COMPOUNDS OR MERCURY BEARING INSTRUMENTS AND/OR EQUIPMENT HAVE BEEN USED ALONG
MANUFACTURING AND INSPECTION PROCESS

NQ WELD REPAIR WAS PERFORMED

MATERIAL MANUFACTURER APPROVED WITH CERFIFICATE NR 07/200 UMUC BY 11V SUDDEUTSCHLAND (NOTIFIED BODY 0036)10

ISStIE CERTIFICATES OF SPECIFIC PRODUCT CONTROL IN ACCORDING TO PRESSURE FQUIPMENT DIRECTIVE 97/23/EC ANNEX |
POINT 43

MATERIAL CHHARACTLRISTICS COMPLY WITIHI POINT 7§ OF ANNEX 1 TO PED BY HAVING AN ELONGATION AFTER RUPTURE AT
TENSILE TEST NO LESS THAN 14% AND A BENDING RUPTURE ENERGY AT IMPACT TEST NO LLSS THAN 27) AT 20°C

MATERIAL IS FREE OF RADIATION CONTAMINATION

AENOR | AENOR
TUBACEX TUBOS
E INOXIDABLES
INGEN DE
Empresa Gestun
Reg straua Ambiental
Te s AL U N T 1o
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LD COMPANY LIMIOITED

P.O. - B604-110411 S.0O. -51152S

VIRA IMPOEXPO LIMITED

10, IMPERIAL GHAMBERS, 18T FLOOR

WILSON ROAD, BALLARO ESTATE
MLRUBAI - 400 038 INDIA

TEST CERTIFICATE
PAOCONG
CUSTOMER ; ORDERA NG . LIST NO. EMSPECTION NO DATE
FIDELITY STAINLESS LTD. P-5T3 AP13802  IMP/13802/8 10/12/2004
2213 NORTH SHERIDAN WAY
MISSISSAUGA, ON LSK 1A3 BUNDLE RO . GRADE
CANADA. 130097 LTS
DESCRIPTION :
STAINLESS STEEL BRIGHT BARS
SMOOTH TURNED
suze SHAPE TOLERANCE LENGTH PTEC WEIGHT
— K = __(8s)
172 ROUND  ASTM A484 12'-14 225 1850
I
CHEMICAL ANALYSIS
HEAT NO. 87824
c Mn ] s P N o Mo  Cu M Co
7 Cd 7 P e P Fd L g
0024 158 044 0020 0037 1016 1621 205 050 0078 018
TEST RESULY
2% VIELD SYRENGTH TENSILE STRENGTH  PLONGATION REDUCTIONOP HARDNESS  GRAIN
st [T S AREA % BHN sze
k4| 61 47 % 187 ]
- = g -~

MATERIAL CONFFUMS TO ASTM AZTS-00aLA, 579-01 A4D-30.A282.50 PRACTICE E, RS EDASTH A183-01b BSM CL1,A0B-GIED, A182-010 AMS BB40I5053E, ASME 8A-

192 BOED, BA473-89ED S5A-153-00 BEM C L1, QQ-S-7TESF, RELL.G-7720A ANR  NACE-MR-D1-75-83,
AS PER EN 10204-3.18

10 007531603, ASTM € 112-08(GRAIN SIZE). CERTIFICATION

“Romarks ;

MATERIAL IS FREE MERCURY CONTAMINATION, FREE FROM WELD OR WELD REPARS, MICRO:FREE FROM CONTINUOUS CARBIDE NETWORK ON GRAIN
PAHNEALIN

BOUNDARIES, MACRO:GOQD, MINIUM BOLLITION

G TEMPERATURE 1080C, WATER QUENCHED.

We hereby certified that the material described above has been tested and complies with the terms of erder/contract.

WIL#(‘;EB )
M.L.#&'[ Q—(gt_
THK.# « Y449

T TVREVISWED  ELEASED /.
‘:::;Zi .r\ﬁ“;wm ELL; DM O[S HOVE
T vl o B .
Guapfz Cy S AT s®
CUlAL D VELOS!
— 7 i 16113 velosi Amedica LLC

P\



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

cmponm

2417

13-0266
ALL-WELD CO,, LTD.
49 PASSMORE AVE.

T

| STOMER ORDER NUMBER
SwLD/SHIPPED TO

SCARBOE?C_)UGH

Item Quantity Desé}ibiion

1 4 8" X 900 X 13.25" LG RTJ LWN
2 4 8" X 900 X RTJ BLIND

HEAT NUMBER: MATERIAL TYPE:
N434 SA182F316/L

ONT MIV 4T+

Page 1 of 1
REPORT NUMBER 74244

DATE 4/23/2013

FCI ORDER NUMBER 60030

Processed | AW. EN10204 3.1
LAW. NACE MR0175

CANADA
ITEM# 1173-40

ITEM# 1173-41

Manufactured in
USA

LAW. ASME 2010 ED 11AD.

CHEMICAL ANALYSIS PHYSICAL PROPERTIES

Cc 027 v
M 1160 + ;
: t Yield PSI 47,000
P 0290 y, /
S 0250 Tensile PSI 86,000
Si 350/ Elongation 771
Cr 17.450 7~ Reduction of Area 796
Mo 2.030 7 Hardness 176 HBW _
T 10310 / Vo (I
( Certx[‘catlon Oél_'atenal - Per ASME . ( ‘ 1 \
A HTH ol M M s - ! (S \
N D980 Qu 1ﬁes to all requirements of "’LQ / ) L'i L {
A 2 (E]E U e [-49E0
Seef. 11 L(__» _Edition _{ [ Addeuda [ _ ;
2o L3 L>‘;-> !
" / — D 046
ACCEFTEDREVIEWEDRELEASED. - ¢ 9)1&\_*5_ b 1
for and o behalf oft e =5 A WAaT L L6
_ [, p g Veolr 5 AFP‘US@
Print Names 7t ,/, ,\/\ aly VELOS!
Heat Treatment SOLUTION ANNEALED =
Temperature 1900 °F
Time at Temperature
Cooling Media WATER

Immediately following hot working, while at temperature above, parts were rapidly quenched.
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 b

el

Name Helen Fielder Title QA Representative

Page 1 of 1

Date printed 4/23/2013 12 54 08 PM



Page 1 of 1

14527 Smith Rd. REPORT NUMBER 74745
RO MENTS Humble, Texas 77336 DATE 5/7/2013
iNcC. 24" TEL: (281) 441-4088
FCiI ORDER NUMBER 60097

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

( TOMER ORDER NUMBER  13-0294 L AW. NACE MR0175
SOLD/SHIPPED TO ALL-WELD CO., LTD.
49 PASSMORE AVE.
SCARBOROUGH ONT MIV 4T1 CANADA
Item Quantity Description
1 2 2" X900 X 11" LG RTJ LWN ITEM# 1173-45
HEAT NUMBER: MATERIAL TYPE: Material Origin: Manufactured in
N472 SA182F 316/L ITALY USA
I.AW. ASME 2010 ED 11AD.,
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
c o7
Mn 1.800 , B
-] 0270 e Yield PSI 41,000 )
s 0280 Tensile PSI 83,000 -
Si 380 7 Elongation 592 -
Cr 16.710 ; Reduction of Area 61.1
Mo 2.040 Hardness 169 HBW
MAY 2 7 7813
v R '“__-T[\‘(_“ ' ;
NI 10170 I Lo ”’( Certifi {‘\]Mlt|'1 Per ASME
SV i ertificgtign of Material - Per AS
( 0780 I LTL.,.# Tg(qi’_—_,) HT# N \.{., 5N
| THK. o & ifigs to '111 A mepts o
s SRS EELS T
P“O_# _I;’:_?_ Q-BQL(L Sect. II __L(_.»__Edmon _I'{ Addenda
ACCEPTED/REVIEWED/RELEASED
for and on behalf of: 202 M o EF SHoe
Print Name: G A nesh SM'}\FPIU -2
Signature: S VELOSI
L_ D J.' 14 l"2. Velosi America LLC
Heat Treatment SOLUTION ANNEALED
Temperature 1925 °F
Time at Temperature
Cooling Media WATER

Immediately following hot working, while at temperature above, parts were rapidly quenched.
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 @MI W
L

R e v/ = %
Name Rene Ordonez Title: QA Representative

Page 1 of 1 Date printed: 5/7/2013 11:18:37 AM



Page 1 of 1

14527 Smith Rd. REPORT NUMBER 74420
mpo"'m Humble, Texas 77396
E’ IMC., 2 4 ,7 TEL: (281) 441-4088 DATE 4/26/2013

FAX: (281) 441-8899 FCI ORDER NUMBER 60028
Processed | AW, EN10204 3.1
( ~'ISTOMER ORDER NUMBER  13-0279 LAW. NACE MRO0175
JLD/SHIPPED TO ALL-WELD CO., LTD.
49 PASSMORE AVE.
SCARBOROUGH ONT MIV 4TH CANADA
Iltem Quantity Description
1 4 ’f’ )_( 900 RTJ WN S/160 ITEM# 1173-46
HEAT NUMBER: MATERIAL TYPE: Manufactured in
N432 SA182F316/L USA
1AW, ASME 2010 ED 11AD.

CHEMICAL ANALYSIS PHYSICAL PROPERTIES

C 017+

Mn 1730 .

P 10280 Yield PSI 47,100~

S 0220 - Tensile PSI 87,500 -

Si 450~ Elongation 802 -

Cr 16.300~ Reduction of Area 781

Mo 2.090- Hardness 156 HBW

Ni 10120 ~ H\-’- -

AN ) ) [

: 0720 g (’”’-)- “ i3

( . S “J:C/ e , ;;?Imf'cat&m ot:I\I.nierxal - Per ASME

| ) - ¢ e, | q#n Tu“‘*l?f

-3 4 gahites toa requm,m LX)
..... L L __"_\_-(’_\~ ‘ (l .
T . 5 En on { } A ¢

Heat Treatment SOLUTION ANNEALED

Temperature 1925 °F

Time at Temperature

Cooling Media WATER

immediately following hot working, while at temperature above, parts were rapidly quenched.
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 X / \ /
Lo e K ACCEFTEDVREVIEWED/RELEASED : 046

Name: Helen Fielder Title QA Representative for and on behalf oft 2121 L Z

Print Name: __G HNES(E SAHA us®
( Signature: Gz A VELOS!
\ Dw; _,_/ 1.;“"‘-'[ I[/I “’2- Velosi America LLC

Page 1 of 1 Date printed 426/2013 2 11 53 PM
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-
SOMPANY LIMITED P.O. - DS45-110411 S.O. - S401 14

Outokumpu Stainless Plate, Inc.

I&Wﬂl Certificate of Analpgis and Wests

OUR ORDER 0252379 - 13 HEAT & PIECE 836433-1E 06/23/06 ]
SOLD TO: Itm:gés METALS LTD. - EtobicOKSHIP TO: INTEGRIS METALS LID. - Etobicoke [. ?
161 WEST MALL 161 THE WEST NALL S
ETOBICORE, ON #9C 4v8 ETOBICORKE, ON M9C 4v8 |
-------------------------------- YOUR ORDER & DATE --~=~~=ce-ccmommmmmcemcmaao oo
539197 4/12/06 TAGE 7581-2043
-------------------------------- ITEM DESCRIPTION ~===--=-==ccennmmenamaaecamoocke f
HEAT & PIECE 836433 - m ,
WEIGHT 2782 COUNTRY OF ORIGIN BRT '
FINISH EXS
CRADE 316 / 3 UNS-S31603 Eﬁms S31600 13
DIMENSIONS .375 x 96 000 X 253.000 “ 51
et C O PO EET C P SPECIFICATIONS =~=-==--=-==c===ccmeomacmnoao- S
ﬂtrgz IN NEW CASTLE, IN, USA FROM SLABS mronm FROM BRITAIN \
ASHE SA240 04 EDITION 05 ADD asm A240-06

ASTM A480/A480M-05
ASTM A262-02A PRACTICE E ;
NO WELD REPAIRS Ei

PLATES & TEST PCS SOLUTION ANNEALED: e'l,és | EAHRENHETT MINIMUN.
« THEN WATER COOLED OR RAPIDLY COOLED BY:ATRAAA) - =i
FREE PROM MERCURY CONTAMINATION AT
HOT ROLLED, ANNEALED & PICKLED (

Toand un behalf ot 512,

fo

HARDNESS BB T a1 MECHANICHR, TR
GRAIN S1zg 6 i"‘-ﬁﬁ'ﬁﬁg’iﬁ??’
STRENGTH (rmg 48161 ks
'f"‘sm STHENGYR. (PSI) 85640 1803 50 1211 :
urmmmum ORROSTON oK 41 'k Figh N
ELONGATION 2 IH 2" 52.8 ».,1.4
REDUCTION OF AREA % 65.8 e _
------------------------------- CHEMICAL COMPOSITION ====---—c-c---emmaccceammenna-
c ois v
CANESE (MW 1.60 - N
- SHOSPHORUS P '33-1" “Q.CAL
. ” o~
SILICON SI .38~ W.0. # H7:’> oL &3
CHROMIUM CR) 16.27°
MCREL (n 1odl ML.# & ( (”
N G o lagy™
1 N .03~
COLUBBTUN (OB 1022 P.0O. #b5'-|-5-l|6‘~“ é A’
TITANIUN TI 003 }

TIN SN 5007 ( /;>

SE HEREBY CERTIFY THAT THE MATERIAL HEREIN HAS BEEN MADE AND TESTED IN
ACCORDANCE WITH THE LISTED SPECIFICATION(S) AND THAT THE RESULTS OF ALL
TESTS ARE ACCEFPTABLE.

JAMES DOUBMAN,QUALITY ASSURANCE NANAGER
‘ CERTIFICATE IN CONFORMANCE WITH EN10204~95 3.1.B/EN10204-2004 3.1

NI

Btainiess Plate, Inc.
PO. Box 370
New Castie, Indlans4/4b2
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NAS)
6870 HNIGHWAY 42 EAST

METALLURGICAL TEST REPORT

PNUZRG B R AVERSEEL MY O 3 ARIVRLDD
6870 RIGHWAY 42 EAST
GHENT, KY 41045

Corvificatmil 9415 1 l;gﬁn;o;xrumzss STEEL, INC. i:;z.m:o;m\nmzss ETEEL, INC. Dats: 1244472012  Raue: i
custorer: 007050 001 ;goggﬁfpg;"m"gms‘ ;&ggggg:"gﬁgms‘ Steel: 316/316L
Finish: MRAP
xr Ordert 53315 RNAE Order: DS 0002247 05 Corzosion: ASTM A262/02a®;180Bend-0K
PRODUCT DESCRIPTION; REMARKS :

STAINLESS BTEEL CONT.MILL PLATE, HRAP; UNS 31600/31603

ASTM A240/31D,A480/11b,A666/10;ASHE SA240/11a, SA80/11a,5A666/21a
CHEM ONLY ON FOLLOWING ASTH: A276/10,A479/11,A404/11,A312/11
CUHEM ONLY ON FOLLOWING ASMF: SA312/11,8Ad78/11

AM3 55077/5524L X MAK;

NACE MRO175/I50 15156-333003 A, MRD103/07; QQS766D-A X MAG PERM
MIN. SOLUTION ANNEAL TEMP 1900F, WATER QUEMNCHED

Mat.’l is Fres of Mercury Contamination. No weld repairs,

EN 10204:2004 3.15 RoHS Compliant

Material is Pree of Radioactive Contamination

MAS Stcel Making Procoss: EAF, AOD, & Cont. Casting
Product Mfg.by a Quality Mgt.Sys. in Conf, wW/ISO 9001
*Melted & Manufacturxaed in thoe USA; Mat’l 3s DFARs Compliant
EN 30204 3.1.B

Product 1d Coil # sxia # Thickness Width Woight  ~—————- Longth-—--- Mark Pieces Comzodity Code b
DDé&383 02E7KE A .37d8  60.0000 4,750 SHEETS 240,00 9 3
L
CHEMICAL ANALYSIS CMCountryofMelt) ES{Spaln) US(Unlted Stales) ZA{South Africa) JP{Japen) Chomical Analysia per ASTH A751/08
HEAT M € %7 eR%~ CU% W% 7 HoN N % M%< P % - B %
ETK6 vs .0205 16.6005 .4100 1.5245 2,0550 .0394 10,0400 L0330 .0010
81 %

L L5115
MECHANICAL PROPERTIES

14 - x"
Product YXd§  Coil & o 1 UTE .2% Y8 ELONG  Haxd Tail

¢ r KSX XS1 %-2% RB Hard
DD4383 02E7KE ¥ T ©8.88 55.61 50.97 87.00 89.00

-

NAS hereby certlfies that the analysls on this certification Is correct. Based upon the results and the accuracy  qochnical =T = -4
of the test methods used, the material meets the specifications stated, These results refate only to the items Dept. Mgr T e R /c.‘fi‘/ R
tested and this report cannot be repraduced, except In its ontirety, wilhout the written approval of NAS. ) . FRIC NESS 1271472012

Certnﬁc'mon of Mateénjl - Per ASMB
H'I# L,

"\\ 0.4 [l
263

1ifi o—lallre iire Z/&V 0/7
SRS STEPBIEL o

Sect 1 _/C Edmon 1/ Addenda

THK # 2
P.O. #{ j;}_L

AUG 167013 \/ )
e TEWEDIK bL,E*%\D ” \O\UZ/

behalf of:
S (8 % o 5N ﬂFP‘
Print Names  cwmms ,6 A‘\/\ gLoSl
s"gm;:i TP E b’mwl‘w
e v J
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ALL-WELD COMPANY LIMITED P.O. — 13-0889

PHOENIX TUBE COMPANY,INC.

S.0. - 644142

Manufacturer of Stainless Ornamental and Structural Tublng

CERTIFICATION OF TEST

RYERSON CANADA

Sold To: Ship To:
161 THE WEST MALL
PAUL MASSE@416-620-3865 FOR APPT
ETOBICOKE ON MoC
CAN
CUSTOMER ORDER#: 739299 Phone#
CUST REF NBR: 71365671 ORDER#,
DATE SHIPPED: 07/10/13 QTY SHIPPED:;
SIZE: 2 X 3/3" HRAP i { —-‘ % ~ ‘ GRADE:
SOURCE: USA D ¢ é. . HEATH
VENDOR: NAS = N | Ve ] TEST REPORT#:
Specification: " Report Dale:

CHEMISTRY THIS COLUMN:!
ASTMA276-13

ASME SA276-08 COND. A
ASTMA479-13

ASME SA479 “3 521

ASTMA282, PRACTICEE
CORROSION OK, HRAP
ASTM A484-13

ASME SA484-13

NO WELD REPAIR

QQ-S-7660 COND. A EN 10204 2 2

F13-0%8 |

ASTM A240-13

ASME SA240-13

MILS 5059D AMEND 3
AMS 5648L & AMS 5653G
ASTM A460-13

ASME SA480-13

RYERSON CANADA

161 THE WEST MALL

PAUL MASSE@416-620-3865 FOR APPT
ETOBICOKE ON M8C
CAN
6223100
311820
555.0
316L
D5F¢
TR010548
08/27112

Ext'

NO WELD: BAR

TYPE 316L/316 DUAL CERTIFIED
UNS# 31600/ 31603

ASTM AB65-10

NACE MR0175/01 / MRO103

Cemhcaigl of Material - Per ASME

T P H -
Qualifies to all requiydments
SA4R -3k

- S

Sect. 1L LE " Edition _I,

MERCURY 1S NOT USED BY US AS AN ALLOYING MATERIAL NOR IS MATALLIC MERCURY HANDLED IN THE VICNITY
OF OUR PROCESSING LINES. WE ARE NOT PRESENTLY AWARE OF ANY MERCURY CONTAMINATION.
MATERIAL HAS BEEN HEATED TO A MINIMUM OF 1900 DEG. FAND |S SUBSEQUENTLY COOLED
RAPIDLY TO PREVENT CARBIDE PRECIPITATION

Chemical Analysls

C/ MN ~ P ~ s/l st /|l ecr7l N ]| Mo | cu co N2 i
023 157 037 001 38 16.58 10.08 2.11 66 0 .04 0
Physical Analysis
YIELD TENSILE OTHER
Hardnass PSIi MPA PS! L, MPA Percent EL Percent RA
7 b 4
RB 87 53510 [ B8EE3D 0 52 69
THE CHEMICAL ANALYSES ARE CORRECTAS CONTAINED IN OUR CORPORATE RECORDS
PHYSICAL PROPERTIES ARE DETERMINED WHILE MATERIAL IS IN STRIP FORM
Melted & Manufactured In the USA FAR BAA complles, DFARS BAA complles, FAR TAA complles
/7% L oot é/%ogxxcg 7
CERTIFIED BY Quaity Control Dept \L — 046
1185 WIN DR ,BETHLEHEM, PA,, 18017 - ( - ) fLE O/ S
bebalf ot 22 O T 2T
FAX NUMBER  610-865-4073 for aad 00 -
) (, T\;v’??}H SHHQ @
Print Name: S
Signatwre: GGl VELOS!
/ 1427113 Velosi America LLC

Ll Sy s zscummy



ALL-WELD COMPANY LIMITED

49 Passmore Avenue,
Toronto, Ontario,

Canada M1V 4T1

www.allweld.ca

COMPRESS Pressure Vessel Design Calculations

ltem:
Vessel No:
Customer:
Designer:
Date:

48" OD Vertical Stainless Steel Inlet Separator
772-VESE-101/201
Ultrafab Industries Limited
Todd Clark, P. Eng.
Tuesday, July 16, 2013
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Nozzle Schedule

Nozzle
mark

Service

Slze

Materlals

Impact
Tested

Normalized

Fine
Graln

Flange

Blind

=

Manway c/w Blind Flange

350D x5.5

Nozzle

SA-182F316>5

No

No

No

NPS 24 Class
900
V2 A182 F316

NPS 24
Class
900
A182
F316

Inlet

11.750D x
1.875

Nozzle

SA-182 F316 <=5

No

No

No

NPS 8 Class
900

LWN A182
F316

Level Gauge High

4120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

NPS 2 Class
900

LWN A182
F316

No

Level Gauge Low

4120Dx 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

Spare

4.120Dx 1.06

Nozzle

SA-182F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

Purge

4.120Dx 1.06

Nozzle

SA-182F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

Bottom Drain

NPS 2 Sch 160

Nozzle

SA-312 TP316L Smis pipe (low
stress)

No

No

No

NPS 2 Class
900
WN A182 F316

No

Vent

4.120Dx 1.06

Nozzle

SA-182F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

Inspection ¢/w Blind
Flange

11.75 OD x
1.875

Nozzle

SA-182 F316 <=5

No

No

No

NPS 8 Class
900

LWN A182
F316

No

Gas Outlet

11.75 OD x
1.875

Nozzle

SA-182 F316 <=5

No

No

No

NPS 8 Class
900

LWN A182
F316

No

Liquid Qutlet

4,12 0D x 1.06

Nozzle

SA-182 F316 <=5

No

No

NPS 2 Class
900

LWN A182
F316

No

PSV

4.120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

I5

Pressure Indicator

4.120D x 1.06

Nozzle

SA-182 F316 <=5 -

No

No

No

NPS 2 Class
900

LWN A182
F316

No

15

Temperature Indicator

4120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

NPS 2 Class
900

LWN A182
F316

No

=
vy
>

PDI High

4.120Dx 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NP§3 Class
900

LWN A182
F316

No

=
<3
o)

|

PDI Low

4.120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F3164,

1173

Rev. 6
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Level Bridle - (Process)

NPS 2 Class
900

NBA High 4.120Dx1.06 |Nozzle |SA-182F316 <=5 No No No LWN A182 No
F316
NPS 2 Class
Level Bridle - (Process) _ 900
N8B Low 4120D x 1.06 |Nozzle | SA-182F316<=5 No No No LWN A182 No
F316
NPS 2 Class
Level Bridle - (Safety) : _ 900
N9A High 4120D x 1.06 |Nozzle [SA-182F316<=5 No No No LWN A182 No
F3186
NPS 2 Class
Level Bridle - {Safety) _ 900
NIB Low 4120D x1.06 |Nozzle |SA-182F316<=5 No No No LWN A182 No
F316
|
L
(
1173 Rev. 6 3/249



t,:
Reqt,:
Nom t:
Design t:

User t:

1173

Nozzle Summary

Shell Relnf%l:::mem
Nozzle | OD tn Req tn A2 | A2 Corr} A /Ar
mark | (In) | am | (n) am | &)
Nomt | Designt | Usert | Width t
a) | o | om | am | GRS

Mwi |35 55 1.1622 |Yes |Yes |1.75 1.6094 N/A N/A 0 1115
N1 11.75 |1.875 |0.3983 |Yes |Yes |1.75 1.6093 N/A N/A 0 141.4
NIOA [4.12 |1.06 [0.2074 |Yes |Yes |1.75 N/A N/A N/A o} Exempt
NiOB |4.12 |1.06 |0.2074 |Yes |Yes [1.75 N/A N/A N/A 0 Exempt
Mt 412 ]11.06 |0.2074 |Yes |Yes [1.75 N/A N/A N/A 0 Exempt
N12 412 |1.06 |[0.2074 |Yes |Yes [1.75 N/A N/A N/A o] Exempt
N13 2.375 10.344 |0.154 |[Yes |Yes |1.73" |N/A N/A N/A 0 Exempt
Ni1d 412 11.06 |0.2074 |Yes |Yes |1.73" |NA N/A N/A 0 Exempt
N15 11.75 | 1.875 |0.3983 |Yes |Yes [1.75 1.6093 N/A N/A 0 141.4
N2 11.75 | 1.875 | 0.3634 |Yes |Yes |1.73° 1.4483 N/A N/A 0 139.2
N3 412 |[1.06 [0.2074 {Yes Yes |1.75 N/A N/A N/A 0 Exempt
N4 412 |1.06 ]0.2074 |Yes |Yes |1.75 N/A N/A N/A 0 Exempt
NS 412 |[1.06 [0.2074 }Yes jYes [1.75 N/A N/A N/A 0 Exempt
N6 412 |1.06 |0.2074 |Yes |Yes [1.75 N/A N/A N/A 0 Exempt
N7A 412 {106 |0.2074 |Yes |Yes |1.75 N/A N/A N/A 0 Exempt
N7B 412 |1.06 |0.2074 |Yes |Yes {1.75 N/A N/A N/A 0 Exempt
NBA 412 |1.06 |0.2074 |Yes |Yes |1.75 N/A N/A N/A 0 Exempt
N8B 412 |1.06 |0.2074 {Yes |Yes [1.75 N/A N/A N/A 0 Exempt
N9A 412 |1.06 |0.2074 |Yes |Yes |1.75 N/A N/A N/A 0 Exempt
NoB 412 1106 |0.2074 |Yes |Yes |1.75 N/A N/A N/A 0 Exempt

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

4/249



Pressure Summary for Chamber bounded by 48 OD BOTTOM SE HEAD and 48 OD TOP SE HEAD

Pressure Summary

P T T
Identifter Deslgn | Design I\?I;:{)P I\(II:;;’ exte‘rznal "("3":; Exnenghpnt.:-on :2;:2
(psh | (°F) (°F)
48 OD TOP SE HEAD 1,378 140 1,541.68 | 566.01 | 140 -320 Note 1 No
Straight Flanae on 48 QD TOP SE HEAD 1,378 140 1,519.84 | 630.75 | 140 -320 Note 2 No
48 OD SHELL 1,378 140 1,501.51 | 622.51 {140 -320 Note 2 No
Straight Flanae on 48 OD BOTTOM SE HEAD 1,378 140 1,519.12 | 630.75 | 140 -320 Note 2 No
48 OD BOTTOM SE HEAD 1,378 140 1,540.53 | 566.01 | 140 -320 Note 3 No
Manwav ¢/w Blind Flange {MW13 1,378 140 1,378 622.51 140 -55 Note 4 No
Inlet (N1) 1,378 140 1,378 622.51 | 140 -55 Note 4 No
Level Gauae High (N10A 1,378 140 1,378 622.51 | 140 -55 Note 4 No
Level Gauage Low (M10B) 1,378 140 1,378 622.51 {140 -55 Note 4 No
Spare (N11 1,378 140 1,378 622.51 | 140 -55 Note 4 No
Purae N12 1,378 140 1,378 622.51 {140 -55 Note 4 No
Bottom Drain (N13 1,378 140 1,378 566.01 | 140 -55 Note 4 No
Vent (N14y 1,378 140 1,378 566.01 | 140 -55 Note 4 No
Inspection c'w Blind Flange (N15) 1,378 140 1,378 622.51 [ 140 -55 Note 4 No
Gas Qutlet (N2} 1,378 140 1,378 566.01 | 140 -55 Note 4 No
Liguid Outlet (N3 1,378 140 1,378 622.51 | 140 -55 Note 4 No
PSV (N4 1,378 | 140 1,378 622.51 | 140 -55 Note 4 No
Pressure Indwcator (NS 1,378 140 1,378 622.51 | 140 -55 Note 4 No
Temperature Indicator (N6 1,378 140 1,378 622.51 | 140 -55 Note 4 No
PDI Hiah (N7A 1,378 140 1,378 622.51 | 140 -55 Note 4 No
PD! Low (MN7B 1,378 140 1,378 622.51 {140 -55 Note 4 No
Level Bridle - (Process! High (NSA 1,378 140 1,378 622.51 | 140 -55 Note 4 No
Level Bridle - (Process’ Low (N8B 1,378 140 1,378 622.51 [ 140 -55 Note 4 No
Level Bridle - (Safetv} High (NSA) 1,378 140 1,378 622.51 | 140 -55 Note 4 No
Level Bridle - (Salety! Low (NSB) 1,378 140 1,378 622.51 | 140 -55 Note 4 No

Chamber design MDMT is -20 °F

Chamber rated MDMT is -55 °F @ 1,378 psi
Chamber MAWP was used in the MDMT determination

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 566.01 psi @ 140 °F

Vacuum rings did not govern the external pressure rating.

Notes for Maximum Pressure Rating:

Note #

Detalls

dialog.

1 Option to calculate MAP was not selected. See the Calculation->General tab of the Set Mode
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Notes for MDMT Rating:

Note # Exemptlon Detalls
1. Straight Flanae governs MDMT

2. Rated MDMT per UHA-51(d)(1)(a) = -320 °F

3. Straight Flange governs MDMT

Flange rating governs:
4. Flange rated MDMT = -320 °F Per UHA-51(d){1)(a)
Bolts rated MDMT per Fig UCS-66 note (c) =-55 °F

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: Get Thickness from Pressure
Minimum thickness: 0.0625" per UG-16(b)
Design for cold shut down only: No

Design for lethal service (full radiography required): Yes

User has limited MAWP to: 1,378 psi

Design nozzles for: Vessel MAWP
Corrosion weight loss: 100% of theoretical loss
UG-23 Stress Increase: 1.20

Skirt/legs stress increase: 1.3

Minimum nozzle projection: 4"

Juncture calculations for o > 30 only: Yes

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

UG-37(a) shell tr calculation considers longitudinal stress: No
Butt welds are tapered per Figure UCS-66.3(a).

Hydro/Pneumatic Test

Shop Hydrotest Pressure: 1.3 times vessel

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

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

Use Code Case 2547: No
Apply interpretation VIII-1-83-66: Yes
Apply interpretation VIII-1-86-175: Yes
Apply interpretation 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
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UG-22 Loadings
UG-22(a) Internal or External Design Pressure :
(
UG-22(
(
UG-22(f) Wind reactions:
UG-22(f) Seismic reactions:

UG-22(j) Test pressure and coincident static head acting during the test:
Note: UG-22(b),(c) and (f) loads only considered when supports are present.

1173

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

Rev. 6

Yes
Yes
No

Yes
Yes
Yes
No
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Thickness Summary

Component Materlat Dlameter | Length | Nominalt | Designt | Total Corroslon | Jolnt Load
Identifier (In) (in) (In) (in) (in) E
48 OD TOP SE HEAD SA-240 316 |48 OD 12.865 |1.73° 1.5571 0 1.00 |Internal
Strawght Flanage on 48 OD TOP SE HEAD SA-240 316 |48 0D 2 1.77 1.6093 0 1.00 | Internal
48 OD SHELL SA-240316 48 0D 96 1.75 1.61 0 1.00 | internal
Straight Flanae on 48 OD BOTTOM SE HEAD SA-240316 |48 0D 2 1.77 1.6101 0 1.00 |Internal
48 0D BOTTOM SE HEAD SA-240 316 |48 0D 12.865 |[1.73* 1.5583 0 1.00 | internal
46-34" OD Skint SA-240316 |46.750D |20 0.5 0.0579 0 0.55 | Seismic

Nominal t: Vessel wall nominal thickness

Designt:  Required vessel thickness due to governing loading + corrosion

Joint E: Longitudinal seam joint efficiency

*

Load

Head minimum thickness after forming

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

1173
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Weight Summary

Weight ( Ib) Contrlbuted by Vessel Elements
Component Metal Metal Insulation Piping |_OPerating Liquid Test Liquld s""af,i Area
New* | Corroded™ nsulation Supports Hining |, Liquid | wew |corroded | New |cCorroded
48 OD TOP SE HEAD 1,349.3 [1,349.3 0 0 0 0 0 0 542.8 542.8 21
48 OD SHELL 6,385.9 |6,385.9 0 0 0 0 1,019.6 §1,019.6 5,518.3 |5,518.3 91
48 OD BOTTOM SE HEAD |1,408.1 |1,408.1 0 0 0 0 582.9 582.9 529.9 529.9 21
46-3 4" OD Skirt 400.3 400.3 0 0 0 0 0 0 0 0 41
Skirt Base RBing 318 318 0 0 0 0 0 0 0 0 20
TOTAL: 9,861.6 |9,861.6 0 0 0 [} 1,602.5 |1,602.5 6,590.9 16,590.9 194

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

Weight ( Ib) Contributed by Attachments
Component Body Flanges NFOI:‘ISZS& Packed | Ladders & | raye Tray | Rings & | Vertical Suﬂa;:; e
Beds | Platforms Supports | Clips Loads
New | Corroded | New | Corroded
48 OD TOP SE HEAD 0 0 378.5 |378.5 0 0 0 0 31.8 0 6
48 OD SHELL 0 0 7,893.4 (7,893.4 0 0 0 4} 0 0 57
48 OD BOTTOM SE HEAD |0 0 28.7 28.7 0 0 0 0 0 0 1
46-3:14" OD Skirt 0 0 60 60 0 0 0 0 16.2 0 1
TOTAL: 0 0 8,360.7 18,360.7 |0 1] 4} 0 48.1 1] 65

Vessel operating weight, Corroded: 19,873 Ib

Vessel operating weight, New: 19,873 Ib
Vessel empty weight, Corroded: 18,270 Ib
Vessel empty weight, New: 18,270 b
Vessel test weight, New: 24,861 Ib
Vessel test weight, Corroded: 24,861 Ib
Vessel surface area: 259 ft2

Vessel center of gravity location - from datum - lift condition

Vessel Lift Weight, New: 18,270 Ib
Center of Gravity: 56.4867"

Vessel Capacity

Vessel Capacity** (New): 773 US gal
Vessel Capacity** (Corroded): 773 US gal

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

1173 Rev. 6
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Long Seam Summary

Shell Long Seam Angles

Component Seam 1 {
48 0D SHELL  [25° '
46-3/4" QD Skint | 135°

Shell Plate Lengths

Starting | b 4

Component Angle
48 OD SHELL 25° 145.2987"

46-3 4" OD Skirt |135° 145.2987"

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

Shop test pressure determination for Chamber bounded by 48 OD BOTTOM SE HEAD and 48 OD 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)
ldentifier pressure | static head | stress |pressure
psi psi ratio factor
48 OD TOP SE HEAD (1) 1,793.431 2.0 1 1.30
Straight Flange on 48 OD TOP SE HEAD 1,793.43 2.03 1 1.30
48 OD SHELL 1,793.431 2.031 1 1.30
Straight Flange on 48 OD BOTTOM SE HEAD 1,793.43 2.03 1 1.30
48 OD BOTTOM SE HEAD 1,793.431 2.031 1 1.30
Bottom Drain (N13) 1,792.658 1.258 1.0637 1.30
Gas Outlet (N2) 1,792.772 1.372 1 1.30
Inlet (N1) 1,791.761 0.361 1 1.30
Inspection c/w Blind Flange (N15) 1,792.117 0.717 1 1.30
Level Bridle - (Process) High (N8A) 1,793.47 2.07 1 1.30
Level Bridle - (Process) Low (N8B) 1,793.47 2.07 1 1.30
Level Bridle - (Safety) High (N9A) 1,792.04 0.64 1 1.30
Level Bridle - (Safety) Low (N9B) 1,792.04 0.64 1 1.30
Level Gauge High (N10A) 1,792.04 0.64 1 1.30
Level Gauge Low (N10B) 1,792.04 0.64 1 1.30
Liquid Outlet (N3) 1,793.782 2.382 1 1.30
Manway c/w Blind Flange (MW1) 1,793.061 1.661 1 1.30
PDI High (N7A) 1,793.782 2382 1 1.30
PDI Low (N7B) 1,793.782 2.382 1 1.30
PSV (N4) 1,792.663 1.263 1 1.30
Pressure Indicator (N5) 1,792.663 1.263 1 1.30
Purge (N12) 1,793.47 2.07 1 1.30
Spare (N11) 1,793.47 207 1 1.30
Temperature Indicator (N6) 1,792.663 1.263 1 1.30
Vent (N14) 1,792.255 0.855 1 1.30
Notes:

(1) 48 OD 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 48 OD BOTTOM SE HEAD and 48 OD

TOP SE HEAD.
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1173

Vacuum Summary

Elevation
Component Line of Support above Datum Lengrt‘r)l Le
(In)
48 OD TOP SE HEAD - -14.865 N/A
- 1.3 deotl: of 45 0D TOP SE HEAD -5.7117 N/A
Straight Flange on 48 QD TOP SE HEAD Top - -2 107.4233
Straight Flanae on 48 OD TOP SE HEAD Bottom - 0 107.4233
48 OD SHELL Tot - 0 107.4233
48 OD SHELL Bofiom - 96 107.4233
Stiaight Flange on 48 OD BOTTOM SE HEAD Top - 96 107.4233
Straight Flanae on 48 OD BOTTOM SE HEAD Bottom - 98 107.4233
- 13 depth of 48 OD BOTTOM SE HEAD 101.7117 N/A
48 OD BOTTOM SE HEAD - 110.865 N/A

Note

For main components, the listed value of 'Le' is the largest unsupported length for the component.

