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HISTORY DOCKET
CUSTOMER : ULTRAFAB INDUSTRIES LTD.,
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7)
8)

9)

: 48" O.D. VERTICAL OUTLET SEPARATOR TAG # 772-VESE-103
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As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VIl Division1 " i j__i_

Manutactured and cerified by ALL-WELD COMPANY LIMITED., 49 PASSMORE AVE., SCARBOROUGH, ONT. M1V 4T1 CANADA

PR

{Name and address ol Manulacturer)

2.  Manutactured for ULTRA FAB INDUSTRIES LTD., 261088 WAGON WHEEL CRES., ROCKY VIEW, ALBERTA, T4A OE2 CANADA
3. Location of Installation OFF THE COAST OF ANGOLA
(Name and address)
4. Type VERTICAL 7474 M10135.5 1173-1-INREV. 5 909 2013
|\Horizontal or vertical |Manutacturers senal (CRN) {Drawing number) (National Board | Yoar buit}
tank) number) number)
5. The chemical and physical properties of all parts meet the requirements of material specifications of the ASME BOILER AND PRESSURE VESSEL
CODE. The design, construction, and workmanship conform to ASME Rules, Section VI, Division 1. 2010
Year
to 2011a N/A LETHAL UWw-2(a)
{Addenda. i applicable (date)| (Code Case numbers) iSpecial service per UG-120(d)}
6. Shell: SA240-316 1.75" 0" 3'-8.5" 8'-0"
(Material spec number. grads) {Nominal thickness) (Corr. allow ) (Inner diameter) [Length (overall) |
7. Seams: TYPE 1 FULL 100% N/A N/A TYPE 1 FULL 100% 1
[Long (welded, dbt . sngl , lap, {R.T (spot or full)] (EH. %) (H Ttemp.) (Time, hr) |Girth (weided, dbl, [R T (spot [ER % |No. of courses)
butt)! snal_ lap. butht  or fullfl )
8. Heads: (a) Material SA 240 316 (b) Material SA 240 316
(Spec. no., grade} (Spec. no , grade)
Location (Top. Minimum Corrosion Crown Knuckle Elliptical Conical Hemispherical Flat Side to Pressure
Bottom, Ends) Thickness Allowance Radius Radius Ratio Apex Angle Radius Diameter {Convex or Concave)
(a) TOP 1.71° 0" N/A N/A 2:1 N/A N/A N/A CONCAVE
(o) BOTTOM 1.71° 0" N/A N/A 21 N/A N/A N/A CONCAVE
It removabie, bolts used (describe other fastenings) N/A
{Material spec number, grade, size, numbar)
9. MAWP 1378 PSI 15 PSI at max. temp. 140°F 140°F
(Internal) (External) (Intemnal) |External)
Min. design metal temp -20°F at 1378 PSI Hydro., pneu., or comb. test pressure HYDRO 1792 PSI
Prootf test N/A
10. _ Nozzles, inspection and safety valve openings:
(et POULF:::’DW" No. |Ciameter| Material Nominal Th Attachment Details Location
’ atc.) ’ " | orSize w Nozzle Flange Nom. Corr. Material Nozzle Flange (Insp. Open.)
VENT (N13) 1 2" 1D CLIMQI?‘JO SA182 F316 | SA182 F316 1.06° 0" N/A UW-16.1 (e) N/A N/A
gf‘; OUTLET | e CLIV\QICI)\IO SA182 F316 | SA182F316 | 1.875" o NA | UW-16.1 (e) N/A N/A
(thg;ﬂo OUTLETl 4 |20 ‘f_'ﬁlo SA182 F316 | SA182F316 | 1.06° o NA | UW-16.1 () N/A N/A
LEVEL BRIDLE - CI.900 ’
"1 A1l 1 A1l 1.06° 0" N/A -16.
(N7B) 1 2" 1D LWN SA182 F316 | SA182 F316 6 UW-16.1 (e) N/A N/A
11.  Supports: Skirt YES Lugs N/A Legs N/A Other N/A Attached = BOTTOM HEAD & WELDED
{Yes or no) (Number) {Number) {Describa) {Where and how)
12. Remarks: Manufacturer's Partial Dala Reports properly idenlified and signed by Commissioned Inspeclors have been fumished for the following tems

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 ot part, item number, Manufacturer's name and identifying stamp)

CERTIFICATE OF SHOP/FIELD COMPLIANCE

We certify that the statements made in this report are correct and that ail details of design, material, construction, and workmanship of thjs vessel
conform to the ASME BOILER AND PRESSURE VESSEL CODE Section VI, Division 1, “U* Certificate of Authgrizatj
expires MAY 07, 2016

{Manufacturer)

Date Zé SS’IZ ﬂl E Co. name
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 Inspeclors 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 S€EP 26, Lo \3 ,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 VIlI, Division 1. By signing this certificate neither the inspector nor his/her employer makes any warranty, expressed or implied, conceming the pressure
vessel described in this Manufacturer's Data Reppa—utthermore, 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 ffs
NR ABICEA | onsT |5

pate SEP 2. 20! 2 signed
[National Board (incl. endorsements). State . Province and number]

ALL-WELD COMPANY LIMITED. Signed

Commissions

(Authorized Inspector)




As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VIil, Division 1__ 1\ .. |
ALL-WELD COMPANY LIM(TED., 49 PASSMORE AVE., SCARBOROUGH, ONTARIO, M1V 4T1 CANADA

1. Manufactured and certified by

2. Manufactured for

Y = \j

(Name and address of Manutacturer)
ULTRA FAB INDUSTRIES LTD., 261088 WAGON WHEEL CRES., ROCKY VIEW, ALBERTA, T4A 0E2 CANADA

3. Location of installation

4. Type

VERTICAL

(Name and address of Purchaser)
OFF THE COAST OF ANGOLA

(Name and address)
TANK

7474

(Horizontal, vertical, or sphere)

{Tank, separator, heat exch, etc.)

(Manufacturer's serial number)

(Authorized Inspector)

M10135.5 1173-1-IN REV. 5 909 2013
{CRBN) (Drawing number) (National Board number) (Year built)
“=DATA REPORT ITEM
NUMBER REMARKS
ITEM 10:
UIp0Se meter of Malerial T A Attachment Delails acation
(Inlet, O:lle‘l).oDvaln alc.) No. o Slz': Type Nozzle Flange Nom. Corr. Material Nozzle Flange (lanpA gpen.)
. Cl1.900 SA182 SA182 . .
P1 ' 1. .
(N5) 1]12"ID LWN 316 F316 06 0 N/A UW.16 1(e) N/A N/A
~lciooo| saie2 | sats2 . .
PURGE (N11) | 1 | 2"ID LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A
LEVEL
BRIDAL(SAFE | 1 | 2 ID CL'\'/?,?\IO 3:3‘1%2 SQ%Z 106 | o | nA | uw.ie1e) | NA N/A
TY)(N8A)
MANWAY C/W
BLIND 1124"1D ?;2?_?3 Sf%11862 8:;1862 5.5" o' N/A UW.16 1(e) N/A SHELL
FLANGE
PDI LOW " Cl.800 SA182 SA182 R N
(N6B) 1]2"ID LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A
LEVEL
BRIDAL(PROC| 1 | 2" 1D CL"'Z%O ng‘f Sggz 106 | o | nA | uwaise) | A N/A
ESS)(N7A)
PD! (HIGH) N CI.800 SA182 SA182 N "
(N6A) 1] 21D LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A
LEVEL BRIDLE
(SAFETY)LOw| 1 | 221D |C19001 SA182 | SMB2 1} 406 | o | NA [UW.1B 1) | NA N/A
LWN F316 F316
(N8B)
LEVEL GAUGE " CI.800 SA182 SA182 N "
mnorsn |12 Twn | i A182 | 10e | o | NA | UWste) [ N N/A
. |cigoo| sats2 | sats2 . \
INLET (N1) 1] 81D LWN F316 F316 1.875 0 N/A UW.16 1(e) N/A N/A
~lcigoo| sa1s2 | sats2 \ .
SPARE (N10) | 1 | 220 | S1R0 | ST A182 | q0e | o0 | NA | Uwas1E) | NA N/A
LEVEL GAUGE " CI1.900 SA182 SA182 " R
row dom | 12| Twn | Fate A182 | 10e | o0 | NA | UWasE) [ A N/A
~lciooo| sa1s2 | sats2 . ,
psvNg) |1 |20 |98 e A2 | oe | o0 | WA | Uwiste) | NA N/A
INSP. C/W
BUND | 18D CI’_'\'I?,?\JO 351%2 slgﬁz 1875 | o | nAa | uwasie) | wA | SHELL
FLANGE (N14)
BOTTOM NPS | Cl.900 | SA312 TP SA182 u " UW.16.1
pRAN(N12) | '] 20 | wN 316 Fatg | 034 | O | NA [ UWABT(e) | AT
Certificate of Authorization:  Type: No.: 21226 Expires MAY 07,2016
Date: 26 Sent 20(3 ame: ALL-WELD COMPANY LIMITED Signed Q E Cﬁ%—’
/7 ! j (Manutacturer) (Representative)
Date P 26 .2 \S  Name <§( . Commission _NB A3 06 A TS

-

1

Board (Incl.

), State, F

, and number]



ALL-WELD CO. LTD.

TRAVELLER

(SUMMARY REPORT) Pg. 1 of 2

. O
DATE WORK ORDER  CUSTOMER PO REVIEWED BYAl 22— _
2013-02-06 |1173Q (112 DATE 2013-02-06[SIGN PO 4y
RIAL NO. - NATIONAL BOARD NO.
7474 N\'Olg‘s"b qoq
CUSTOMER ULTIMATE OWNER
ULTRAFAB
FOR DRAWINGS & DOCUMENTS/REV./JDATE 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 OUTLET SEPERATOR
OPERATIONS, INSPECTIONS H H H
& TEST POINTS R , Awc QC R CUSTOMER |R I Al
REVIEW APPVD DRWGS, CALCS, H h(\\(ﬂ\\ 12 " j"zgﬁ\"’ﬂ, b
REVIEW TRAVELLER AND REVIEW INSPECTION AND TEST AYA ;
PLAN H @ /5/’3/ 1% VUl iy i3
REVIEW MATERIAL LIST H ,Q) 15 /43 / 12 2 %’m 27,
REVEW WPS,PQR SAw 3-2,3-¢,4-4 |4« DN l5/039//} 12 %Ca? W
v2~1 - N
INCOMING MATERIAL INSPECTION REPORT H g’l& o'{l Iy iz >2 e 1R
{
CHECK ROUNDNESS OF VESSEL H DN 52?*‘5/13
FIT-UP INSPECTION H Set9 /13
@BARTIIGHE / LIQUID PEN TEST H \ /7/‘?,//3 N
APPROVAL OF RADIOGRAPH MAP BY Al H 54)}/[ 3 € PpuenloB
RADIOGRAPHIC TESTS - FULL H 3\ /I} |’ )?2 e\l D
ULTRASONIC TEST H @M l‘f {7
HARDNESS TESTS H [ '7/ 1 / [}
/]
REVIEW WELDERS QUALIFICATION H /‘] / 7/ B Arie &
WELD MAP REPORT H /D 14 [‘I / 3 - r% Seeec.f
Ay
FINAL INTERNAL INSPECTION H By Szﬁ’c') /'Ig il i SeroT 2
POST WELD HEAT TREATMENT NA |
ASmiz .
FINAL (ALL NCR'S HAVE BEEN CLEARED—(N O N & H ZU [ l, } f} E |[E%ripix
) .T Ml Q\\
FINAL COMPLETED VESSEL INSPECTION H }‘[ 71 /L} K [z .
-y l’ A9 )
FINAL HYDROSTATIC TEST H Jﬁ [ ‘II 1 { [ H ;é%xﬁq. >
a7 \' 174 =4
FINAL HYDROSTATIC TEST JACKET NIA
FINAL HYDROSTATIC TEST TUBE SIDE N/A | { \
APPLICATION OF CODE STAMP + ATTACH NAMEPLATE H © [ /‘MI} ‘HQ§W?—G- 34
71t
DATA REPORT SIGN OFF H @) [‘{/‘T , (% "( P’ SeRs 3
JLASS BEAD BLASTING N/A ' )
DATA PACKAGE SENT TO CUSTOMER H @ l("‘_/ IL/ 1}

ANN -EXEL -

QA-TRAVELLER




ALL-WELD CO. LTD.