Rev. 6
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Engineering Notes

1. External loads have not been considered in the flange pressure rating.

2. The minimum thickness of the top and bottom heads are from the readings taken by KV Inspection Services.
Reports dated February 26, 2013.

3. The style of liting 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: 11.3954 ft
Vessel Weight:

Operating, Corroded: 19,873 Ib
Empty, Corroded: 18,270 Ib
Vacuum, Corroded: 19,873 Ib

Period of Vibration Calculation

Fundamental Period, T:
Operating, Corroded: 0.019 sec (f = 52.0 Hz)
Empty, Corroded: 0.019 sec (f = 52.5 Hz)
Vacuum, Corroded: 0.019 sec (f = 52.0 Hz)

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

Seismic Code

T=2"PI*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:

QOperating. Corroded
Empty. Corroded

Vacuum. Corroded
Base Shear Calculations

1173
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Seismic Shear Report

: Operating, Corroded

Component Elevation of bottom | Elastic modulus E | Inertia | | Seismic shear at | Bending Moment at
above base (in) (106 psi) (ft9) Bottom (Ibf) Bottom (Ibf-ft)
48 OD TOP SE HEAD 121.88 27.8 * 2,376 2,187
48 OD SHELL 25.88 27.9 3.2834 19,365 69,180
48 OD BOTTOM SE HEAD (top) |20 27.9 9,518 73,808
46-3/4" OD Skirt 0 27.9 0.9369 |9,936 90,304

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

Seismic Shear Report

: Empty, Corroded

Component Elevation of bottom | Elastic modulus E | Inertla | | Selsmic shear at | Bending Moment at
above base (In) (106 psl) (ft4) Bottom (Ibf) Bottom (Ibf-ft)
48 OD TOP SE HEAD 121.88 28.3 2,245 2,062
48 OD SHELL 25.88 28.3 3.2834 |8,682 66,612
48 OD BOTTOM SE HEAD (top) |20 28.3 8,772 70,889
46-3/4" OD Skirt 0 28.3 0.9369 (9,135 86,062

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

Seismic Shear Report

: Vacuum, Corroded

Component Elevation of bottom | Elastic modulus E | Inertia | | Seismic shear at | Bending Moment at
above base (in) (106 psl) (ftd) Bottom (Ibf) Bottom (Ibf-ft)
48 OD TOP SE HEAD 121.88 27.9 2,376 2,187
48 OD SHELL 25.88 27.9 3.2834 | 9,365 69,180
48 OD BOTTOM SE HEAD (top) |20 27.9 - 9,518 73,808
46-3/4" OD Skirt 0 27.9 0.9369 9,936 90,304

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

Vertical Acceleration Term, V

Accel

Factor is applied to dead load.

Compressive Side: = 1

O+V

Accel

Viaccer TEIM is:

greater of (Force Mult * Base Shear / Weight) or (Min. Weight Mult.)

Force multiplier = 1.4738 Minimum Weight Multiplier = 1.0000
. . Eorce Mult * Shear

Condition Base Shear ( Ibf) | Weight ( Ib) Weight Vaccel
Operating, Corroded 9,936 19,872.9 0.7369 1
Operating, New 9,936 19,872.9 0.7369 1
Empty, Corroded 9,135 18,270.4 0.7369 1
Empty, New 9,135 18,270.4 0.7369 1
Vacuum, Corroded 9,936 19,872.9 0.7369 1
Base Shear Calculations
Operating. Corroded
Empty. Corroded
Vacuum. Corroded
1173 Rev. 6
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Base Shear Calculations: Operating, Corroded

V = Base Shear Multiplier * W
= 0.5000 * 19,872.8789
=9,936.441b

Base Shear Calculations: Empty, Corroded

V = Base Shear Multiplier * W
= 0.5000 * 18,270.3887
=9,135.191b

Base Shear Calculations: Vacuum, Corroded

V = Base Shear Multiplier * W
=0.5000 * 19,872.8789
=9,936.44 b
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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

User
Defined

0.0000 ft
0.0000 ft
0.8000

11.3954 ft

Operating, Corroded: 4.0000 ft

Empty, Corroded: 4.0000 ft

Fundamental Frequency, n,
Operating, Corroded: 52.0264 Hz

52.5492 Hz

Empty, Corroded:

Damping coefficient, B

Operating, Corroded: 0.0248
Empty, Corroded: 0.0200

Wind Deflection Reports

Operating. Corroded
Empty. Corroded
Vacuum, Corroded
Wind Pressure Table

Wind Deflection Report: Operating, Corroded

Wind Code

Elevation of . Platform Total wind bending
Component bottom above Eﬂec(ttlt\;e oo Elazt(l;:orgo::l)lus Inertia wind shear at shear at moment at gf :fc?'?‘r;

base (in) P Bottom (Ibf) | Bottom (Ibf) | Bottom (Ibt-f) P
48 OD TOP SE HEAD 121.88 4.00 27.9 0 50 95 0.0018
48 OD SHELL 25.88 4.00 27.9 3283 |0 447 22,569 0.0015
48 OD BOTTOM SE HEAD (top) | 20 4.00 27.9 0 471 22,794 0.0002
46-3/4" OD Skirt 0 3.90 27.9 0.9369 |0 551 23,646 0.0001
*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 Eﬂectfllve oo Elaztl;:or?oilil)lus I?Ffrt:l)a wind shear at shear at moment at gte:l:':t(l;‘ ';
base (in) W (10ep Bottom (Ibf) | Bottom (Ibf) | Bottom (bf-tt) P
48 OD TOP SE HEAD 121.88 4.00 28.3 . 0 50 95 0.0017
48 OD SHELL 25.88 4.00 28.3 3283 {0 447 22,569 0.0015
48 OD BOTTOM SE HEAD (top) |20 4.00 28.3 . 0 471 22,794 0.0002
46-3/4" OD Skirt 0 3.90 28.3 0.9369 |0 551 23,646 0.0001
*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(tfllv)e oo EIa;t::or:o:;lus I??ﬂ;’ wind shear at shear at moment at l:te::.’ect(llt:‘ ';
base (In) P Bottom (Ibf) | Bottom (ibf) | Bottom (ibf-ft) P
48 OD TOP SE HEAD 121.88 4.00 27.9 . 0 50 95 0.0018
48 OD SHELL 25.88 4.00 27.9 3283 |0 447 22,569 0.0015
48 OD BOTTOM SE HEAD (top) | 20 4.00 27.9 . 0 471 22,794 0.0002
46-3/4" OD Skirt 0 3.90 27.9 0.9369 | 0 551 23,646 0.0001
*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 Z Wind Pressure bl Ci
() (psf) Y
(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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48 OD TOP SE HEAD
ASME Section VIll, Division 1, 2010 Edition, A11 Addenda
Component: Ellipsoidal Head
Material Specification: SA-240 316 (lI-D p.70, In. 26)
Straight Flange governs MDMT
Internal design pressure: P = 1,378 psi @ 140 °F
External design pressure: P, = 15 psi @ 140 °F
Static liquid head:

Ps= 0 psi (SG=1.1, H,=0" Operating head)
Pyn=2.03 psi (SG=1, H,=56.27" Horizontal test head)

Corrosion allowance: Inner C = 0" Outer C =0"
Design MDMT = -20°F No impact test performed
Rated MDMT = -320°F Material is not normalized

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

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

Estimated weight*: new = 1,349.3 Ib corr = 1,349.3 b

Capacity™: new = 63.5 US gal corr = 63.5 US gal

* includes straight flange

Outer diameter = 48"
Minimum head thickness = 1.73"

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

Nominal straight flange thicknesst, = 1.77"

Results Summary

The governing condition is internal pressure.

Minimum thickness per UG-16 0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t) = 1.5571"
Design thickness due to external pressure (t;) = 0.1193"
Maximum allowable working pressure (MAWP) = 1.541.68 psi
Maximum allowable external pressure (MAEP) = 566.01 psi

K (Corroded)
K=(1/6)*[2 + (D / (2"h))?]=(1/6)*[2 + (44.54 / (2*11.135))?]=1
K (New)

K=(1/6)*[2 + (D / (2*h))?]=(1/6)*[2 + (44.54 / (2*11.135))3=1

1173 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 + 2*P*(K - 0.1)) + Corrosion
1,378*48*1 / (2*20,000*1 + 2*1,378*(1 - 0.1)) + O
1.557"

The head internal pressure design thickness is 1.5571".

Maximum allowable working pressure, (Corroded at 140 °F) Appendix 1-4(c)

P

2*S'E*t/ (K*D, - 2" (K- 0.1)) - P
2*20,000*1*1.73/(1*48 - 2*1.73*(1 - 0.1)) - 0
1,541.68 psi

The maximum allowable working pressure (MAWP) is 1.541.68 psi.
Design thickness for external pressure, (Corroded at 140 °F) UG-33(d)

Equivalent outside spherical radius (R,)

Ro = Ko*Do
= 0.8395"48
= 40.2954 in
A 0.125/(R°/t)

0.125 / (40.2954 / 0.119274)

0.00037
From Table 5 _ 5,067.5892
HA-2: ~ psi
P, = B/(R,/Y
= 5,067.5892/(40.2954 /0.1193)
= 15psi
t = 0.1193" + Corrosion = 0.1193" + 0" = 0.1193"

Check the external pressure per UG-33(a)(1) Appendix 1-4(c)
t 1.67*P_'D,*K/ (2*S*E + 2*1.67*P,*(K - 0.1)) + Corrosion
1.67*15*48*1 /' (2*20,000*1 + 2*1.67*15*(1 - 0.1)} + O
0.03"

The head external pressure design thickness (t,) is 0.1193".
Maximum Allowable External Pressure, (Corroded at 140 °F) UG-33(d)

Equivalent outside spherical radius (R,)
R, K, "Dy

0.8395*48
40.2954 in

0.125/ (R, /1)
0.125/ (40.2954 / 1.73)
0.005367

From Table B = 13,183.56
HA-2: " psi

1173 Rev. 6
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B/(R,/1)
13,183.56 / (40.2954 / 1.73)
566.0093 psi

Check the Maximum External Pressure, UG-33(a)(1) Appendix 1-4(c)
P 2'S*E"t/ ((K*D, - 2*t*(K - 0.1))*1.67) - P,
2%20,0001*1.73 / ((1*48 - 2*1.73*(1 - 0.1))*1.67) - 0
923.16 psi ‘

The maximum allowable external pressure (MAEP) is 566.01 psi.

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

EFE = (75"t/R)*(1-R,/R,)
= (75%1.77/8.4568)*(1 - 8.4568 / )
= 15.6974%
1173 Rev. 6
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Straight Flange on 48 OD TOP SE HEAD
ASME Section VIl Division 1, 2010 Edition, A11 Addenda
Component: Straight Flange
Material specification: SA-240 316 (II-D p. 70, In. 26)
Rated MDMT per UHA-51(d)(1){(a) = -320 °F

Internal design pressure: P = 1,378 psi @ 140 °F
External design pressure: P, = 15 psi @ 140 °F

Static liquid head:

P 0 psi (SG = 1.1, H, = 0",0Operating head)
(SG =1, H, = 56.23", Horizontal test

Py, = 2.03psi head)

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

Design MDMT = -20 °F No impact test performed

Rated MDMT =-320 °F Material is not normalized
Material is not produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint - Seamless No RT

Circumferential joint - Full UW-11(a) Type 1

Estimated weight New = 149.1 |b corr = 149.1 |b

Capacity New = 13.44 US gal corr = 13.44 US gal

oD = 48"

Length _ .

L "2

t = 177"

Design thickness, (at 140 °F) Appendix 1-1

t

P*R,/ (S"E + 0.40"P) + Corrosion
1,378*24 /(20,000"1.00 + 0.40%1,378) + 0
= 1.6093"

Maximum allowable working pressure, (at 140 °F) Appendix 1-1
P S*E*t/ (R, - 0.40t) - P,
20,000*1.001.77 / (24 - 0.40*1.77) - 0
1,519.84 psi

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, 107.4233/48 = 2.2380
D,/t = 48/0.2194 = 218.7532
From table G: A = 0.000180

From table .
HA-2: B = 2,460.9773 psi
P, 4*B/(3*(D, /1))

4*2,460.98 / (3*(48 / 0.2194))
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= 15 psi

Design thickness for external pressure P, = 15 psi

ta = t+ Comosion = 0.2194+0 = 0.2194"

Maximum Allowable External Pressure, (Corroded & at 140 °F) UG-28(c)
L/D, = 107.4233/48 = 2.2380

D,/t = 48/1.77 = 27.1186

Fromtable G: A = 0.004031

From table .
HA-2: B = 12,828.9038 psi
P, = 4*B/(3*(D, /1))
= 4*12,828.9/(3*(48/1.77))
= 630.75 psi

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

EFE=  (50t/R)*(1-R,/R,)
(50*1.77 /23.115)*(1 - 23.115 / o)

3.8287%

Design thickness = 1.6093"
The governing condition is due to internal pressure.

The cylinder thickness of 1.77" is adequate.
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Thickness Required Due to Pressure + External Loads

Aliowable
Stress Before . .
Condltion Pressure P ( UG-23 Stress Temp?rature ( | Corrosion C Load Req'd Thk Due to Req'd Thk Due to
psi) F) (In) Tenslon (In) Compression (in)
Increase ( psf)
St Se
Operating. Hot & Corroded 1,378 20,000 | 13.729 | 140 0 Wind 06300 9.6304
Seismic | 0.6311 0.6293
Qoerating, Hot & New 1,378 20,000 | 13.729 | 140 0 Wind 106305 0.6304
Seismic | 0.6311 0.6293
Hot Shut Down. Corroded 0 20,000 | 13,729 | 140 0 Wind | 0.0007 0.0008
Seismic | 0.0001 0.0024
Hot Shut Down, New 0 20,000 | 13.729 | 140 0 Wind ] 0.0007 0.0008
Seismic | 0.0001 00024
Empty. Corroded 0 20,000 | 13.908 |70 0 Wind _ 0.0007 9.0008
Seismic | 0.0001 0.0023
Empty, New 0 20,000 | 13.908 | 70 0 Wind | 0.0007 0.0008
Seismic | 0.0001 0.0023
Vacuum -15 20,000 | 13.729 | 140 0 Wind | 0.0108 0.0109
Seismic | 0.0098 0.0125
Hot Shut Down. Corroded. Weiaht .
o o 20,000 | 13.729 | 140 0 Weight | 0.0008 0.0009

Allowable Compressive Stress, Hot and Corroded- S ., (table HA-2)

A = 0.125/(R,/t)
= 0.125/(24/1.77)
= 0.009219
B = 13,729 psi
s = 20,000/1.00 = 20,000 psi
Sec = min(B, S) = 13.729 psi

Allowable Compressive Stress, Hot and New- S_,

ScHC
= 13.729 psi

SCHN

Allowable Compressive Stress, Cold and New- S_,, (table HA-2)

A = 0.125/(R,/1)
= 0.125/(24/1.77)
= 0.009219
B = 13,908 psi
S = 20,000/1.00 = 20,000 psi
Scen = min(B, S) = 13.908 psi

Allowable Compressive Stress, Cold and Corroded- S

ScCC = ScCN
= 13.908 ps!
1173 Rev. 6
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Allowable Compressive Stress, Vacuum and Corroded- S, (table

HA-2)
A

B
S

ScVC

0.125/(R, /1)

= 0.125/(24/1.77)

= 0.009219

= 13,729 psi

= 20,000/1.00 = 20,000 psi

min(B, S) = 13.729 psi

Operating. Hot & Corroded, Wind, Bottom Seam

t =

P

Maximum allowable working pressure, Longitudinal Stress

P*R/(2*SK,*E, + 0.40*|P})

1,378%22.23 / (2*20,000*1.20*1.00 + 0.40*|1,378|)
0.6309"

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

1,145 / (1*23.1152*20,000*1.20*1.00)

o

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

1,759.7 / (2*1*23.115*20,000*1.20*1.00)

0.0005"

o+t

pT 'm

0.6309 + 0 - (0.0005)
0.6305"

-1

W

Itmc + twc - tpcl

|0 + (0.0005) - (0.6309)|
0.6304"

P=2"S"KSE S (t-t, +t,)/ (R-0.40%(t-t, +1,))
= 2"20,000"1.20*1.00*(1.77 - 0 + (0.0005)) / (22.23 - 0.40*(1.77 - 0 + (0.0005)))
= 3,948.69 psi

Operatina. Hot & New, Wind. Bottom Seam

t =

p

1173

P*R/ (2°S,"K."E, + 0.40"|P|)

1,378*22.23 / (2+20,000*1.20%1.00 + 0.40*|1,378])
0.6309"

M/ ("R, 2*S/KE,)

1,145 / (1*23.1152*20,000*1.20*1.00)

o

W/ (2R _*S K 'E,)

1,759.7 / (2*1*23.115*20,000*1.20*1.00)

0.0005"

tp+tm-tw

Rev. 6

(Pressure)

(bending)

(Weight)

(total required,
tensile)

(total, net
tensile) \

{Pressure)

(bending)

(Weight)

(total required,
tensile) (
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= 0.6309 + 0 - (0.0005)

= 0.6305"

- ) (total, net
= e+ e - td tensile)
= |0 + (0.0005) - (0.6309)|
= 0.6304"

Maximum allowable working pressure, Longitudinal Stress

P = 2*S/ K E(t- 1, +1,) / (R - 0.40%(t - t,, + t,))

= 2*20,000*1.20%1.00*(1.77 - 0 + (0.0005)) / (22.23 - 0.40*(1.77 - 0 + (0.0005)))

= 3,948.69 psi

Hot Shut Down. Corroded, Wind. Bottom Seam

t, =0" {Pressure)
t, =M/ (m*R2*S"K,) (bending)
= 1,145/ (n*23.1152*13,728.59*1.20)
=Q"
t, = W/ (2't"R"S.'K,) (Weight)
=1,759.7 / (2*n*23.115*13,728.59"1.20)
= 0.0007"

b=+t -t (total, net compressive)
=10 + 0 - (0.0007)|
= 0.0007"
te = tme + twe - e (total required, compressive)
= 0 + (0.0007) - (0)
= 0.0008"

Hot Shut Down. New, Wind, Bottom Seam

t, = 0" (Pressure)
t, =M/ ("R 2"S.'K) (bending)
= 1,145/ (n*23.1152*13,728.59*1.20)
= Q"
t, = W/ (2'nt"R,*S."K,) (Weight)
=1,759.7 / (2*n*23.115*13,728.59*1 .20)
= 0.0007"

b=ttt (total, net compressive)
=10 + 0 - (0.0007)|
= 0.0007"
te = oo+ tye -t (total required, compressive)
= 0 + (0.0007) - (0)
= 0.0008"

Empty. Corroded, Wind. Bottom Seam

t, =0° (Pressure)

1173 Rev. 6

28/249



t, =M/ ("R 2*S'K) (bending)
= 1,145/ (n*23.115213,907.75*1.20)
=0"
t, = W/ (2R *S."K,) (Weight)
=1,759.7 / (2*n*23.115%13,907.75*1.20)
= 0.0007"
b=t ety -t (total, net compressive)
=10+ 0-(0.0007)|
= 0.0007"
b=t + tye -t (total required, compressive)
= 0+ (0.0007) - (0)
= 0.0008"

Empty. New, Wind, Bottom Seam

t, =0 (Pressure)
ty, =M/ ("R 2*S_"K,) (bending)
= 1,145/ (n*23.115%*13,907.75"1.20)
= Q"
ty = W/ (2"7"R*S.’K,) (Weight)
= 1,759.7/(2*x*23.115%13,907.75*1.20)
= 0.0007"

b=+t -t (total, net compressive)
= |0 + 0 - (0.0007)|
= 0.0007"
b=t + byt (total required, compressive)
= 0+ (0.0007) - (0)
= 0.0008"

Vacuum, Wind, Bottom Seam

t, = P'R/(2'S.K, + 0.40°|P|) (Pressure)
-15*22.23 / (2*13,728.59*1.20 + 0.40*|15))
=-0.0101"
t, = M/ (TR 2'S_*K,) (bending)
= 1,145/ (1*23.1152*13,728.59*1.20)
= Q"
t, = W/ (2R, 'S K,) (Weight)
=1,759.7 / (2*n*23.115*13,728.59*1.20)
= 0.0007"

t = |tp +t -1, (total, net compressive)
=]-0.0101 + 0 - (0.0007)]
= 0.0108"

too=tne + et (total required, compressive)
= 0+ (0.0007) - (-0.0101)
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Maximum Allowable External Pressure, Longitudinal Stress
P=2"S"K(t-t - twe) / (R-0.40%(t-t, . -t,))
= 2*13,728.59*1.20*(1.77 - 0 - 0.0007) / (22.23 - 0.40*(1.77 - 0 - 0.0007))
= 2,708.51 psi

Hot Shut Down, Corroded. Weight & Eccentric Moments Only. Bottom Seam

t, = 0" (Pressure)
t, =M/ ("R 2*S*K,) (bending)
= 826/ (1"23.1152%13,728.59*1.00)
=0"
t, = W/ (2*t"R"S."K,) (Weight)
=1,759.7 / (2*n*23.115*13,728.59*1.00)
= 0.0009"
b=ttty - t,l (total, net compressive)
=10 + 0 - (0.0009)]
= 0.0008"
te = tme + e - toc (total required, compressive)
= 0+ (0.0009) - (0)
= 0.0009"

Operating, Hot & Corroded. Seismic, Bottom Seam

t, = P'R/(2"SKJ'E, + 0.40%|P)) (Pressure)
= 1,378*22.23/(2*20,000"1.20*1.00 + 0.40*|1,378))
= 0.6309"
t, =M/ (m"R 2*S'K'E) (bending)
= 26,243 / (1*23.1152*20,000"1.20%1.00)
= 0.0007"
t, =W/ (2" 1T"R,"S;"K*E) (Weight)
=1,759.7 / (2*n*23.115720,000*1.20*1.00)
= 0.0005"
o=+t -t (total required, tensile)
= 0.6309 + 0.0007 - (0.0005)
= 0.6311"
t,. = (1 + VAccel)'W/ (2*'n"R*S"K"E,) (Weight)
= 2.00%1,759.7 / (2*n*23.115*20,000*1.20*1.00)
= 0.001"
[ A (total, net tensile)
= 0.0007 + (0.001) - (0.6309)|
= 0.6293"

Maximum allowable working pressure, Longitudinal Stress
P=2"S/KSEf(t-t, +1,)/(R-0.40"(t-t +1t))

= 2*20,000*1.20*1.00*(1.77 - 0.0007 + (0.0005)) / (22.23 - 0.40*(1.77 - 0.0007 + (0.0005)))
= 3,947.25 psi
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Operating. Hot & New, Seismic, Bottom Seam

t, = P'R/(2"S'K'E, + 0.40%|P)) (Pressure)
= 1,378"22.23 / (2*20,000*1.20*1.00 + 0.40*(1,378|)
= 0.6309"
t, =M/ (TR 2*SK'E,) (bending)
= 26,243 / (n*23.1152*20,000%1.20%1.00)
= 0.0007"
t, =W/ (@R, "S"K*E,) (Weight)
=1,759.7 / (2*7*23.115*20,000*1.20%1.00)
= 0.0005"
o=ttt -t, (total required, tensile)
= 0.6309 + 0.0007 - (0.0005)
= 0.6311"
tye = (1 + VAccel)*'W/ (2'n*R_*S K 'E ) (Weight)
= 2.00",759.7 / (2*n*23.115*20,000*1.20*1.00)
= 0.001"
t = e + tue - Tl (total, net tensile)
= |0.0007 + (0.001) - (0.6309)|
= 0.6293"

Maximum allowable working pressure, Longitudinal Stress

P=2"S"KSE S (t-t, +t,)/(R-0.40"(t-t +1t,)
= 2*20,000%1.20*1.00%(1.77 - 0.0007 + (0.0005)) / (22.23 - 0.40*(1.77 - 0.0007 + (0.0005))) /
= 3,947.25 psi \

Hot Shut Down, Corroded, Seismic. Bottom Seam

t, =0" (Pressure)
t, =M/(n"R 2*S'K"E) (bending)
= 26,243/ (n*23.1152*20,000*1.20*1.00)
= 0.0007"
t, =W/ (@27R,"S;K'E) (Weight)
=1,759.7 / (2*n*23.115*20,000%1.20*1.00)
= 0.0005"

bo=trty -ty (total required, tensile)
= 0+ 0.0007 - (0.0005)
= 0.0001"

toe = M/ (n*R2*S*K,) (bending)
= 26,243 / (n*23.1152"13,728.59*1.20)

tye = (1 + VAccel)*W / (2R _*S.*K,) (Weight)
= 2.00*1,759.7 / (2*7*23.115%13,728.59*1.20)
= 0.0015"

o=t + e -t (total required, compressive)
= 0.0009 + (0.0015) - (0)
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= 0.0024"

Hot Shut Down, New, Seismic., Bottom Seam

t, =0" (Pressure)
t, =M/ (R 2*S'K,E,) (bending)
= 26,243/ (1*23.1152*20,000%1.20*1.00)
= 0.0007"
t, =W/ (2"n"R*S’K"E,) (Weight)
= 1,759.7/ (2"'n*23.115*20,000*1.20*1.00)
= 0.0005"
o=ttty -t (total required, tensiie)
= 0 + 0.0007 - (0.0005)
= 0.0001"
t,. = M/ ("R 2*S."K,) (bending)
= 26,243/ (n*23.1152*13,728.59*1.20)
= 0.0009"
t,. = (1+ VAccel)'W/ (2*1t"R*S.*K,) (Weight)
= 2.00%1,759.7 / (2*n*23.115"13,728.59*1.20)
= 0.0015"
to = tme+ twe -t (total required, compressive)
= 0.0009 + (0.0015) - (0)
= 0.0024"

Empty, Corroded, Seismic. Bottom Seam

t, =0 (Pressure)
t, =M/ (TR, ZS’KSE) . (bending)
= 24,740/ (n*23.1152*20,000*1.20*1.00)
= 0.0006"
t, =W/(@2n"R,"S/'K'E,) (Weight)
= 1,759.7/ (2*n*23.115*20,000"1.20*1.00)
= 0.0005"

o=t +t -t (total required, tensile)
=0 + 0.0006 - (0.0005)
= 0.0001"
tre = M/ (m*R2*S_"K)) (bending)
= 24,740/ (*23.115%*13,907.75*1.20)
= 0.0009"
t,. = (1 + VAccel)*W/ (2*t*R*S.'K,) (Weight)
= 2.00"1,759.7 / (2*n*23.115*13,907.75*1.20)
= 0.0015"
t =t + et (total required, compressive)
= 0.0009 + (0.0015) - (0)
= 0.0023"
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Empty, New. Seismic, Botiom Seam

t, =0" (Pressure)

t, =M/ (w"R2*SK;*E,) (bending)
= 24,740/ (r*23.1152*20,000%1.20*1.00)
= 0.0006"

t, =W/(2n"R,"S;'K'E,) (Weight)
=1,759.7 / (2*'n*23.115*20,000%1.20*1.00)
= 0.0005"

o=ttty (total required, tensile)
= 0 + 0.0006 - (0.0005)
= 0.0001"

toe = M/ (7*R2*S_*K,) (bending)
= 24,740/ (n*23.1152*13,907.75*1.20)
= 0.0009"

tye = (1 + VAccel)*W/ (2*n*R;*S*K,) (Weight)
= 2.00%1,759.7 / (2*'n*23.115"13,907.75*1.20)
= 0.0015"

t =tnet byt (total required, compressive)
= 0.0009 + (0.0015) - (0)
= 0.0023"

Vacuum, Seismic, Bottom Seam

b

P*R/(2*S*K, + 0.40*|P|) (Pressure)
-15%22.23 / (2*13,728.59%1.20 + 0.40*|15|)
-0.0101"
m =M/ (TR Z"S K (bending)
= 26,243/ (n*23.1152*13,728.59%1.20)
= 0.0009"
t, = W/(2'n*R*S.’K,) (Weight)
=1,759.7 / (2*'n*23.115*13,728.59*1.20)
= 0.0007"

t

b=ttt (total, net compressive)
= |-0.0101 + 0.0009 - (0.0007)|
= 0.0099"
e = (1 + VAccel)*'W/ (2*'n*R*S*K,) (Weight)
= 2.00"1,759.7 / (2*n*23.115*13,728.59*1.20)
= 0.0015"
to = toe + e e (total required, compressive)
= 0.0009 + (0.0015) - (-0.0101)
=0.0125"

Maximum Allowable External Pressure, Longitudinal Stress

P=2"S K"t - tc - tye) / (R-0.40%(t -t - 1))
= 2"13,728.59"1.20*(1.77 - 0.0009 - 0.0015) / (22.23 - 0.40*(1.77 - 0.0009 - 0.0015))
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= 2,705.92 psi
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Vent (N14)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

S & u_.quu

tw(lower) = 1.73in
Leg,,= 0.375in

Location and Orientation
Located on:

Orientation:

End of nozzle to datum line:
Calculated as hillside:

Distance to head center, R:
Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Opening chord length:

Projection available outside vessel, Lpr:
Projection available outside vessel to flange face, Lf:
Local vessel minimum thickness:

Liquid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange

Description:

Bolt Material:

Biind included:

Rated MDMT:

{Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F

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

1173

48 OD TOP SE HEAD
315°

-19.51n

Yes

16in

No

No
SA-182 F316 <=5 (lI-D p. 70, In. 22)
2in

1.06 in
0in
2.2234 in
5.2776 in
7.0276 in
1.73in

0 psi

1

NPS 2 Class 900 LWN A182 F316

SA-193 B7 Bolt <= 2 1/2 (II-D p. 334, In. 32)
No

-55°F

0 psi

Rev. 6
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MAWP rating: 2,040 psie 140°F

MAP rating: 2,160 psie@ 50°F
Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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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 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available | A1 | A2 | A3 [ A5 | yeiqs |  trea tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) e

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(2)

UW-16 Weld Sizing Summary

Requlred weid Actual weld

Weld description throat slze (In) | throat slze (In)

Status

Nozzle to shell fillet {Lega1) 0.25 0.2625 weld size is adequate
Calculations for internal pressure 1,378 psi @ 140 °F

Nozzle impact test exempt per UHA-51(g)(coincident ratio = 0.0678).
Parallel Limit of reinforcement per UG-40

Ln

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

MAX(2.2234, 1.1117 + (1.06 - 0) + (1.73 - 0))
= 839017in

Outer Normal Limit of reinforcement per UG-40

L, MIN(2.5%(t - C), 2.5%(t, - C,) +1,)
MIN(2.5(1.73 - 0), 2.5*(1.06 - 0) + 0)
= 265in

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

t, = P*R,/(S,E-0.6'P)
1,378"1/(20,000*1 - 0.6*1,378)
0.0719in

Required thickness t, from UG-37(a)

t

: P*D,"K/ (2*S*E + 2'P*(K - 0.1))
1,378%48*1 / (2'20,000*1 + 2*1,378*(1 - 0.1))

1.557"

This opening does not require reinforcement per UG-36(c)(3)(a)
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UW-16(c) Weld Check

Filletweld: t_, =lesserof 0.75ort ort=0.751in
to(min) = l€SSEr 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

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

tiugey = P*R/(S’E-0.6"P) + Corrosion
= 1,378"1/(20,000*1 - 0.6*1,378) + O
= 0.0719in
t, = max[t,yczr + taucee ]
= max[0.0719,0]
= 0.0719in
tos = 1.557in
tys = max[ty, tyers]
= max] 1.557,0.0625]
= 1.557in
t, =  min[ty,,t,]
= min[0.2074, 1.557]
= 0.2074in
tugus = max(t,, t]
= max[0.0719, 0.2074 ]
= 0.2074in

Available nozzle walil 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 = 566.01 psl @ 140 °F (in)
The nozzle
passes UG-45
A A A
required | avallable | A1 [A2 | A3 | As | yegqs | trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) D07 | TR

UG-41 Weld Failure Path Analysis Summary

Weld strength calcuiations are not required for
external pressure

UW-16 Weld Sizing Summary

Requlred weid

Weid description throat size (in)

Actual weld
throat slze (in)

Status

Nozzle to sheli fillet (Legsa1) | (0.25

0.2625 weld size is adequate

Calculations for external pressure 566.01 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Lg

= 3.9003in

MAX(d, R, + (t,- C,) + (t- C))
MAX(2.2205, 1.1103 + (1.06 - 0) + (1.73 - 0))

Outer Normal Limit of reinforcement per UG-40

Ly

2.65in

MIN(2.5%(t - C), 2.5%(t, - C,) +1,)
MIN(2.5*(1.73 - 0), 2.5*(1.06 - 0) + 0)

Nozzle required thickness per UG-28 t,, = 0.1383 in

From UG-37(d)(1) required thickness t, = 1.73 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 0.7t

=0.25in

to(acan = 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 VIill-1-83-66 has been applied.

0.1383in

ta uG-28

t, = max[t, ye.os s taugee |
= max[0.1383,0]
= 0.1383in

too = 0.6623in

too = max[ty,, g
- max| 0.6623,0.0625]
= 0.6623in

ty = min[t,,t,]
= min[ 0.2074 , 0.6623 ]
= 0.2074in

tgas = max[t,, t]
= max[0.1383, 0.2074 ]
= 0.2074in

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, 9.0272/4.12 2.1911
D,/t = 4.12/0.1383 29.7856
From table G: A = 0.003548

From table .
HA-D: B = 12,644.1965 psi
P, = 4'B/(3*(D, /1))
= 4712,644.2/(3*(4.12/0.1383))
= 566.01 psi

Design thickness for external pressure P, = 566.01 psi

t, = t+ Corrosion = 0.1383+0 = 0.1383"
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Gas Outlet (N2)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

tiiowen = 1.73 1N
Leg,, = 0.375in

: A K U.|375[]
1.7300 ; | 1.7300\[/ ’» !
]
R N

Location and Orientation

Located on: 48 OD TOP SE HEAD
Orientation: 0°

End of nozzle to datum line: -24.5in

Calculated as hillside; No

Distance to head center, R: 0in

Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification: SA-182 F316 <=5 (II-D p. 70, In. 22)
Inside diameter, new: 8in

Nominal wall thickness: 1.875in

Corrosion allowance: 0in

Projection available outside vessel, Lpr: 7.2764 in

Projection available outside vessel to flange face, Lf:  10.0264 in

Local vessel minimum thickness: 1.73in

Liquid static head included: 0 psi

Longitudinal joint efficiency: 1

ASME B16.5-2009 Flange

Description: NPS 8 Class 900 LWN A182 F316

Bolt Material: SA-193 B7 Bolt <=2 1/2 (iI-D p. 334, In. 32)
Blind included: No

Rated MDMT: -55°F

(Per UHA-51(d)(1)(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head: 0 psi
MAWP rating: 2,040 psie 140°F
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MAP rating: 2,160 psi@ 50°F
Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (in2)

For P = 1,378 psi @ 140 °F
The opening Is adequately relnforced

UG-45 Nozzle
Wwall
Thickness
Summary (in)

The nozzle passes
UG-45
A A A
required | availabie A1 Az A3 | As | eids treq tmin
11.5866 |16.1259 |2.2534 (13.7319 |-- {-- {0.1406 {0.3281 |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
Nozzle to shell fillet {Leg41) | 0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,378 psi @ 140 °F

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

Parallel Limit of reinforcement per UG-40

Ln

= 8in

MAX(d, R, + (t, - C,) + (t- C))
MAX(8, 4 + (1.875 - 0) + (1.73 - 0))

Outer Normal Limit of reinforcement per UG-40

Ly

= 4.325in

MIN(2.5%(t - C), 2.5*(t, - C,) +1,)
MIN(2.5%(1.73 - 0), 2.5*(1.875 - 0) + 0)

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

t

0.2875in

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

. P*R,/ (S,'E - 0.6'P)
1,378%4 / (20,000*1 - 0.6*1,378)

t = PK*D,/(2"S'E + 0.8"P)
= 1,3780.9"48 / (2*20,000*1 + 0.8*1,378)
= 1.4483in
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Area required per UG-37(c)

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

f,=lesserof1orS /S, =1

f,=lesserof1orS /S, =1

A = dtF+ 21 FN(T -

= 8*1.4483*1 + 2*1.875"1.4483"1*(1 - 1)

= 11.5866in?

Area available from FIG. UG-37.1

A, = larger of the following= 2.2534 in?

= d*E/t- FrL) - 24 M(E - (T - )
= 8°(1*1.73- 1°1.4483) - 2*1.875%(1*1.73 - 1*1.4483)*(1 - 1)

= 2.2534in?

= 2"t+t)"(Eft- Py - 20 (B - BT - )

= 2'(1.73 +1.875)*(1*1.73 - 1*1.4483) - 2*1.875*(1*1.73 - 1*1.4483)*(1 - 1)

= 2.0309in?

A, = smaller of the following= 13.7319 in2

= 5t - )Mot

= 5*(1.875-0.2875)*1*1.73

= 13.7319in?

= 5t - t) Lt

= 5*(1.875-0.2875)*1*1.875

= 14.8828in2

A, = Leg®f,
= 0.3752"1
= 0.1406in?

Area= A +A,+A,

= 2.2534 + 13.7319 + 0.1406

= 16.1259in?