TRAVELLER

(SUMMARY REPORT) Pg. 2 of 2

Z

|DATE

2013-02-06

WORK ORDER

1173Q

SERIAL NO.

7474

REVIEWED ﬁ /

DATE

2013-02-06

-
BYA)r8>
sion FEBO Y

REMARKS:




ALL-WELD HYDROSTATIC TEST REPORT

JOB NUMBER DATE

1173 PQ SEPTEMBER 19, 2013
CUSTOMER SERIAL NO.
ULTRA FAB INDUSTRIES LTD. 7474

VESSEL DESCRIPTION
48" O.D. VERTICAL OUTLET SEPARATOR TAG # 772-VESE-103

TEST PRESSURE SHELL TUBE JACKET
1792 PSIG NA NA
TEST METAL HOLDING TIME
TEMPERATURE 50" F 1 HOUR MIN
GAUGE # LAST CALI. DATE GAUGE # LAST CALL DATE
122 & 123 12-Jun-13
REMARKS

1) HYDROSTATIC TESTING SHALL BE PERFORMED IN ACCORDANCE WITH

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

2) THE METAL TEMPERATURE DURING HYDROSTATIC TEST IS RECOMMENDED
TO BE HELD AT LEAST 30°F ABOVE THE MINIMUM DESIGN METAL

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

COMMENTS: ACCEPTED

T x112 A”/
Q.A. SIGNATURE MIKE KAMYAB
DATE: SEPTEMBER 19,2013 _~ WITNESSED
Fon:_SB(v\oArE:Q/( q/ 13
.y

forand onbebalfof __ S 2M 0 FES Hoitd -
Print Name: NE A -
Si N Ar:plu
’ Da: %‘S "E 7 \:“ VEL§SI

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
!
”’(,06:/ 3 'VM"} 250 P 1 Pel | oo Bsj| van B fee SM_ Y3 ,/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 #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
h»,/ob,/'B h%v/ v, 200 Bsl g st Lo g 4D R Ace sM ‘11,[06 //v




/-r\ Winters Instruments Tol 116 444 2345
NIN ERS 121 Railside Road Fax: 416-444-8979
Toronto, ON M3A 1B2 1-800-WINTERS
m Ceanada www winlers com

‘ Since

1953
Wore There

.

CALIBRATION TEST CERTIFICATE

Calibration Date: JUNE/27/13 Interval: 1 Year Expiration: JUNE 27, 2014
CUSTOMER: ALL WELD Winters Asset ADTE72
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 Se
aug el Rumber Asset Accuracy (% FS): +/-
Gauge Range: 0-3000 PSI I 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: LYoo= <= 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 032013

A GLOBAL MANUFACTURER OF INDUSTRIAL INSTRUMENTATION
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materials testing limited

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

Tol: (905) 812-3858 Fax: (905) 812-3868
www . cambridgematarials.com

IS0 17023 Accredited”

Report For: All-Weld Company Limited
49 Passmore Avenue,
SCARBOROUGH, Ontario
M1V 4T1
Phone: 416-299-3311
Fax:  416-299-3387
Email: mail@allweld.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: ANALYSI R 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) 474
Bromide (Br) <0.5
SULPHUR RADICALS CONCENTRATION
(ppm)
Sulphate (SO,%) 27.7
T B B e T e ibetamten & el t 0 bk o W 18 Page 1 of 1
mhamlmwdhmihhwdnmm&l& .
c":'mr":m"u-gwnm {imds s a3, To r Carmia s Toing Ui st nct bn Cambg‘dgo Materials Testing Limited
used n ep on or any or materils simiir to hat s0ecimen wilhoul
o prior written canpent of Cambridge Miledais Testing Limied 4. Neidhes Cambridge Metarials Testing Umitsd
nor any of #s empicyess be respansibie or haid Setis for eny daims, loss or damages arising in
mdu’?mmmuwwmwwnhmahﬂmm Per 5‘4—\;'»——
tmmmemum:ﬂuumm1mmmumum QUAUTYASS_-URAW

nd 9N d1apoead of, uniass INSITUCIR athantsa I witing.

* Cambridge Materials Testing Limited is aagedited for t=ta fiated on the stope of secreditsiion svailadie for
review 8l wwrw. L :

Tost Report Template Rovision Merch 2010

Per A)
; ’ 7 Z ‘ ) TECHNICIAN



O




bER“"IFIED

‘AL ,ELDWW

o cmmpamv LIMITED
"'SCARBDROUGH, ONTARIO!
ENGINEERS awcs 1920

' SHELL MAEWP

4 SHEU.MDMT‘-;gH.'
| CHANNEL MAWP Sy
JACKET MAWP [SEERTN

: 'fuo ” Gie

TAG#???.-VESE 103 e




ALL-WELD

COMPANY LIMITED
Engineara Sinoe 1680

49 Passmore Ave., Scarborough, ON M1V 4T1 ¢ 416-200-3311 Fax 416-288-3387 E-Mall: mall@aliweld.ca

1)

2)

3)

5)

RADIOGRAPH REVIEW FORM
1T3PR
T4 74

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

W.0. NO.
SERIAL NO.

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

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

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

BY HIS STAMP FOUND ON THE WELDING INSPECTION REPORT MADE OUT

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

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

<>

SEP 03 2013
PREPARED BY: ROBERT C. BENTLEY DATE:
Q.A. MANAGER
€ 8 @ @ & g NS

I { e&wnmumcn

ot Disign, Rgommring, Mumssing cad sy (T Mashining é luLHT OE

Press Vesmle, Himt Sechencas, Finstes Symmen, Proomy fgipessy, Tombey Pectzosy
Suinio, Nigh Misted Allsn, Theniun, Alsmesn, Coppen, Sinal - soey 163 WP

A Tradition of Quality

DMIGHSE GP ALL-WELD COMPART LUWMTED



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 * I Natural Resources Ressources naturelles
Canada Canada

Svame Edwin Duitschaever

“Sorn

Ree ™o 515

No matricuke

Iwtsr Datr 2011/11/28

Irste d'crnivdon

This curd ders aed idvmaly O utrd Idividust to br an rapboyer or

of vaewrst Usmsda ¢ of T mmata

{ eqte rurts n Mol pan Nadvits €Ty wn gl ¢ 6o W rTprewnted de
{meoda du | nmta

P (orreclive lemses for (A | ocar | | far vision
Verres corvectifs pour U vigon dr (X | pres | | distemor

T’ } Signatare | € o
l * l Natural Resources Ressources naturelles

Canada Canada
e £ af 515

Method bevel Mector Cert. Date Date recent Expires

Methode Niveau Secteur  Date cert Date recert. ¢ xpiration
T 2 emc 1978060 2014120
PT ? BMC 158007/01 2014120
RT 2 BdcC 19780601 014120

1 ar eonilialios: al cenilicaio Mat i pubiics Al GBI, WET webule
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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: kvinspi@aol.com

CHRIS VEENEMAN
l e l Natural Resources Ressources naturefles
Canada Canada
o Chnstopher Veeneman
Ny,
Rer Mo
o maicud 6651
lese § e .
l)::dmuu-.. 2011/02/14

ameutsve harees for |3 near [ %] fim vioon
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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: kvinspl@aol.com

—

FRANK MARUNDE
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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: kvinspl@aol.com

SHERWIN SUYOM
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KVInspection Services Ltd.

1486 Wallace Road

( Oakville, Ontario L6L 2Y2

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

Radiographic Examination Report

RT

Specification — Acceptance Criteria

ASME

UW-51 Uw-52

B31.1

B31.3NS

CSA

Other

General Data

Customer l‘4¢¢, LAvECD Date [ Bl By
Location ScatBore s s P.O. #
Project LUEssEe Shop Order # HI3PQ SN 7474
Procedure KU 2SS Worksheet # 3¢e45
Technician . M*Donacy CGSB Reg# (0375 | ASNT/SNT-TC-1ALevel |
- Technical Data Cs 6O __
- Material Type Carbon Alloys Isotope IR 192 PhysucaI/FocaI Slze _ ./ &5 "
B_ase Material Tr_lickness l 3/4 " Exposure Smgle Wa Double Wall | Film per Cassette /]
Weld Thickness | 3/9" View 1@ Double Wall [ PWHT ] Yes ‘
' Reinforcement ?q Number of Exposures 7 |
Film Mfg. EanAl Minimum Source to Object Distance ] 24" ;
Film Type AA Maximum Distance from Source Side of Object to Film I 2 f:
UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ
SN 7474
L o — | ] —
i =
- ( L-2 . —
2-3
-5 —
/LWE;“ SLEA 0,‘:; .’AS Ha\‘ﬂ"/ R \
S ST eyl
of: i+
‘OIW _)é‘f;"LmﬂUs@ \
— brint Mams —— VELOS:L _
Sigoatur®: 7 LY velos pmerica L
Date:
B ¢

KV Inspection Technician

Customer Representative

Date
-—

Date

19 Matess 12

Vak 21201




Radiographic Examination Report
KVInspection Services Ltd. RT
Oakli‘l‘ﬁ:g’:t';arf: Road o Specification — Acceptance Criteria
\ Phone: 905-844-9448 ASME ““UW.51 UW-52 B311 B31.3NS CSA  Other
Fax: 905-844-6697
. General Data
Customer | &, ()2 Llos/ ey Date o JJ/O c 3
Location | . St Ron S EA Fary | P-O.# -7
Project L L7 ALACG Shop Order # /773%@ - 79(751
Procedure flo #ES 7{:)3 Worksheet # Y 776 7
Technician /Y PERLS S CGSB Reg# /2 2§ 3 | ASNTISNT-TC-1A Level /
. TechnicalD ata__?é;iéo ] £
Material Type Carbon Alloys &~ | Isotope IR192  Othéf | Physical/Focal Size - /;}’
- B_;s_e_Material 'i'hicl;ne_s_s—- / }_ / '__E—)aosure SingIa Wali_/boutgwﬁ ﬁnmass&; i _—?

i y—!_eﬁ T_higknes_s_ T i _;_j—?/g jVi_ey I —Sige_Y.Vall_/_Doulre_\_/!—J]r PWliﬂ \7_es _ _: No_/___
 Reinforcement Zg  Number of Exposures I _/ S
Film Mfg. k, p,fz Minimum Source to Object Distance [ /Wm/c

Film Type | P Maximum Distance from Source Side of Object to Film | 7 7/&
UNIT No. SIZENLOC SLAG L.O.P. L.O.F. CRACK POROSITY u.C. OTHERS AcCc  REJ

YR 4 |

g_//‘/ ool B Ll

( /- Z _

B Z-32 ~

| 3- & ) ~

| P -
s—¢€ -
é-7 e
77 -
g-2 ~
712 | o ~

o DA

ll ”AFR,‘j §s|

| [ vetos +a LLC

m

KV Inspection Technician

Customer Representative




KVInspection Services Ltd.