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=0.75in
to(min) = lesser of 0.25 or 0.7*t,, = 0.25in
toactuay = 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 VI}i-1-83-66 has been applied.

ta uG-27

tUG-45

P*R/(S*E - 0.6*P) + Corrosion
1,378*4/(20,000*1 - 0.6*1,378) + 0
0.2875in

max[ t, ygo7 » taugaz |
max[ 0.2875, 0]

0.2875in

1.557 in

max[ ty; ., t ygis )
max[ 1.557 , 0.0625 ]
1.557 in

min[ t, , tyy ]
min[ 0.3281, 1.557 ]
0.3281 in

max[t,, 1]
max[ 0.2875 , 0.3281 ]
0.3281 in

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 = 566.01 psi @ 140 °F Thlcknes§
The opening Is adequately reinforced Summary (in)
The nozzie passes
UG-45
A A A
required | available A Az A3 [As | elds treq tmin
6.92 13.2159 -- |13.0753 |-- |-- [0.1406 [0.3634 [1.875

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
Weld description throat size (in) | throat size (in}) Status
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

Calculations for external pressure 566.01 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

L MAX(d, R, + (t,- C,) + (t- C))
MAX(8, 4 + (1.875-0) + (1.73 - 0))
= 8in
Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t, - C,) + 1)
MIN(2.5%(1.73 - 0), 2.5*(1.875 - 0) + 0)
4.325in

Nozzle required thickness per UG-28 t,_ = 0.3634 in

From UG-37(d)(1) required thickness t. = 1.73 in

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

f,=lesserof1orS /S, =1

>
]

0.5%(d™t,*F + 2*t *t*F*(1 - f,,))
0.5*(8*1.73"1 + 2*1.875*1.73*1*(1 - 1))
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= 6.92 in?

. Area available from FIG. UG-37.1

A, = larger of the following= 0 in®

= d(ESt-FUt) - 2t N(E - PR - )
= 8*(1"1.73-1*1.73) - 2*1.875*(1*1.73 - 1*1.73)*(1 - 1)
= 0in2

= 2'(t+t)(E"t-Ft) - 2t M(E-Fr)(1 - 1)
= 2%(1.73 + 1.875)*(1*1.73 - 1*1.73) - 2*1.875*(1*1.73 - 1*1.73)*(1 - 1)
= 0in?

A, = smaller of the following= 13.0753 in?

= 5t -t,)M
= 5%(1.875-0.3634)*1*1.73
= 13.0753in2

= 5t -t
= 5%1.875-0.3634)*1*1.875
= 1417122

A, = Leg?i, (
= 0.375>"1
= 0.1406in?

Area= A + A, + A,
= 0+ 13.0753 + 0.1406
= 13.2159in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t;, = lesser of 0.75 ort_ ort=0.75in
te(min) = l€SSErof 0.25 or 0.7*t; = 0.25in
t(actuany = 0-7°Leg = 0.770.375 = 0.2625 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).
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UG-45 Nozzle Neck Thickness Check

Interpretation VI}i-1-83-66 has been applied.

t,uses = 0.3634in

t, = max[t,ygos s taugz ]
= max[0.3634,0]
= 0.3634 in

too = 0.6623in

too = max[ty,, tygie]
- max[ 0.6623, 0.0625 |
= 0.6623in

ty = minft,,t,]
= min[ 0.3281, 0.6623 ]
= 0.3281in

tygas = max(ty,t]
= max[ 0.3634, 0.3281 ]
= 0.3634in

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, = 10.0264/11.75 = 0.8533

D,/t = 11.75/0.3634 = 32.3334
Fromtable G: A = 0.009195

From table .
HA-2: B = 13,725.7301 psi
P, = 4'B/(3*(D, /1)
= 4*13,725.73/(3*(11.75/ 0.3634))
= 566.01 psi

Design thickness for external pressure P, = 566.01 psi

t, = t+Corrosion = 0.3634 +0 = 0.3634"
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Geometry Inputs

Lifting Lug

Attached To 48 OD TOP SE HEAD
Material SA-240 316
Orientation Longitudinal
Distance of Lift Point From Datum -14.0001"

Angular Position 0.00°

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,, 0.5"

Load Angle Normal to Vessel, B 145.3411 °

Load Angle from Vertical, ¢ 110.7073 °
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Intermediate Values

Load Factor 1.5000
Vessel Weight (new, incl. Load Factor), W 27406 b
Lug Weight (new), W, 16 Ib
Distance from Center of Gravity to Top Lug, |, 70.4868"
Distance from Center of Gravity to Tail Lug, |, 61.8933"
Distance from Vessel Center Line to Tail Lug, |;  |28.375"
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, a0 13320 psi
Allowable Stress set to 1/3 Sy per ASME B30.20 [No

Summary Values

Required Lift Pin Diameter, d,,, |0.8093"
Required Lug Thickness, t,. 4 0.3048"
Lug Stress Ratio, 6, 0.21

Weld Shear Stress Ratio, T, 0.36

Lug Design Acceptable
Local Stresses Acceptable

Lift Forces

Lift force on lugs during rotational lift (0° < o £ 90°):
op = W¥(ly"cos(a) + l,*sin{a)) / (I, *cos(a) + |,"cos(a) + I3*sin(a) )

2*F
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af?] | Flibf | Follofl
0 6,407 | 14,592
15 6,803 | 13,800
30 7,210 | 12,985
45 7694 | 12,017
60 8382 | 10,642
75 9649 | 8107
90 13,703 0
90' | 13,703 0
902 | 13,703 0

'Lift angle at maximum lug
stress.

2Lift angle at maximum weld
stress.

Shell angle at lift lug {235.37°

Lug Pin Diameter - Shear stress

dreqd (2*Fr/ (n*cs))o's

= (2*13,703/ (n*13,320))05
dreqa/D, = 0.8093/1.5
c = F/A

= F,/(2'(0.25'1'D,?)

= 13,703/ (2*(0.25'n*1.52))
Gl/o = 3,877/13,320

S

Lug Thickness - Tensile stress

treqd = Fr I{(L - d)*Gt)

= 13,703/ ((5 - 1.5625)*19,980)

tega/t = 0.1995/15

c = F/A
= F/((L-d))

= 13,703/ ((5 - 1.5625)*1.5)

c/o, = 2658/19,980

Lug Thickness - Bearing stress

reqd Fv / (Dp*Gp)

1173

13,703/ (1.5*29,970) =

]
o
fod)
o
©
o

= 0.54 Acceptable

3,877 psi

= 0.29 Acceptable

0.1995"

= 013 Acceptable

2,658 psi

= 0.13 Acceptable

0.3048"
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0.3048/1.5

F,/A

bearin,

g

F, /(D (1)

13,703 / (1.5*(1.5))

6,090 /29,970

Lug Thickness - Shear stress

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

[F,/o]/

(Z*Lshear)

0.20 Acceptable

6,090 psi

0.2 Acceptable

(13,703 /13,320) / (2'2.0153) = 0.2552"

0.2552/1.5

Fv / Ashear
F, /(2L

shear )

13,703/ (2*1.5*2.0153)

2,266 /13,320

shear

55'D, / d
55'1.5/1
52.8°

.5625

= 0417 Acceptable

2,266 psi

= 0417 Acceptable

(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:
I:Ften / (Aten*ct)] + I:Mbend / (Zbend*cb)] <1

o ratio

1173

[(F *cos() ) / (t'L*o,)] + [(6*abs(F,"sin(c)*Hght - F,"cos(0)"a,) ) / ('L2*c,)] < 1
13,703*cos(145.4) / (1.5*5*19,980) + 6*abs(13,703*sin(145.4)*5 - 13,703*cos(145.4)0) /

(1.5*52*22,201)

0.21

Acceptable
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Weld Stress

Weld stress, tensile, bending and shear during lift:

Direct shear:

Shear stress at lift angle 145.34°; lift force = 13,703 Ibf

Apeg = 2(0.707)*t *(L + 1)
= 2%(0.707)*0.5*(5 + 1.5) = 4.5955 in?
T, = F/cos(a)/ A4
= 13,703%cos(145.3) / 4.5955 = -2,453 psi
T, = Fsin(a) /A,
= 13,703"sin(145.3) / 4.5955 = 1,696 psi
T = M*c/l

3*(F,*sin(a)*Hght - F *cos(a)*a,) /
(0.707*h*L*(3*t + L))
3*abs(13,703"sin(145.3)*5 -
13,703*cos(145.3)*(0)) / (16.7912)
= 6,961 psi

T raic = SAr( (Tt + Tb)z + 1-52 ) /Tallowable =1
= sqr ((-2,453 + 6,961)2 + (1,696)2) / 13,320
0.36 Acceptable

EN 13445 Lift Lug Procedure

Geometry Inputs - EN13445

Nominal Vessel Thickness, e, |1.73"
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, 1Dy, |30.0889"

Shell Allowable Stress, f sgiooo

Pad Allowable Stress, f, N/A

Design Factor, K, 1.2500
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Summary Values - EN13445

Force on Vessel, F, 13.703 Ibf

Amax 68.941 Ibf
Load Acceptance Ratio, Fy / Fg., |0.1988

Maximum Allowable Load, F

Lug Design Acceptable
Equivalent Inner Diameter

IDgg = Dy'sar(1-3*(x/ D,)?)
Do, = 44.54"sqr(1-3%(18.9602/ 44.54)?)
ID,, = 30.0889"
'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(o)]"(1-x%,/ (X, + X))
(27,405.6) / cos(110.7073)*(1 - 0/ (0
+0))
= 13.703 ibf

where 'x,' is the distance between this lug and the center of gravity
'x,' is the distance between the second lift lug and the center of gravity

Lug factors

A = line load factor
A = b/sqr(IDggey,)
= 5/sqr(30.0889*1.73)
= 0.693
vy = ratio between local membrane stress and local bending stress
\2 = min(0.08"2, 0.2)
= 0.055

global membrane
m stress

c = P'IDg/(2%,)
= 0%30.0889/(2"1.73)
= 0.0000 psi

ratio between global membrane stress and
allowable stress

v, = o,/ (KM
= 0/(1.25%20,000)
= 0

Ky, = 1/(1.2*sqr(1 + 0.06*A2))
= 1/(1.2*sqr(1 + 0.06%0.6932))
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= 0.8216

K, = 1/(0.6%qr(1+0.03*A2))
= 1/(0.6"sqr(1 + 0.03%0.6932))
= 1.6548

Bending Limit Stress

Ky = (1-vA) /(184 vy",) +5Gr( (1/3 + v, V)2 + (1 - v,2)'v,2) )
(1-02)/((1/3 + 0.0554*0) + sqr( (1/3 + 0.0554*0)2 + (1 -
02)*0.05542 ) )

= 1.4898

Gy, = KKt
= 1.4898*1.25"20,000
= 37,244 psi

Maximum Allowable Load
Famax = Op€n2/ (Ki3'|cos(B)| + K,,*|ay*sin(pB) - a,*cos(B)| / b,)

37,2447(1.73)2 / (0.8216*|cos(145.3411)| + 1.6548*|5*sin(145.3411) - 0*cos(145.3411) | /
5)

= 68.941 Ibf
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Geometry Inputs

Lifting Lug 2

Attached To 48 OD TOP SE HEAD
Material SA-240 316
Orientation Longitudinal
Distance of Lift Point From Datum -13.5003"

Angular Position 180.00°

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,, 0.5"

Load Angle Normal to Vessel, B 143.1925 °

Load Angle from Vertical, ¢ 106.4106 °
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Intermediate Values

Load Factor 1.5000
Vessel Weight (new, incl. Load Factor), W 27406 b
Lug Weight (new), W, . 16 Ib
Distance from Center of Gravity to Top Lug, |, 70.4868"
Distance from Center of Gravity to Tail Lug, 1, 61.8933"
Distance from Vessel Center Line to Tail Lug, |, 28.375"
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, 1,01 13320 psi
Allowable Stress set to 1/3 Sy per ASME B30.20 |No

Summary Values

Required Lift Pin Diameter, d .., |0.8093'
Required Lug Thickness, t,. 0.3048"
Lug Stress Ratio, o, 0.22

Weld Shear Stress Ratio, 1, 0.39

Lug Design Acceptable
Local Stresses Acceptable

Lift Forces

Lift force on lugs during rotational lift (0° < o < 90°):

2'F

Fai =W - (2°F)

F ,
o /1

tai

1173

1op = W¥(ly"cos(a) + I5sin(a)) / (I, *cos(a) + I,*cos(ar) + I;*sin(a) )
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a[°] | Fiolibfl | Filibfl
0 6,407 | 14,592
15 6,803 | 13,800
30 7,210 | 12,985
45 7,694 | 12,017
60 8,382 | 10,642
75 9,649 | 8,107
90 13,703 0
90' | 13,703 0
902 | 13,703 0

1Lift angle at maximum lug
stress.

2Lift angle at maximum weld
stress.

Shell angle at lift lug {233.22°

Lug Pin Diameter - Shear stress

dreqd (2*Fr/ (n*GS))O.S

= (2*13,703/ (n*13,320))05
Oreqa/ Dy = 0.8093/1.5
o = F./A

= F,/(2:(0.25'1*D2)

= 13,703/ (2*(0.25*n"1.52))
cl/o = 3,877/13,320

s

Lug Thickness - Tensile stress

treqd = F./(L- d)*Gt)

= 13,703/ ((5 - 1.5625)*19,980)

eqa/t = 0.1995/15

o = FI/A
= F/(L-d)

= 13,703/ ((5 - 1.5625)*1.5)

o/ 0o, 2,658 /19,980

Lug Thickness - Bearing stress

reqd = Fv / (Dp*Gp)

1173

13,703/ (1.5"29,970) =

0.54 Acceptable

3,877 psi

0.29 Acceptable

0.1995"

0.13 Acceptable

2,658 psi

0.13 Acceptable

0.3048"
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G/Gp =

0.3048/1.5 = 0.20 Acceptable
Fv / Abearing

F,/ (D, M)

13,703/ (1.5*(1.5)) = 6,090 psi

6,090/ 29,970 = 02 Acceptable

Lug Thickness - Shear stress

t/o, =

[Fv/cs] / (2*Lshear)
(13,703 / 13,320) / (2*2.0153) = 0.2552"

0.2552/1.5 = 017 Acceptable
Fv / Ashear
Fv / (Z*t*Lshear)

13,703/ (2*1.5*2.0153) = 2,266 psi

2,266 /13,320 = 017 Acceptable

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

shear

55*D,/d

551.5/ 1.5625

52.8°

(H-a2 - 0.5%d) + 0.5'D,*(1 - cos(¢))

(7.5 -5 - 0.5*1.5625) + 0.5*1.5*(1 - cos(52.8))
2.0153"

Lug Plate Stress

Lug stress tensile + bending during lift:

o ratio

1173

[Ften / (Aten*ct)] + [Mbend / (Zbend*Gb)] =1

[(Fcos(a) ) / (t'L"c,)] + [(6*abs(F,*sin(a)*Hght - F *cos(a)*a,) ) / (t*L?*c,)] < 1
13,703"cos(143.2) / (1.5*5*19,980) + 6*abs(13,703*sin(143.2)*5 - 13,703*cos(143.2)*0) /
(1.5*52*22,201)

0.22 Acceptable
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Weld Stress

Weld stress, tensile, bending and shear during lift:

Direct shear:

Shear stress at lift angle 143.19°; lift force = 13,703 Ibf

Ajew = 270.707)"t,*(L + 1)
= 2%(0.707)"0.5*(5 + 1.5) =4.5955 in?
T, = Fcos(a) / A,eq
= 13,703*cos(143.2) / 4.5955 = -2,387 psi
T, = F/’sin(@) /A
13,703*sin(143.2) / 4.5955 = 1,786 psi
T, M*c/l

3*(F,*sin(a)*Hght - F *cos(a)*a;) /
(0.707*h*L*(3"t + L))
3*abs(13,703"sin(143.2)*5 -
13,703*cos(143.2)*(0)) / (16.7912)

= 7,334 psi

ratio = sqr( (Tt + Tb)a + 1:52 )/ Tallowable < 1

= sqr ((-2,387 + 7,334)2 + (1,786)2 ) / 13,320

= 0.39 Acceptable
EN 13445 Lift Lug Procedure
Geometry Inputs - EN13445
Nominal Vessel Thickness, e, |1.73"
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,, |29.0267"
Shell Allowable Stress, f 2;000
Pad Allowable Stress, f, N/A
Design Factor, K, 1.2500
1173 Rev. 6
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Summary Values - EN13445

Force on Vessel, F, 13.703 Ibf
Maximum Allowable Load, F_ .. 67.596 Ibf
Load Acceptance Ratio, Fy/ Fg.,, |0.2027
Lug Design Acceptable
Equivalent Inner Diameter
IDgg = Dy'sar(1 - 3*(x/ D)3
IDeq = 44.54%sqr(1 - 3°(19.5044 / 44.54)2)
Dy = 29.0267"
'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"(1-%, /(%) + X))
(27,405.6) / cos(106.4106)*(1 - 0/ (0
+0))
= 13.703 Ibf

where 'x,'is the distance between this lug and the center of gravity
'X,' is the distance between the second lift lug and the center of gravity

Lug factors

A = line load factor
A = b/sqr(iDg,"e,)
= 5/ sqr(29.026771.73)
= 0.706
\2 = ratio between local membrane stress and local bending stress
\2 = min(0.08"A, 0.2)
= 0.056

global membrane

m stress
O = P'ID,/(2%,)
= 0"29.0267/(2*1.73)
= 0.0000 psi
v _ ratio between global membrane stress and
2 ~ allowable stress
Vv, = o,/ (K
= 0/(1.25"20,000)
= 0
Kis = 1/(1.2"sqr(1 + 0.06*A2))

= 1/(1.2*sqr(1 + 0.06*0.70562))
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= 0.8212

Ky = 1/(0.6"sgr(1 +0.03"22))
= 1/(0.6"sqgr(1 + 0.03*0.70562))
= 1.6544

Bending Limit Stress

K, = (1-v2 /(118 +v,*v,) +sqr( (1/3 + v{*v,)2 + (1 -v,2)*v,2))
(1-02)/((1/3 + 0.0564*0) + sqr( (1/3 + 0.0564*0)2 + (1 -
0%)*0.05642 ) )

= 1.4894

oy = KKy
= 1.4894*1.25*20,000
= 37,235 psi

Maximum Allowable Load
Famax = cb*en2 ! (K, 5*lcos(B)| + K,,*la,"sin(B) - a,*cos(B)] /by)
37,235%(1.73)2/ (0.8212*|cos(143.1925)| + 1.6544*|5*sin(143.1925) - 0*cos(143.1925) | /

5)
= 67.596 Ibf
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48 OD SHELL
ASME Section VIII Division 1, 2010 Edition, A11 Addenda
Component: Cylinder
Material specification: SA-240 316 (II-D p. 70, In. 26)
Rated MDMT per UHA-51(d)(1)(a) = -320 °F

Internal design pressure: P = 1,378 psi @ 140 °F
External design pressure: P, = 15 psi @ 140 °F

Static liquid head:

P 0.64 psi (SG = 1.1, H; = 16",Operating head)
P, = 2.03psi, (SG =1 H,=56.25" Horizontal test

head)
Corrosion allowance Inner C = 0" Quter C=0"
Design MDMT =-20 °F No impact test performed
Rated MDMT = -320 °F Material is not normalized
Material is not produced to Fine Grain Practice
PWHT is not 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 = 6,385.9 b corr =6,3859 Ib

Capacity New = 646.35 US gal corr = 646.35 US gal
oD = 48"

Length _ .u

L, = 96

t = 1.75"

Design thickness, (at 140 °F) Appendix 1-1
t PR,/ (SE + 0.40"P) + Corrosion

1,378.64*24 / (20,000%1.00 + 0.40*1,378.64) + 0
1.61"

Maximum allowable working pressure, (at 140 °F) Appendix 1-1

P S*E*t/ (R, - 0.40*t) - P,
20,000*1.00*1.75 / (24 - 0.40*1.75) - 0.64

1,501.51 psi

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, 107.4233/48 = 2.2380
D,/t = 48/0.2194 = 218.7532
Fromtable G: A = 0.000180

From table .
HA-2: B = 2,460.9773 psi
P, = 4*B/(3*(D,/t))
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4*2,460.98 / (3*(48 / 0.2194))
15 psi

Design thickness for external pressure P, = 15 psi

t, = t+ Corrosion = 0.2194+0 = 0.2194"
Maximum Allowable External Pressure, (Corroded & at 140 °F) UG-28(c)
L/D, = 107.4233/48 = 2.2380
D,/t = 48/1.75 = 27.4286
Fromtable G: A = 0.003965
From table .
HA-2: B = 12,805.8347 psi
P, = 4'B/(3*(D, /1))
= 4%12,805.83/(3*(48/1.75))
= 622.51 psi

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

EFE

(50*t/R)*(1 - R,/ R,)
(50*1.75 / 23.125)*(1 - 23.125 / =)
3.7838%

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

P, - W/ (2'wR,) + M/ (x*R_2)
16,039/ (2*n*23.125) + 270,826 /
(*23.1252)

= 271.5912 Ib/in
o =  P,/(PSD,)

= 271.5912/ (15*48)

= 0.3772
n = 3
m - 1.23/(L/D,)?

- 1.23/(107.4233 / 48)2

= 0.2456
Ratio P, = (n-1+m+m*a)/(n2-1+m)
(32- 1 + 0.2456 + 0.2456*0.3772) / (32- 1 +
0.2456)

= 1.0112
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*z*R_) + M/ (n*R_2)
2.00*16,039 / (2*7*23.125) + 830,156 /
(1*23.1252)

- 714.9091 Ib/in
o = P,/ (P,D,)

- 714.9091/ (15*48)

1173 Rev. 6

64/249



= 0.9929

n = 3

m = 1.23/(L/D,)?
= 1.23/(107.4233 / 48)2
= 0.2456

Ratio P, = (nPP-1+m+m*o)/(n2-1+m)

(32 -1 + 0.2456 + 0.2456*0.9929) / (32 - 1 +
0.2456)

= 1.0296
Ratio P, * P, < MAEP design cylinder thickness is satisfactory.

Design thickness = 1.61"
The governing condition is due to internal pressure.

The cylinder thickness of 1.75" is adequate.
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Thickness Required Due to Pressure + External Loads

Aliowabie
Stress Before
Pressure P ( : Temperature ( | Corrosion C Req'd Thk Due to Req'd Thk Due to
Condition psl) UG-23 Stress °F) (in) Load Tension (In) Compression (in)
increase ( psi)
S S¢
Operating. Hot & Corroded 1,378 20,000 [ 13.716 | 140 0 Wind | 0.6936 8.6202
Seismic | 0.6475 0.6017
Operating, Hot & New 1,378 20,000 | 13.716 | 140 0 Wind  [0.63%6 0.6202
Seismic | 0.6475 0.6017
Hot Shut Down. Corroded 0 20,000 | 13.716 | 140 0 Wind | 0.0021 0.0165
Seismic | 0.016 0.0434
Hot Shut Down, New 0 20,000 | 13.716 | 140 0 Wind  |0.002] 0.0165
Seismic | 0.016 0.0434
Emotv. Corroded 0 20,000 | 13.895 | 70 0 Wind | 0.0021 80163
Seismic | 0.0152 0.0418
Emoty. New 0 20,000 | 13.895 |70 0 Wind 10,0021 80163
Seismic | 0.0152 0.0418
Vacuum 15 20,000 | 13.716 | 140 0 Wind {0007 g.0o8e
Seismic | 0.009 0.0536
Hot Shut Down. Corroded. We aht .
2 Eccentnic Moments Onlv 0 20,000 | 13.716 {140 0 Weight |0.0018 0.0188

Allowable Compressive Stress, Hot and Corroded- S, (table HA-2)

A = 0.125/(R,/1)
= 0.125/(24/1.75)
= 0.009115
B = 13,716 psi
S = 20,000/1.00 = 20,000 psi
Sche = min(B, S) = 13.716 psi

Allowable Compressive Stress, Hot and New- S,

ScHC
= 13.716 psi

ScHN

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

A = 0.125/(R,/1)
0.125/ (24 /1.75)
= 0.009115
B = 13,895 psi
S = 20,000/1.00 = 20,000 psi
Scen = min(B, S) = 13.895 psl

Allowable Compressive Stress, Cold and Corroded- S .

ScCC = ScCN
= 13.895 psi
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Allowable Compressive Stress, Vacuum and Corroded- S, (table

HA-2)
A

B
S

ScVC

0.125/ (R, /1)

= 0.125/(24/1.75)

= 0.009115

= 13,716 psi

= 20,000/1.00 = 20,000 psi

min(B, S) = 13.716 psi

Operating. Hot & Corroded, Wind, Boitom Seam

t =

P

Maximum allowable working pressure, Longitudinal Stress

P*R/ (2'S'K,'E, + 0.40°|P|)

1,378%22.25 / (2*20,000*1.20*1.00 + 0.40*|1,378))
0.6315"

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

270,826 / (1*23.1252*20,000*1.20*1.00)

0.0067"

W/ (@R *SK 'E,)

16,039 / (2*1*23.125%20,000*1.20*1.00)

0.0046"

tp +i, -t
0.6315 + 0.0067 - (0.0046)
Itmc + twc - tpcl

|0.0067 + (0.0046) - (0.6315)|
0.6202"

P=2"8"KSES(t-t, +t,)/ (R-0.40"(t-t +t,)
= 2"20,000%1.2071.00%(1.75 - 0.0067 + (0.0046)) / (22.25 - 0.40*(1.75 - 0.0067 + (0.0046)))
= 3,893.04 psi

Operating, Hot & New, Wind. Bottom Seam

t =

P

P*R/ (2°SK_*E, + 0.40°|P|)

1,378*22.25 / (2*20,000*1.20*1.00 + 0.40*|1,378))
0.6315"

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

270,826 / (1*23.1252*20,000*1.20*1.00)

0.0067"

W/ (2'n*R,*S'K,'E,)

16,039 / (2*1*23.125*20,000*1.20*1.00)

0.0046"

tp+tm-tw

Rev. 6

(Pressure)
(bending)
(Weight)

(total required,
tensile)

(total, net f
tensile) \

(Pressure)
(bending)
(Weight)

(total required,
tensile) {
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—

= 0.6315 + 0.0067 - (0.0046)

= 0.6336"
(total, net
o= e fue Tyl tensile)
= |0.0067 + (0.0046) - (0.6315)|
= 0.6202"

Maximum allowable working pressure, Longitudinal Stress

P=2"S"KJES (-1, +1t,)/(R-040%t-t +1)
= 2*20,000*1.20*1.00*(1.75 - 0.0067 + (0.0046)) / (22.25 - 0.40%(1.75 - 0.0067 + (0.0046)))
= 3,893.04 psi

Hot Shut Down, Corroded, Wind, Bottom Seam

t, =0° (Pressure)
t, =M/ ("R, >S"K"E,) (bending)
= 270,826 / (r*23.125%*20,000*1.20*1.00)
= 0.0067"
t, =W/ (2 *R"SK,"E,) (Weight)
= 16,039/ (2*x*23.125*20,000*1.20*1.00)
= 0.0046"

L=ttt -ty, (total required, tensile)
= 0+ 0.0067 - (0.0046)
= 0.0021"
tne = M/ ("R 2*S"K) (bending)
= 270,826 / (1*23.1252"13,715.98"1.20)
= 0.0098"
tye = W/ (2'1*R*S.K) (Weight)
= 16,039/ (2"n*23.125"13,715.98"1.20)

= 0.0067"
to=tne+ b -t (total required, compressive)
= 0.0098 + (0.0067) - (0)

= 0.0165"

Hot Shut Down. New. Wind, Bottom Seam

t, =0" (Pressure)
t, =M/ (m*R,2*S;K,"E,) (bending)
= 270,826 / (n*23.1252*20,000*1.20%1.00)
= 0.0067"
t, =W/ (2%*R,"S;"K,"E,) (Weight)
= 16,039/ (2*x*23.125%20,000*1.20%1.00)
= 0.0046"
to=trtn -, (total required, tensile)
= 0 + 0.0067 - (0.0046)
= 0.0021"
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toe = M/ (T"R,2"S.*K,) (bending)
= 270,826 / (n*23.1252*13,715.98*1.20)
= 0.0098"
tee = W/ (2'1"R"S.*K,) (Weight)
= 16,039/ (2*n*23.125*13,715.98*1.20)
= 0.0067"
o=ttt (total required, compressive)
= 0.0098 + (0.0067) - (0)
=0.0165"

Empty, Corroded. Wind, Bottom Seam

t, =0 (Pressure)
t, =M/ (m"R,2*S;"K,"E,) (bending)
= 270,826 / (1*23.1252*20,000*1.20*1.00)
= 0.0067"
t, =W/ (2R *S’K"E,) (Weight)
= 16,039/ (2*7*23.125%20,000*1.20*1.00)
= 0.0046"

o=+t -1, (total required, tensile)
= 0+ 0.0067 - (0.0046)
=0.0021"
toe =M/ ("R 2*S.'K)) (bending)
= 270,826 / (n*23.125213,894.91*1.20)
= 0.0097"
tye = W/ (2" R*'S.K,) (Weight)
= 16,039/ (2°'1*23.125"13,894.91*1.20)
= 0.0066"
L e (total required, compressive)
= 0.0097 + (0.0066) - (0)
=0.0163"

Empty, New. Wind. Bottom Seam

t, =0 (Pressure)
t, =M/ ("R 2*SK,"E,) (bending)
= 270,826 / (n*23.125%*20,000*1.20%1.00)
= 0.0067"
t, =W/ (2R *SK,"E,) (Weight)
= 16,039/ (2"1*23.125%20,000*1.20*1.00)
= 0.0046"
o=ttt -, (total required, tensile)
= 0+ 0.0067 - (0.0046)
= 0.0021"
tne = M/ (TR 2*S’K,) (bending)

= 270,826 / (r*23.125%2*13,894.91*1.20)
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= 0.0097"

tye = W/ (2'T"R"S."K)) (Weight)
= 16,039/ (2"n*23.125%13,894.91*1.20)
= 0.0066"
to= ettt (total required, compressive)

= 0.0097 + (0.0066) - (0)
= 0.0163"

Vacuum, Wind. Bottom Seam

t, = P*R/(2°8'K, + 0.40"|P) (Pressure)
= -15%22.25/ (2*13,715.98*1.20 + 0.40*|15])
=-0.0101"

t. =M/ (R 2'S.K,) (bending)
= 270,826 / (1*23.1252*13,715.98*1.20)
= 0.0098"

t, = W/ (2R _*SK) (Weight)
= 16,039 / (2*1*23.125*13,715.98*1.20)
= 0.0067"

b=ty -tl (total, net compressive)

= |-0.0101 + 0.0098 - (0.0067)|
= 0.007"

—
]

]
o O 5

C
.0098 + (0.0067) - (-0.0101)
.0266"

Maximum Allowable External Pressure, Longitudinal Stress

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

= 2*13,715.98*1.20*(1.75 - 0.0098 - 0.0067) / (22.25 - 0.40*(1.75 - 0.0098 - 0.0067))

= 2,647.17 psi

Hot Shut Down, Corroded, Weight & Eccentric Moments Only, Bottom Seam

t, =0 (Pressure)
t, =M/ (m"R,>*SK,'E,) (bending)
= 246,659 / (n*23.1252*20,000*1.00*1.00)
= 0.0073"
t, =W/ (2 n"R*S"K,"E,) (Weight)
= 16,039/ (2*n*23.125*20,000%1.00*1.00)
= 0.0055"
o=ttty (total required, tensile)
= 0+ 0.0073 - (0.0055)
= 0.0018"
toe = M/ (n"R,2*S_"K,) (bending)
= 246,659 / (n*23.1252%13,715.98*1.00)
= 0.0107"
1173 Rev. 6
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tye = W/ (2'T*R["S."K,) (Weight)
= 16,039/ (2*1*23.125"13,715.98"1.00)
= 0.008"
to =tne+ bty (total required, compressive)
= 0.0107 + (0.008) - (0)
=0.0188"

Operating, Hot & Corroded, Seismic, Bottom Seam

t, = P'R/(2'S/'K"E, + 0.40%|P|) (Pressure)
= 1,378"22.25/(2*20,000%1.20*1.00 + 0.40*|1,378|)
= 0.6315"
tn =M/ (m"R2*S;"K,"E,) (bending)
= 830,156 / (n*23.1252*20,000"1.20*1.00)
= 0.0206"
t, =W/ (2R S K'E,) (Weight)
= 16,039/ (2*n*23.125"20,000"1.20*1.00)
= 0.0046"
o=ttty -t (total required, tensile)
= 0.6315 + 0.0206 - (0.0046)
= 0.6475"
tye = (1 + VAccel)*W/ (2'n*R_*S;"K *E ) (Weight)
= 2.00%16,039/ (2*x*23.125*20,000*1.20*1.00)
= 0.0092"
t = It + e - ol (total, net tensile)
= [0.0206 + (0.0092) - (0.6315)]
= 0.6017"

Maximum allowable working pressure, Longitudinal Stress

P=2"S/KSE(t-t, +1,)/(R-0.40"(t-t +t,)
= 2*20,000%1.20*1.00*(1.75 - 0.0206 + (0.0046)) / (22.25 - 0.40*(1.75 - 0.0206 + (0.0046)))
= 3,861.15 psi

Operating, Hot & New, Seismic, Bottom Seam

t, = P'R/(2'S{'KS"E, + 0.407|P)) (Pressure)
= 1,378"22.25/ (2*20,000%1.20*1.00 + 0.40%{1,378|)
= 0.6315"

t, =M/ (m"R 2*S’K'E,) (bending)
= 830,156 / (n*23.1252*20,000*1.20*1.00)
= 0.0206"

t, =W/ (@2 "R *S’K,*E,) (Weight)
= 16,039/ (2"7*23.125*20,0001.20*1.00)
= 0.0046"

o=ttt -, (total required, tensile)
= 0.6315 + 0.0206 - (0.0046)
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o

= 0.6475"

t,. = (1+ VAccel)*W / (2*n*R*SK,'E,) (Weight)
= 2.00*16,039 / (2*n*23.125%20,000*1.20*1.00)
= 0.0092"

t = Itoc + tue - Ll (total, net tensile)
= |0.0206 + (0.0092) - (0.6315)|
= 0.6017"

Maximum allowable working pressure, Longitudinal Stress

P=2"S/KJES(t-t, +1,)/(R-0.40%(t-t +1,)
= 2*20,000*1.20*1.00*(1.75 - 0.0206 + (0.0046)) / (22.25 - 0.40*(1.75 - 0.0206 + (0.0046)))
= 3,861.15 psi

Hot Shut Down, Corroded. Seismic, Bottom Seam

t, =0" (Pressure)
t, =M/ (n"R2*S;"K'E,) (bending)
= 830,156/ (*23.1252*20,000*1.20%1.00)
= 0.0206"
t, =W/ (2n"R,*S;'K;"E,) (Weight)
= 16,039/ (2*n*23.125%20,000*1.20%1.00)
= 0.0046"

o=ttt (total required, tensile)
= 0 + 0.0206 - (0.0046)
=0.016"
t. = M/ (n*R_2"S’K) (bending)
= 830,156 / (n*23.1252*13,715.98"1.20)
= 0.03"
t,. = (1+ VAccel)*W/ (2'n*R*S."K) (Weight)
= 2.00"16,039 / (2"n*23.125%13,715.98"1.20)
= 0.0134"
te =tne* twetoe (total required, compressive)
= 0.03 + (0.0134) - (0)
= 0.0434"

Hot Shut Down. New, Seismic. Bottom Seam

t, =0" (Pressure)
t, =M/ ("R 2*S’K;E,) (bending)
= 830,156 / (1*23.1252*20,000*1.20*1.00)
= 0.0206"
t, =W/ (@2n"R,*S/KE,) (Weight)
= 16,039/ (2*n*23.125720,000*1.20*1.00)
= 0.0046"
o=ttt -ty (total required, tensile)

= 0 + 0.0206 - (0.0046)
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016"
M/ (T*R,2*SK,) (bending)
= 830,156 / (1*23.1252*13,715.98*1.20)
= 0.03"
tye = (1 + VAccel)'W/ (2*n'R_*S_*K,) (Weight)
= 2.00"16,039 / (2*1*23.125*13,715.98*1.20)
= 0.0134"

tITIC

t =tne+ bt (total required, compressive)
= 0.03 + (0.0134) - (0)
= 0.0434"

Empty. Corroded. Seismic, Bottom Seam

t, =0 (Pressure)
t, =M/ (x"R 2*SK'E,) (bending)
= 799,344 / (n*23.1252*20,000*1.20*1.00)
= 0.0198"
t, =W/ (2R *S/KE,) (Weight)
= 16,039/ (2"7*23.125"20,000%1.20*1.00)
= 0.0046"
o=+t -, (total required, tensile)
= 0+ 0.0198 - (0.0046)
=0.0152"
toe = M/ (m*R_2"S_’K,) (bending)
= 799,344 / (n*23.125213,894.91*1.20)
= 0.0285"
tye = (1 + VAccel)'W/(2'n*R_*S*K,) (Weight)
= 2.0016,039 / (2"n"23.125*13,894.91*1.20)
=0.0132"
o=t bt (total required, compressive)
= 0.0285 + (0.0132) - (0)
= 0.0418"

Empty. New, Seismic. Bottom Seam

t, =0" (Pressure)
ty =M/ (m"R_2*SK'E,) (bending)
= 799,344 / (=*23.1252*20,000*1.20*1.00)
=0.0198"
ty =W/ (21"R"S;'K"E,) (Weight)
= 16,039/ (2*n*23.125*20,000*1.20*1.00)
= 0.0046"
b=t o+t -, (total required, tensile)
=0+ 0.0198 - (0.0046)
= 0.0152"
tne = M/ (n"R2*S'K,) (bending)
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= 799,344 / (1*23.1252*13,894.91%1.20)
= 0.0285"
t,. = (1 + VAccel)*W/ (2*1*R*S.'K,) (Weight)
= 2.00"16,039 / (2*n*23.125%13,894.91*1.20)
= 0.0132"
te = tnot et (total required, compressive)
= 0.0285 + (0.0132) - (0)
=0.0418"

Vacuum, Seismic. Bottom Seam

t

P*R/ (2'S;’K.*E, + 0.40"|P]) (Pressure)
-15*22.25 / (2*20,000*1.20%1.00 + 0.40*|15])
-0.007"
=M/ (TR 2*S/KE,) (bending)
= 830,156 / (n*23.125220,000*1.20*1.00)
= 0.0206"
t, =W/ (@2 1R, S K E) (Weight)
= 16,039 / (2*n*23.125*20,000*1.20%1.00)
= 0.0046"

—
]

o=ttt -ty (total required, tensile)
=-0.007 + 0.0206 - (0.0046)
= 0.009"

e = P*R/(2"S.'K; + 0.40%|P}) (Pressure)

-15*22.25/(2*13,715.98*1.20 + 0.40*[15])

-0.0101"

toe = M/ (n*R2*S.*K,) (bending)
= 830,156 / (1*23.125%*13,715.98"1.20)
= 0.03"

t,. = (1+ VAccel)'W/ (2*n*R_*S."K) (Weight)
= 2.00*16,039/ (2'n*23.125"13,715.981.20)
= 0.0134"

—
|

te = tnet bt (total required, compressive)
= 0.03 + (0.0134) - (-0.0101)
= 0.0538"

Maximum Allowable External Pressure, Longitudinal Stress
P=2"S K" (t -ty - tyo) / (R-0.40%(t -t - t,0)

= 2*13,715.98*1.20*(1.75 - 0.03 - 0.0134) / (22.25 - 0.40%(1.75 - 0.03 - 0.0134))
= 2,604.73 psi
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Level Gauge High (N10A)

ASME Section Vill Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,, = 0.375in

1.7500\1’

-
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T T 0
l
|
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|
!

,—F_o.hm
|
500 }

|
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[
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Location and Orientation

Located on: 48 OD SHELL
Orientation: 45°

Nozzle center line offset to datum line: 40in

End of nozzle to shell center: 32in

Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification: SA-182 F316 <=5 (II-D p. 70, In. 22)
Inside diameter, new: 2in

Nominal wall thickness: 1.06 in
Corrosion allowance: 0in

Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf: 8 in

Local vessel minimum thickness: 1.75in

Liquid static head included: 0 psi
Longitudinal joint efficiency: 1

ASME B16.5-2009 Flange

Description: NPS 2 Class 900 LWN A182 F316

Bolt Material: SA-193 B7 Bolt <= 2 1/2 (1I-D p. 334, In. 32)
Blind included: No

Rated MDMT: -55°F

(Per UHA-51(d)(1)(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head: 0 psi
MAWP rating: 2,040 psie@ 140°F
MAP rating: 2,160 psi@ 50°F
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Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No

1173 Rev. 6 76/249



Reinforcement Caiculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For P = 1,378 psi @ 140 °F (in)

The nozzie
passes UG-45

A A A
required | avallable Av| Az [ A3 | As | oids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074|1.06

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(2)

UW-16 Weld Sizing Summary

Required weid Actuali weld

Weld description throat size (In) | throat size (In)

Status

Nozzle to shell fillet {Lega1) 0.25 0.2625 weld size is adequate
Calculations for internal pressure 1,378 psi @ 140 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.0788).

Parallel Limit of reinforcement per UG-40

Ly

MAX(d, R, + (t,-C,) + (t- C))
MAX(2, 1 + (1.06 - 0) + (1.75 - 0))
= 3.81in
Outer Normal Limit of reinforcement per UG-40

Ly MIN(2.5%(t - C), 2.5%(t, - C,) + t.)
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)
= 2.65in

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

t PR,/ (S,'E - 0.6"P)
1,378*1/(20,000*1 - 0.6*1,378)
0.0719 in

Required thickness t, from UG-37(a)

t P*R,/ (S*E + 0.4°P)
1,378*24 / (20,000*1 + 0.4*1,378)
1.6092 in

This opening does not require reinforcement per UG-36(c)(3)(a)
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UW-16(c) Weld Check

Filletweld: t , =lesserof 0.750rt ort=0.75in
to(min) = lesserof 0.25 or 0.7*,, = 0.25 in

tyactuan = 0-77Leg = 0.7°0.375 = 0.2625 in

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

touger = P*R/(S'E-0.6"P) + Corrosion
= 1,378"1/(20,000"1 - 0.6"1,378) + 0
= 0.0719in
t,uee = 0.0835in
ta = max[tuger » taucee ]
= max[ 0.0719, 0.0835]
= 0.0835in
t, = P'R,/(S'E+0.4"P)+ Corrosion
= 1,378°24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in
oy = max[ty, b ygre
= max[ 1.6092, 0.0625]
= 1.6092in
ty = min[t;, ]
= min[ 0.2074 , 1.6092 ]
= 0.2074in
tieas = max{ty,t]
= max[0.0835, 0.2074 ]
= 0.2074in

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 b
Circumferential moment: M_= 2,965 Ibyin
Circumferential shear: V.= 409 Ib,
Longitudinal moment:  M_ = 2,965 Ibqin
Longitudinal shear: Vo= 409 b,
Torsion moment: M,= 4,160 Ibsin
Internal pressure: P= 1,378 psi
Mean shell radius: R,= 23.125in
Local shell thickness: t= 1.75 in
Shell yield stress: S,= 27,900 psi

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)
R,/t=23.125/1.75=13.2143

Pressure stress intensity factor, | = 1.05703 (derived from PVP-Vol. 399, pages 77-82)
Local circumferential pressure stress = I"P*R, /t =18,519 psi

Local longitudinal pressure stress = I"P*R, / (2*t) =9,260 psi

Maximum combined stress (P +P +Q) = 18,780 psi
Allowable combined stress (P +P +Q) = +-3*S = +-60,000 psi

Note: The allowable combined stress (P +P,+Q) is based on the strain hardening characteristics of this material.
The maximum combined stress (P +P_+Q) is within allowable limits.

Maximum local primary membrane stress (P) = 18,524 psi
Allowable ocal 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
[on 2.5705 |0.0779 |0 0 0 0 -21 -21 -21 -21
4C* 2.6145 0.0779 | -22 -22 -22 -22 0 0 0 0

iC 0.2014 |0.0779 (0O 0 0 0 -132 132 -132 132
2C-1 0.1661 0.0779 |-109 109 -109 109 0 0 0 0

3A* 0.1676 0.0779 |0 0 0 0 -7 -7 7 7

1A 0.1061 0.0779 |0 0 0 0 -342 342 342 -342
3B 0.6597 0.0779 |-27 -27 27 27 0 0 0 0

1B-1 0.0616 0.0779 |-199 199 199 -199 0 0 0 0
Pressure stress* 18,519 | 18,519 | 18,519 | 18,519 | 17,520 [ 17,520 | 17,520 {17,520
Total circumferential stress | 18,162 | 18,778 | 18,614 | 18,434 | 17,018 | 17,966 | 17,716 | 17,296
ZI’r':l‘ﬁr'l‘,’e'::"a:{ e 18,470 | 18,470 | 18,524 | 18,524 | 17,492 | 17,492 | 17,506 | 17,506
3c* 2.5705 |0.0779 |-21 -21 -21 -21 0 0 0 0

4C* 2.6145 0.0779 |0 0 0 0 -22 -22 -22 -22
1C-1 0.2031 0.0779 |-133 133 -133 133 0 0 0 0

2C 0.1599 0.0779 {0 0 0 0 -105 105 -105 105
4A° 0.2212 |0.0779 |0 0 0 0 -9 -9 9 9

2A 0.063 0.0779 |0 0 0 0 -203 203 203 -203
4B 0.1671 0.0779 | -7 -7 7 7 0 0 0 0

2B-1 0.098 0.0779 |-316 316 316 -316 0 0 0 0
Pressure stress* 8,760 18,760 |8,760 |8,760 |9,260 |9,260 |9,260 |9,260
Total longitudinal stress 8,283 |9,181 |8929 |8,563 |8,921 [9,537 |9,345 |9,149
::':";';‘%;::r‘s?::;‘: 8732 {8732 |8746 |8746 9,229 |9229 |9,247 [9,247
Shear from M, 89 89 89 89 89 89 89 89
Circ shear from V¢ 36 36 -36 -36 0 0 0 0
oty St Teun v L v v v v oy o o v
Total Shear stress 125 125 53 53 53 53 125 125
Comblned stress (P +Pp+Q) | 18,164 | 18,780 | 18,614 | 18,434 | 17,018 | 17,966 | 17,718 | 17,298

Note: * denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads

Gn (Pm

=1,378"1/(2"1.06) - 334

= 1,264 psi

=P*R,/ (2*t) - P,/ (n*(R,2- R3)) + M*R, /|
/ (m*(2.062 - 12)) + 4,193.1*2.06 / 13.3582

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 / (K*Ri*tn)

= (4092 + 4092)%5 / (1*1*1.06)

= 174 psi

Otorsion = Ml/ (2*n*Ri2*tn)
=4,160/ (2*n*12*1.06)
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= 625 psi

Oiotal = Oshear * Otorsion
=174 + 625

= 798 psi

UG-45: The total combined shear stress (798 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-37 Area Calculation Summary | Thickness

UG-45
Nozzle Wall

(in?) Summary
For Pe = 622.51 psi @ 140 °F (in)

The nozzie
passes UG-45

A A A
required | avallable At | Az | As | As | aige treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a)

0.2074 11.06

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Required weid Actual weld

Weld description throat size (in} | throat size (in)

Status

Nozzle to shell fillet (Legs1) |0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

L

MAX(d, R, + (t,- C,)) + (t- C))
MAX(2, 1 + (1.06 - 0) + (1.75 - 0))
= 3.81in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5*(t - C), 2.5*(t, - C,) + t.)
MIN(2.5%(1.75 - 0), 2.5*(1.06 - 0} + 0)
2.65in

Nozzle required thickness per UG-28 t, = 0.1482 in

From UG-37(d)(1) required thickness t, = 1.75 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(min) = lesser of 0.25 or 0.77

=0.25in

min

tacuay = 0-7°L€g = 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

tbuces = 0.1482in
tiusez = 0.0489in
t, = max[t,yg.08 s taugez ]
=  max[0.1482, 0.0489 ]
= 0.1482in
tho = P'R,/(S’E + 0.4*P) + Corrosion
= 622.5059*24 /(20,0001 + 0.4*622.5059) + 0
= 0.7378in
too = max[t,,t g ]
= max[0.7378, 0.0625]
= 0.7378in
t, = min[ty, t,]
= min[0.2074 , 0.7378 ]
= 0.2074in
boas = max(ty, 4]
= max[0.1482, 0.2074 |
= 0.2074in

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, 8.0886/4.12 = 1.9632

D,/t = 412/0.1482 = 27.7945
From table G: A = 0.004502

From tabie .
HA-2: B = 12,976.6933 psi
P, = 4*B/(3*(D,/t))
= 4712,976.69/(3*(4.12/0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t = t+ Corrosion = 0.1482+0 = 0.1482"

a
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Liquid Outlet (N3)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

tw(Iower) = 1.75in
Leg,, = 0.375in

i— B .t m'—ﬁ.hmn
1.7500\1{ | p 1 7500\1/ : !
| ) |
|
I = I
Location and Orientation
Located on: 48 OD SHELL
Orientation: 180°
Nozzle center line offset to datum line: 88 in
End of nozzle to shell center: 32in
Passes through a Category A joint: No
Nozzle
Access opening: No
Material specification: SA-182 F316 <=5 (II-D p. 70, In. 22)
Inside diameter, new: 2in
Nominal wall thickness: 1.06 in
Corrosion allowance: 0in
Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf:  8in
Local vessel minimum thickness: 1.75in
Liquid static head included: 0.3574 psi
Longitudinai joint efficiency: 1
ASME B16.5-2009 Flange
Description: NPS 2 Class 900 LWN A182 F316
Bolt Material: SA-193 B7 Bolt <= 2 1/2 (II-D p. 334, In. 32)
Blind inciuded: No
Rated MDMT: -55°F

(Per UHA-51(d)(1)(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head: 0.3177 psi
MAWP rating: 2,040 psie@ 140°F
MAP rating: 2,160 psie@ 50°F
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Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For P = 1,378.36 psi @ 140 °F (|n)

The nozzle
passes UG-45

A A A
required | avallable A1 1Az | As | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074 |1.06

UG-41 Weld Failure Path Analysis Summary

The nozzie 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 (Legas) | 0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,378.36 psi @ 140 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.0678).

Paralle! Limit of reinforcement per UG-40

La

MAX(d, R, + (t,- C,) + (t - C})
MAX(2, 1 + (1.06 - 0) + (1.75 - 0))
= 38lin
Outer Normal Limit of reinforcement per UG-40

Ly MIN(2.5%(t - C), 2.5*(t - C,) + t.)
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)
= 265in

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

- PR,/ (S,'E - 0.6°P)
1,378.3574*1/ (20,0001 - 0.6*1,378.3574)
0.0719in

Required thickness t_from UG-37(a)

t

i P*R,/ (S'E + 0.4*P)
1,378.3574*24 / (20,000*1 + 0.4*1,378.3574)

1.6097 in

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

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 Nozzie Neck Thickness Check

tiuger = P*R/(S*E-0.6"P) + Corrosion
= 1,378.3574*1/(20,000*1 - 0.6*1,378.3574) + 0
= 0.0719in
L = max[t,ygz7» taugee |
= max[0.0719,0]
= 0.0719in
tor = P'R,/(S*E + 0.4”P) + Corrosion
= 1,378.3574*24 / (20,000*1 + 0.4*1,378.3574) + 0
= 1.6097in
™ = max[t, . tugs ]
= max[ 1.6097 , 0.0625 ]
= 1.6097in
ty = min[t,,t,]
= min{0.2074 , 1.6097 ]
= 0.2074in
tugas = max{t,, t,]
= max[ 0.0719, 0.2074 ]
= 0.2074in

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 = 622.51 psi @ 140 °F (il‘l)

The nozzie
passes UG-45

A A A
required | avallable Ay L A2 | A3 | A5y oigs | trea tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074 {1.06

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

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

Nozzle to shell fillet (Legqr) [0.25 0.2625 weld size is adequate
Calculations for external pressure 622.51 psi @ 140 °F

Weid description Status

Paralle! Limit of reinforcement per UG-40

La MAX(d, R, + (t,-C,) + (- C))
MAX(2, 1 + (1.06 - 0) + (1.75 - 0))
= 3.81in

Outer Normal Limit of reinforcement per UG-40

L,, MIN(2.5%(t - C), 2.5*(t, - C,) + 1)
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)

2.65in

Nozzle required thickness per UG-28 t, = 0.1482 in

From UG-37(d)(1) required thickness t, = 1.75 in

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

UW-16(c) Weld Check

Fillet weld: t_,;,, = lesser of 0.75 ort ort=0.751in
t(min) = lesser of 0.25 or 0.7"t;, = 0.25 in

t(acway = 0-77Leg = 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

tuces = 0.1482in
L = max{t, yges  taugee ]
= max[0.1482,0]
= 0.1482in
too = P'R,/(S'E + 0.4*P) + Corrosion
= 622.5059*24 /(20,000*1 + 0.4*622.5059) + 0
= 0.7378in
too = max[t, . tygrs]
= max[0.7378, 0.0625 ]
= 0.7378in
ty = min[t,,t,]
= min[0.2074, 0.7378]
= 0.2074in
tugas = max{ty, 4]
= max[ 0.1482, 0.2074 ]
= 0.2074in

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, 8.0886/4.12 1.9632

D,/t = 412/0.1482 = 27.7945
From table G: A = 0.004502

From table .
HA-2: B = 12,976.6933 psi
P, = 4'B/(3'(D,/1)
= 4*12,976.69/(3*(4.12/0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t, = t+ Corrosion = 0.1482+0 = 0.1482"

1173 Rev. 6

89/249



PSV (N4)

ASME Section VIil Division 1, 2010 Edition, A11 Addenda

tuowen = 1.75 10
Leg,, = 0.375in

F_u.knsn
|
17500 |

|

T S N

1'7500J,

L

Location and Orientation

Located on: 48 OD SHELL
Orientation: 90°

Nozzle center line offset to datum line: 26in

End of nozzle to shell center: 32in

Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification: SA-182 F316 <=5 (lI-D p. 70, In. 22)
Inside diameter, new: 2in

Nominal wall thickness: 1.06 in
Corrosion allowance: 0in

Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf:  8in

Local vessel minimum thickness: 1.751in

Liquid static head included: 0 psi
Longitudinal joint efficiency: 1

ASME B16.5-2009 Flange

Description: NPS 2 Class 900 LWN A182 F316

Bolt Material: SA-193 B7 Bolt <= 2 1/2 (1I-D p. 334, In. 32)
Blind included: No

Rated MDMT: -55°F

(Per UHA-51(d)(1)(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head: 0 psi
MAWP rating: 2,040 psi@ 140°F
MAP rating: 2,160 psie 50°F
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Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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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 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avallable | A1 | A2 | A3 | A5 | yeiqs | lrea tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074 |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 (Legs1) | 0.25 0.2625 weld size is adequate
Calculations for internal pressure 1,378 psi @ 140 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.0678).

Parallel Limit of reinforcement per UG-40

La MAX(d, R, + (t,- C,) + (t- C))
MAX(2, 1 + (1.06 - 0) + (1.75 - 0))
= 3.81in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5*(t,- C,) + 1)

MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)
= 2.65in

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

t

" PR,/ (S,"E - 0.6"P)
1,378*1/(20,000*1 - 0.6*1,378)
0.0719in

Required thickness t, from UG-37(a)

t

= P*R,/(S"E+04'P)
1,378*24 / (20,000*1 + 0.4*1,378)
1.6092 in

This opening does not require reinforcement per UG-36(c)(3)(a)
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UW-16(c) Weld Check

Filletweld: t ;. = lesser of 0.75 ort ort=0.75in
tomin) = lesser of 0.25 or 0.7°t ;. = 0.25 in
t(actua = 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

tiuger = P*R/(S"E-0.6"P) + Corrosion
= 1,378"1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
t, = max| 27 taugez ]
= max[0.0719,0]
= 0.0719in
tos = P'R,/(S"E + 0.4*P) + Corrosion
= 1,378"24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in
by = max[ty .t yges]
= max[ 1.6092, 0.0625 ]
= 1.6092in
t, = min[t,,t,]
= min[ 0.2074, 1.6092 ]
= 0.2074in
tyeas =  max[t,, t]
= max[0.0719, 0.2074 ]
= 0.2074in

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 = 622,51 psi @ 140 °F (in)
The nozzle
passes UG-45
A A "
required | avallable A1 [Az2 | A3 | As | olds treq i

This nozzle is exempt from area
calculations per UG-36(c)(3)(a)

0.2074 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 size (In) | throat slze (In)

Status

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

Calculations for external pressure 622.51 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Ls

MAX(d, R, + (t, - C,) + (t - C))
MAX(2, 1 + (1.06 - 0) + (1.75 - 0))
- 38t1in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t,- C,) + t,)
MIN(2.5%(1.75 - 0), 2.5*(1.06 - 0) + 0)
2.65in

Nozzle required thickness per UG-28 t, = 0.1482in

From UG-37(d)(1) required thickness t, = 1.75 in

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

UW-16(c) Weld Check

Fillet weld: t
te(miny = l€sser of 0.25 or 0.7"t

=lesser of 0.75ort ort=0.751in
=0.25in

min

min

toacuay = 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

tiugos = 0.14821in
t, = max[t, ygog: taugz ]
= max[0.1482,0]
= 0.1482in
too = P'R,/(S*E + 0.4"P) + Corrosion
= 622.5059"24 / (20,0001 + 0.4*622.5059) + 0
= 0.7378in
to = max{ty, . tyas ]
= max[0.7378, 0.0625 ]
= 0.7378in
ty = min[ty, t,]
= min[ 0.2074, 0.7378 ]
= 0.2074in
Waas = max(t,, t,]
= max[0.1482, 0.2074 ]
= 0.2074in

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, = 8.0886/4.12 = 1.9632

D/t = 412/0.1482 = 27.7945
From table G: A = 0.004502

From table .
HA-2: B = 12,976.6933 psi
P, = 4*B/(3*(D, /1))
= 4%12,976.69/ (3*(4.12/0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t = t+ Corrosion = 0.1482+0 = 0.1482"

a
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Pressure Indicator (N5)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tyjowen = 1.75 10
Leg,, = 0.375in

1.7500

Location and Orientation

Located on: 48 OD SHELL
Orientation: 90°

Nozzle center line offset to datum line: 40in

End of nozzle to shell center: 32in

Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification: SA-182 F316 <= 5 (lI-D p. 70, In. 22)
Inside diameter, new: 2in

Nominal wall thickness: 1.06 in
Corrosion allowance: 0in

Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf:  81in

Local vessel minimum thickness: 1.75in

Liquid static head included: 0 psi
Longitudinal joint efficiency: 1

ASME B16.5-2009 Flange

Description: NPS 2 Class 900 LWN A182 F316

Bolt Material: SA-193 B7 Bolt <= 2 1/2 {II-D p. 334, In. 32)
Blind included: No

Rated MDMT: -55°F

(Per UHA-51(d)(1)(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head: 0 psi
MAWP rating: 2,040 psi@ 140°F
MAP rating: 2,160 psi@ 50°F
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Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No

1173 Rev. 6 97/249



Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For P = 1,378 ps| @ 140 °F (in)
The nozzle
passes UG-45
A A A
required | avallable A (A2 | A3 | As | aigs treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074 |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
Weid description throat size (In) | throat size (In) Status
Nozzle to shell fillet (Lega1) 0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,378 psi @ 140 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.0678).

Parallel Limit of reinforcement per UG-40

Ln

MAX(d, R, + (t,- C,) + (t-C))
MAX(2, 1 + (1.06 - 0) + (1.75 - 0))
= 3.81lin
Outer Normal Limit of reinforcement per UG-40

L

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

MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)
= 265in

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

t P*R./ (S,"E - 0.6*P)
1,378*1 / (20,000*1 - 0.6*1,378)
0.0719in

Required thickness t, from UG-37(a)

t = PR,/(S'E+0.4°P)
1,378"24 / (20,000*1 + 0.4*1,378)
1.6092 in

This opening does not require reinforcement per UG-36(c)(3)(a)
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UW-16(c) Weld Check

Fillet weld: t ;, = lesserof 0.75 ort ort=0.75in
te(miny = lesser of 0.25 or 0.7*t_;, = 0.25in

to(actua) = 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

touger = P*R/(S'E-0.6"P) + Corrosion
= 1,378"1/(20,000*1 - 0.61,378) + 0
= 0.0719in
t, = max[t, ygz7 » tiugez ]
= max[0.0719,0]
= 0.0719in
tor = P*R,/(S'E + 0.4*P) + Corrosion
= 1,378*24/(20,000*1 + 0.4*1,378) + 0
= 1.6092in
b1 = max{t, a6l
= max[ 1.6092, 0.0625]
= 1.6092in
ty = minfty,,t,]
= min[ 0.2074 , 1.6092 ]
= 0.2074in
lgas = max{ty, 4]
= max[0.0719, 0.2074 ]
= 0.2074in

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 = 622.51 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avallable [ A1 | A2 | A3 [ As | yegs | trea tmin

This nozzle is exempt from area

calculations per UG-36(c){3)(a) 0.2074 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) Status
Nozzle to shell fillet (Legs1) [ 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

L

MAX(d, R, + (t,- C,) + (t- C))
MAX(2,1 + (1.06 - 0) + (1.75 - 0))
= 3.81in
Outer Normal Limit of reinforcement per UG-40

L, MIN(2.5*(t - C), 2.5*(t, - C,) + 1)
MIN(2.5%(1.75 - 0), 2.5*(1.06 - 0) + 0)

2.65in

Nozzle required thickness per UG-28 t,, = 0.1482 in

From UG-37(d)(1) required thickness t, = 1.75 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=0.751in
tc(min) = lesser of 0.25 or 0.7*t ;. = 0.25in

te(actuan = 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

tues = 0.1482in
t, = max[t, yg.os s taugez ]
= max[0.1482,0]
= 0.1482in
too = P*R,/(S*E + 0.4*P) + Corrosion
= 622.5059*24 /(20,000"1 + 0.4*622.5059) + 0
= 0.7378in
too = max{t, . tyare ]
= max[0.7378, 0.0625 ]
= 0.7378in
ty = minftg,,t,]
= min[ 0.2074 ,0.7378 ]
= 0.2074 in
lugas = max[ty, b ]
=  max]0.1482, 0.2074 ]
= 0.2074 in

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, = 8.0886/4.12 = 1.9632

D,/t = 412/0.1482 = 27.7945
From table G: A = 0.004502

From table .
HA-2: B = 12,976.6933 psi
P, = 4'B/(3*(D,/t))
= 4"12,976.69/ (3"(4.12/0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t, = t+Corrosion = 0.1482+0 = 0.1482"
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Temperature Indicator (N6)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

tyowen = 1.75 10
Leg,; = 0.375in

< 0.5750
17500 r:
A |

T == s

1.7500\1,

| )
|
|
l
!

Location and Orientation

Located on: 48 OD SHELL
Orientation: 90°

Nozzle center line offset to datum line: 54 in

End of nozzle to shell center: 32in

Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification: SA-182F316 <=5 (lI-D p. 70, In. 22)
Inside diameter, new: 2in

Nominal wall thickness: 1.06 in
Corrosion allowance: 0in

Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf:  8in

Local vessel minimum thickness: 1.75in

Liquid static head included: 0 psi
Longitudinal joint efficiency: 1

ASME B16.5-2009 Flange

Description: NPS 2 Class 900 LWN A182 F316

Bolt Material: SA-193 B7 Bolt <= 2 1/2 (1I-D p. 334, In. 32)
Blind included: No

Rated MDMT: -55°F

{Per UHA-51(d)(1)(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head: 0 psi
MAWP rating: 2,040 psie 140°F
MAP rating: 2,160 psi@ 50°F
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Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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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 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avaliable A1} A2 | As | As | eids treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074 11.06

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

Calculations for internal pressure 1,378 psi @ 140 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.0678).

Parallel Limit of reinforcement per UG-40

La

MAX(, R, + (t,- C,) +(t- C))
MAX(2,1 +(1.06-0) + (1.75 - 0))
= 3.8lin
Outer Normal Limit of reinforcement per UG-40

L

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

MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)
= 265in

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

t

. = P'R,/(S,E-06"P)
1,378*1/(20,000*1 - 0.6*1,378)
0.0719 in

Required thickness t, from UG-37(a)

t

. P*R,/ (S*E + 0.4"P)
1,378"24 / (20,000"1 + 0.4*1,378)
= 1.6092in

This opening does not require reinforcement per UG-36(c)(3)(a)
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UW-16(c) Weld Check

Fillet weld: t ;. = lesserof 0.75 ort ort=0.75in
te(min) = lESSEr 0f 0.25 or 0.7*t; = 0.25 in

to(actuay = 0-7*Leg = 0.770.375 = 0.2625 in

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

taugey = P'R/(S”E-0.6"P) + Corrosion
= 1,378*1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
L = max{t, ygo7 taugee |
= max[0.0719,0]
= 0.0719in
tos = P*R,/(S*E + 0.4"P) + Corrosion
= 1,378*24/(20,000"1 + 0.4*1,378) + 0
= 1.6092in
by = max[t, 1 yg6]
= max[ 1.6092 , 0.0625 ]
= 1.6092in
ty = min[t;g,t,]
= min{0.2074, 1.6092 ]
= 0.2074in
tyeas =  max(t, t]
= max[ 0.0719, 0.2074 ]
= 0.2074in

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 = 622.51 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
requlired | available A A2 | A3 | As | aigs treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074 {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 slze (in) | throat size (In)

Weld description Status

Nozzle to shell fillet (Legas) | 0.25 0.2625 weld size is adequate
Calculations for external pressure 622.51 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Lr

MAX(d, R, + (t,- C,) + (t- C))
MAX(2, 1 + (1.06 - 0) + (1.75 - 0))
= 3.8lin
Outer Normal Limit of reinforcement per UG-40

L, MIN(2.5%(t- C), 2.5%t - C,) + t,)
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)

2.65in

Nozzle required thickness per UG-28 t, = 0.1482 in

From UG-37(d)(1) required thickness t = 1.75 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=0.751in
teqmin) = lesser of 0.25 or 0.7, = 0.25in

tactua = 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

tucss = 0.1482in
ta = max[t,yg.os: taugee ]
= max[0.1482,0]
= 0.1482in
too = P*R,/(SE + 0.4*P) + Corrosion
= 622.5059*24 / (20,000*1 + 0.4*622.5059) + 0
= 0.7378in
to = max[t, .t ygrs]
= max{0.7378, 0.0625]
= 0.7378in
ty = min[t,, t,]
= min{0.2074 , 0.7378 ]
= 0.2074in
lugas = max(t,,t,]
= max[0.1482, 0.2074]
= 0.2074in

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, 8.0886/4.12 = 1.9632
D, /t 412/0.1482 = 27.7945
Fromtable G: A = 0.004502

From table .
HA-2- B = 12,976.6933 psi
P, = 4'B/(3*(D, /1))
= 4*12,976.69/(3*(4.12/0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t, = t+ Corrosion = 0.1482+0 = 0.1482"
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Level Bridle - (Safety) High (N9A)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

tygowen = 1.75 10
Leg,y = 0.375in

x—0.3750
1'7500J, 1.7500\1’ F

\

Location and Orientation

Located on: 48 OD SHELL
Orientation: 315°

Nozzle center line offset to datum line: 26in

End of nozzle to shell center: 32in

Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification: SA-182 F316 <=5 (II-D p. 70, In. 22)
Inside diameter, new: 2in

Nominal wall thickness: 1.06 in
Corrosion allowance: 0in

Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf:  8in

Local vessel minimum thickness: 1.751in

User input radial limit of reinforcement: 1.125in
Liquid static head included: 0 psi
Longitudinal joint efficiency: 1

ASME B16.5-2009 Flange

Description: NPS 2 Class 900 LWN A182 F316

Bolt Material: SA-193 B7 Bolt <=2 1/2 (1I-D p. 334, In. 32)
Blind included: No

Rated MDMT: -55°F

(Per UHA-51(d)(1)(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head: 0 psi
MAWRP rating: 2,040 psie 140°F
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MAP rating: 2,160 psie 50°F
Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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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 psl @ 140 °F (|n)
The nozzle
passes UG-45
A A A
required | avallable | A1 | A2 | A3 | A5 | yeigs | trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) | -20L%|1:08

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(2)

UW-16 Weld Sizing Summary

Weld description

Required weld
throat slze (In)

Actual weld
throat slze (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 Impact test exempt per UHA-51(g)(coincident ratio = 0.0678).

Parallel Limit of reinforcement per UG-40

L = MAX(d, R, +(,-C,)+(-C))
= MAX(2,1+(1.06-0)+(1.75-0))
= 3.81in

Ly = 1.125in (User Defined)

Outer Normal Limit of reinforcement per UG-40

Ly

= 265in

MIN(2.5%(t - C), 2.5*(t, - C,) +t,)
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)

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

t

m

0.0719in

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

Required thickness t, from UG-37(a)

i

1.6092 in

1173

: P*R,/ (S'E + 0.4*P)
1,378*24 / (20,000*1 + 0.4*1,378)
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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
temin) = l€sser of 0.25 or 0.7*t ;= 0.25 in

t(acway = 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,uger = P*R/(S*E-0.6*P) + Corrosion
= 1,378*1 /(20,0001 - 0.6"1,378) + 0
= 0.0719in

max[t, yg.27 » taugez |
= max[0.0719,0]

= 0.0719in
toq = P*R,/(S*E + 0.4"P) + Corrosion
= 1,378"24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in
by = max[ty . tyers]
= max[ 1.6092, 0.0625 |
= 1.6092in
ty = min[t,;.t,]
= min[ 0.2074 , 1.6092 ]
= 0.20741in
lgs = max[ty, 1]
= max[ 0.0719, 0.2074 ]
= 0.2074in

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 = 622.51 psl @ 140 °F (|n)
The nozzle
passes UG-45
A A A
required | avallable | A1 [ A2 | A3 | As | yeigs | trea {min
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.2074 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 size (In) Status
Nozzle to shell fillet (Leg41) 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(d, R, + (t,-C_) + (t- C))
MAX(2, 1 + (1.06 - 0) + (1.75 - 0))
= 38lin
Outer Normal Limit of reinforcement per UG-40

L,, MIN(2.5%(t- C), 25*t_-C,) + 1)
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)

2.65in

Nozzle required thickness per UG-28 t,, = 0.1482 in
From UG-37(d)(1) required thickness t, = 1.75 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

min ~
tomin) = l€sser of 0.25 or 0.7"t;, = 0.25 in

togacuay = 0-7*Leg = 0.70.375 = 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

tyuses = 0.1482in

max[ t, yg.2s + taugz ]
= max[0.1482,0]

= 0.1482in
[ = P*R,/(S’E + 0.4"P) + Corrosion
= 622.5059"24 /(20,0001 + 0.4*622.5059) + 0
= 0.7378in
tya = max[ty, . tygs]
= max[0.7378, 0.0625 ]
= 0.7378in
t, = min[ty,, t,]
= min[ 0.2074,0.7378 ]
= 0.2074in
lgas = max(t,, 4]
= max[0.1482, 0.2074 |
= 0.2074in

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, = 8.0886/4.12 = 1.9632

D,/t = 412/0.1482 = 27.7945
Fromtable G: A = 0.004502

From table .
HA-2: B = 12,976.6933 psi
P, = 4*B/(3*(D, /1))
= 4712,976.69/(3*(4.12/ 0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t, = t+Corrosion = 0.1482+0 = 0.1482"
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Spare (N11)

ASME Section VIIlI Division 1, 2010 Edition, A11 Addenda

tw(Iower) = 1.75in
Leg,, = 0.375in

i_ T ——’wﬁ.h750
1.7500\1/ | y 1.7500\1} J!
| \ |
] -
Location and Orientation
Located on: 48 OD SHELL
Orientation: 225°
Nozzle center line offset to datum line: 8in
End of nozzle to shell center: 32in
Passes through a Category A joint: No
Nozzle
Access opening: No
Material specification: SA-182 F316 <=5 (II-D p. 70, In. 22)
Inside diameter, new: 2in
Nominal wall thickness: 1.06 in
Corrosion allowance: 0in
Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf:  8in
Local vessel minimum thickness: 1.75in
Liquid static head included: 0 psi
Longitudinal joint efficiency: 1
ASME B16.5-2009 Flange
Description: NPS 2 Class 900 LWN A182 F316
Bolt Material: SA-193 B7 Bolt <=2 1/2 (1I-D p. 334, In. 32)
Blind included: No
Rated MDMT: -55°F

(Per UHA-51(d)(1)(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head: 0 psi
MAWP rating: 2,040 psie 140°F
MAP rating: 2,160 psi@ 50°F
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Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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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 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avallable | A1 1 A2 [A3 [ As | wejgs | lrea tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074  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
throat slze (In) | throat size (in)

Nozzle to shell fillet (Legsa1) }0.25 0.2625 weld size is adequate
Calculations for internal pressure 1,378 psi @ 140 °F

Weld description Status

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.0678).

Parallel Limit of reinforcement per UG-40

Lq MAX(d, R, + (t,- C,) + (t- C))
MAX(2,1 + (1.06 - 0) + (1.75 - 0))
= 3.81in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t,- C,) + t,)
= MIN(2.5*(1.75 - 0), 2.5°(1.06 - 0) + 0)
= 265in

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

t, = PR,/ (S E-0.6P)
1,378*1/(20,000*1 - 0.6*1,378)
0.0719in

Required thickness t_ from UG-37(a)

t, P*R,/ (S'E + 0.4*P)
1,378*24 / (20,000*1 + 0.4*1,378)
1.6092 in

This opening does not require reinforcement per UG-36(c)(3)(a)
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UW-16(c) Weld Check

Fillet weld: t . = lesser of 0.75 ort, ort=0.75in
to(min) = l€8S€r 0f 0.25 0r 0.7*t; = 0.25 in

t(actuay = 0-7"Leg = 0.770.375 = 0.2625 in

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

tiugey = P*R/(S'E-0.6"P)+ Corrosion
= 1,378"1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
ta = max[t, yg07  taugez |
= max[0.0719,0]
= 0.0719in
toq = P*R,/(S*E + 0.4*P) + Corrosion
= 1,378"24/(20,000*1 + 0.4*1,378) + 0
= 1.6092in
ot = max[ty b ygre ]
= max[ 1.6092, 0.0625 |
= 1.6092in
ty = min[t,,t,]
= min[0.2074 , 1.6092 ]
= 0.2074in
tugus = max{ty, 4]
= max[ 0.0719, 0.2074 ]
= 0.2074in

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 = 622.51 psl @ 140 °F (il‘l)
The nozzle
passes UG-45
A A A
required | avallable A1 1 A2 | A3 A5 | aigs treq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) | 22074 |1-08

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Requlred weld Actual weld
Weld description throat size (In} | throat size (In} Status
Nozzle to shell fillet (Leg41) 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F

Paralle! Limit of reinforcement per UG-40

Ln

= 3.81in

MAX(d, R, + (t, - C.) + (t- C))
MAX(2, 1 + (1.06 - 0) + (1.75 - 0))

Outer Normal Limit of reinforcement per UG-40

Ly

2.65in

MIN(2.5*(t - C), 2.5*(t_- C,) +t,)
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)

Nozzle required thickness per UG-28 t, = 0.1482 in

From UG-37(d)(1) required thickness t, = 1.75 in

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

UW-16(c) Weld Check

Fillet weld: t

min

t(min) = l€SSEr Of 0.25 Or 0.7°

min

0.25in

toaetay = 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 = 0.1482in
t, = max[t,ygos » taugez |
= max[0.1482,0]
= 0.1482in
too = P*R,/(S"E + 0.4"P) + Corrosion
= 622505924 /(20,0001 + 0.4*622.5059) + 0
= 0.7378in
tha = max{ty, b e
= max[ 0.7378, 0.0625]
= 0.73781in
t, = min[ty, ;]
= min[0.2074,0.7378]
= 0.2074in
tugas = max(ty.t]
= max[0.1482, 0.2074 ]
= 0.2074in

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, = 8.0886/412 = 1.9632

D/t = 412/0.1482 = 27.7945
Fromtable G: A = 0.004502

From table .
HA-2: B = 12,976.6933 psi
P. = 4'B/(3°(D,/t))
= 4*12,976.69/ (3*(4.12/0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t, = t+Corrosion = 0.1482+0 = 0.1482"
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Purge (N12)

ASME Section VIli Division 1, 2010 Edition, A11 Addenda

tw(,owe,) = 1.75in
Leg,; = 0.375in

| | k-0.3750
17500 || 1500
| N
T — =T =
Location and Orientation
Located on: 48 OD SHELL
Orientation: 225°
Nozzle center line offset to datum line: 88 in
End of nozzle to shell center: 32in
Passes through a Category A joint: No
Nozzle
Access opening: No
Material specification: SA-182 F316 <= 5 (II-D p. 70, In. 22)
Inside diameter, new: 2in
Nominal wall thickness: 1.06 in
Corrosion allowance: 0in
Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf: 8 in
Local vessel minimum thickness: 1.751in
User input radial limit of reinforcement: 2.5in
Liquid static head included: 0.3574 psi
Longitudinal joint efficiency: 1
ASME B16.5-2009 Flange
Description: NPS 2 Class 900 LWN A182 F316
Bolt Material: SA-193 B7 Bolt <=2 1/2 (lI-D p. 334, In. 32)
Blind included: No
Rated MDMT: -55°F

(Per UHA-51(d)(1)(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liguid static head: 0.3177 psi
MAWP rating: 2,040 psie 140°F
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MAP rating: 2,160 psie 50°F
Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No

1173 Rev. 6 121/249



Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For P = 1,378.36 psl @ 140 °F (in)
The nozzle
passes UG-45
A A A
required | avallabfe A | A2 | A3 | As | eigs treq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.2074 11.06

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

Requlred 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 internal pressure 1,378.36 psi @ 140 °F
Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.0788).