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

Radiographic Examination Report

RT

Specification — Acceptance Criteria

ASME UW-51 ‘/UW-52 B31.1 B31.3NS CSA  Other

General Data

Customer | ij[d  Date , m/ 04’/ ’;

Location WO'A ﬂ) P.O. # R

Project (/'2 AR Q M"&ML o~ | Shop Order # 1Np) P& ”mfﬁ{ﬂb 7474
B V [EQ‘/ Worksheet # 5@7@4

Technician M WI’OM CGSB Reg# [ 2’399 ASNT/SNT-TC-1A Level [

‘Technical Data

| Materlal Type

o lerG o o )
Carbon _Isotope | __. PhysucaI/FocaI Size S &5
I Base Matenal Thlckness _ 12? | Exposure | (= Double Wall  Film per Cassette ,
Weld Thlckness _’ _4 View | Double Wall | PWHT | Yes @—‘
Reinforcement _ng_ _ Number of E Exposures ]
Film Mfg. ’a) L Minimum Source to Object Distance | DMDV‘M,Q
Film Type Maximum Dlstance from Source Side of Object to Film 1 Q_;/A,ﬂ
UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ
T2
e 0-l . —
( [-¢ L ntl
| 33 _ =
5«4 -/
4-5 —1 |
d-(, —t |
G 7 - o ]
18 —1
49 —T
9-10 —]
10-0 / 1
v 0306
RELEASED, » oLt O
“’ﬁwpm ] gp,) MU T 2 s
B foundonbc*\lf(d-—-—ﬁzg 3 cAal B -
provvane] LB e
A7 Velos Asjerica TLC
0
{ |
KV Inspection Technician Date OV/DE/”?
Customer Representative Date APR 81013




KVInspectlon Services Ltd.

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

Radiographic Examination Report

RT

Specification — Acceptance Criteria

ASME~" UW-51 ‘/UW-SZ B31.1 B31.3NS CSA  Other

General Data

Customer /4»£¢, o AD (K07, Date 44/,%\3

Location ' JZM,?/<¢¢..J/(¢[ P.O. # 7 7

Project &/‘/-;‘72/0’%4 B Shop Order # /7S PR — Ve J 7§[
Procedure | A) o e Worksheet # 37 < 3L

Technician | & gL lGSAALEA 7 ) CGSB Reg# & & 5 |ASNTISNT-TC-1ALevel Z2

Technical Data

Material Type Carbon Alloys &~ Isotope IR 192 « Other ﬂsicéll_FocéEi_ze S 3
Base Material Thickness S/eo Exposure  Single Wall Double Wall—~Film per Cassette /
Weld Thickness S D View Singte Wall Double Wal!-’r PWHT Yes _ No
Reinforcement cp2 = Number of Exposures W‘?—O
_Film Mfg. feode Minimum Source to Object Distance ‘ /8 “
Fllm Type P Maximum Distance from Source Side of Object to Film '_ 2-0
UNIT No. SIZE/LOC | SLAG L.O.P. L.O.F. | CRACK POROSITY u.c. OTHERS 'L ACC | REJ
B prs ] ] | I
/R 2L |
IR~ = |«
a2 |~
< | | ]
"'" - I
| | |
2P |
cz @A | - _— ‘_';
. E_ L _— e = S L B i
_ 1 | o pa —
L i . | mﬂé@f&%@@.ﬁ\
- or and o behalf of: S o) SANT '|U3Q
IS
e _OBAES— PFRIIS,,
. - Sigtxat\1!=- losl Am nca LA
| Coe O, T
| sa_t?a!.’hs |
ot ey
- B /"'/694- s |
] r I
| | | / —
KV . -
Inspection Technician M— Date e /%?
NC
Customer Representative < 3 Date
pS/ AUG 7 0 2013




KVInspection Services Ltd.

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

Radiographic Examination Report

RT

Specification — Acceptance Criteria

ASME =~ UW-51 =~ UW-52

B31.1 B31.3NS CSA Other
Fax: 905-844-6697
General Data
Customer 4% A 4&— £Zr3 Date M;///j
Location ‘;chma,'/; P.O.# 7 7
Project e W/% Shop Order # ' 7 7( ; %‘//,73
Procedure /“) w# 6 ,/va 2 Worksheet # i FT7S 72 ,
Technician /5 S Lo G A CGSB Reg# <Z3) ASNT/SNT-TC-1A Level _ 7
ool AR Technical Data |
Matenal Type Carbon Alloys - Isotope | IR 192~"0ther = Physical/Focal Size .
Base Matenal Thlckness ;/6 < | Ex_posure Single Wali Double Wall./F|Im Im per Cassette Ve
Weld Thlckness Sjeo View '. Single WaII Double Wall ,f PWHT | Yes No «
Remforcement sy Number of Exposures 3/@&&
Film M Mfg. &4,4«/(, " Minimum Source to Object Distance & 7
illm Type M Maximum Distance from Source Side of Object to Film 0)
j UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY u.C. OTHERS ACC REJ
72 A 2
£3 - —
| C 1
|
!
| \/ HREL BASED o
WMW o p [ ';—ch\ﬁ
wﬂn@‘)ﬁ Pai- Ayt s
(1 Bg AlL SHT S
mthamG- ——/{,‘7 NP [¥) |
Signature: 1A | Velod ica LLC
o & zll #\
m!
KV Inspection Technician Date % 3/23

Customer Representative

Date SEP 03 2013




ULTRAFAB PROJECT

SC_. PER VISIT BY HOSNEY SHETEIWY JULY 4, 2013

1176 CS VESSELS
SERIAL #:
REQUIREMENT:
SCHEDULE

TEST CARRIED OUT BY:

WITNESSED BY:

1173 SS VESSELS
SERIAL #:
REQUIREMENT:

SCHEDULE:

TEST CARRIED OUT BY:

WITNESSED BY:

SE“#:

.