Parallel Limit of reinforcement per UG-40

Ly = MAX(d, R, +(t,-C,)+(t-C)
= MAX(2, 1+ (1.06-0)+(1.75-0))
= 3.81in

Ly = 25in (User Defined)

Outer Normal Limit of reinforcement per UG-40

Ly

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

MIN(2.5%(1.75 - 0), 2.5*(1.06 - 0) + 0)
= 265in

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

t, = P*R,/(S,'E-0.6°P)
1,378.3574*1 / (20,000*1 - 0.6*1,378.3574)
0.0719in

Required thickness t, from UG-37(a)

t, PR,/ (S*E + 0.4*P)
1,378.3574*24 / (20,000*1 + 0.4*1,378.3574)
1.6097 in
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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* ;. = 0.25 in
=0.7"Leg = 0.70.375 = 0.2625 in

c(actual)

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

tyugey = P*R/(S'E-0.6"P)+ Corrosion
= 1,378.3574*1 /(20,000"1 - 0.6*1,378.3574) + 0
= 0.0719in
tbugos = 0.0835in
t = max[t ygz7 taugzz |
= max[ 0.0719, 0.0835]
= 0.0835in
toq = P*R,/(S’E + 0.4*P) + Corrosion
= 1,378.3574"24 / (20,000*1 + 0.4*1,378.3574) + O
= 1.6097in
Ly = max[t,; . tuge ]
= max[ 1.6097, 0.0625 ]
= 1.6097in
ty = min[t,, t,]
= min[ 0.2074 , 1.6097 ]
= 0.2074in
tugas = maxt, ., t]
= max[0.0835, 0.2074 ]
= 0.2074in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.
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Applied Loads

Radial load:

Circumferential moment:

Circumferential shear:
Longitudinal moment:
Longitudinal shear:
Torsion moment:
Internal pressure:
Mean shell radius:
Local shell thickness:
Shell yield stress:

P.= 334 b,
M, = 2,965 Iby-in
V, = 409 Ib
M, = 2,965 lby-in
V= 409 Ib;
M, = 4,160 lbyin
P= 1,378.357psi
R,=23.125 in
t= 1.75 in

S,= 27,900 psi

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

R, /t=23.125/1.75=13.2143

Pressure stress intensity factor, | = 1.05703 (derived from PVP-Vol. 399, pages 77-82)

Local circumferential pressure stress = I"P*R, / t =18,524 psi

Local longitudinal pressure stress = I"P*R; / (2*1) =9,262 psi

Maximum combined stress (P

+P +Q) = 18,785 psi

L

Allowable combined stress (P +P +Q) = +-3*S = +-60,000 psi

Note: The allowable combined stress (P +P_+Q) is based on the strain hardening characteristics of this material.

The maximum combined stress (P +P_+Q) is within allowable limits.

Maximum local primary membrane stress (P ) = 18,529 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
3Cc* 25705 |0.0779 |0 0 0 0 -21 -21 -21 -21
4C* 2.6145 [0.0779 |-22 -22 -22 -22 0 0 0 0

1C 0.2014 |0.0779 {0 0 0 0 -132 132 -132 132
2C-1 0.1661 0.0779 |-109 109 -109 109 0 0 0 0

3A* 0.1676 |0.0779 |0 0 0 0 -7 -7 7 7

1A 0.1061 0.0779 |0 0 0 0 -342 342 342 -342
k=N 0.6597 10.0779 |-27 -27 27 27 0 0 0 0

1B-1 0.0616 0.0779 |-199 199 199 -199 0 0 0 0
Pressure stress* 18,524 | 18,524 | 18,524 | 18,524 | 17,525 | 17,525 | 17,525 | 17,525
Total clrcumferentlal stress | 18,167 | 18,783 | 18,619 | 18,439 {17,023 | 17,971 | 17,721 | 17,301
Z’r':::;‘f'e'r“e‘;':::{ - 18,475 | 18,475 {18,529 | 18,529 [ 17,497 (17,497 | 17,511 {17,511
3c 2.5705 0.0779 |-21 -21 -21 -21 0 0 0 0

4C* 26145 [0.0779 {0 0 0 0 -22 -22 -22 -22
1C-1 0.2031 0.0779 |-133 133 -133 133 0 0 0 0

2C 0.1599 0.0779 |0 0 0 0 -105 105 -105 105
4A° 0.2212 0.0779 |0 0 0 0 -9 -9 9 9

2A 0.063 0.0779 |0 0 0 0 -203 203 203 -203
48* 0.1671 0.0779 | -7 -7 7 7 0 0 0 0
28-1 0.098 0.0779 |-316 316 316 -316 0 0 0 0
Pressure stress* 8,762 |8,762 |8,762 {8,762 |9,262 |9,262 |9,262 |9,262
Total longltudinal stress 8,285 |9,183 |8,931 8,565 |8,923 9,539 |9,347 |9,151
E’;‘;‘ﬁmm:g’r’::: 8734 (8,734 |8748 8,748 |9231 [9231 |9.240 |9,249
Shear from M, 89 89 89 89 89 89 89 89
Circ shear from V¢ 36 36 -36 -36 0 0 0 0
Long shear from Vi 0 0 0 0 -36 -36 36 36
Total Shear stress 125 125 53 53 53 53 125 125
Combined stress (P_+Pp+Q) | 18,169 | 18,785 | 18,619 | 18,439 | 17,023 | 17,971 17,723 | 17,303

Note: * denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads

)-P./(*(R

]

2-R2) + MR, /I

=1,378.36*1 / (2*1.06) - 334 / (n*(2.062 - 12)) + 4,193.1*2.06 / 13.3582

The average primary stress P, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external
loads is acceptable ( < S = 20,000 psi)

Shear stress in the nozzle wall due to external loads

Oshear = (VL2 + ch)O's / (K*Ri*tn)

= (4092 + 4092)05 / (1*1*1.06)

=174 psi

crtorsion

=4,160/ (2"n*12*1.06)
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= 625 psi

Otatal = Oshear + Otorsion
=174 + 625

= 798 psi

UG-45: The total combined shear stress (798 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 = 622,51 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avallable At [ A2 | A3 | As [ eigs treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074 (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 slze (in)

Weld description Status

Nozzle to shell fillet (Legas) 025 0.2625 weld size is adequate
Calculations for external pressure 622.51 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

La

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

MAX(2, 1 + (1.06 - 0) + (1.75 - 0))
3.81in

Outer Normal Limit of reinforcement per UG-40

Ly MIN(2.5%(t - C), 2.5%(t, - C,) + t,)
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)

2.65in

Nozzle required thickness per UG-28 t | = 0.1482 in
From UG-37(d)(1) required thickness t = 1.75 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, or t=0.75 in
tomin) = lesser of 0.25 or 0.7*t;, = 0.25 in

'lc.\acman =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

touses = 0.1482in
t,ysee = 0.0489in
t, = max[t, yg.os » taug2z |
- max] 0.1482,0.0489 ]
= 0.1482in
too = P'R,/(S"E + 0.4*P) + Corrosion
= 622.5059*24 /(20,000"1 + 0.4"622.5059) + 0
= 0.7378in
to = max[ty, .ty ygrs |
= max[0.7378, 0.0625
= 0.7378in
t, = min[tg,,t,]
=  min[0.2074 , 0.7378 ]
= 0.2074in
tuges = maxty, ]
= max[ 0.1482, 0.2074 ]
= 0.2074in

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, = 8.0886/4.12 1.9632

D,/t = 4.12/0.1482 27.7945
From table G: A = 0.004502

From table .
HA-2: B = 12,976.6933 psi
P, = 4'B/(3*(D, /1))
= 4*12,976.69/(3*(4.12/0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t, = t+ Corrosion = 0.1482+0 = 0.1482"
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Manway c/w Blind Flange (MW1)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

«—  35.0000  — E”"°We" - e
S 29.5000 A egys; = 0.5in
— 3 2.7500
— K— 24.0000
55000 — — =t —|—— Ly 5000
| 5.6623 T |
17500, | |4 |
|3 1.7500 |
T LAt =
Location and Orientation
Located on: 48 OD SHELL
Orientation: 270°
Nozzle center line offset to datum line: 72in
End of nozzle to shell center: 39.75in
Passes through a Category A joint: No
Nozzle \
Access opening: Yes
Material specification: SA-182 F316 > 5 (II-D p. 70, In. 18)
Inside diameter, new: 24 in
Wall thickness, t,: 55in
Minimum wall thickness: 2.75in
Corrosion allowance: Oin
Projection available outside vessel, Lpr: 10 in
Heavy barrel length, L, 5.6623 in
Projection available outside vessel to flange face, Lf: 15.75in
Local vessel minimum thickness: 1.751in
User input radial limit of reinforcement: 20in
Liquid static head included: 0.1588 psi

Longitudinal joint efficiency:

ASME B16.5-2009 Flange

1

Description: NPS 24 Class 900 V2 A182 F316 (Nut Relief)

Bolt Material: SA-193 B7 Bolt <=2 1/2 (lI-D p. 334, In. 32)

Blind included: Yes

Rated MDMT: -55°F

(Per UHA-51(d)(1){(a))

(Flange rated MDMT = -320 °F

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

MAWP rating:
MAP rating:
Hydrotest rating:

PWHT performed:

1173
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Reinforcement Calculations for Chamber MAWP

throat size (In)

throat slze (In)

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (in2) Thickness
For P = 1,378.16 psl @ 140 °F Summary
The opening Is adequately reinforced (in)
The nozzle
passes UG-45
A A
required available A Az A3 1 As | welds treq tmin
38.6263 |43.0763 |2.2491 (40.5772 |-- |-- |0.250.8626 [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
Weld description Required weld Actual weld Status

Nozzle to shell fillet (Lega41)

0.25

0.35

weld size is adequate

Calculations for internal pressure 1,378.16 psi @ 140 °F

Nozzle rated MDMT per UHA-51(d)(1)(a) = -320 °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, 12 + (2.75- 0) + (1.75 - 0))
= 24in
Ly = 20in (User Defined)
Outer Normal Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)
Ly = MIN@25%(t-C), 2.5%(t,-C,) +1,)
= MIN(2.5%(1.75 - 0), 2.5*(2.75 - 0) + 4.7631)
= 4.375in
t. = MIN(5.6623 + 2.75*tan(30) , 2.75*tan(60) )
= 4.7631in

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

t

™m

0.8626 in

1173
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Required thickness t, from UG-37(a)

t

. P*R,/ (S’E + 0.4"P)
1,378.1588*24 / (20,0001 + 0.4*1,378.1588)
1.6094 in

Area required per UG-37(c)

Allowable stresses: S = 20,000, S, = 20,000 psi
f,=lesseroftorS /S, =1
fo=lesseroftorS /S, =1

A = dYF+ 27 tF( -1

= 24*1.6094*1 + 2*5.5*1.6094*1*(1 - 1)
=  38.6263in?

Area available from FIG. UG-37.1

A,: (specified limit governs) = 2.2491 in?

(2*limits - d)*(E,*t - F*t) - 2*t *(E,*t - F*t)*(1 - f,,)
(220 - 24)*(1*1.75 - 1*1.6094) - 2*5.5*(1*1.75 - 1*1.6094)*(1 - 1)
2.2491 in?

A, = smaller of the following= 40.5772 in2

= 5t - t,) T,
= 5'55-0.8626)*1*1.75
= 40.5772in2

= 24t~ t) Ly, - [ty - £)2°1an(30) + 2 (LIMIT - Ly - Lgpe)*(ty - t)]*Fr2
= 2%(5.5-0.8626)*1*10 - [(5.5 - 2.75)2tan(30) + 2*(10 - 5.6623 - 1.5877)*(5.5 - 2.75)]*1
= 73.2568in2

Ay = Leg®f,
= 0.52"1
= 025in2

Area= A, +A,+ A,
= 22491 +40.5772 + 0.25
= 43.0763in?

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

Fillet weld: t_;, = lesser of 0.75 ort_ ort=0.75in
to(min) = l&sser of 0.25 or 0.7, = 0.25 in
y=0.7"Leg =0.7"0.5=0.35in

c(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check (Access Opening)

tiugoy = P*R/(SE-0.6"P)+ Corrosion
= 1,378.1588*12/ (20,000*1 - 0.6*1,378.1588) + 0
= 0.8626in

L = max[t,yez7 tavgez |

= max[ 0.8626,0]

= 0.8626in
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)*38.6263 = 25.7509 in2 \

Area that is within 75 percent of the limits of reinforcement is:

A, = larger of 2.0383 or

= (2%limits - d)*(E,*t - F*t) - 2°t *(E,*t - Ft)*(1 - f.))
= (2*18-24)*(1*1.75 - 1*1.6094) - 2*5.5*(1*1.75 - 1*1.6094)*(1 - 1)
= 1.6868 in2

Area= A+ A+ A+ AL+ AL+ A+ Ag
= 2.0383+405772+0+025+0+0+0
= 42.8655in?

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,=44.5in>60in False
1-7(b)}{(1){(b) d=24in>40in False
1-7(b)(1}{b) d=24in>3.4*(22.25*1.75)%5 =21.216in  True
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1-7(b)(1)(c) R,/R=12/22.25=0.5393<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 = 0.5393 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 (in?) | Thickness
For Pe = 622.51 psl @ 140 °F Summary
The opening Is adequately reinforced (in)
The nozzle
passes UG-45
A A A
required | avallable | A1 A2 A3 | A5 | welgs | lrea tmin
21 38.206 |-- |37.956 |-- |-- |0.25 [1.1622 |2.75

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for

external pressure

UW-16 Weld Sizing Summary

Weld descrliption

Required weld
throat slze (in)

Actual weld
throat slze (In)

Status

Nozzle to shell fillet (Leg4.)

0.25

0.35

weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F

Parallel Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

La

= 24in

Outer Normal Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

MAX(d, R, + (t. - C,) + (t- C))
MAX(24, 12 + (2.75 - 0) + (1.75 - 0))

Ly = MIN@.5*t-C), 2.5, -C,)+t,)
= MIN(2.5*(1.75 - 0), 2.5*(2.75 - 0) + 4.7631)
= 4.375in

t, = MIN(5.6623 + 2.75"tan(30) , 2.75"tan(60) )
= 4.7631in

Nozzle required thickness per UG-28 t,, = 1.1622 in

From UG-37(d)(1) required thickness t, = 1.75 in

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

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

f,=lesseroflorS /S, =1

f,=lesserof1or§ /S, =1

1173
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A = O5YdtF+ 2 tF(1-1,))
= 0.5%(24"1.75"1 + 2'5.5*1.75*1*(1 - 1))
= 21 in2

Area available from FIG. UG-37.1

A, = larger of the following= 0 in2

= d(E/ - Frt) - 20 (Bt - PRt - )
= 24*(1*1.75-1*1.75) - 2*5.5*(1*1.75 - 171.75)*(1 - 1)
= 0in?

= 2f(t+t)"(E,"t- Ft) - 2t (B "t - B - f)
= 2%(1.75 + 5.5)*(1*1.75 - 1*1.75) - 2*5.5*(1*1.75 - 1*1.75)*(1 - 1)
= 0in?

A, = smalier of the following= 37.956 in?

= 5t - t) ot
= 5'5.5-1.1622)*1"1.75
= 37.956 in2

= 2ty t) e Ly - [t - 1)2"taNn(30) + 2*(LIMIT - Ly - Lygpe) (b - t)]*F
= 2*(5.5-1.1622)*1*10 - [(5.5 - 2.75)*tan(30) + 2*(10 - 5.6623 - 1.5877)*(5.5 - 2.75)]*1
=  67.2653in2

A, = Leg®f,
= 0.5
= 0.25in?

Area= A +A,+ A,
= 0+37956+0.25
= 38.206in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t_,, = lesser of 0.75 ort ort=0.75in
t(miny = lesser of 0.25 or 0.7°t;, = 0.25 in
teactual = 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).
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UG-45 Nozzle Neck Thickness Check (Access Opening)
tiuges = 1.16221in

t, = max[t, ygos taugeos ]

= max[1.1622,0]

= 1.1622in
Available nozzle wall thickness new, t, = 2.75 in
The nozzle neck thickness is adequate.

Check Large Opening per Appendix 1-7(a)

Area required within 75 percent of the limits of reinforcement
=2/3*A=(2/3)*21 = 14in?

Area that is within 75 percent of the limits of reinforcement is:

A, =larger of 0 or

= (2%limits - d)*(E,"t- F*t) - 2, *(E,*t - F*t)*(1 - 1))
= (2"18-24)*(1*1.75-1*1.75) - 2*'5.5*(1*1.75 - 1*1.75)*(1 - 1)
= 0in2

Area= A +A,+A;+ A+ AL+ AL+ A
= 0+37956+0+025+0+0+0
= 38.206in2

The area replacement requirements of Appendix 1-7(a) are satisfied.

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, = 23.3259/35 = 0.6665
D,/t = 35/1.1622 = 30.1160
Fromtable G: A = 0.013249
From table .
HA-2: B = 14,060.5232 psi
P, = 4B/ (3*(D, /1))
= 4714,060.52 / (3*(35/1.1622))
= 62251 psi

Design thickness for external pressure P, = 622.51 psi

t, = t+Corrosion = 1.1622+0 = 1.1622"
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PDI High (N7A)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

0.B750

|
17500 :

tyowen = 1.751N
Leg,, = 0.375in

T T

Location and Orientation

Located on:

Orientation:

Nozzle center line offset to datum line:
End of nozzle to shell center:

Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

inside diameter, new:

Nominal wali thickness:

Corrosion allowance:

Projection available outside vessel, Lpr:
Projection available outside vessel to flange face, Lf:
Local vessel minimum thickness:

Liguid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Boit Material:

Blind included:

Rated MDMT:

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)
Liquid static head:

MAWRP rating:

MAP rating:

1173

48 OD SHELL
180°

8in

32in

No

No

SA-182 F316 <=5 (lI-D p. 70, In. 22)
2in

1.06 in

0in

6.25in

8in

1.75in

0 psi

1

NPS 2 Ciass 900 LWN A182 F316

SA-193 B7 Bolt <= 2 1/2 (iI-D p. 334, In. 32)
No

-55°F

0 psi
2,040 psie@ 140°F
2,160 psi@ 50°F
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Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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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 psl @ 140 °F (in)
The nozzle

passes UG-45

A A
required | avallable

A

Av | Az | A3 | As | olds treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074 |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
Weid deacription throat size (In) | throat size (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 Impact test exempt per UHA-51(g)(coincident ratio = 0.0678).

Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, + (t,- C,) + (t- C))
MAX(2,1 + (1.06 - 0) + (1.75- 0))
= 381in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5*(t - C), 2.5*(t, - C,) + t.)

MIN(2.5%(1.75 - 0), 2.5*(1.06 - 0) + 0)
= 265in

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

i

. PR,/ (S,"E - 0.6*P)
1,378*1 / (20,000*1 - 0.6*1,378)
0.0719in

Required thickness t, from UG-37(a)

t

r

PR,/ (S'E + 0.4*P)
1,378*24 / (20,000*1 + 0.4*1,378)
1.6092 in

This opening does not require reinforcement per UG-36(c)(3)(a)
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UW-16(c) Weld Check

Fillet weld: t_; = lesser of 0.75 ort, ort=0.751in
t.(miny = lesserof 0.25 or 0.7, = 0.25 in

tacua) = 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

tougey = P'R/(S'E-0.6"P)+ Corrosion
= 1,378%1/(20,000*1 - 0.6"1,378) + 0
= 0.0719in
t, = max(t; yga7 + taugee ]
= max[0.0719,0]
= 0.0719in
toq = P*'R,/(S'E + 0.4*P) + Corrosion
= 1,378"24 /(20,0001 + 0.4"1,378) + 0
= 1.6092in
by = max{ty . tygrs ]
= max[ 1.6092, 0.0625 ]
= 1.6092in
t, = min[tg,t,]
= min[ 0.2074 , 1.6092 ]
= 0.2074in
tigas =  max(ty, 1]
= max[0.0719, 0.2074 ]
= 0.2074in

Available nozzle wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-37 Area Calculation Summary
(in?) Summary

(in)
The nozzle
passes UG-45

ForPe =6

22.51 psl @ 140 °F

UG-45
Nozzle Wall
Thickness

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

A A A
required | available | A1 | A2 [ A3 | A5 | yeigs | ‘rea tmin
This nozzle is exempt from area
P 0.2074 |1.06

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 descriptlon throat size (in) | throat slze (In) Status
Nozzle to shell fillet (Legat) |0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Ln

MAX(d, R, + (t,- C,) + (t- C))
MAX(2,1 + (1.06 - 0) + (1.75 - 0))
3.81in

Outer Normal Limit of reinforcement per UG-40

Ly

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

MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)

2.65in

Nozzle required thickness per UG-28 t, = 0.1482 in

From UG-37(d)(1) required thickness t, = 1.75 in

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

UW-16(c) Weld Check

Fillet weld: t

=025in

min

tyactay = 0-7°Leg = 0.7*0.375 = 0.2625 in

The fillet weld size is satisfactory.

1173

min = lesserof 0.75 ort ort=0.75in
t.(min) = l€sser of 0.25 or 0.7
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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

tbugos = 0.1482in
t, = max[t, yg.os + taugze
= max[0.1482,0]
= 0.1482in
too = P*R,/(S*E + 0.4"P) + Corrosion
= 622.5059*24 /(20,000*1 + 0.4*622.5059) + 0
= 0.7378in
tyo = max{t,, tyge]
= max[0.7378, 0.0625]
= 0.7378in
ty, = min[t;,, t,]
= min[ 0.2074,0.7378]
= 0.2074in
tugas = max[ty, ]
= max[0.1482, 0.2074 ]
= 0.2074in

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, = 8.0886/4.12 = 1.9632
D,/t = 4.12/0.1482 = 27.7945
From table G: A = 0.004502
From table .
HA-2: B = 12,976.6933 psi
P, = 4'B/(3*(D, /1))
= 4*12,976.69/(3*(4.12/0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t, = t+ Corrosion = 0.1482+0 = 0.1482"
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Inlet (N1)

ASME Section VIli Division 1, 2010 Edition, A11 Addenda

tw(,owe,)= 1.75in
Leg,, = 0.375in

Leg,; = 0.6875in
0.3750 hpew=  0.6875in
rms] ~— = |ibw T
| |
17500 | 17500 |
L | .
— = TopaTs— o = 0.6875
Location and Orientation
Located on: 48 OD SHELL
Orientation: 0°
Nozzle center line offset to datum line: 32in
End of nozzle to shell center: 34in
Passes through a Category A joint: No
Nozzle
Access opening: No
Material specification: SA-182 F316 <=5 (lI-D p. 70, In. 22)
Inside diameter, new: 8in
Nominal wall thickness: 1.875in
Corrosion allowance: 0in
Projection available outside vessel, Lpr: 7.25in
Internal projection, h,: 0.6875in
Projection available outside vessel to flange face, Lf:  10in
Local vessel minimum thickness: 1.75in
Liquid static head included: 0 psi
Longitudinal joint efficiency: 1
ASME B16.5-2009 Flange
Description: NPS 8 Class 900 LWN A182 F316
Bolt Material: SA-193 B7 Bolt <= 2 1/2 (lI-D p. 334, In. 32)
Blind included: No
Rated MDMT: -55°F

(Per UHA-51(d)(1)(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head: 0 psi
MAWP rating: 2,040 psie@ 140°F

1173 Rev. 6 144/249



MAP rating: 2,160 psie@ 50°F
Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (in?)

For P = 1,378 psi @ 140 °F
The opening is adequately reinforced

UG-45 Nozzle
Wwall
Thickness

Summary (in)
The nozzle passes

UG-45
A A A
required | avallable A1 Az A3 As | welds treq tmin
12.874 118.208 |1.126 113.8906 (2.5781 !-- 10.6133 (0.3281 {1.875

UG-41 Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary

Required weld Actual weld
Weld description throat size (In) j throat size (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 rated MDMT per UHA-51(d)(1)(a) = -320 °F.

Parallel Limit of reinforcement per UG-40

Lr

= 8in

MAX(d, R+ (t - C,) + (t - C))
MAX(8, 4 + (1.875 - 0) +

(1.75 - 0))

Outer Normal Limit of reinforcement per UG-40

Ly

4.375in

MIN(2.5*(t - C), 2.5%(t,- C,) + 1)
MIN(2.5*(1.75 - 0), 2.5*(1.875 - 0) + 0)

Inner Normal Limit of reinforcement per UG-40

L

= 4.375in

MIN(2.5*(t - C), 2.5*(t, - C, - C))
MIN(2.5*(1.75 - 0), 2.5*(1.875 - 0 - 0))

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

i

m

PR,/ (S,'E - 0.6°P)

0.2875in

1,378*4 / (20,0001 - 0.6*1,378)

Required thickness t, from UG-37(a)

t = P*R,/(S'E+0.4'P)

1173

1,378*24 / (20,0001 + 0.4*1,378)
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= 1.6092in

Area required per UG-37(c)

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

f,=lesserof torS,/S, =1

f,=lesserof1orS, /S, =1

d*t*F + 2*t 't "F*(1 - f,,)

8*1.6093*1 + 2"1.875%1.6093*1*(1 - 1)

12.874 in?

Area available from FIG. UG-37.1

A, = larger of the following= 1.126 in?

d*(E,*t- F*t) - 2*t *(E,*t - F*t)*(1 - f.))
8*(1*1.75 - 1*1.6093) - 2*1.875*(1*1.75 - 1*1.6093)*(1 - 1)

1.126 in?

2*(t+ 1 )*(E, "t - F*t) - 21 *(E,*t- F*t)*(1 - f,)
2*(1.75 + 1.875)*(1*1.75 - 1*1.6093) - 2*1.875*(1*1.75 - 1*1.6093)*(1 - 1)

1.0204 in?

A, = smaller of the following= 13.8906 in?

>
o
1]

5*(t, - )"t

5*(1.875 - 0.2875)*1*1.75
13.8906 in®

5(t - t) 2ty
5*(1.875-0.2875)*1*1.875
14.8828 in?

smaller of the following= 2.5781 in?

5ttt
5*1.75*1.875*1
16.4063 in?

5",
5%1.875"1.875"1
17.5781 in?

2 bt
2*0.6875*1.875*1
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= 2.5781in2

A, = Leg®f,
= 0.375%1
= 0.1406 in?

A, = Leg?f,
= 0.68752*1
= 0.4727in?

Area= A+ A, + A+ A+ A,
= 1.126 + 13.8906 + 2.5781 + 0.1406 + 0.4727
= 18.208in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t;, = lesser of 0.75 ort, ort=0.75in
t(min) = l@sser of 0.25 or 0.7*t;, =0.25in

t(actuay = 0-7°Leg = 0.7°0.375 = 0.2625 in

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

P*R/ (S*E - 0.6*P) + Corrosion
= 1,378*4/(20,000*1 - 0.6*1,378) + 0
= 0.2875in

ta uG-27

tiuss = 0.2543in

a max{ t, yg.27 + taug22 |
= max[ 0.2875, 0.2543 ]
= 0.2875in

to = PR,/ (S’E + 0.4*P) + Corrosion

= 1,378*24/ (20,0001 + 0.4*1,378) + 0
= 1.6092in

b1 = max[t,,tygs )
= max[ 1.6092, 0.0625 ]
= 1.6092 in

ty = min[ty,, ty]
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tUG-45

min[ 0.3281 , 1.6092 ]
0.3281in

max[t, ,t,]
max[ 0.2875, 0.3281 ]
0.3281 in

Available nozzle wall thickness new, t, = 1.875in

The nozzle neck thickness is adequate.

1173
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Applied Loads

Radial load: P,= 2,720 b,
Circumferential moment: M_ = 92,535 Ib-in
Circumferential shear: V_ = 3,332 Ib;

Longitudinal moment: M, = 92,535 Iby-in

Longitudinal shear: V, = 3332 |Ib
Torsion moment: M, = 130,858Ibyin
Internal pressure: P= 1378 psi
Mean shell radius: R,=23.125 in
Local shell thickness: t= 175 in
Shell yield stress: Sy = 27,900 psi

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)
R,/1=23.125/1.75=13.2143

Pressure stress intensity factor, | = 1.11447 (derived from PVP-Vol. 399, pages 77-82)
Local circumferential pressure stress = I"P*R, / t =19,526 psi

Local longitudinal pressure stress = I"P*R, / (2*t) =9,763 psi

Maximum combined stress (P +P +Q) = 21,128 psi
Allowable combined stress (P +P_+Q) = +-3*S = +-60,000 psi

Note: The allowable combined stress (P +P,+Q) is based on the strain hardening characteristics of this material.
The maximum combined stress (P +P +Q) is within allowable limits.

Maximum local primary membrane stress (
Allowable local primary membrane stress (

) = 20,047 psi

P
P ) = +-1.5*S = +-30,000 psi

L

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,
ac 1.7827 |0.2223 |0 0 0 0 120 |[-120 {120 |-120
4acr 21823 [02223 [-147 [-147 |47 |47 o 0 0 0
1 00059 |02223 |o 0 0 0 511|511 |-511 |51
20-1 00644 (02223 |-343 |343 {-3a3 |343 o 0 0 0
3A* 04931 [0.2223 {0 0 0 0 219 |-219 |219  |219
1A 0.0915 |0.2223 |0 0 0 0 3,227 |3.227 {3227 |-3227
3B’ 15029 |0.2223 |-668 |-668 |668 |e68 |o 0 0 0
1B-1 0.0402 [02223 |-1.418 |1,418 |1,418 |-1,418 |0 0 0 0
Pressure stress* 19,526 | 19,526 | 19,526 | 19,526 | 17,520 | 17,520 | 17,520 | 17,520
Total circumferentlal stress | 16,950 | 20,472 | 21,122 | 18,972 | 13,443 | 20,919 | 20,335 | 14,903
Z’r"':'l‘lfn"{e'::":::;as"‘;ss. 18,711 | 18,711 | 20,047 | 20,047 | 17,181 | 17,181 [ 17,619 | 17,619
3c 17827 02223 |-120 |-120 [-120 |-120 |o 0 0 0
4cr 2.1823 (0.2223 |0 0 0 0 147|147 {147 {147
1C-1 00967 |02223 [-515 |s15 {-515 |515 o 0 0 0
2C 00642 [0.2223 |0 0 0 0 342|342 |32 (342
A 0.8225 |0.2223 [0 0 0 0 366 |-366 |366 | 366
2A 0051 |0.2223 |0 0 0 0 41,799 [1,799 |1,798 |-1,799
4B 04859 |0.2223 [-216 |-216 |216 |216 |0 0 0 0
28-1 00645 [02223 [-2275 |2,275 |2.275 }-2,275 |0 0 0 0
Pressure stress” 8760 |8760 |8.760 |8760 |9,763 |9,763 |[9,763 [9,763
Total longltudinal stress 5634 [11,214 {10,616 [7,008 [7,000 [11,301 [ 11,430 [8,525
:)’r"';‘ﬁml':;"‘s?r’::: 8,424 |8,424 |8856 (8856 |9250 |9.250 |9,.982 {9982
Shear from M, 345 |345 (345 345 |345 |345 [345 345
Circ shear from V¢ 103 103 -103 -103 0 0 0 0
Long shear from V_ 0 0 0 0 -103 -103 103 103
Total Shear stress 448|448 |242 242 |242  |242  |448  |a4s
Combined stress (PL+Pp+Q) | 16,968 | 20,494 | 21,128 | 18,977 | 13,452 | 20,925 | 20,358 | 14,934

Note: * denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads

G

= 2,470 psi

nem = PR/ (21) - P/ (T*(R2 - R2)) + MR, / |
=1,378*4/ (2*1.875) - 2,720 / (n*(5.8752 - 42)) + 130,864.3*5.875 / 734.6052

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)0'5 / (n*4*1.875)

= 200 psi

Gto rsion

=M,/ (2*T*R2",)

= 130,858 / (2*1*42*1.875)
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= 694 psi

Oiotal = Oshear + Otorsion
=200 + 694

= 894 psi

UG-45: The total combined shear stress (894 psi) is below than the allowable (0.7*S, = 0.7*20,000 = 14,000 psi)
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Reinforcement Calculations for MAEP

UG-45 Nozzle
UG-37 Area Calculation Summary (in2) Wall
For Pe = 622.51 psl @ 140 °F Tthknes.s
The opening Is adequately relnforced Summary (in)
The nozzle passes
UG-45
A A A
required | avallable A1 Az A3 As [ welds treq tmin
7 16.1125 |-- (129211 |2.5781 |-- {0.6133 (0.3983 |1.875
UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for
external pressure
UW-16 Weld Sizing Summary
o doserpton | feqiredvel | acualuekd | s
Nozzle to sheli filiet (Lega1) 0.25 0.2625 weld size is adequate
Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40
L = MAX{d R, +(t,-C) +(t-C))
= MAX(8,4 +(1.875-0) + (1.75 - 0))
= 8in
Outer Normal Limit of reinforcement per UG-40
Ly = MIN@2.5%t-C), 25, -C,) +1t,)
= MIN(2.5*(1.75 - 0), 2.5"(1.875 - 0) + 0)
= 4.375in
Inner Normal Limit of reinforcement per UG-40
L, = MIN{2.5%t-C), 25%(t-C,-C))
= MIN(2.5*(1.75-0), 2.5*(1.875-0- 0))
= 4.375in
Nozzle required thickness per UG-28 t, = 0.3983 in
From UG-37(d)(1) required thickness t, = 1.75 in
Area required per UG-37(d)(1)
Allowable stresses: S, = 20,000, S, = 20,000 psi
f,=lesserof1orS,/S, =1
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f,=lesserof1orS /S, =1

A = OS5YdMF + 27t (1 - £,)
= 0.5%(8*1.75*1 + 2*1.875*1.75*1*(1 - 1))
= 7in?

Area available from FIG. UG-37.1

A, = larger of the following= Q in?

= dE*t-Fr) - 240 (E - FrYT(1- )
= 8%(1*1.75-1*1.75) - 2*1.875*(1*1.75 - 1*1.75)*(1 - 1)
= 0in?

= 2%+ t)(Et- B - 2% (- Fr)T(1 - )
= 2%(1.75 + 1.875)*(1*1.75 - 1*1.75) - 2*1.875*(1*1.75 - 1*1.75)*(1 - 1)
= 0in?

A, = smaller of the following= 12.9211 in?

= 5t -ttt
=  5%1.875-0.3983)*1*1.75
= 129211 in2

= 5t -t)fLt,
= 5%(1.875-0.3983)*1*1.875
= 13.844in2

>
%]
]

smaller of the following= 2.5781 in2

= 5,
=  5'1.75*1.875"1
= 16.4063in?

= 5,
= 5%1.875*1.875"1
= 17.5781in?

= 2,
=  2*0.68751.875%1
= 2.5781in

A, = Leg?f,
= 0.375%"1
= 0.1406in?

A, = Leg?f,
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= 0.6875%*1
=  0.4727in?

Area= A/ +A,+A;+ A, +A,
= 0+12.9211 + 25781 + 0.1406 + 0.4727
= 16.1125in?

As Area >= A the reinforcement is adequate.

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
t(acway = 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,uces = 0.3983in
ta uG-22 = 0.1 555 in
t, = max[t, ygos s taugez ]
= max[0.3983, 0.1555]
= 0.3983in
tuo = P'R,/(S'E + 0.4*P) + Corrosion
= 622.5059*24 / (20,000*1 + 0.4*622.5059) + 0
= 0.7378in
to = max{ty, . tyars ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t = min[t,,t,]
= min[0.3281,0.7378 ]
= 0.3281in
luges = max(ty, ]
= max[0.3983, 0.3281 ]
= 0.3983in

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, = 10.7302/11.75 = 0.9132
D,/t = 1175/0.3983 = 29.4998
From table G: A = 0.009593

From table .
HA-2: B = 13,772.846 psi
P, 4*B/ (3*(D, /1)

622.51 psi

)
4*13,772.85 / (3*(11.75/ 0.3983))

Design thickness for external pressure P, = 622.51 psi

t = t+ Corrosion = 0.3983+0

a
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PDI Low (N7B)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

tw(Ic»wer) = 1.75in
Leg,;= 0.375in
;ﬁ 1T ] o.brso
1.7500\1, | y 1 7500\1’ T !
A |
I - T
Location and Orientation
Located on: 48 OD SHELL
Orientation: 180°
Nozzle center line offset to datum line: 26 in
End of nozzle to shell center: 32in
Passes through a Category A joint: No
Nozzle \
Access opening: No
Material specification: SA-182 F316 <=5 (II-D p. 70, In. 22)
Inside diameter, new: 2in
Nominal wall thickness: 1.06 in
Corrosion allowance: 0in
Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf:  8in
Local vessel minimum thickness: 1.75in
Liquid static head included: 0 psi

Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)
Liquid static head:

MAWP rating:

MAP rating:

1173
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NPS 2 Class 900 LWN A182 F316

SA-193 B7 Bolt <=2 1/2 (II-D p. 334, In. 32)
No

-55°F

0 psi
2,040 psi@ 140°F
2,160 psi@ 50°F
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Hydrotest rating: 3,250 psie 50°F
PWHT performed: No
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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 psl @ 140 °F (in)
The nozzie

passes UG-45

A A A
required { available At Az | As | As | elas treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074 | 1.08

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(2)

UW-16 Weld Sizing Summary

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

Nozzle to sheli fillet (Leg41) | 0.25 0.2625 weld size is adequate
Calculations for internal pressure 1,378 psi @ 140 °F

Weld description Status

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.0678).

Parallel Limit of reinforcement per UG-40

Lq MAX(d, R, + (t,- C,) + (t- C))
MAX(2, 1 + (1.06 - 0) + (1.75 - 0))
= 3.81in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5"(t,- C,) + t.)
= MIN(2.5*(1.75- 0), 2.5*(1.06 - 0) + 0)
= 265in

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

t, P*R,/(S,'E - 0.6°P)
1,378*1 / (20,000*1 - 0.6*1,378)
0.0719in

Required thickness t, from UG-37(a)

t P*R,/ (S*E + 0.4*P)
1,378*24 / (20,000*1 + 0.4*1,378)
1.6092 in

This opening does not require reinforcement per UG-36(c)(3)(a)
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UW-16(c) Weld Check

Filletweld: t , =lesserof 0.750rt ort=0.751in
t(miny = lesser of 0.25 or 0.7"t, = 0.25 in

te(actuan = 0.7*Leg = 0.770.375 = 0.2625 in

The fillet weld size is satisfactory.

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

touger = P'R/(S'E-0.6"P)+ Corrosion
= 1,378'1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
t = max[tyger taugez ]
= max[0.0719,0]
= 0.0719in
toq = P'R,/(S’E + 0.4*P) + Corrosion
= 1,378'24/(20,000*1 + 0.4*1,378) + 0
= 1.6092in
fos = max{ty, tyere]
= max[ 1.6092, 0.0625]
= 1.6092in
ty = min[ t,3, ty, ]
= min[ 0.2074, 1.6092 ]
= 0.2074in
tieas = max(ty,ty]
= max[0.0719, 0.2074 ]
= 0.2074in

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 = 622.51 psi @ 140 °F (in)
The nozzie

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) At

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 (Legs1) {(0.25 0.2625 weld size is adequate
Calculations for external pressure 622.51 psi @ 140 °F

Paralle! Limit of reinforcement per UG-40

Ly

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

MAX(2, 1 +(1.06 - 0) + (1.75 - 0))
3.81in

Outer Normal Limit of reinforcement per UG-40

L, MIN(2.5%(t - C), 2.5%(t - C,) + 1)
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)

2.65in

Nozzle required thickness per UG-28t , = 0.1482 in

From UG-37(d)(1) required thickness t = 1.75 in

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

UW-16(c) Weld Check

Filletweld: t, = lesser of 0.75 ort, ort=0.75in
to(min) = l€SS€r of 0.25 0r 0.7*,, = 0.25 in

toqactua = 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

tiyess = 0.1482in
t, = max(t, ycos  taug22
= max[0.1482,0]
= 0.1482in
too = P'R,/(S'E + 0.4*P) + Corrosion
= 622.5059*24 /(20,000*1 + 0.4*622.5059) + 0
= 0.7378in
too = max[ty .t uars ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t, = minfty,ty]
=  min[0.2074 , 0.7378 ]
= 0.2074in
tigas = max(t,, k]
- max[0.1482, 0.2074 |
= 0.2074in

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, = 8.0886/4.12 = 1.9632

D,/t = 412/0.1482 = 277945
Fromtable G: A = 0.004502

From table .
HA2: B = 12,976.6933 psi
P, = 4'B/(3"(D, /1))
= 4*12,976.69/(3*(4.12/0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t = t+ Corrosion = 0.1482+0 = 0.1482"

a
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Level Bridle - (Process) High (N8A)

ASME Section Vil Division 1, 2010 Edition, A11 Addenda

tugowen = 1.751n
Leg,;= 0.375in

1'7500\L

=

ﬁ.bnn

l

1.7500\1} ,L
b |

T =R e

c

Location and Orientation

Located on: 48 OD SHELL
Orientation: 135°

Nozzle center line offset to datum line: 26in

End of nozzle to shell center: 32in

Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification: SA-182 F316 <=5 (II-D p. 70, In. 22)
Inside diameter, new: 2in

Nominal wall thickness: 1.06 in
Corrosion allowance: 0in

Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf: 8 in

Local vessel minimum thickness: 1.75in

Liquid static head included: 0 psi
Longitudinal joint efficiency: 1

ASME B16.5-2009 Flange

Description: NPS 2 Class 900 LWN A182 F316

Bolt Material: SA-193 B7 Bolt <=2 1/2 (II-D p. 334, In. 32)
Blind included: No

Rated MDMT: -55°F

(Per UHA-51(d)(1)}(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head: 0 psi
MAWP rating: 2,040 psi@ 140°F
MAP rating: 2,160 psi@ 50°F
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Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avaitable | A1 [ A2 | A3 | A5 | yoiqs | trea tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074 {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
Weid description throat size (in) | throat slze (in) Status
Nozzle to sheli fillet (Lega1) 0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,378 psi @ 140 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.0678).

Parallel Limit of reinforcement per UG-40

Lq MAX(d, R, + (t,-C,) + (t- C))
MAX(2,1 + (1.06 - 0) + (1.75-0))
3.81in

Outer Normal Limit of reinforcement per UG-40

Ly

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

MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)
= 265in

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

t, P*R,/(S,'E - 0.6°P)
1,378*1/(20,000*1 - 0.6*1,378)
0.0719 in

Required thickness t, from UG-37(a)

t = P'R,/(S'E+0.4"P)
1,378*24 / (20,000*1 + 0.4*1,378)
1.6092 in

This opening does not require reinforcement per UG-36(c)(3)(a)
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UW-16(c) Weld Check

Fillet weld: t.,,, = lesser of 0.75 ort, ort = 0.75in
te(miny = lesser of 0.25 or 0.7t ;, = 0.25 in
t(actuay = 0-7*Leg = 0.770.375 = 0.2625 in

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

t,ucey = P'R/(S*E-0.6"P) + Corrosion
= 1,378*1/(20,000*1-0.6*1,378) + 0
= 0.0719in
ty = max[t, yg07 taugez
= max[0.0719,0]
= 0.0719in
tor = P'R,/(S*E + 0.4*P) + Corrosion
= 1,378*24/(20,000*1 + 0.4*1,378) + 0
= 1.6092in
by = max[ty ., b yers ]
= max[ 1.6092, 0.0625 ]
= 1.6092 in
ty = min[ty, ]
= min[0.2074, 1.6092]
= 0.2074in
tyges = max[t,,t]
= max[0.0719, 0.2074 ]
= 0.2074in

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 = 622.51 psi @ 140 °F (il‘l)
The nozzle

passes UG-45

A A A
required | avaitabte | A1 [ A2 [ A3 | A5 | yergs | rea tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) LT e

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 slze (In)

Nozzle to shell fillet (Legat) {0.25 0.2625 weld size is adequate
Calculations for external pressure 622.51 psi @ 140 °F

Weld description Status

Parallel Limit of reinforcement per UG-40

Ln

MAX(d, R, + {t,-C,) + (t- C))
MAX(2, 1 + (1.06 - 0) + (1.75 - 0))
= 3.81in
Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5%(t,- C,) +1t,)
MIN(2.5%(1.75 - 0), 2.5*(1.06 - 0) + 0)
2.65in

Nozzle required thickness per UG-28 t, = 0.1482 in

From UG-37(d)(1) required thickness t = 1.75 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=0.75 in
to(min) = lesser of 0.25 or 0.7*1,;, = 0.25 in

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

touges = 0.1482in
ta = max[ ta UG-28 ta uG-22 ]
= max[0.1482,0]
= 0.1482in
too = P'R,/(S’E + 0.4*P) + Corrosion
= 622.5059*24 / (20,000*1 + 0.4*622.5059) + 0
= 0.73781in
too = maxty, tygre]
= max[0.7378, 0.0625 ]
= 0.7378in
ty = min[t;,t,]
= min[0.2074 , 0.7378 ]
= 0.2074in
tuges = max[t,, 1]
= max[0.1482, 0.2074 ]
= 0.2074in

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, = 8.0886/4.12 = 1.9632
D,/t = 4.12/0.1482 = 27.7945
From table G: A = 0.004502
From table .
HA-2: B = 12,976.6933 psi
P, = 4"B/(3*(D, /1))
= 4*12,976.69/(3*(4.12/0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t, = t+ Corrosion = 0.1482+0 = 0.1482"
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Level Bridle - (Process) Low (N8B)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

tugowen = 1.75 10

Leg,, = 0.375in
i_ ! —:~’—E.h750
1.7500 | 14500 !
| |
{
T — T
Location and Orientation
Located on: 48 OD SHELL
Orientation: 135°
Nozzle center line offset to datum line: 88 in
End of nozzle to shell center: 32in
Passes through a Category A joint: No
Nozzle "
Access opening: No
Material specification: SA-182 F316 <= 5 (II-D p. 70, In. 22)
Inside diameter, new: 2in
Nominal wall thickness: 1.06in
Corrosion allowance: 0in
Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf: 8 in
Local vessel minimum thickness: 1.751in
Liquid static head included: 0.3574 psi

Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)
Liquid static head:

MAWP rating:

MAP rating:

1173
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NPS 2 Class 900 LWN A182 F316

SA-193 B7 Bolt <=2 1/2 (lI-D p. 334, In. 32)
No

-55°F

0.3177 psi
2,040 psie 140°F
2,160 psie 50°F
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Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzie Wall
UG-37 Area Calculation Summary | Thickness
(in2) Summary
For P =1,378.36 pst @ 140 °F (in)
The nozzie
passes UG-45
A A A
required | avaliable | A1 | A2 [ A3 [ As | yoigs [ trea min
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.207411.08

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(2)

UW-16 Weld Sizing Summary

Required weld Actual weld
Weld description throat size (in) | throat size (In) Status
Nozzle to shell fillet (Legs1) | 0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,378.36 psi @ 140 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.0678).

Paraliel Limit of reinforcement per UG-40

Lg MAX(d, R, + (t, - C,) + (t- C))
MAX(2,1 + (1.06 - 0) + (1.75 - 0))
= 3.81in

Outer Normal Limit of reinforcement per UG-40

Ly MIN(2.5%(t - C), 2.5*(t,-C,) + t,)
MIN(2.5%(1.75 - 0), 2.5*(1.06 - 0) + 0)
= 265in

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

t P*R,/ (S,'E - 0.6*P)
1,378.3574*1 / (20,0001 - 0.6*1,378.3574)
0.0719in

Required thickness t, from UG-37(a)

t P*R,/ (S*E + 0.4"P)
1,378.3574*24 / (20,000"1 + 0.4*1,378.3574)
1.6097 in

This opening does not require reinforcement per UG-36(c)(3)(a)
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UW-16(c) Weld Check

Fillet weld: t_,, = lesser of 0.75 ort ort=0.75in

min
temin) = lesserof 0.25 or 0.7°t,, = 0.25in

te(actua) = 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.user = P*R/(S’E-0.6"P) + Corrosion
= 1,378.3574*1/(20,000*1 - 0.6*1,378.3574) + 0
= 0.0719in
t, = max[t, 7 taugaz
= max[0.0719,0]
= 0.0719in
tos = P*R,/(S'E + 0.4*P) + Corrosion
= 1,378.3574*24 / (20,000*1 + 0.4*1,378.3574) + 0
= 1.6097 in
tos = max{ty, tyge ]
= max[ 1.6097, 0.0625 ]
= 1.6097in
t, = min[ty,, t, ]
= min[0.2074, 1.6097 ]
= 0.2074 in
tuges = max[t, t]
= max[0.0719, 0.2074 ]
= 0.2074 in

Available nozzle wall thickness new, t, = 1.06 in

The nozzie neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-45
Nozzie Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For Pe = 622.51 psl @ 140 °F (in)
The nozzie

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) 0.72074 1.06

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

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

Nozzle to shell fillet (Lega1) | 0.25 0.2625 weld size is adequate
Calculations for external pressure 622.51 psi @ 140 °F

Weld description Status

Parallel Limit of reinforcement per UG-40

Ly MAX(d, R, + (t,-C,) + (t- C))
MAX(2,1 + (1.06 - 0) + (1.75 - 0))
3.81in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5*(t - C), 2.5%(t, - C,) + t,)
MIN(2.5%(1.75 - 0), 2.5*(1.06 - 0) + 0)
2.65in

Nozzle required thickness per UG-28 t,, = 0.1482 in
From UG-37(d)(1) required thickness t, = 1.75 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
te(min) = lesser of 0.25 or 0.7*¢

min = 0.25in
toactay = 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

tiuees = 0.1482in
t, = max[t, yg.os taugee )
= max[0.1482,0]
= 0.1482in
too = P*R,/(S’E + 0.4*P) + Corrosion
= 622.5059*24 / (20,0001 + 0.4"622.5059) + 0
= 0.7378in
too = max[t, .t gl
= max[0.7378 , 0.0625
= 0.7378in
t, = min[ty,, t,]
=  min[0.2074,0.7378 |
= 0.2074in
tges = max(ty,t]
= max[0.1482, 0.2074 ]
= 0.2074in

Available nozzie wall thickness new, t, = 1.06 in
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, = 8.0886/4.12 = 1.9632
D,/t = 4.12/0.1482 = 27.7945
From table G: A = 0.004502
From table .
HA-2: B = 12,976.6933 psi
P, = 4'B/(3*(D, /1))
= 4*12,976.69/ (3*(4.12/0.1482))
= 62251 psi

Design thickness for external pressure P, = 622.51 psi

t = t+ Corrosion = 0.1482+0 = 0.1482"

a
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Level Bridle - (Safety) Low (N9B)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tw(Iower) = 1.75in
Leg,, = 0.375in
| ——{kosrs0
1.7500\1/ !/ 1.7500\1/
| A\
T == =1
Location and Orientation
Located on: 48 OD SHELL
Orientation: 315°
Nozzle center line offset to datum line: 88in
End of nozzie to shell center: 32in
Passes through a Category A joint: No
Nozzle
Access opening: No
Material specification: SA-182 F316 <=5 (ii-D p. 70, In. 22)
inside diameter, new: 2in
Nominal wall thickness: 1.06in
Corrosion allowance: Oin
Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf:  8in
Local vessel minimum thickness: 1.751in
User input radial limit of reinforcement: 25in
Liquid static head included: 0.3574 psi

Longitudinal joint efficiency:

ASME B16.5-2009 Flange

Description:

Bolt Material:

Blind included:

Rated MDMT:

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F

Boits rated MDMT per Fig UCS-66 note (c) = -55 °F)
Liquid static head:

MAWRP rating:

1173
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NPS 2 Class 900 LWN A182 F316

SA-193 B7 Boit <= 2 1/2 (il-D p. 334, In. 32)
No

-65°F

0.3177 psi
2,040 psie 140°F
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MAP rating: 2,160 psi@ 50°F
Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzie Wall

UG-37 Area Calculation Summary | Thickness
(in?
For P =1,378.36 z’sl @ 140 °F

Summary

(in)

The nozzle
passes UG-45

A A

required | avatllable A1

Ay | A3 | As

A

welds lreq tmin

This nozzle is exempt from area
calcuiations per UG-36(c)(3)(a)

0.2074 |1

.06

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(2)

UW-16 Weld Sizing Summary

Weld description

Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41)

0.25

0.2625

weld size is adequate

Calculations for internal pressure 1,378.36 psi @ 140 °F

Nozzle impact test exempt per UHA-51(g)(coincident ratio = 0.0678).

Parallel Limit of reinforcement per UG-40

L = MAX(d, R, +(t,-C)+(t-C))
=  MAX(2,1+(1.06-0)+(1.75-0))
= 3.81in

Ly = 25in (User Defined)

Outer Normal Limit of reinforcement per UG-40

Ly

= 2.65in

MIN(2.5%(t - C), 2.5*(t, - C,) + t.)
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)

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

t

0.0719in

" P*R,/ (S,'E - 0.6*P)
1,378.3574*1 / (20,000*1 - 0.6*1,378.3574)

Required thickness t, from UG-37(a)

t

1.6097 in

1173

: P*R,/ (S'E + 0.4'P)
1,378.3574*24 / (20,000*1 + 0.4*1,378.3574)
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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
tomin) = l€sserof 0.25 or 0.7*t,,, = 0.25in

t(actuay = 0-7°Leg = 0.7*0.375 = 0.2625 in

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

t.uger = P*R/(S'E-0.6"P)+ Corrosion
= 1,378.3574*1/(20,000*1 - 0.6*1,378.3574) + 0
= 0.0719in

max[ t, yg.o7 + taugez |
=  max[0.0719,0]

= 0.0719in

t = PR, /(S'E + 0.4*P) + Corrosion
= 1,378.3574*24/(20,000*1 + 0.4*1,378.3574) + 0
= 1.6097in

b1 = max[t, .t el
- max[ 1.6097, 0.0625 |
= 1.6097 in

t, = min[tg,, t,]
= min[ 0.2074, 1.6097 ]
= 0.2074in

tugas = max(t,, t]
= max[0.0719, 0.2074 ]
= 0.2074in

Available nozzie wall thickness new, t, = 1.06 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-37 Area Calculation Summary

(in?)

For Pe = 622.51 psi @ 140 °F

(in)

UG-45
Nozzle Wall
Thickness
Summary

The nozzie
passes UG-45

A A A
required | avaliable At fAz2 | A3 | As | oids treq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) sedel [

UG-41 Weld Failure Path Analysis Summary

Weid strength calculations are not required for

external pressure

UW-16 Weld Sizing Summary

Required weld Actual weid
Weld description throat size (in) { throat slze (In) Status
Nozzle to shell fillet (Legay) 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Ln

Ly

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

MAX(2,1 + (1.06 - 0) + (1.75 - 0))
3.81in
Outer Normal Limit of reinforcement per UG-40

MIN(2.5*(t - C), 2.5*(t, - C,) + t,)
MIN(2.5%(1.75 - 0), 2.5(1.06 - 0) + 0)
2.65in

Nozzle required thickness per UG-28 t = 0.1482 in

From UG-37(d)(1) required thickness t, = 1.75 in

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

UW-16(c) Weld Check

Fillet weld: t_; =lesserof 0.75 ort, ort=0.75in

tomin) = l€SSer of 0.25 or 0.7t

min

=025in

te(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

touges = 0.1482in
t = max[t, yg28 + taugee
= max[0.1482,0]
= 0.14821in
too = P*R,/(S'E + 0.4"P) + Corrosion
= 622.5059*24/(20,000*1 + 0.4*622.5059) + 0
= 0.7378in
Lo = max[ty, .t ygie]
= max[0.7378, 0.0625 ]
= 0.7378in
ty = min[t,;,t,]
= min[ 0.2074,0.7378 ]
= 0.2074in
tigas = max(ty, 4]
= max[0.1482, 0.2074 ]
= 0.2074in

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, = 8.0886/4.12 = 1.9632
D,/t = 4.12/0.1482 = 27.7945
From table G: A = 0.004502
From table .
HA-2: B = 12,976.6933 psi
P. = 4*B/(3*(D, /1))
= 4%12,976.69/(3*(4.12/0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t = t+ Corrosion = 0.1482+0 = 0.1482"

a
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Level Gauge Low (N10B)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda

tw(Iower) = 1.75in
Leg,, = 0.375in
m -
i" | A eoubso
1.7500\1, : 1 ?500\1} !
| |
I - T
Location and Orientation
Located on: 48 OD SHELL
Orientation: 45°
Nozzle center line offset to datum line: 88in
End of nozzle to shell center: 32in
Passes through a Category A joint: No
Nozzle
Access opening: No
Material specification: SA-182F316 <=5 (II-D p. 70, In. 22)
Inside diameter, new: 2in
Nominal wall thickness: 1.06 in
Corrosion allowance: 0in
Projection available outside vessel, Lpr: 6.25in
Projection available outside vessel to flange face, Lf:  8in
Local vessel minimum thickness: 1.75in
Liquid static head included: 0.3574 psi
Longitudinal joint efficiency: 1
ASME B16.5-2009 Flange
Description: NPS 2 Class 900 LWN A182 F316
Bolt Material: SA-193 B7 Bolt <=2 1/2 (II-D p. 334, In. 32)
Blind included: No
Rated MDMT: -55°F

(Per UHA-51(d)(1)(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head: 0.3177 psi
MAWRP rating: 2,040 psie@ 140°F
MAP rating: 2,160 psie@ 50°F
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Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For P = 1,378.36 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | avallable A | Az | A3 | As welds treq tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) 0.2074 11.06

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

Requlred weld Actual weld
throat size (In) | throat slze (In)

Weld description Status

Nozzle to shell fillet (Leg41) 0.25 0.2625 weld size is adequate
Calculations for internal pressure 1,378.36 psi @ 140 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.0788).

Parallel Limit of reinforcement per UG-40

Lq MAX(d, R, + (t,- C,) + (t- C))
MAX(2,1 + (1.06 - 0) + (1.75 - Q)
= 3.81in

Outer Normal Limit of reinforcement per UG-40

Ly

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

MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)
= 265in

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

t

. P*R,/ (S,'E - 0.6"P)
1,378.3574*1 / (20,0001 - 0.6*1,378.3574)
0.07191in

Required thickness t, from UG-37(a)

t = P'R,/(S'E+0.4'P)
1,378.3574*24 / (20,000*1 + 0.4*1,378.3574)
1.6097 in

This opening does not require reinforcement per UG-36(c)(3)(a)
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UW-16(c) Weld Check

Fillet weld: t

tc(at:tual

min

t(miny = l€SSEr Of 0.25 0r 0.7*

=lesser of 0.750ort ort=0.751in
=0.251in

min

y=0.7"Leg = 0.7"0.375 = 0.2625 in

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

ta uG-27 ~

1:a uG-22 ~

1:UG-45 -

P*R/ (SE - 0.6"P) + Corrosion
1,378.3574*1 / (20,000*1 - 0.6*1,378.3574) + 0
0.0719in

0.0835in

max[ t, yg.o7 + taugez |
max[ 0.0719, 0.0835]

0.0835in

P*R, / (S'E + 0.4*P) + Corrosion
1,378.3574*24 / (20,000*1 + 0.4*1,378.3574) + 0
1.6097 in

max[ t,; . t, ygis ]
max[ 1.6097 , 0.0625 |

1.6097 in

min[ tys , ]
min[ 0.2074 , 1.6097 ]
0.2074in

max[t,, t,]
max[ 0.0835, 0.2074 ]
0.2074in

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 Ib;
Circumferential moment: M_ = 2,965 Iby-in
Circumferential shear: V_ = 409 Ib
Longitudinal moment: M = 2,965  Ibrin
Longitudinal shear: V = 409 I

Torsion moment:
Internal pressure:
Mean shell radius:
Local shell thickness:
Shell yield stress:

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

M,= 4,160 Ibsin
P= 1,378.357psi
R,=23125 in
t= 1.75 in
Sy = 27,900 psi

R, /t=23.125/1.75=13.2143

Pressure stress intensity factor, | = 1.05703 (derived from PVP-Vol. 399, pages 77-82)

Local circumferential pressure stress = I"P*R;/t =18,524 psi

Local longitudinal pressure stress = I"P*R, / (2*t) =9,262 psi

Maximum combined stress (P +P +Q) = 18,785 psi

Allowable combined stress (P +P _+Q) = +-3*S = +-60,000 psi

Note: The allowable combined stress (P +P_+Q) is based on the strain hardening characteristics of this material.

The maximum combined stress (P +P_+Q) is within allowable limits.

Maximum local primary membrane stress (P )
Allowable local primary membrane stress (P )

The maximum local primary membrane stress (P ) is within allowable limits.

1173
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Stresses at the nozzle OD per WRC Bulletin 107

Figure|value| 8 | A, | A, | B, | B, | C, | C | D, [ D
ac* 2.5705 |[0.0779 |0 0 0 0 -21 -21 -21 -21
4C* 2.6145 |0.0779 |-22 -22 -22 -22 0 0 0 0

iC 0.2014 (0.0779 |O 0 0 0 -132 132 -i32 132
2C-1 0.1661 |0.0779 {-109 109 -109 109 0 0 0 0

3A° 0.1676 [0.0779 |0 0 0 0 -7 -7 7 7

1A 0.10861 0.0779 |0 0 0 0 -342 342 342 -342
38° 0.6597 |0.0779 |-27 -27 27 27 0 0 0 0

1B-1 0.0616 |0.0779 |-199 199 199 -199 0 0 0 0
Pressure stress* 18,524 | 18,524 | 18,524 | 18,524 } 17,525 | 17,525 | 17,525 | 17,525
Total clrcumferentlal stress | 18,167 | 18,783 | 18,619 {18,439 | 17,023 | 17,971 | 17,721 ] 17,301
Zﬂ;’l‘fr;‘:e'::"a:; - 18,475 | 18,475 | 18,529 | 18,529 | 17,497 | 17,497 {17,511 | 17,511
3C” 25705 |0.0779 |-21 -21 -21 -21 0 0 0 0

4C* 26145 |0.0779 (O 0 0 0 -22 -22 -22 -22
1C-1 0.2031 0.0779 |-133 133 -133 133 0 0 0 0

2C 0.1599 |0.0779 |0 0 0 0 -105 105 -105 105
4A° 0.2212 |0.0779 |O 0 0 0 -9 -9 9 9

2A 0.063 0.0779 |0 0 0 0 -203 203 203 -203
4B* 0.1671 0.0779 | -7 -7 7 7 0 0 0 0

28-1 0.098 0.0779 | -316 316 316 -316 0 0 0 0
Pressure stress* 8,762 8,762 |8,762 |8,762 |9,262 |9,262 |9,262 |9,262
Total longitudinal stress 8,285 |9,183 | 8,931 8,565 18923 |9,539 |9,347 |9,151
:;':";‘;%m::’;’:::: 8,734 |8,734 |[8748 |8,748 |9,231 |9231 |9,249 [9249
Shear from M, 89 89 89 89 89 89 89 89
Circ shear from V¢ 36 36 -36 -36 0 0 0 0
Long shear from Vi, 0 0 0 0 -36 -36 36 36
Total Shear stress 125 125 53 53 53 53 125 125
Comblned stress (P +Pp+Q) | 18,169 | 18,785 | 18,619 | 18,439 | 17,023 | 17,971 (17,723 | 17,303

Note: * denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads

Oy pm = PR/ (2°1) - P,/ (n*(R2- R2)) + MR,/ |
1378.36*1 / (2*1.06) - 334 / (1*(2.062 - 12)) + 4,193.1*2.06 / 13.3582

=1
= 1,264 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 + Vc2)0.5 / (n*Ri*tn)

= (4092 + 4092)05 / (n*1*1.06)

=174 psi

cstorsion

= 4,160/ (2*n*12*1.06)

1173
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= 625 psi

Ototal = Oshear * Otorsion
=174 + 625

= 798 psi

UG-45: The total combined shear stress (798 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 = 622.51 psl @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available | A1 [ A2 | A3 | A5 | weigs | rea tmin

This nozzle is exempt from area

calculations per UG-36(c)(3)(a) | 22004 |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 (Lega1) 0.25 0.2625 weld size is adequate
Calculations for external pressure 622.51 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Lq MAX(d, R, + (t, - C,) + (t- C))
MAX(2, 1+ (1.06 - 0) + (1.75-0))
= 381in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5*(t - C), 2.5*(t, - C,)) + t,)
MIN(2.5%(1.75 - 0), 2.5*(1.06 - 0) + 0)
2.65in

Nozzle required thickness per UG-28 t,, = 0.1482 in
From UG-37(d)(1) required thickness t, = 1.75 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_ or t=0.75in
t(min) = lESSEr of 0.250r 0.7*t,,;,, =0.25in

to(actual) = 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, skeich (c-e).

UG-45 Nozzle Neck Thickness Check

tiusss = 0.1482in
tiugss = 0.0489in
t = max[t, yaos > taugee ]
= max[0.1482, 0.0489]
= 0.1482in
too = P*'R,/(S"E + 0.4"P) + Corrosion
= 622.5059"24 /(20,000"1 + 0.4*622.5059) + 0
= 0.7378in
oo = max[ty,, tyers]
= max[0.7378, 0.0625 ]
= 0.73781in
ty = min[t,,t,]
= min[0.2074,0.7378 ]
= 0.2074in
teas = max(ty, 4]
= max[0.1482, 0.2074 ]
= 0.2074in

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/D0 = 8.0886/4.12 = 1.9632
D,/t = 4.12/0.1482 = 27.7945
From table G: A = 0.004502
From table .
HA-2: B = 12,976.6933 psi
P, = 4'B/(3*(D, /1))
= 4"12,976.69/(3"(4.12/0.1482))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t, = t+ Corrosion = 0.1482+0 = 0.1482"
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Inspection c/w Blind Flange (N15)

ASME Section Vil Division 1, 2010 Edition, A11 Addenda

tw(|ower)= 1.75in
Leg,, = 0.375in

Leg,; = 0.6875in
—0.3750 Hpew=  0.6875in
A R A R
| |
1.7500 | 17500 |
D [ P - -
— 7 " loe87s L‘:Y L:tl.sm's
Location and Orientation
Located on: 48 OD SHELL
Orientation: 45°
Nozzle center line offset to datum line: 8in
End of nozzle to shell center: 34in
Passes through a Category A joint: No
Nozzle
Access opening: No
Material specification: SA-182 F316 <=5 (II-D p. 70, In. 22)
Inside diameter, new: 8in
Nominal wall thickness: 1.875in
Corrosion allowance: 0in
Projection available outside vessel, Lpr: 7.25in
Internal projection, h,,.: 0.6875 in
Projection available outside vessel to flange face, Lf:  10in
Local vessel minimum thickness: 1.75in
Liquid static head included: 0 psi
Longitudinal joint efficiency: 1
ASME B16.5-2009 Flange
Description: NPS 8 Class 900 LWN A182 F316
Bolt Material: SA-193 B7 Bolt <=2 1/2 (1I-D p. 334, In. 32)
Blind included: No
Rated MDMT: -55°F

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F

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

Liquid static head: 0 psi

MAWP rating: 2,040 psie@ 140°F
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MAP rating: _ 2,160 psie 50°F
Hydrotest rating: 3,250 psi@ 50°F
PWHT performed: No
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Reinforcement Calculations for Chamber MAWP

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
For P = 1,378 psi @ 140 °F Thlcknes_s
The opening is adequateiy reinforced Summary (In)
The nozzie passes
UG-45
A A A
required | avaiiable A1 A2 A3 As | weids treq tmin
12.874 |18.208 |1.126 113.8906 12.5781 |- |0.6133 |0.3281 {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
Nozzle to shell fillet (Legss) | 0.25 0.2625 weld size is adequate

Calculations for internal pressure 1,378 psi @ 140 °F
Nozzle rated MDMT per UHA-51(d)(1)(a) = -320 °F.

Paraliel Limit of reinforcement per UG-40

Ly MAX(d, R, + (t,- C,) + (t-C))
MAX(8, 4 + (1.875-0) + (1.75 - 0))
= 8in
Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5*(t - C), 2.5*(t, - C,) + 1))
MIN(2.5*(1.75- 0), 2.5*(1.875 - 0) + 0)
4.375in

Inner Normal Limit of reinforcement per UG-40

L

MIN(2.5*(t - C), 2.5%(;- C, - C))

MIN(2.5*(1.75 - 0), 2.5*(1.875 - 0 - 0))
= 4.375in

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

t

. P*R_/(S,'E - 0.6"P)
1,378*4/ (20,000*1 - 0.6*1,378)
0.2875in

Required thickness t, from UG-37(a)

t

i PR,/ (S*E + 0.4*P)
1,378*24 / (20,000*1 + 0.4*1,378)
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= 1.6092in

Area required per UG-37(c)

Allowable stresses: S = 20,000, S, = 20,000 psi
fqy=lesseroflorS /S, =1
fo=lesserof1orS /§, =1

A = dYF+27ttF(1-f)

= 8%1.6093"1 + 2*1.875*1.6093*1*(1 - 1)
= 12.874in°

Area available from FIG. UG-37.1
A, = larger of the following= 1,126 in?
= d'(E"t-Frt) - 2° (Bt - Fre) (1 - f,)

= 8*(1"1.75-171.6093) - 2*1.875*(1*1.75 - 1*1.6093)*(1 - 1)
= 1.1261in?

= 2°(t+ )N(E"t-F) - 2% (B - Fr)t(1 - f)
= 2*(1.75+1.875)*(1*1.75 - 1*1.6093) - 2*1.875*(1*1.75 - 1*1.6093)*(1 - 1)
= 1.0204 in?

>
N
1]

smaller of the following= 13.8906 in?

= 5t - )Mt
= 5%1.875-0.2875)*1*1.75
= 13.8906 in?

= 5*(tn - trn)*fr;tn
= 5%(1.875-0.2875)*1*1.875
= 14.8828 in?

A, = smaller of the following= 2.5781 in?

= 5t
= 5°1.75"1.875"1
= 16.4063in2

= s*ti*ti*er

= 51.875"1.875*1
= 17.5781in?

= 2'h'tf,

= 2*0.6875"1.875"1
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= 2.5781in?

Ay = Leg™f,
= 0.375%"1
= 0.1406in?

A, = Leg®f,
= 0.6875%*1
= 0.4727in?

Area= A+ A+ A+ A, +A,
= 1126 + 13.8906 + 2.5781 + 0.1406 + 0.4727
= 18.208in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t ;. = lesser of 0.75ort ort=0.751in
to(min) = l€sser of 0.25 or 0.7*

min = 025 |n
teqactuay = 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

P*R/(S*E - 0.6"P) + Corrosion
= 1,378*4/(20,000*1 - 0.6*1,378) + 0
= 0.2875in

ta uG-27

t, = max[t, ygp7 + taugee
= max[0.2875,0]
= 0.2875in

toq = P'R,/(S'E + 0.4*P) + Corrosion
= 1,378"24/(20,000"1 + 0.4*1,378) + 0
= 1.6092in

to = max[ty .t g
- max[ 1.6092 , 0.0625 ]
= 1.6092 in

t, = min[ty,t,]

= min[0.3281, 1.6092 ]
= 0.3281in
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tigas = max[t,, ]
max] 0.2875 , 0.3281 |
0.3281 in

Available nozzle wall thickness new, t, = 1.875in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-37 Area Calculation Summary (in?)

For Pe = 622.51 psi @ 140 °F
The opening is adequately reinforced

UG-45 Nozzle
Wwall
Thickness

Summary (in)
The nozzie passes

uUG-45
A A A
required | avaiiable A Az A3 As weids treq tmin
7 16.1125 |-- 112.9211 12.5781 |-- 10.6133 |0.3983 (1.875

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for
external pressure

UW-16 Weld Sizing Summary

Required weid Actuai 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 external pressure 622.51 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

La

= 8in

MAX(d, R, + (t, - C,) + (t- C))
MAX(8, 4 + (1.875 - 0) + (1.75 - 0))

Outer Normai Limit of reinforcement per UG-40

Ly

= 4.375in

MIN(2.5%(t- C), 2.5*(t, - C,) + t.)
MIN(2.5*(1.75 - 0), 2.5*(1.875 - 0) + 0)

Inner Normal Limit of reinforcement per UG-40

L,

4.375in

MIN(2.5%(t - C), 2.5*(t; - C, - C))
MIN(2.5*(1.75 - 0), 2.5*(1.875 - 0 - 0))

Nozzle required thickness per UG-28 t, | = 0.3983 in

From UG-37(d)(1) required thickness t, = 1.75 in

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

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

f,=lesserof1orS /8§, =1
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f,=lesserofiorS /S, =1

A = 05Md'F + 2t FH(1 -1 ))
= 0.5%8%1.75'1 + 2*1.875*1.75*1*(1 - 1))
= 7in?

Area available from FIG. UG-37.1

A, = larger of the following= 0 in?

= d'(Et- Frt) - 20t (Bt - FRE)(1 - £ )
= 8*(1"1.75-1*1.75) - 2*1.875*(1*1.75 - 1*1.75)*(1 - 1)
= 0in?

= 2Yt+t)(E-F) - 20t (B - BT - )
= 2*(1.75+ 1.875)*(1*1.75 - 1*1.75) - 2*1.875*(1*1.75 - 1*1.75)*(1 - 1)
= 0in

>
N
1]

smaller of the following= 12.9211 in?2

= 5t -t )t
= 5%1.875-0.3983)*1*1.75
= 12.9211in2

= 5t - )Lt (
= 5'(1.875-0.3983)"1*1.875
= 13.844in?

>
%]
1]

smaller of the following= 2.5781 in?

= 5,
= 5'1.75"1.875*1
= 16.4063 in?