SCHEDULE

TEST CARRIED OQUT BY:

WITNESSED BY:

7468 & 7469

MAGNETIC PARTICLE EXAMINATION (MT) (ONE BOTTOM/ ONJ TOP HEAD LOCATION)
WEDNESDAY, JULY 10, 2013

KVI

AWC INSPECTOR & ULTRAFAB INSPECTOR (HOSNY SHETEIWY)

7473 & 7474 (HEADS WELDED TO SHELL)

LIQUID PENETRANT EXAMINATION (PT)

POSITIVE MATERIAL IDENTIFICATION (PMH)

ULTRASONIC EXAMINATION (UT)

NOTE: Thickness reading, chemical analysis and LPI of external sicle only in way of knuckles
WEDNESDAY, JULY 10, 2013

KVI

AWC INSPECTOR & ULTRAFAB INSPECTOR (HOSNY SHETEIWY)

7473 ( HEAD ONLY)

LIQUID PENETRANT EXAMINATION (PT)

POSITIVE MATERIAL IDENTIFICATION (PMI)

ULTRASONIC EXAMINATION (UT)

NOTE: Thickness reading, chemical analysis and LPI of external sice only in way of knuckles
WEDNESDAY, JULY 10, 2013

KVI

AWC INSPECTOR & ULTRAFAB INSPECTOR (HOSNY SHETEIWY)



KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y6

Positive Material

Identification Report

o

Phone: 905-844-9448 PM'
Fax: 905-844-6697 B —
General Data
Customer All-Weld Company Date July 10, 2013
Location Scarborough, ON P.O. #
Project 1173 PQ ULTRA FAB Shop Order #
Procedure | PMI # S5 Rev. 04 Worksheet # 37218
Technician | Frank Marunde PMI Certified ¥ CGSB Reg# 6651
Test Method & Equipment
l_Technique O Full Analysis @® Main components O Material Verification B
Equipment @® Niton XLP 818 Alloy Analyzer- Ser # 11512 Source Details @® Americium 241
Calibration ® 7o certified reference material
. 1 ARM . Cr% Mo%
CRM Used: 1% Cr %2 Mo Readings 716 0.52
. . 316 o Cr% Mo% Ni%
Like Sample: G392 Readings: 16.52 2.13 9.89 + 0.44
Inspection Results
Material Description:
Part/Drawing # Description Display Cr% Ni% Mo%
S/N 7473 Top Head 316 16.65 10.26 2.07
Bottom Head 316 16.61 10.37 2.05
| S/N 7474 Bottom Head 316 16.82 550 2.08
) ' £0.42 '
ACCEPTEDVREVIEWED/RELEASED 0 046
| Hgeandonbebalfof GoW OfPSHng
. oS R BV ZOUA
ratns SBTERl SRIT L) o0
m # L3 =g =
Date: 4 qu,.ﬂ.lé_ Velosi Afnerica LLC
KV Inspection Technician %"7/ Date July 10, 2013
+
[ Tustomer Representative Date
: 112013




KV Inspection Services Ltd.

1486 Wallace Road

Oakville, Ontario L6L 2Y6

Ultrasonic Thickness Testing

Report

Specification — Acceptance Criteria

Phone: 905-844-9448 e ASME Section V, Art. 5 e ASTM SE 797
Fax: 905-844-6697 @ Customer Specifications O Other:
General Data
[
Customer All-Weld Company Date July 10, 2013
Location Scarborough, Ontario P.O.#
Project 1173 PQ ULTRA FABS Shop Order # S/N 7474 Bottom Head
Procedure ASTM SE 797 Worksheet # 37218
Technician | Frank Marunde CGSB Reg # 8885 SNE;;"A I
T - Technical Data )
Material Type [ @ Stainless Steel O Carbon Steel O Other

Test Equipment

— 1]

Ultrasonic ® _
Thickness Gauge | Panametncs_l\/lG_Z_—_lzl___ S_ei# 060296910 _9 - Oth‘i ) I R——
Probe ® Standard - O other -
Couplant @ Krautkramer ultrasonic gel - O Qt_h_er
Calibration Test specimen Micrometer Area of Head
B - - Inspection B
Description: Measurements at knuckle area of head, plus random @ A and B
. = = — e I
Item # Point of inspection Readings Interpretation
Knuckle Area 0° 1.752
90° 1.755
180° 1.762
270° 1.78
Random A 1.745
/ B 1.742
ACCEI'TED/REVIEWED/RELEASED } 046
£ LN £ / h
TOT A Oty M\n. -M— A Randem @ &8
Pt ane LB mﬁx\” — ﬂl’—ﬁq:p@h:ns‘g
Sigrjature:
ig|ature _#__.z‘ e YT VELOS!I
SRS 9/ W R -4 Z— Velosi America LLC
Note: Representatives from ABS and SBM Offshore were present at time of
inspection
P
KV Inspection Technician = / Date July 10, 2013
~ Customer Representative N Date | ]
o | 11 2013
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KV Inspection Services Ltd.