= s*ti*ti*er
= 5*1.875*1.875"1
= 17.5781 in2

= 2ht,
= 2°0.6875'1.875"1
= 25781in2

A, = Leg¥f,
= 0.375%*1
= 0.1406in°

Ay =  Leg®f,
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= 0.68752*1
= 04727in?

Area= A+ A, +A;+A L +A,
= 0+129211 +2.5781 + 0.1406 + 0.4727
= 16.1125in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

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

min

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

tiuges = 0.3983in
ta = max| taug-28 - ta uG-22 |
= max[0.3983,0]
= 0.3983in
too = P'R,/(S'E + 0.4"P) + Corrosion
= 622.5059*24 /(20,000"1 + 0.4*622.5059) + 0
= 0.7378in
too = max[ty,, tygs ]
= max[0.7378, 0.0625 }
= 0.7378in
ty = min[ty, t,]
= min[ 0.3281, 0.7378 }
= 0.3281in
tugas = max(t,, t]
= max[0.3983, 0.3281 ]
= 0.3983in

Available nozzle wall thickness new, t, = 1.875n

The nozzle neck thickness is adequate.
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External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, = 10.7302/11.75 = 0.9132
D,/t = 11.75/0.3983 = 29.4998
From table G: A = 0.009593

From table .
HA-2: B = 13,772.846 psi
P, = 4'B/(3*(D, /1))
= 4*13,772.85/(3*(11.75/ 0.3983))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

a

1173

t = t+ Corrosion = 0.3983+0 = 0.3983"
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Straight Flange on 48 OD BOTTOM SE HEAD
ASME Section VIl Division 1, 2010 Edition, A11 Addenda
Component: Straight Flange
Material specification: SA-240 316 (II-D p. 70, In. 26)
Rated MDMT per UHA-51(d)(1)(a) = -320 °F

Internal design pressure: P = 1,378 psi @ 140 °F
External design pressure: P, = 15 psi @ 140 °F

Static liquid head:

P, 0.71 psi (SG = 1.1, H, = 18",0Operating head)
. (8G =1, H, =56.23", Horizontal test
2.03 psi s

Pth

head)

Corrosion allowance Inner C = 0" OuterC=0"

Design MDMT = -20 °F No impact test performed

Rated MDMT = -320 °F Material is not normalized
Material is not produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint - Seamless No RT

Circumferential joint - Full UW-11(a) Type 1

Estimated weight New = 149.1 |b corr=149.11b

Capacity New = 13.44 US gal corr = 13.44 US gal

oD = 48"

Length _ .

L, -2

t = 1.77"

Design thickness, (at 140 °F) Appendix 1-1
t P*R,/ (S*E + 0.40"P) + Corrosion

1,378.71*24 / (20,00071.00 + 0.4071,378.71) + 0
1.6101"

Maximum allowable working pressure, (at 140 °F) Appendix 1-1
P S*E*t/ (R, - 0.40™) - P,
20,000"1.00*1.77/ (24 - 0.40"1.77) - 0.71
1,519.12 psi

External Pressure, (Corroded & at 140 °F) UG-28(c)

L/D, 107.4233 /48 2.2380
D,/t = 48/0.2194 218.7532
From table G: A = 0.000180

From table .
HA-2: B = 2,460.9773 psi
P, 4*B/(3*(D, /1))

4*2,460.98 / (3*(48 / 0.2194))
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= 15psi

Design thickness for external pressure P, = 15 psi

t, = t+ Corrosion = 0.2194+0 = 0.2194"

Maximum Allowable External Pressure, (Corroded & at 140 °F) UG-28(c)
L/D, = 107.4233/48 = 2.2380

D,/t = 48/1.77 = 27.1186

From table G: A = 0.004031

From table .

HA-2: B = 12,828.9038 psi

P, 4*B/ (3*(D, /1))

4*12,828.9/ (3*(48 / 1.77))
630.75 psi

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

EFE

(50*t/R)*(1-R,/R,)
(50*1.77 / 23.115)*(1 - 23.115 / =)
3.8287%

Design thickness = 1.6101"
The governing condition is due to internal pressure.

The cylinder thickness of 1.77" is adequate.
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Thickness Required Due to Pressure + External Loads

Pressure P (

Allowable
Stress Before

Temperature (

Corrosion C

Req'd Thk Due to Req'd Thk Due to
Conditlon UG-23 Stress N Load
psi) Increase ( psl) F) (in) Tension (in) Compresslon (In)
St Sc
Operating. Hot & Corroded 1,378 20,000 | 13.729 | 140 0 Wind |0.633 0.6196
Seismic | 0.6474 0.6006
Operating. Hot & New 1,378 20,000 | 13.729 | 140 0 Wind | 0.633 0.6196
Seismic | 0.6474 0.6006
Hot Shut Down. Corroded 0 20,000 | 13.729 | 140 0 Wind  |0.0021 0.0166
Seismic | 0.0165 0.0443
Hot Shut Down, New 0 20,000 | 13.729 | 140 0 Wind | 0.0021 0.0168
Seismic | 0.0165 0.0443
Emoty. Corroded 0 20,000 | 13.908 | 70 0 wind | 0.0021 0.0164
Seismic | 0.0157 0.0425
Emity. New 0 20,000 | 13.908 | 70 0 Wind  }0.0021 00164
Seismic | 0.0157 0.0425
Vacuum -15 20,000 | 12729 | 140 o wind  {0.0071 0.0267
Seismic | 0.0085 0.0544
Hot Shut Down. Corroded. Weiaht i .
& Eoconine Momants Only 0 20,000 | 12,729 | 140 0 Weight |0.0018 0.0188

Allowable Compressive Stress, Hot and Corroded- S, (table HA-2)

A

B
S

ScHC

0.125/ (R,

/1)

= 0.125/(24/1.77)

0.009219
= 13,729 psi

= 20,000/1.00 = 20,000 psi

min(B, S) = 13.729 ps!

Allowable Compressive Stress, Hot and New- S,

ScHN

ScHC
13.729 psi

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

A

B
S

ScCN

0.125/ (R,

/1)

= 0.125/(24/1.77)

= 0.009219
= 13,908 psi

= 20,000/1.00 = 20,000 psi
= min(B, S) = 13.908 psi

Allowable Compressive Stress, Cold and Corroded- S

ScCC

1173

= ScCN

= 13.908 psi
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Allowable Compressive Stress, Vacuum and Corroded- S, (table

HA-2)
A

B
S

ScVC

0.125/(R, /1)

= 0.125/(24/1.77)

= 0.009219

= 13,729 psi

= 20,000/1.00 = 20,000 psi

= min(B, S) = 13.729 psi

Operating, Hot & Corroded, Wind, Bottom Seam

t =

P

Maximum allowable working pressure, Longitudinal Stress

P*R / (2°S,"K,*E, + 0.40*|P])

1,378*22.23 / (220,000*1.20*1.00 + 0.40*|1,378))
0.6309"

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

271,776 / (n*23.1152*20,000*1.20*1.00)

0.0067"

W/ (@R, 'S 'K 'E,)

16,188.1 / (2*7*23.115%20,000*1.20*1.00)
0.0046"

t o+t - t,
0.6309 + 0.0067 - (0.0046)
0.633"

ltmc + 1y - tpcl

|0.0067 + (0.0046) - (0.6309)]
0.6196"

P=2"SKJE(t-t, +1,)/ (R-0.40%(t-t_ +1t,)
= 2*20,000%1.20*1.00*(1.77 - 0.0067 + (0.0046)) / (22.23 - 0.40*(1.77 - 0.0067 + (0.0046)))
= 3,942.75 psi

Operating, Hot & New, Wind. Bottom Seam

t =

p

PR/ (2'SK,*E, + 0.40"|P])

1,378*22.23 / (2*20,000*1.20*1.00 + 0.40*|1,378])
0.6309"

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

271,776 / (w*23.1152*20,000*1.20*1.00)

0.0067"

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

16,188.1 / (2*1*23.115*20,000*1.20*1.00)
0.0046"

brtn-t

Rev. 6

(Pressure)

(bending)

(Weight)

(total required,
tensile)
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tensile)
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(bending)
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= 0.6309 + 0.0067 - (0.0046)

= 0.633"
(total, net
o= Mot b~ el tensile)
= |0.0067 + (0.0046) - (0.6309)|
= 0.6196"

Maximum allowable working pressure, Longitudinal Stress

P=2"SKSJES(t-t, +t,)/(R-040%t-t +t)
= 2*20,000%1.20*1.00*(1.77 - 0.0067 + (0.0046)) / (22.23 - 0.40*(1.77 - 0.0067 + (0.0046)))
= 3,942.75 psi

Hot Shut Down, Corroded, Wind, Bottom Seam

t, =0 (Pressure)

t, =M/ ("R 2*S;K;*E,) (bending)
= 271,776 / (*23.1152*20,000%1.20%1.00)
= 0.0067"

t, =W/ (2n"R*S"K;*E,) (Weight)
= 16,188.1 / (2"n*23.115"20,000"1.20*1.00)
= 0.0046"

b o=t+ty -t (total required, tensile)
=0+ 0.0067 - (0.0046)
= 0.0021"

toe = M/ (m"R,2"S.*K,) (bending)
= 271,776 / (n"23.1152*13,728.59*1.20)
= 0.0098"

tye = W/ (2'n"R*S.'K,) (Weight)
= 16,188.1 / (2*'n*23.115*13,728.59*1.20)
= 0.0068"

teo =toe+ et {total required, compressive)
= 0.0098 + (0.0068) - (0)
=0.0166"

Hot Shut Down. New. Wind, Bottom Seam

t, =0 (Pressure)
t, =M/ ("R 2*S"K'E) (bending)
= 271,776 / (n*23.1152*20,000*1.20*1.00)
= 0.0067"
t, =W/ (@2 7"R,"S/K,E,) (Weight)
= 16,188.1 / (2"x*23.115%20,000%1.20*1.00)
= 0.0046"
o=ttty -, (total required, tensile)
= 0 + 0.0067 - (0.0046)
= 0.0021"
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t.. =M/ (@R, 2SK) (bending)
= 271,776 / (n*23.1152*13,728.59*1.20)
= 0.0098"

t,, =W/ (2R *SK,) (Weight)
= 16,188.1 / (2*1*23.115*13,728.59*1.20)
= 0.0068"

to=toe+ bt (total required, compressive)
= 0.0098 + (0.0068) - (0)
= 0.0166"

Empty, Corroded, Wind, Bottom Seam

t, =0 (Pressure)
tn =M/ ("R 2*S;'K'E) (bending)
= 271,776 / (1*23.1152*20,000*1.20*1.00)
= 0.0067"
t, =W/ (2R "S"K,"E,) (Weight)
= 16,188.1/(2*n*23.115"20,000%1.20*1.00)
= 0.0046"
o=t o+t -t (total required, tensile)
= 0 + 0.0067 - (0.0046)
= 0.0021" ,
toe = M/ (n"R_2*S*K,) (bending)
= 271,776 / (n*23.1152*13,907.75*1.20)
= 0.0097" \
t,e =W/ (2'1"R,"S.'K) (Weight)
= 16,188.1 / (2'n"23.115*13,907.75"1.20)
= 0.0067"
t o=t by -t (total required, compressive)
= 0.0097 + (0.0067) - (0)
= 0.0164"

Empty, New, Wind. Botiom Seam

t, =0 (Pressure)
tn =M/ (n"R 2*SK'E,) (bending)
= 271,776 / (r"23.115%"20,000*1.20%1.00)
= 0.0067"
t, =W/ (2'n"R.,"SK*E,) (Weight)
= 16,188.1/(2*n*23.115*20,000*1.20%1.00)
= 0.0046"
b o=+t -t (total required, tensile)
=0+ 0.0067 - (0.0046)
= 0.0021"
tne = M/ ("R 2*S.K,) (bending)

= 271,776 / (r*23.1152*13,907.75*1.20)
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= 0.0097"
t,e = W/ (2"1"R*S."K,) (Weight)
= 16,188.1 / (2*n*23.115%13,907.75%1.20)
= 0.0067"
te =toe+ by toc (total required, compressive)
= 0.0097 + (0.0067) - (0)
= 0.0164"

Vacuum. Wind. Botiom Seam

t, = P*R/(2'S.K, + 0.40°|P)) (Pressure)
= -15%22.23 / (2*13,728.59*1.20 + 0.40*[15])
= -0.0101"

t. =M/ (m'R 2'SK) (bending)
— 271,776 / (1*23.1152*13,728.59*1.20)
= 0.0098"

t, = W/ (2R, "S.°K,) (Weight)
- 16,188.1/ (2*n*23.115*13,728.59*1.20)
= 0.0068"

b=+t -t (total, net compressive)
= [-0.0101 + 0.0098 - (0.0068)|
= 0.0071"
te =t + et (total required, compressive)
= 0.0098 + (0.0068) - (-0.0101)
= 0.0267"

Maximum Allowable External Pressure, Longitudinal Stress

P=2"S"Kj (t -t - tyo) / (R - 0.40%(t - t . - )
= 2*13,728.59*1.20*(1.77 - 0.0098 - 0.0068) / (22.23 - 0.40*(1.77 - 0.0098 - 0.0068))
= 2,683.51 psi

Hot Shut Down, Corroded, Weight & Ecceniric Moments Only, Bottom Seam

t, = 0" (Pressure)
t, =M/ (n"R,2*S;’K;"E,) (bending)
= 246,659/ (1*23.1152*20,000*1.00*1.00)
= 0.0073"
t, =W/ (27"R"SK"E,) (Weight)
= 16,188.1/(2"n*23.115%20,000%1.00*1.00)
= 0.0056"

o=+t -ty (total required, tensile)
= 0 + 0.0073 - (0.0056)
= 0.0018"
te =M/ (T"R,2*S"K,) (bending)
= 246,659 / (n*23.1152%13,728.59%1.00)
= 0.0107"
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t,e = W/ (2'n"R"S.'K,) (Weight)
= 16,188.1/(2*n*23.115*13,728.59*1.00)
= 0.0081"
t = tne+ bt (total required, compressive)
= 0.0107 + (0.0081) - (0)
=0.0188"

Operating. Hot & Corroded, Seismic, Bottom Seam

t, = PR/ (2’S{K{E, + 0.40%|P)) (Pressure)
= 1,378%22.23 / (2*20,000"1.20*1.00 + 0.40%|1,378|)
= 0.6309"
tn =M/ (m*R2*SKE,) (bending)
= 849,942/ (n*23.1152*20,000%1.20*1.00)
= 0.0211"
t, =W/ (2n"R*S;KSE) (Weight)
= 16,188.1 / (2"n*23.115*20,000*1.20*1.00)
= 0.0046"
o=t et -t (total required, tensile)
= 0.6309 + 0.0211 - (0.0046)
= 0.6474"
t,e = (1 + VAccely'W/ (2*n*R "S;"K,"E,) (Weight)
= 2.00"16,188.1 / (2*'n*23.115"20,00071.20*1.00)
= 0.0093" ;
t = e+ tue - Ll (total, net tensile) (
= |0.0211 + (0.0093) - (0.6309}|
= 0.6006"

Maximum allowable working pressure, Longitudinal Stress
P=2"S"KSES(t-t,+t,)/(R-040%(t-t +1,)
= 2*20,000%1.20*1.00%(1.77 - 0.0211 + (0.0046)) / (22.23 - 0.40%(1.77 - 0.0211 + (0.0046)))
= 3,909.7 psi

Operating, Hot & New, Seismic, Bottom Seam

t, = PR/ (2"8K,'E, + 0.40"|P)) (Pressure)
= 1,378%22.23 / (2*20,000*1.20*1.00 + 0.40*(1,378])
= 0.6309"

=M/ (m*R, S 'K E,) (bending)
= 849,942 / (n*23.1152*20,000*1.20*1.00)
= 0.0211"

t, =W/ (@R, 'S K E) (Weight)
= 16,188.1 / (2*n*23.115*20,000*1.20*1.00)
= 0.0046"

t

o=ttt -, (total required, tensile)
= 0.6309 + 0.0211 - (0.0046)
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= 0.6474"
t,. = (1 + VAccel)'W/ (2'n*R*S'K"E ) (Weight)
= 2.00"16,188.1/ (2"%*23.115"20,000*1.20*1.00)
= 0.0093"
t = Ite + twe - Lol (total, net tensile)
=(0.0211 + (0.0093) - (0.6309)|
= 0.6006"

Maximum allowable working pressure, Longitudinal Stress

P=2"S'KJES(t-t, +t,)/(R-040%t-t +1t)
= 2*20,000*1.20*1.00*(1.77 - 0.0211 + (0.0046)) / (22.23 - 0.40*(1.77 - 0.0211 + (0.0046)))
= 3,909.7 psi

Hot Shut Down, Corroded. Seismic, Bottom Seam

t, =0" (Pressure)
t, =M/ (m"R,2"SK,*E,) (bending)
= 849,942 / (n*23.115%*20,000%1.20*1.00)
=0.0211"
t, =W/ (2'n*R S "K*E,) (Weight)
= 16,188.1 / (2*n*23.115"20,00071.20*1.00)
= 0.0046"
b o=ttt (total required, tensile)
=0+ 0.0211 - (0.0046)
=0.0165"
tne = M/ ("R 2*S*K) (bending)
= 849,942 / (n*28.1152*13,728.59*1.20)
= 0.0307"
t,c = (1 + VAccel)'W/ (2*n*R,,"S."K;) (Weight)
= 2.00%16,188.1 / (2*n*23.115%13,728.59"1.20)
= 0.0135"
teo =ttty (total required, compressive)
= 0.0307 + (0.0135) - (0)
= 0.0443"

Hot Shut Down., New, Seismic, Bottom Seam

t, =0" (Pressure)
t, =M/ ("R 2*SK’E,) (bending)
= 849,942 / (n*23.115220,000*1.20%1.00)
=0.0211"
t, =W/ (2"n"R"S;K'E,) (Weight)
= 16,188.1/(2'n*23.115"20,000"1.20*1.00)
= 0.0046"
o=ttty -t, (total required, tensile)

=0+ 0.0211 - (0.0046)
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= 0.0165"

toe = M/ ("R 2*S*K) (bending)
= 849,942 / (n*23.115%*13,728.59*1.20)
= 0.0307"

t,. = (1+ VAccel'W/ (2*"R_*S_*K,) (Weight)
= 2.00%16,188.1 / (2*n*23.115%13,728.59*1.20)
= 0.0135"

t = toe+ et (total required, compressive)
= 0.0307 + (0.0135) - (0)
= 0.0443"

Empty, Corroded. Seismic, Bottom Seam

t, =0 (Pressure)
t, =M/ (n"R,2*S'K;"E) (bending)
= 817,665/ (n"23.1152*20,000*1.20*1.00)
= 0.0203"
t, =W/ (27"R*S;K'E,) (Weight)
= 16,188.1 / (2*x*23.115"20,000*1.20*1.00)
= 0.0046"
o=+t -t (total required, tensile)
=0+ 0.0203 - (0.0046)
= 0.01567"
te =M/ (m"R_2'S_*K,) (bending)
= 817,665/ (n*23.1152*13,907.75*1.20) \
= 0.0292"
ty. = (1 + VAccel)*W/ (2'n*R,*S_"K,) (Weight)
= 2.00*16,188.1 / (2'n*23.115%13,907.75"1.20)
= 0.0134"

t =t + bt (total required, compressive)
= 0.0292 + (0.0134) - (0)
= 0.0425"

Empty, New, Seismic. Bottom Seam

t, =0 (Pressure)
t, =M/(zm*R_2*SK;]*E,) (bending)
= 817,665/ (n*23.115%*20,000*1.20*1.00)
= 0.0203"
t, =W/ (2'tT"R"SK'E,) (Weight)
= 16,188.1 / (2*n*23.115*20,000*1.20"1.00)
= 0.0046"
o=ttt -t (total required, tensile)
= 0+ 0.0203 - (0.0046)
= 0.0157"
tne = M/ (n*R_2"S_*K) (bending)
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—

= 817,665/ (n*23.1152*13,907.75"1.20)
= 0.0292"
tye = (1 +VAccel)'W/ (2*n*R_*S 'K,) (Weight)
= 2.00"16,188.1 / (2'n*23.115*13,907.75*1.20)
= 0.0134"
t =ttt (total required, compressive)
= 0.0292 + (0.0134) - (0)
= 0.0425"

Vacuum, Seismic, Bottom Seam

|

P*R/ (2°S;'K,E, + 0.40*|P|) (Pressure)
-15%22.23 / (220,000*1.20*1.00 + 0.40*|15])
-0.0069"
=M/ ('R 2"SK,'E,) (bending)
= 849,942 / (n*23.1152*20,000*1.20*1.00)
= 0.0211"
t, =W/ (2R, *SK, E) (Weight)
= 16,188.1 / (2*7*23.115%20,000%1.20*1.00)
= 0.0046"

1

o=ttty -t (total required, tensile)
=-0.0069 + 0.0211 - (0.0046)
= 0.0095"

te = PR/ (2'S;'K + 0.40%|P]) (Pressure)
=-15"22.23/(2"13,728.59%1.20 + 0.40*|15])
=-0.0101"

toe = M/ ("R 2*S_"K) (bending)
= 849,942 / (n*23.115%*13,728.59*1.20)
= 0.0307"

t,. = (1 + VAccel)W/ (2'n*R_*SK,) (Weight)
=2.00"16,188.1/ (2*n*23.115*13,728.59"1.20)
= 0.0135"

te = tme+ e -t (total required, compressive)
= 0.0307 + (0.0135) - (-0.0101)
= 0.0544"

Maximum Allowable External Pressure, Longitudinal Stress
P=2"S K (t - t o - tyo) / (R - 0.40%(t -t - t,0))

= 2%13,728.59*1.20*(1.77 - 0.0307 - 0.0135) / (22.23 - 0.40*(1.77 - 0.0307 - 0.0135))
= 2,639.8 psi
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48 OD BOTTOM SE HEAD
ASME Section VIII, Division 1, 2010 Edition, A11 Addenda
Component: Ellipsoidal Head
Material Specification: SA-240 316 (II-D p.70, In. 26)
Straight Flanae governs MDMT
Internal design pressure: P = 1,378 psi @ 140 °F
External design pressure: P, = 15 psi @ 140 °F
Static liquid head:

P.=1.16 psi (SG=1.1, H,=29.135" Operating head)
Py=2.03 psi (SG=1, H=56.27" Horizontal test head)

Corrosion allowance: Inner C = 0" QuterC=0"
Design MDMT = -20°F No impact test performed
Rated MDMT = -320°F Material is not normalized

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

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

Estimated weight™: new = 1,408.1 |b corr = 1,408.1 Ib

Capacity™: new = 63.5 US gal corr = 63.5 US gal

* includes straight flange

Outer diameter = 48"

Minimum head thickness = 1.73"

Head ratio D/2h = 2 (new)

Head ratio D/2h = 2 (corroded)

Straight flange length L = 2

Nominal straight flange thicknesst;, = 1.77"

Results Summary

The governing condition is internal pressure.

Minimum thickness per UG-16 0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t) = 1.5583"
Design thickness due to external pressure (t,) = 0.1193"
Maximum allowable working pressure (MAWP) = 1.540.53 psi
Maximum allowable external pressure (MAEP) = 566.01 psi

K (Corroded)
K=(1/6)*[2 + (D / (2*h))2]=(1/6)*[2 + (44.54 / (2*11.135))2]=1
K (New)

K=(1/6)*[2 + (D / (2*h))2]=(1/6)*[2 + (44.54 / (2*11.135))2]=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 + 2*P*(K - 0.1)) + Corrosion
1,379.16*48*1 / (2*20,000*1 + 2*1,379.16*(1 - 0.1)) + 0
1.5583"

The head internal pressure design thickness is 1.5583".

Maximum allowable working pressure, (Corroded at 140 °F) Appendix 1-4(c)

P

2*S*E*t/ (K*D, - 2*t*(K - 0.1)) - P,
2+20,000%1*1.73 / (1*48 - 21.73*(1 - 0.1)) - 1.16
1,540.53 psi

The maximum allowable working pressure (MAWP) is 1.540.53 psi.
Design thickness for external pressure, (Corroded at 140 °F) UG-33(d)

Equivalent outside spherical radius (R,)

R, = KD,
= 0.8395"48
= 40.2954in
A = 0.125/(R,/1)
= 0.125/(40.2954 / 0.119274)
= 0.00037
From Table B = 5,067.5892
HA-2: ~ psi
P, = B/R,/Y
= 5,067.5892/(40.2954 /0.1193)
= 15 psi
t = 0.1193" + Corrosion =0.1193" + 0" = 0.1193"

Check the external pressure per UG-33(a)(1) Appendix 1-4(c)
t 1.67*P,*D,*K/ (2*S*E + 2°1.67*P,*(K - 0.1)) + Corrosion
1.67*15*48*1/(2*20,000*1 + 2*1.67*15*(1 - 0.1)) + 0
0.03"

The head external pressure design thickness (t,) is 0.1193".
Maximum Allowable External Pressure, (Corroded at 140 °F) UG-33(d)

Equivalent outside spherical radius (R,)

R, = KD,
= 0.8395*48
= 40.2954 in
A = 0.125/(R,/1)
= 0.125/(40.2954/1.73)
= 0.005367
From Table _13,183.56
HA-2: " psi
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B/(R,/1)
13,183.56 / (40.2954 / 1.73)
566.0093 psi

Check the Maximum External Pressure, UG-33(a)(1) Appendix 1-4(c)
P 2*S*E*t/ ((K*D, - 2"t*(K - 0.1))*1.67) - P,
2*20,000"1*1.73 / ((1*48 - 2*1.73*(1 - 0.1))*1.67) - 0
923.16 psi

The maximum allowable external pressure (MAEP) is 566.01 psi.

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

EFE = (75't/R)*(1-R,/R,)
= (75'1.77/8.4568)*(1 - 8.4568 / )
= 15.6974%
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Bottom Drain (N13)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tyiowen = 1.73 10
Leg,,; = 0.375in

— -0.3750

1.7300

[T

L
>

|
|
|
!
l
l

Location and Orientation

Located on: 48 OD BOTTOM SE HEAD
Orientation: 315°

End of nozzle to datum line: 119.1092in

Calculated as hillside: No

Distance to head center, R: 0in

Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification: SA-312 TP316L Smis pipe (low stress) (lI-D p. 66, In. 40)
Description: NPS 2 Sch 160

Inside diameter, new: 1.687 in

Nominal wall thickness: 0.344 in

Corrosion allowance: 0in

Projection available outside vessel, Lpr: 4.01in

Projection available outside vessel to flange face, Lf:  8.26 in

Local vessel minimum thickness: 1.73in

Liquid static head included: 1.4842 psi

Longitudinal joint efficiency: 1

ASME B16.5-2009 Flange

Description: NPS 2 Class 900 WN A182 F316

Bolt Material: SA-193 B7 Bolt <=2 1/2 (1I-D p. 334, In. 32)
Blind included: No

Rated MDMT: -55°F

(Per UHA-51(d)(1)(a))
(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (¢) = -55 °F)

Liquid static head: 1.5529 psi
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MAWP rating: 2,040 psi@ 140°F

MAP rating: 2,160 psi@ 50°F
Hydrotest rating: 3,250 psie 50°F
PWHT performed: No

Circumferential joint radiography: Full UW-11(a) Type 1
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Reinforcement Calculations for Chamber MAWP

UG-45 Nozzle
UG-37 Area Calculation Summary Wall
(in?) Thickness
For P = 1,379.48 psl @ 140 °F Summary (in)
The nozzle passes
UG-45
A A A
required | avaitabte | A1 | A2 [ A3 | A5 | yeigs [ trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.1348 | 0.301

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(2)

UW-16 Weld Sizing Summary

Required weld Actua! weld

Weld description throat size (in} | throat slze (In)

Status

Nozzle to shell fillet (Legs1) | 0.2408 0.2625 weld size is adequate
Calculations for internal pressure 1,379.48 psi @ 140 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.2436).

Parallel Limit of reinforcement per UG-40

Lg

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

MAX(1.687, 0.8435 + (0.344 - 0) + (1.73 - 0))
= 29175in

Outer Normal Limit of reinforcement per UG-40

Ly

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

MIN(2.5*(1.73 - 0), 2.5*(0.344 - 0) + 0)
= 0.86in

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

t, = PWR,/(S, E-0.6P)
1,379.4842*0.8435 / (15,700*1 - 0.6*1,379.4842)
0.07821in

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

t, P*K,"D,/ (2*S*E + 0.8'P)
1,379.4842+0.9*48 / (2°20,000*1 + 0.8"1,379.4842)
1.4498 in

This opening does not require reinforcement per UG-36(c)(3)(a)
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UW-16(c) Weld Check

Fillet weld: t_;, = lesser of 0.75 ort ort = 0.344 in
t = lesser of 0.25 or 0.7t ;. = 0.2408 in

c(min) — min

te(actuany = 0.7°Leg = 0.770.375 = 0.2625 in
The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

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

t.ugey = P*R/(S*E-0.6*P)+ Corrosion
= 1,379.5529*0.8435/(15,700"1 - 0.6*1,379.5529) + 0
= 0.0782in

t, = max{t, 507 tauges ]
- max{0.0782,0]
= 0.0782in

oy = 1.5586in

Y = max{ty , tyae ]
= max[ 1.5586, 0.0625]
= 1.5586 in

t, = min[ty, t,1]
= min[ 0.1348, 1.5586 ]
= 0.1348in

lgas = max[t,, 4]
= max[0.0782,0.1348 ]
= 0.1348in

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 = 566.01 psl @ 140 °F Summary (in)
The nozzle passes
UG-45
A A A
required | available | A1 | A2 | A3 As | weids | trea tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) | 2228 |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
Weld description throat size (In) | throat size {In) Status
Nozzle to shell fillet (Legqs) |0.2408 0.2625 weld size is adequate

Calculations for external pressure 566.01 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

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

= 29175in
Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t - C), 2.5*(t, - C,) +1,)
MIN(2.5%(1.73 - 0), 2.5%(0.344 - 0) + 0)
= 086in

MAX(1.687, 0.8435 + (0.344 - 0) + (1.73 - 0))

Nozzle required thickness per UG-28 t = 0.0949 in

From UG-37(d)(1) required thickness t. = 1.73 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 or t, or t = 0.344 in
tomin) = l€88€r 0f 0.25 0r 0.7t = 0.2408 in
toactuay = 0-7*Leg = 0.70.375 = 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.

ta = maX[ ta UG-28 * ta uG-22 ]
= max[ 0.0949,0]
= 0.0949in

too = 0.6623in

too = max[t, .t a6 ]
= max[ 0.6623, 0.0625]
= 0.6623 in

t, = min[ty,, t,]
= min[0.1348, 0.6623 ]
= 0.1348in

teas = max(ty, 4]
= max[ 0.0949,0.1348 ]
= 0.1348in

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, = 8.26/2.375 = 3.4779

D,/t = 2.375/0.0949 = 25.0382
From table G: A = 0.002711

From table .

HA-4: B = 10,628.92 psi

P, = 4'B/(3*(D, /1))
= 4*10,628.92/(3*(2.375/ 0.0949))
= 566.01 psi

Design thickness for external pressure P, = 566.01 psi

t = t+ Corrosion = 0.0949 +0 = 0.0949"

a
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46-3/4" OD Skirt

Material: SA-240 316 (II-D p. 70, In. 26)
Design temperature, operating: 140 °F

Design temperature, vacuum: 140 °F

Inner diameter at top, new: 45.75in

Inner diameter at bottomn, new: 45.75in

Overall length (includes base ring thickness): 20 in

Corrosion allowance inside: 0 in

Corrosion allowance outside: 0 in

Weld joint efficiency top: 0.55

Weild joint efficiency bottom: 0.8

Nominal thickness, new: 0.5 in

Skirt is attached to: 48 OD BOTTOM SE HEAD
Skirt attachment offset: 5.88 in down from the top seam

Skirt design thickness, largest of the following + corrosion = 0.0579 in
The governing condition is due to earthquake, compressive stress at the base, operating & corroded.

The skirt thickness of 0.5 in is adequate.

. Vessel Governing Temperature Aliowable | Caicuiated | Required
oading Conditlon Skirt °F) Stress Stress/E | thickness
(Stress) Location (psi) (psi) (In)
Wind operating, corroded (+) |top 140 26,000 114.57 0.0022
Wind operating, corroded (-) | bottom 140 15,798.24 |606.74 0.0192
wind empty, corroded (+) top 50 26,000 154.67 0.003
Wind empty, corroded (-) bottom 50 16,049.74 | 584.68 0.0182
Wind vacuum, corroded (+) top 140 26,000 114.57 0.0022
wind vacuum, corroded (-) bottom 140 15,798.24 | 606.74 0.0192
Seismic | operating, corroded (+) | top 140 26,000 1,437.7 0.0276
Seismic | operating, corroded (-) | bottom 140 15,798.24 |1,827.93 0.0579
Seismic | empty, corroded (+) top 50 26,000 1,402.29 0.027
Seismic | empty, corroded (-) bottom 50 16,049.74 | 1,723.22 0.0537
Seismic | vacuum, corroded (+) top 140 26,000 1,437.7 0.0276
Seismic | vacuum, corroded (-) bottom 140 15,798.24 |1,827.93 0.0579

Loading due to wind, operating & corroded

Windward side (tensile)

Required thickness, tensile stress at base:

t = -W/(n*D*SE) + 48"M / (n*DZ*St*E)
= -19,538.66 / (n*46.25*26,000%0.8) + 48*23,645.6 / (1*46.252*26,000*0.8)
= 0.0017in
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Required thickness, tensile stress at the top:

t

-W,/ (n*D;*S,*E) + 48*M,/ (n*D2*S,'E)

-19,078.33 / (1"46.25*26,000*0.55) + 48*22,793.7 / (1*46.252*26,000*0.55)
0.0022in

Leeward side (compressive)

Required thickness, compressive stress at base:

t

W/ (n*D*S'E,) + 48*M/ ('D¥*S_'E,)
19,538.66 / (1*46.25*15,798* 1) + 48°23,645.6 / (n*46.252*15,798*1)
0.0192in

Required thickness, compressive stress at the top:

t

W,/ (*DS'E,) + 48°M, / (*D2*S 'E )
19,078.33 / (n*46.25*15,798*1) + 48"22,793.7 / (n*46.252*15,798"1)
= 0.0186in

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)
-17,936.17 / (n*46.2526,0000.8) + 48*23,645.6 / (1*46.252*26,000%0.8)
0.0022 in

Required thickness, tensile stress at the top:

t

-W,/ (r*D,*S,"E) + 48*M, / (*"D&*S,'E)

-17,475.84 / (n*46.25*26,000%0.55) + 48*22,793.7 / (n*46.252*26,000*0.55)
0.003 in

Leeward side (compressive)

Required thickness, compressive stress at base:

t = W/(n*D*S_E,) + 48'M / (n*D?*S_'E,)
17,936.17 / (1*46.25*16,050"1) + 48*23,645.6 / (1*46.252*16,050*1)

0.0182in

Required thickness, compressive stress at the top:

t

W,/ (n*D*S'E,) + 48*M, / (n*D2*S'E,)
17,475.84 / (n*46.25%16,050*1) + 48*22,793.7 / (*46.252*16,050*1)
0.0176in
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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)
-19,538.66 / (n*46.25*26,000*0.8) + 48*23,645.6 / (1*46.252*26,000%0.8)
0.0017in

Required thickness, tensile stress at the top:

t

-W,/ (n*D;*S,*E) + 48*M,/ (n*D2*S,*E)

-19,078.33 / (n*46.25*26,000*0.55) + 48*22,793.7 / (1*46.252*26,000*0.55)
0.0022 in

Leeward side (compressive)

Required thickness, compressive stress at base:

t

W/ (r*D*S'E,) + 48*M / (1*"D?*S'E,)
19,538.66 / (n*46.25*15,798*1) + 48*23,645.6 / (1*46.252*15,798*1)
0.0192in

Required thickness, compressive stress at the top:

t

W,/ (*D;"S,'E,) + 48"M, / (*D2"S'E,)
19,078.33 / (1*46.25"15,798*1) + 48'22,793.7 / (n*46.252*15,798"1)
0.0186 in

Loading due to earthquake, operating & corroded

Tensile side

Required thickness, tensile stress at base:

t

-W / (=*D*SE) + 48"M/ (1*D2*S,"E)
-19,538.66 / (n*46.25*26,000*0.8) + 48*90,303.6 / (1*46.252"26,000*0.8)
0.0245 in

Required thickness, tensile stress at the top:

t

-W,/ (n*'D;*S,'E) + 48"M, / (1*D2*S,'E)
-19,078.33 / (n*46.25"26,000*0.55) + 48*73,734.6 / (1*46.252"26,00070.55)
0.0276 in
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Compressive side

Required thickness, compressive stress at base:

t

(1 + VAccel)*W/ (*D*S_*E ) + 48"M / (n*D¥*S_*E )
(1+1)*19,538.66 / (n*46.25*15,798*1) + 48*90,303.6 / (1*46.252*15,798*1)
0.0579in

Required thickness, compressive stress at the top:

t

(1 + VAccel)'W,/ (n*D*S_'E,) + 48"M, / (n*D?*S_*E)
(1 +1)*19,078.33 / (n*46.25"15,798*1) + 48*73,734.6 / (1*46.252*15,798"1)
= 0.05in

Loading due to earthquake, empty & corroded

Tensile side

Required thickness, tensile stress at base:

i

-W/ (n*D*S"E) + 48*"M / (n*D?*S,"E)
-17,936.17 / (n*46.25*26,00070.8) + 48*86,062.1 / (1*46.25%*26,000*0.8)
0.0236 in

Required thickness, tensile stress at the top:

t

-W,/ (n*D*S,'E) + 48*M, / (n*D2*S,"E)

-17,475.84 / (n*46.25*26,000*0.55) + 48*70,827.3 / (n*46.252*26,000*0.55)
0.027 in

Compressive side

Required thickness, compressive stress at base:

t

(1 + VAccel)*W / (n*D*S_*E,) + 48*M / (n*D2*S_*E,)
(1 +1)*17,936.17 / (n*46.25*16,050*1) + 48*86,062.1 / (n*46.252*16,050*1)
0.0537in

Required thickness, compressive stress at the top:

t

(1 + VAccel)*'W, / (n*D*S_'E,) + 48'M, / (x*D2*S,'E,)
(1 +1)*17,475.84 / (n*46.25*16,050*1) + 48*70,827.3 / (n*46.252*16,050*1)
0.0465 in

Loading due to earthquake, vacuum & corroded
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Tensile side

Required thickness, tensile stress at base:

t

-W/ (n*D*S,E) + 48*"M / (n*D?*S,"E)
-19,538.66 / (1*46.25*26,000*0.8) + 48*90,303.6 / (n*46.252*26,000*0.8)
0.0245in

Required thickness, tensile stress at the top:

i

-W,/ (m*D*S;E) + 48*M,/ (n*D2*S,'E)

-19,078.33 / (n*46.25*26,000%0.55) + 48*73,734.6 / (n*46.252*26,000*0.55)
0.0276 in

Compressive side

Required thickness, compressive stress at base:

t

(1 + VAccel)*W / (n*D*S_*E,) + 48"M/ (n*D2'S 'E,)
(1 + 1)*19,538.66 / (1*46.25*15,798*1) + 48*90,303.6 / (n*46.252*15,798*1)
0.0579 in

Required thickness, compressive stress at the top:

t

(1 + VAccel)'W, / ("D *S'E,) + 48"M, / (n"D2*S'E,)
(1+ 1)"19,078.33 / (1*46.25"15,798*1) + 48'73,734.6 / (n*46.25215,798"1)
= 0.05in
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Tail lug

I
ExH
Geometry Inputs
Attached To 46-3/4" OD Skirt
Material A36
Orientation Longitudinal
Distance of Lift Point From Datum 118.38"
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, 3 90.0000 °
Load Angle from Vertical, ¢ 0.0000 °
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Intermediate Values

Load Factor 1.5000
Vessel Weight (new, incl. Load Factor), W 27406 Ib
Lug Weight (new), W, . 161b
Distance from Center of Gravity to Top Lug, |, 70.4868"
Distance from Center of Gravity to Tail Lug, 1, 61.8933"
Distance from Vessel Center Line to Tail Lug, |;  [28.375"
Allowable Stress, Tensile, o, 19980 psi
Allowable Stress, Shear, o 13320 psi
Allowable Stress, Bearing, 6, 29970 psi
Allowable Stress, Bending, o, 22201 psi
Allowable Stress, Weld Shear, 1,40 13320 psi
Allowable Stress set to 1/3 Sy per ASME B30.20 |No

Summary Values

Required Lift Pin Diameter, d.,, [0.8351"
Required Lug Thickness, t .4 0.3246'
Lug Stress Ratio, 6,4, 0.37

Weld Shear Stress Ratio, 1,,, 023

Lug Design Acceptable
Local Stresses Acceptable
Base ring loading Acceptable

Lift Forces

Lift force on lugs during rotational lift (0° < o <90°):
top = W*(l5"cos(a) + I3*sin(at)) / (I,*cos(a) + I,"cos(a) + I5*sin(at) )

2'F
Fraii = W - (2°F)

1173
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o[°] Fioollbfl | Filibf]
0 6,407 14,592
15 6,803 13,800
30 7,210 12,985
45 7,694 12,017
60 8,382 10,642
75 9,649 8,107
90 13,703 0
541 8,069 11,268
02 6,407 14,592
'Lift angle at maximum lug
stress.
2Lift angle at maximum weld
stress.

Lug Pin Diameter - Shear stress

dreqd (2*F[/ (n*cs))o.s
= (2"14,592/(n*13,320))%5 = 0.8351"
Oeqa/ Dy = 0.8351/1.5 = 056 Acceptable
o] = F/A
= F/(27(0.25'n"D )
= 14,502/(2*(0.25"n*1.5%)) = 4,129psi
c/a; = 4,129/13,320 = 0.31 Acceptable

Lug Thickness - Tensile stress

t F, /(L - d)*s,)

reqd

= 14,592/ ((5 - 1.5625)*19,980)

wqa/t = 02125/15

o = F/A
= F./((L-d)*)

= 14,592/ ((5- 1.5625)*1.5)

c/c, = 2,830/19,980

Lug Thickness - Bearing stress

reqd = FJ/ (Dp*cp)

1173

14,592/ (1.5"29,970) =

0.2125"

= 0.14 Acceptable

2,830 psi

= 0.14 Acceptable

0.3246"
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teq/t = 03246/15 = 0.22  Acceptable

o = Fv/Abearing
= F,/ (Dp*(t))
= 14,592/(1.5*(1.5)) = 6,485 psi

c/o, = 6,485/29,970 0.22 Acceptable

Lug Thickness - Shear stress

[Fv/cs] / (Z*Lshear)
(14,592 /13,320) / (2*2.0153) = 0.2718"

reqd

il

teqa/t = 02718715 = 0.18  Acceptable
T = F/Agear

= F /(2% Lgnear)

= 14,592/(2"1.5'2.0153) = 2,414 psi
t/o, = 2414/13,320 = 0.18 Acceptable

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

0 = 55'D,/d
= 55'1.5/1.5625
= 52.8°
Lepoar (H-a2 - 0.5%d) + 0.5"D,"(1 - cos($))

= (7.5-5-0.5%1.5625) + 0.5*1.5*(1 - cos(52.8))
= 2.0153"

Lug Plate Stress

Lug stress tensile + bending during lift:
O ratie = (Fien/ (Aten*ct)] + [Myeng / (Zbend*cb)] <1

= [(Fa(a)*cos(a) ) / (t'L*a,)] + [(6*abs(F,, (o) *sin(e)*Hght - F (o) *cos(ar)*a,) ) / (t'L?*6,)] < 1
11,268*cos(54.0) / (1.5*5*19,980) + 6*abs(11,268*sin(54.0)*5 - 11,268*cos(54.0)*0) /
(1.5*52*22,201)

= 0.37 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 = 14,592 ibf

Awes = 27(0.707)*,"(b; + dy +1)

T = Faycos(a)/Ayeg
= 14,592%c0s(0.0) / 9.8317 = 1,484 psi
T, = Fyy'sin(o) / Ay

14,592"sin(0.0) / 9.8317 =0 psi

Torsional shear:

Weld areas

Ai = 0.707’*tW*Li

A1 = 0.70770.625*4.625 =2.0437 in?
A, = 0.707*0.625*5 =2.2094 in?
Aweldtorsion = z“'A‘i =4.253 in?
Weld centroid locations

X, = 0"

y, = 2.3125"

X, = 25"

y, = 0"

Xeor = T (AX)/ ZA,
Yoar = Z(A'Y)/ ZA,

Xoar = (2.0437"0 +2.2094°2.5)/4.253

Y (2.043772.3125 + 2.2094*0 ) / 4.253

Radius to centroid locations

bar

-
0

i Sqr((xbar - Xi)2 + (Ybar - Yi)2 )
sqr{ (1.2987 - 0)2 + (1.1112 - 2.3125)2)
sqr( (1.2987 - 2.5)2 + (1.1112 - 0)2)

,
=
]

1173

27(0.707)*0.625*(5 + 4.625 + 1.5) =9.8317in?

1.2987"

1.1112"

1.7691"
1.6364"
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Radial distance from centroid to weld:

_‘
1}

sqr{ AX? + AY?)
sqr(3.70132 + 1.11122) = 3.8645"

0

r

arctan( AY / AX)

arctan( 1.1112/3.7013) =16.71°
Polar Moment of Area

.= 07077, (L3) /12

0.707*0.625*(4.6253) / 12 = 3.643in*

0.707*0.625*(5%) / 12 = 4.6029 in*
Parallel axis theorem (weld on both sides of
lug)

2*[3.6430 +

2.0437*(1.7691)2 + .

J - (4_6029(+ ) - 41.12in

2.2094*(1.6364)2) |

iy

J
J
J2
J

= 2ZTE+ATD

Secondary shear

T, =M*r/J
= [F(a)*cos(0)*(X - Xpa) - F(0)*Sin(e)*(Y - Y] * 1/
= (14,592*cos(0.0)*(2.5 - 1.2987) - 14,592*sin(0.0)*(5 - 1.1112) )*3.8645/41.1169
= 1,648 psi

= sqr( (T, + 1,"c0s(8,))? + (T4 + 7,°5IN(8,))2 ) / Tuyowante < 1
sqr ( (1,484 + 1,648%cos(16.71))2 + (0 + 1,648*sin(16.71) )2 ) / 13,320
0.23 Acceptable

ratio

WRC 107 Analysis

Geometry

Height(radial): 7.5"

Width (circumferential):  1.5"

Length 5"

Fillet Weld Size: 0.625"

Located on: 46-3/4" OD Skirt (1" from bottom
end)

Location Angle: 225.00°

Applied Loads

Maximum stress ratio occurs at lift angle = 29.00° with lift force = 13,043 Ibf
Radial load: P, = -11,407.38lb;

Circumferential moment:M_ = 0 lb-in
Circumferential shear: V_ = 0 b
Longitudinal moment. M, = 31,616.06 Ib-in
Longitudinal shear: V, = 6,323.21 Ib;
Torsion moment: M=0 lbi-in
Internal pressure: P=0 psi
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Mean shell radius: R
Shell yield stress: S

Maximum stresses due to the applied loads at the lug edge (includes pressure)
R,/t=23.125/0.5=46.25

C,=1.375,C,=3.125in

Local circumferential pressure stress = P*R, / t =0 psi

Local longitudinal pressure stress = P*R, / (2*t) =0 psi

Maximum combined stress (P +P_+Q) = 58,761 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)=12,675 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 lug edge per WRC Builletin 107

Figure |value| B A, | A B, | B |C | G [D,| D
acr 6.2981 |0.1218 {0 0 0 0 6,214 |6,214 |6214 |6214
acr 7.9394 |0.103 |7,833 |[7,833 |7,833 {7833 |0 0 0 0
ic 0.1384 |0.0816 |0 0 0 0 37,891 | -37,891 | 37,891 [-37,891
2C-1 0.1025 |0.0816 |28,062 |-28,062 |28,062 |-28,062 |0 0 0 0
3A° 1.2068 |0.0782 |0 0 0 0 0 0 0 0
1A 0.0982 |0.0876 |0 0 0 0 0 0 0 0
38° 51811 [0.1028 |-4842 |-4842 4,842 [4842 |0 0 0 0
1B-1 0.046 |0.094 |-16,062 {16,062 |16,062 |-16,062 |0 0 0 0
Pressure stress* 0 0 0 0 0 0 0 0
Total clrcumferentlal stress | 14,991 |-9,009 |56,799 |-31,449 | 44,105 |-31,677 | 44,105 |-31,677
:ﬂg;’%’;:;’::fi’;;ss 2991 |[299t [12,675 |12.675 |6.214 [6214 |6214 [6,214
ac* 6.8994 |0.103 |6,807 |6,807 |6,807 |6807 |0 0 0 0
ac* 7.6302 |0.1218 |0 0 0 0 7528 |7.528 [7528 |[7.528
1C-1 0.1162 |0.1064 |31,813 |-31,813 (31,813 |-31,813 |0 0 0 0
2c 0.0787 |0.1064 |0 0 0 0 21,546 |-21,546 {21,546 |-21,546
4A" 1.6353 |0.0782 |0 0 0 0 0 0 0 0
2A 0.0504 |0.109 |0 0 0 0 0 0 0 0
4B° 1.4724 |0.1028 | 2,073 |-2,073 {2,073 2073 |0 0 0 0
2B-1 0.0631 |o0.1146 |-18,068 | 18,068 |18,068 |-18,068 |0 0 0 0
Pressure stress” 0 0 0 0 0 0 0
Total longltudinal stress 18,479 |-9,011 |58,761 |-41,001 | 29,074 |-14,018 |29,074 | -14,018
::’:;‘3;‘;;::;’;‘::::: 4734 |4734 {8880 |8880 |7.528 |7528 |7.528 |7.528
Shear from My 0 0 0 0 0 0 0 0
Clirc shear from V¢ 0 0 0 0 0 0 0 0
Long shear from Vi 0 0 0 0 -1,012 |-1,012 [1,012 [1,012
Total Shear stress 0 0 0 -1,012 |-1,012 1,012 | 1,012
Comblned stress (P_+Pp+Q) | 18,479 |-9011 |58,761 | -41,001 | 44,173 |-31,735 | 44,173 | 31,735
Note: * denotes primary stress.
Base Ring Sectional Properties
t, 0.5" L, 2.6523" Kt
t, 1" Lo, 4.625" <
L, | 2.375" L1
% .

Base Ring Geometry Za " L7b
Effective skirt length:

Ro= (D;+t,)"0.5

= (45.75 + 0.5)*0.5 = 23.125"
L, = Min(0.78*sqr(R*t;), 16™,)
= 0.78*sqr(23.125%0.5) = 2.6523"
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Section Area:

A = 4L, = 0.5°2.6523 = 1.3261 in?
A= t,'L, = 1%(4.625 + 2.375) = 7in?
Agar= Ay +A, = 1.3261+7 = 8.3261 in2
Ceniroid, C:
h,= L,, + 0.5, = 4.625 + 0.5*0.5 = 4.875"
h,= 0.5%(L,, +L,) = 0.5%(4.625 + 2.375) = 3.5"
C= ((A%h) + (Ahp) )/ Ay
= ((1.326174.875) + (7*3.5) ) / 8.3261 = 3.719"
Moment of Inertia, I:
ly= (L"t3) /12 + A*(h, - C)?
_ (2.6523"0.5%) /12 + 1.3261*(4.875 - - 1.8in®
= 3.719) = nen
l = "Ly, + Lyp)®/ 12 + Ay*(h, - C)2
_ ;‘;15)225 +2.375)3/12+7*(3.5 - - 28.9int
|ring = I1 + |2
= 1.7998 + 28.9191 = 30.7in*

Section Modulus, Z:
Z= r,ng/CmaX = 30.7189/3.719 = 8.260in3

Base Ring Loads without stiffener beam

Base Ring Load
W = W=F, = 14,592 Iof {

r
Base Ring Loading
Reference: Roark's Formulas for Stress & Strain - 6th Edition. Table 17, Case 20

For thin ring sections k, = k, = 1

Change in vertical diameter, D,

(-W)*R3*(n*k, /8 - k2 / ) / (E * )

Internal Moment, M, = W'R*(k, - 0.5)/ (2*n)

Internal Force, Ny = 0.75"W/m

Internal Shear Force, Vao=0

Ring loading, W, = 14,592 Ibf

Dy, = -14,592"24.2813*(n*1/8 - 12/ ) / (29,000,000*30.7189) = -0.0174"

My, = 14,592724.281*(1 - 0.5) / (2*n) = 28195.5728 Ibf-in
Na, = 0.75"14,592/n = 3,484 Ibf

Load Equations

LTy = W*R*(1 - cos(x) - 0.5*x*sin(x)) / &
LTy = -W*(x"sin(x)) / (2*m)

LT, = W*(sin(x) - x*cos(x})) / (2*x)

M = M,y-Ny"R*(1 - cos(x)) + V,*R*sin(x) + LT,
N = Np*cos(x) + V,sin(x) + LTy

vV = -NA*sin( )+ V,*cos(x) + LT,
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Load Table for Load W,

x[°] |LTy {in-bf] |LTy [Ibf] JLT, [Ibf] [M[in-bf] |N [Ibf] V [Ibf]
180 |0.00 -0.00 0.00 28195.57 |3483.66 |0.00
150 [346.79 -608.01 |108.11 |17209.90 |2408.92 (-1633.72
120 (5250.03 -2106.22 (795.27 |[-8847.75 |{-364.39 [-2221.67
90 |24203.29 |-3648.08 |2322.44 |-32187.86 |-3648.08 |{-1161.22
60 |66891.21 |-4212.44 14443.34 |-31793.29 |-5954.27 | 1426.41
30 [136638.78 (-3040.07 [6426.77 [6993.39 |-6057.00 [4684.94
0 225564.58 |-0.00 7296.16 |84586.72 |-3483.66 |7296.16
(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, = 04°F, = 14,400 psi

Base Ring Stresses

Maximum combined stress occurs at 0.00

degrees

f, = N/A = -3,484/8.3261 = -418 psi

fy = M/Z = 84,587/8.2600 = 10,241 psi
fo/Fa+fy/Fy = 045 Acceptable
Maximum shear stress occurs at 0.00 degrees

f = V/A = 7296/83261 = 876psi

f 1/ Fg = 0.06 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: 51.251in
Anchor bolt corrosion allowance (applied to root radius): 0in

Anchor bolt clearance: 0.3751in
Base plate material: SA-240 316
Base plate allowable stress, Sy 20,000 psi
Base plate inner diameter, D;: 42in

Base plate outer diameter, D 56 in

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

Bolt size and type:

threaded
Bolt root area (corroded), A,: 0.929 in?
Diameter of anchor bolt holes, d,;: 1.625 in
Foundatlon
Load Vessel Base M w Egn'.:::ad tr bearlng
condition (Iog-f1) (Ib) p Base stress
(In2) {In) (psh)

Wind | operating, corroded | 23,645.6 | 19,872.9(0.0142 1 0.3457 42.81
Wind operating. new | 23,645.6 | 19,872.9(0.014210.3457 42.81
Wind | empty, corroded | 23,645.6 | 18,270.4 | 0.0242 41.3
Wind empty, new 23,645.618,270.4 | 0.0242 41.

Wind [ vacuum, corroded | 23,645.6119,872.9(0.0142|0.3457 42.81

©
o
A
o
N

©
o
o
O
N
o

Seismic | operating, corroded | 90,303.6 | 19,872.9 | 0.4044 | 0.7867 | 221.69
Seismic | operating,new 190,303.6 | 19,872.90.4044 | 0.7867 | 221.69

Seismic | empty, corroded | 86,062.1 | 18,270.4 | 0.3896 1 0.7649} 209.58
Seismic empty, new 86,062.1]18,270.410.3896 | 0.7649| 209.58
Seismic | vacuum, corroded | 90,303.6 | 19,872.9 | 0.4044 ( 0.7867 | 221.69

Anchor bolt load (operating, corroded + Wind)
P=-W/N+48*M/(N*BC)

=-19,872.88/8 + 48 * 23,645.6 / (8*51.25)

= 284.16 by

Required area per bolt=P /S, = 0.0142 in?

The area provided (0.929 in2) by the specified anchor bolt is adequate.

Foundation bearing stress (operating, corroded + Wind)
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A.=pi*(D,22-D2)/4-N*pi*d,2/ 4

=7*(562-422)/ 4 - 8*n*1.6252/ 4

=1,060.9747 in?

|, =7"(D,*- D /64

=n*(56%-424)/64

=330,004.7 in*

f.=N*A"Preload /A + W/A_ +6"M*D, /|,
=8*0.929*0/1,060.9747 + 19,872.88 / 1,060.9747 + 6*23,645.6"56 / 330,004.7
= 43 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 = 0.3008

M, = 0.007*43*15.37582 = 71.2 |b;

M, = -0.435*43*4.6252 = -398.3 Ib;

t=(6"M ./ Sp)°-5

r
= (6*398.33/20,000)%5
=0.3457in

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, operating, corroded + Wind)

Bolt load = A_*f, =0.929*306 = 284.16 Ib,

—

t= (3.91°F / (S,(2"b / w+w / (2*)-dy"(2 / w1 / (2°1)))))°5
(3.91*284.16 / (36,000*(2*4.625 / 4+4 / (2*2.25)-1.625*(2 / 4+1 / (2*2.25)))))°S
0.1234 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*284.16*4.625 / (2*1*0.5%*4.625)
= 271.35 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)

=-19,872.88/ 8 + 48 * 23,645.6 / (8*51.25)
= 284.16 Ib,

Required area per bolt = P/ S, = 0.0142 in?
The area provided (0.929 in?) by the specified anchor bolt is adequate.

Foundation bearing stress (operating, new + Wind)
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A. = pi*(D,2- D2) /4 - N*pi*d,2/ 4
n*(562 - 422) / 4 - 8*1*1.6252 / 4
1,060.9747 in?

c=T"(D,*-D? /64

= n1*(56% - 42%) / 64

= 330,004.7 in*

f.=N*A,*Preload /A, + W/A_ +6"M*D, /|,

=870.929"0/1,060.9747 + 19,872.88 / 1,060.9747 + 6*23,645.6*56 / 330,004.7
=43 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:, |/ b = 0.3008

M, = 0.007*43*15.37582 = 71.2 Ib,

M, = -0.435*43"4.6252 = -398.3 b,

t = (6"Mpax/ Sp)°‘5

= (6"398.33 / 20,000)0-5

=0.3457 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"306 = 284.16 Ib,

t=(3.91°F / (S,"(2'b / w+w / (271)-d,*(2 / w+1/ (2°1)))))°3

=(3.917284.16/ (36,000*(2"4.625 / 4+4 / (2*2.25)-1.625*(2 / 4+1 / (2°2.25)))))05
=0.1234 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"284.16*4.625 / (2*1*0.5%*4.625)

=271.35 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)

=-18,270.39/8 + 48 * 23,645.6 / (8*51.25)

= 484.47 b,

Required area per bolt = P/ S, = 0.0242 in?

The area provided (0.929 in?) by the specified anchor bolt is adequate.
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Foundation bearing stress (empty, corroded + Wind)

A =pi*(D22-D?2) /4 - N'pi*d,2/ 4
= (562 - 422) / 4 - 8*1*1.6252 / 4
= 1,060.9747 in?

O

(D, - D*) / 64
=7t(564 424)/ 64
- 330,004.7 in*

f,=N*A*Preload / A, + W/ A+ 6"M*D, /|

= 8*0.929*0/ 1,060.9747 + 18,270.39/ 1,060.9747 + 6°23,645.6*56 / 330,004.7

=41 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 = 0.3008

M, = 0.007*41*15.37582 = 68.7 Ib;

My =-0.435'41*4.6252 = -384.3 Ib;

t

r

(6"May / 5,08

max

= (6*384.28 / 20 ,000)05
=0.3395in

The base plate thickness is satisfactory.
Base plate bolt load (Jawad & Farr eq. 12.13, empty, corroded + Wind)
Bolt load = A,*f, =0.929*521 = 484.47 Ib,
t=(3.91"F /(5,7 (2"b/ w+w / (2*)-d,*(2 / w+1/ (2*1)))))°0->
= (3.91*484.47 / (36,000*(2*4.625 [4+4 1 (2*2.25)-1.625*(2 / 4+1/ (22.25)))))05
=0.1611in
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*484.47*4.625 / (27*0.52*4.625)
= 462.63 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)
=-18,270.39/8 + 48 * 23,645.6 / (8"51.25)
= 484.47 Ib,

Required area per bolt = P / S = 0.0242 in?

The area provided (0.929 in?) by the specified anchor bolt is adequate.
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Foundation bearing stress (empty, new + Wind)

A, =pi*(D,2-D?)/ 4 - N*pi*d,2/ 4
= m*(562 - 422) / 4 - 8*1*1.6252 / 4
= 1,060.9747 in?

.=n"(D,*-D* /64
=" (564 - 424%) / 64
= 330,004.7 in*

f.=N*A *Preload /A_+ W/ A, + 6*M*D, /|,

=8"0.929*0/1,060.9747 + 18,270.39 / 1,060.9747 + 6*23,645.6*56 / 330,004.7
=41 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 = 0.3008

M, = 0.007"41*15.37582 = 68.7 Ib;

My =-0.435"41"4.625° = -384.3 Ib,

t, = (6"M,,, / S,)05

(6*384.28 / 20,000)05
0.3395 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*521 = 484.47 Ib,

t=(3.91°F /(5,7 (2" / w+w / (271)-d,*(2 / w+1/ (271)))))°3

=(3.91"484.47 / (36,000%(2"4.625 / 4+4 / (2*2.25)-1.625*(2 / 4+1 / (2*2.25)))))95
=0.16111in

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"484.47*4.625 / (2*1*0.5%*4.625)

=462.63 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)

=-19,872.88/8 + 48 * 23,645.6 / (8*51.25)

= 284.16 Ib,

Required area perbolt =P /S, =0.0142 in?
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The area provided (0.929 in?) by the specified anchor bolt is adequate.
Foundation bearing stress (vacuum, corroded + Wind)

A, = pi*(D2 - D?) / 4 - N*pi*d,2/ 4
= m*(562 - 422) / 4 - 8*n*1.6252 / 4
= 1,060.9747 in2

|_=n*(D,*- D)/ 64
- (5:-34 424 / 64
330,004.7 in*

0

=N*A,*Preload /A, + W/A_+6*"M*D, /|,
=8%0.929"0/1,060.9747 + 19,872.88 / 1,060.9747 + 6*23,645.6"56 / 330,004.7
= 43 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 = 0.3008
M, = 0.007*43*15.37582 = 71.2 Ib;
M, = -0.435"434.625% = -398.3 Ib,

i

T

(6*M__ /S )05

max

= p
(6*398.33 / 20,000)05
=0.3457in

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, vacuum, corroded + Wind)
Bolt load = A, *f, =0.929*306 = 284.16 Ib,

= (3.91°F /(S,*(2"b / w+w / (2*])-d,*(2 / w1 / (2*1)))))0°

= (3.91 *284.16 / (36,000*(2*4.625 / 4+4 / (2*2.25)-1.625%(2 / 4+1 / (2*2.25)))))5
0.1234 in

_,

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)

=1.5'284.16%4.625 / (2'1*0.5%*4.625)

= 271.35 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)

=-19,872.88/ 8 + 48 * 90,303.6 / (8*51.25)

= 8,088.01 Ib;

Required area per bolt = P/ S, = 0.4044 in2
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The area provided (0.929 in2) by the specified anchor bolt is adequate.

Support calculations (Jawad & Farr chapter 12, operating, corroded + Seismic)

Base plate width, t : 7 in
Average base plate diameter, d: 49 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

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

(8*0.929) / (n*49)
0.0483 in

o

From table 12.4 for k = 0.264922:

K, =2.5185 K,=1.4124
L, =11.5204, L, =27.899, L, = 10.2954

Total tensile force on bolting

T=(12'M-W*(L, + L))/ (L, + Ly)

= (12790,303.6 - 19,872.88 *(11.5204 + 10.2954)) / (27.899 + 10.2954)

=17,020.84 Ib,

Tensile stress in bolts use the larger of f; or bolt preload = 0 psi
f,=T/(,*(d/2)*K,)

=17,020.84 /(0.0483 * (49 / 2) * 2.5185)

= 5,714 psi

Total compressive load on foundation

C.=T+ (1 + VAccel)*W + Bolt Preload
=17,020.84 + (1 + 1)*19,872.88 + 0

= 56,766.59 Ib,

Foundation bearing stress

f.=C /7 (((t, - tg) + n*t)*(d/ 2)"K,)

= 56,766.59 / (((7 - 0.0483) + 9.2889*0.0483)*(49/ 2)*1.4124)
=222 psi

As f_ <= 1,658 psi the base plate width is satisfactory.
k=1/(1+f1,/(n*))

=1/(1+5,714/(9.2889*222))

= 0.264922

Base plate required thickness (operating, corroded + Seismic)

From Brownell & Young, Table 10.3:,1/b = 0.3008
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M, = 0.007*222*15.37582 = 369 Ib,
M, = -0.435*222%4.6252 = -2,062.9 Ib;
t = (6" o/ Sp)0~5

= (6*2,062.91 / 20,000)%5

=0.7867 in

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, operating, corroded + Seismic)

Bolt load = A, *f, =0.929*5,714 = 5,308.02 Ib,

t= (B.91°F /(8,120 / ww / (2*)-dp*(2 / w1 / (271)))))

- (3.9175,308.02 / (36,000*(2*4.625 / 4+4  (2*2.25)-1.625%2 / 4+1 / (2°2.25)))))°5

0.5332in
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"5,308.02*4.625 / (2*n*0.5%*4.625)
= 5,068.78 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)
=-19,872.88/8 + 48 * 90,303.6 / (8*51.25)
= 8,088.01 Ib;
Required area per bolt = P / S, = 0.4044 in?
The area provided (0.929 in?) by the specified anchor bolt is adequate.
Support calculations (Jawad & Farr chapter 12, operating, new + Seismic)
Base plate width, t_: 7 in
Average base plate diameter, d: 49 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,) / (w*d)
= (8"0.929) / (n*49)
=0.0483in
From table 12.4 for k = 0.264922:

K, =25185, K,=1.4124
L, = 11.5204, L, = 27.899, L, = 10.2954
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Total tensile force on bolting

T=(122M-W?*(L, + L)) / (L, + L)

=(12"90,303.6 - 19,872.88 *(11.5204 + 10.2954)) / (27.899 + 10.2954)
=17,020.84 Ib;

Tensile stress in bolts use the larger of f, or bolt preload = 0 psi
f,=T/(t,*(d/2)*K,)

=17,020.84 /(0.0483 * (49/2) * 2.5185)

= 5,714 psi

Total compressive load on foundation

C. =T+ (1 + VAccel)*W + Bolt Preload

=17,020.84 + (1 + 1)*19,872.88 + 0

= 56,766.59 Ib,

Foundation bearing stress

fo=C./(((t, - tg) + n*t)*(d/ 2)°K,)

= 56,766.59 / (((7 - 0.0483) + 9.2889*0.0483)*(49 / 2)*1.4124)
=222 psi

As f_ <= 1,658 psi the base plate width is satisfactory.

(1 + 1,/ (n*f))

:
/(1 +5,714 / (9.2889*222))
2

k
= 0.264922

1
0.
Base plate required thickness (operating, new + Seismic)
From Brownell & Young, Table 10.3:,1/b = 0.3008
M, = 0.007*222*15.37582 = 369 Ib,
M, = -0.435"2224.6252 = -2,062.9 Ib
t=(6"M_ ./ Sp)
= (62, 062 91 /20,000)5
=0.7867in
The base plate thickness is satisfactory.
Base plate bolt load (Jawad & Farr eq. 12.13, operating, new + Seismic)
Bolt load = A *f, =0.929*5,714 = 5,308.02 Ib,
t=(3.91"F / (S,"(2"b / w+w / (2°I)-dy*(2 / w+1/ (2*1)))))05
= (3.91*5,308.02 / (36,000%(2*4.625 / 4+4 / (2*2.25)-1.625*(2 / 4+1 [ (2*2.25)))))05
=0.5332in

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)
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S, = 1.5"F*b / (gussets*n*t,2*h)

= 1.5"5,308.02*4.625 / (2*1*0.52"4.625)

= 5,068.78 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)

=-18,270.39/8 + 48 * 86,062.1 / (8*51.25)

=7,791.77 lb;

Required area per bolt = P / S, = 0.3896 in?

The area provided (0.929 in?) by the specified anchor bolt is adequate.
Support calculations (Jawad & Farr chapter 12, empty, corroded + Seismic)
Base plate width, t_: 7 in

Average base plate diameter, d: 49 in

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

Base plate yield stress, Sy: 36,000 psi

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

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

i

w

(N*A,) / (n*d)
*0.929) / (n*49)

8
0.0483 in

From table 12.4 for k = 0.259917:

K, =2.5294, K,=1.3981
L, = 11.7657, L, = 28.0786, L, = 10.1027

Total tensile force on bolting

T=(12M-W™(L, + L))/ (L + Ly)

=(12*86,062.1 - 18,270.39 *(11.7657 + 10.1027)) / (28.0786 + 10.1027)
=16,584.11 Ib;

Tensile stress in bolts use the larger of f_ or bolt preload = 0 psi
fo=T/(t,*(d/2)*K))

=16,584.11/(0.0483 " (49 / 2) * 2.5294)

= 5,543 psi

Total compressive load on foundation

C,=T+ (1 + VAccel)*W + Bolt Preload

=16,584.11 + (1 + 1)*18,270.39 + 0

=53,124.89 Ib;

Foundation bearing stress

f=C,/(((t, - t.) + n"t)*(d / 2)*Ky)
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= 53,124.89 / (((7 - 0.0483) + 9.2889*0.0483)*(49 / 2)*1.3981)
=210 psi

As f_ <= 1,658 psi the base plate width is satisfactory.
/(1 +1,/(n*))

]
/(1 +5,543 / (9.2889*210))
2

k
=0.259917

?
0.
Base plate required thickness (empty, corroded + Seismic)
From Brownell & Young, Table 10.3:,1/b = 0.3008

M, = 0.007*210715.37582 = 348.8 Ib,

My =-0.435"210"4.625? = -1,950.2 b,

t (* "Miax / Sp)%°

(61,950.22 / 20,000)05
0.7649 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*5,543 = 5,149.51 Ib,

t=(3.91"F /(S,"(2"b / w+w / (2*1)-d*(2 / w+1 / (2*1)))))°5

(3.91*5,149.51/ (36,000*(2*4.625 / 4+4 [ (2*2.25)-1.625*(2 / 4+1 / (2*2.25)))))°5
0.5252 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"5,149.51*4.625 / (2*1*0.52*4.625)

=4,917.42 psi

As 8, <= 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)

=-18,270.39/8 + 48 * 86,062.1 / (8*51.25)

=7,791.77 lp,

Required area per bolt = P/ S = 0.3896 in?

The area provided (0.929 in2) by the specified anchor bolt is adequate.
Support calculations (Jawad & Farr chapter 12, empty, new + Seismic)
Base plate width, t_: 7 in

Average base plate diameter, d: 49 in

Base plate elastic modulus, E;: 29.0E+06 psi
Base plate yield stress, Sy: 36,000 psi
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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)

= (8%0.929) / (n*49)

=0.0483in

From table 12.4 for k = 0.259917:

K, =2.5294, K,=1.3981
L, = 11.7657, L, = 28.0786, L, = 10.1027

Total tensile force on bolting

T=(12"M-W*(L, +L3) / (L, + Ly)

= (12*86,062.1 - 18,270.39 *(11.7657 + 10.1027)) / (28.0786 + 10.1027)

= 16,584.11 Ib,

Tensile stress in bolts use the larger of f, or bolt preload = 0 psi
f,=T/(t,*(d/2)"K))

=16,584.11/(0.0483 * (49 / 2) * 2.5294)

= 5,543 psi

Total compressive load on foundation

C. =T+ (1 + VAccel)*W + Bolt Preload

=16,584.11 + (1 + 1)*18,270.39 + 0
=53,124.89 Ib,

Foundation bearing stress

fo=C./ (((t, - ) + n*t)*(d/ 2)'K,)

=53,124.89/ (((7 - 0.0483) + 9.2889*0.0483)*(49 / 2)*1.3981)
=210 psi

As f_ <= 1,658 psi the base plate width is satisfactory.
k=1/(1+f/(n*))

=1/(1+5,543/(9.2889"210))

= 0.259917

Base plate required thickness (erhpty, new + Seismic)
From Brownell & Young, Table 10.3:, 1/ b = 0.3008

M, = 0.007*210*15.37582 = 348.8 Ib;

M, = -0.435*210%4.6252 = -1,950.2 Ib,

(6"M,,, / S,)°8

(6*1,950.22 /pzo 000)°
0.7649in

I'
The base plate thickness is satisfactory.
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Base plate bolt load (Jawad & Farr eq. 12.13, empty, new + Seismic)
Bolt load = A,*f, =0.929*5,543 = 5,149.51 Ib;
t=(3.91°F /(S,"(2'b / w+w / (2°1)-d,*(2 / w1/ (271)))))05

(3.9175,149.51/ (36,000%(2*4.625 / 4+4 / (2*2.25)-1.625*(2 / 4+1 / (2*2.25)))))®:5
0.5252 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"5,149.5174.625 / (2*7*0.52*4.625)

=4,917.42 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)

=-19,872.88/8 + 48 * 90,303.6 / (8"51.25)

= 8,088.01 Ib;

Required area per bolt = P/ S, = 0.4044 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 in

Average base plate diameter, d: 49 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,) / (=*d)

0.929) / (n*49)
0483 in

=(8
=0.
From table 12.4 for k = 0.264922:

K, =25185, K,=1.4124
L, = 11.5204, L, = 27.899, L, = 10.2954

Total tensile force on bolting

T=(12M-W*(L, + L) / (L, + L)

=(12'90,303.6 - 19,872.88 *(11.5204 + 10.2954)) / (27.899 + 10.2954)
=17,020.84 Ip,

Tensile stress in bolts use the larger of f; or bolt preload = 0 psi
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f,=T/(t,*(d/2)"K))
=17,020.84 /(0.0483 * (49/2) * 2.5185)
= 5,714 psi

Total compressive load on foundation
C. =T+ (1 + VAccel)*W + Bolt Preload
=17,020.84 + (1 + 1)"19,872.88 + 0

= 56,766.59 Ib;

Foundation bearing stress

fo=Co/ (((t - tg) + M*t)*(d/ 2)'Ky)
= 56,766.59 / (((7 - 0.0483) + 9.2889*0.0483)*(49 / 2)*1.4124)
= 222 psi

As f_ <= 1,658 psi the base plate width is satisfactory.
k=1/(1+f,/(n*))

=1/(1+5,714/(9.2889*222))

= 0.264922

Base plate required thickness (vacuum, corroded + Seismic)
From Brownell & Young, Table 10.3:,1/b = 0.3008

M, = 0.007*222*15.37582 = 369 Ib,

M, = -0.435*222*4.6252 = -2,062.9 |b;

tl’

(6"M, o / Sp)°~5

*2,062.91 / 20,000)0°

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12,13, vacuum, corroded + Seismic)
Bolt load = A*f, =0.929"5,714 = 5,308.02 Ib;

t=(391"F /(S (2" / w+w / (2*)-dy*(2 / w1/ (2*1)))))°5

= (3.91*5,308.02 / (36,000%(2*4.625 / 4+4 / (2*2.25)-1.625*(2/ 4+1/ (2*2.25)))))°5
=0.5332in

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*5,308.02*4.625 / (2'n*0.5%*4.625)

= 5,068.78 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 80"

Operating Liquid Specific Gravity 1.1
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