1486 Wallace Road

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

Ut

Ultrasonic Examination Report

General Data

Customer All-Weld Company Date August 13, 2013
Shop Order | 1173 Ser#7474 Project
Component P.O. # | Worksheet #: | 37394
Drawing | Rev. | Technician Frank Marunde | SNT-TC-1ALevel | III
NDT Specification | ASME SEC VIII Appendix 12 | NDT Procedure | KV-UT# 1 R.02
Technical Data — Ultrasonic Examination (UT) B
Material Type | Stainless Steel Technique ® Pulse Echo-Contact O Immersion O Dual |
Material Thickness 1 34" Inth::r::nt ® Olympus Epoch 1000i J Serial # L90054812
Weld Type . | oBut ® TJoint O Fillet | Surface __ . _E ;\ST?olgdAOA Ground_ 6_ Machined O Shot Blasted
Weld Thickness 1 34" Couplant ® UTX O Ol O Other ITemperaturel
Heat Treated O YES O NO Sensitivity (PRL) 49dB/58dB
Heat Treatment Surface Conditions
- - ~ Transducers/Calibration Blocks
Diameter Size Beam Angle Frequency Mam_:facturer Blocks
o w o W O 58" x%" ® 45° ~ O 1.00 MHz O Techsonic | O IIw A2
O %" |01 O %xt | O 60° ® 225MHz | e Pﬂaﬂat@s_ | O ASTME164MAB
o % (O 18 o 1"x1t" e 70° O 500MHz | O Krautkramer | O BackReflecton
o o] O Normal 0] O ® ASME
. e Scope of Testing . e
Examination of Category 'D’ attachment welds
Nozzle: N1-W1, N3-W1, N4-W1, N5-W1, N6B-W1, N7A-W1,
N7B-W1, N8A-W1, N8B-W1, N9A-W1, N9B-W1, N10-W1
& N14-w1 ‘/
ACCEPTED/REVIEWED/RELEASED 046
for and on behalf of: /20O £ Sk
print Name: 0 PRI SAK I -
Date: L Velosi America LLC
- Scanning - o
Test Area Disposition From Length Depth Amplitude
- Bl 7N gp P I
- €] AL I "
| - Nps o |
L R Evaluation — Acceptance ) o
] ACCEPted KV Inspection Services — Technician / —: Date August 13, 2013
— R - I S
O Rejected | ;o5p N0, 48.9712-2000 Reg. No. 8885 Place Scarborough, ON
I U E




KV Ultrasonic Examination Report
Inspection Services Ltd. uT

1486 Wallace Road

Oakville, Ontario L6L 2Y2
Phone: 905-844-9448
Fax: 905-844-6697
General Data

Customer All-Weld Company Date April 4, 2013
Shop Order | 1173 PQ Serial # 7474 Project
Component P.O. # [ Worksheet #: | 36761
Drawing | Rev. | Technician Frank Marunde | SNT-TC-1ALevel | I
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 Echo-Contact O Immersion O Dual
. . " Instrument ) .
Material Thickness 134 Brand ® Olympus Epoch 1000i Serial # | 090054812
Weld Type O Butt ® TJoint O Fillet | Surface ® As Rolled o_Ground O Machined O Shot Blasted
Weld Thickness 134" Couplant ®@ UT-X O Oil O Other | Temperature
Heat Treated O YES O NO Sensitivity (PRL) 50 dB /58 dB
Heat Treatment Surface Conditions
Transducers/Calibration Blocks
Diameter Size Beam Angle Frequency Manufacturer Blocks
o w O % O 58" x %" ® 45° O 1.00 MHz O Techsonic O Hw A2 |
o % o 1 0O Wx1" O 60° ® 2.25MHz ® Panametrics | O ASTME164 MAB
o % O 1us o 1"x1" e 70° O 5.00 MHz O Krautkramer | O Back Reflection
(0] 0] O Normal 0] (0] ® ASME
- Scope of Testing
1173 PQ-7474: Examination of category D nozzle attachment welds
N2-W1 & N13-W1 I—
[ACC EVIEWED/F ! LEASED vy o2
TR :
AcCH oG QEF S
ore o o) SO
Print Name: LA !z ’ Applus@
<. Signature: ] S VELOS!
> / i/ 3 ica LLE
LD Date: | i) })/’7 Velosi America
APR 19 7013
Scanning
Test Area Disposition From Length Depth Amplitude
— ]
Evaluation — Acceptance
* Accepted KV Inspection Services - Technician = // Date April 04, 2013
| .
[
O Rejected  CGSB No. 48.9712-2000 Reg. No. | 8885 Place Scarborough, ON.
| i - ]




KV Inspection Services Ltd. uTtT

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

Ultrasonic Examination Report

General Data ]
Customer Ali-Weld Company Date Aprii 30, 2013
Shop Order | 1173 PQ Serial # 7474 Project
Component P.O. # | Worksheet #: | 36888
Drawing | Rev. | Technician | Frank Marunde | SNT-TC-1ALevel |  III
NDT Specification | ASME Sec. VIII Appendix 12 | NDT Procedure | KV-UT# 1 R.02
Technical Data — Ultrasonic Examination (UT)
Material Type l Stainless Steel Technique ® Pulse Echo-Contact O Immersion O Dual —
Material Thickness 1 %" Instrument @ Olympus Epoch 1000 090054812
Weld Type O Butt @ TJoint O Fillet Surface | ® AsRolled O Ground O Machined O ShotBlasted
Weld Thickness 134" Couplant ® UTX O Ol O Other Tempm
Heat Treated O YES 0 NO Sensitivity (PRL) | 47 dB/ 57 dB '
Heat Treatment Surface Conditions
B Transducers/Calibration Blocks - ]
Diameter Size Beam Angle Frequency Manufacturer Blocks
O w |0% | osex% | e 45° | O 100MHz |O Techsonic [O uwaA2
O % [0 1 0O %'xt1t | O 60° | ® 225MHz | ® Panametrics | O ASTME164MAB
e v O 1w | O 1"xt" | e 70° [ O 500MHz | O Krautkramer | O Back Reflection
O 0] O Normal 0] 0] ® ASME

~ Scope of Testing

1173 PQ-7474: Examination of category D attachment welds

N13-Wi1 T3
LEASED 7
NI e sehalfof:_G(2M CPESHOLE
CK ) o anasS |l SAHP
DQP\ N - ; Print Name: _{_a.em&lw ! &g?'
Signature:
Date: ji«wﬂ»l Velosi America LLC
SEP 30 2013
. SNE—— .. Scanping B
~_TestArea ~_ Disposition |  From | Length Depth Amplitude
_ ~ Evaluation — Acceptance -
| 1
» Accepted : KV Inspection Services — Technician | %ﬁ(% Date April 30, 2013

| — e — R

O Rejected | cGsB No. 48.9712-2000 Reg. No. i 8885 LPlance Scarborough, ON.




KV Inspection Services Ltd.

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

Ultrasonic Examination Report

uT

Gene

ral Data

Customer All-Weld Company

Date September 3, 2013

Shop Order | 1173 PQ S/N 7474

Project

Component

P.O. #

| Worksheet#: | 37495

Drawing

| Rev. |

Technician

Frank Marunde | SNT-TC-1A Level |

IiI

NDT Specification

ASME Sec. VII

I

Appendix 12 | 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 134"

Instrument

Brand

® Olympus Epoch 1000i Serial #

090054812

Weld Type O Butt @ T Joint O Fillet

Surface

® AsRolled O Ground O Machined

O Shot Blasted

Weld Thickness 13"

Couplant

® UT-X O Ol O Other

Temperature ‘

Heat Treated O NO

Sensitivi

ty (PRL) 49 dB/ 58 dB

Heat Treatment

Surface Conditions

~ Transducers/Calibration Blocks

Diameter Siie

Beam Angle

Frequency Manufacturer

Blocks

e 0 % 58" X V" -

45°

O 1.00 MHz O Techsonic (0]

W A2

o % o1 WX 0

60°

e 225MHz e Panametrics | O

ASTM E164 MAB

v |0 1w | O 1x1 °

70°

O 500MHz O Krautkramer | O

Back Reflection

. ®
o 0] )

Normal

o) 0

® ASME

Scope of Testing

Examination of category ‘D’ attachment welds
MW1-W1, N6A-W1, N11-W1,

(SCN
E o3/ SEP 092

R N12-W1

/

fotnndonb&a!fof:_h.&lﬁ M

ED 4
OF1-SHelle

045

pozSIE SAHKN.

Print Name: .4
Signature:

Arplus®

VELOS!

Y

Velosi America LL

ﬁ?ﬁr\/\
5% Date: { fﬁl};‘nLLU/Z;

Scanning

| TestArea Disposition JF_

From

Length Depth

~ Amplitude

—_-—

!

Evaluation - Acceptance

e Accepted

O Rejected | g o, 48.9712-2000 Reg. No.

KV Inspection Services — Technician

Date

September 3, 2013

Place Sca

rborough, ON
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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 Appx. 8
General Data
Customer All-Weid Company Date March 14, 2013
Location Scarborough, ON. P.O.# 1
Project Vessel Shop Order # 1173 PQ
Procedure | KV# 16 Rev. 03 Worksheet # 36645
Technician | John MacDonald CGSB Level I, Reg # 10375 ‘ ASNT/SNT-TC-1A Leve! | ||
Technical Data - Liquid Dye Penetrant (PT)
Material Type | O Carbon Steel @ Stainless Steel O Other Material Thickness | 1 %"
Equipment & Method
® Chemetall Oakite 906 o Visible Light meter
Penetrant O Chemetall Oakite 996 O  Fluorescent -
y O Chemetall Oakite 970P25E | Type:EA31
Cleaner e Chemetall Oakite ~ 9PR50 e \Water Washable Serial #: 070706809
| Developer | © Chemetall Oakite 9D1B O Solvent Removablg Intensity: 1200 Lx

Lighting Equipment D;scription: Flashlight

Inspection

Description: Long seam weld

Interpretation

em# Description of Weld/Test Area Defect Location

Serial #

7474
Long seam weld - L1 Acceptable to specification
Inside & out

formdonbemf“’t ! HA lus@
Print Name: /pz NS VELOS!
sigaturet ~S7F T 1L, Veloss Anetia LG
Date: el —
{V Inspection Technician Date March 14, 2013

Customer Representative i E* ‘ ' Date MAR 1 572013
o=




KV Inspection Services Ltd.

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

Liquid Dye Penetrant Inspection
Report

Specification — Acceptance Criteria
As per ASME Sec. VIII Div. 1 Appx. 8

General Data

Customer All-Weld Company Date | August 6, 2013

Location Scarborough, Ontario P.O. # !

Project 1173 PQ Shop Order # 7474

Procedure | KV# 16 Rev. 03 Worksheet # 37169

Technician | Sherwin Suyom CGSB Level Il Reg# | 15133 | ASNTISNT-TC-1A Level | II

Technical Data — Liquid Dye Penetrant (PT)

Material Type | O Carbon Steel ® Stainless Steel O Other Material Thickness
B Equipment & Method
® Chemetall Oakite 906 ® \isible Light meter
Penetrant O Chemetall Oakite 996 - ]
B O Chemetall Oakite 970P2sE | O Fluorescent | Type: EA31 .
Cleaner | ® Chemetall Oakite  9PR50 ® \Water Washable Serial #: 80613518
Developer ® Chemetall Oakite 9D1B | O  Solvent Removable | Intensity: 1100 Lx

Lighting Equipment Description: Flashlight/Floodlight
Inspection

Description:

Descrlptlon of Weld/Test Area

Defect Location

item#

Interpretation

SN# C1 (internal) Acceptable to specification
7474 100%
C1 (external) See photo Unacceptable to specification
100%
Skirt W1 (internal) See photo Unacceptable to specification
100%
Skirt W1 (external) Acceptable to specification
100%
Skirt L1 (external & internal) Acceptable to specification
100% v/
AOCEFTEDIREVIEWED/RELEAS f/r 9 HAl &
for and on bebalf of 2V 2IM_©

Pthamz: %" AFp‘vELOﬂ

15 Velosi America LLC

Da!e!.__

KV Inspection Technician Date August 6, 2013

Customer Representative Date

AUG 0 7 2013




KV Inspection Services Ltd.

1486 Wallace Road

Liquid Dye Penetrant Inspection
Report

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 August 29, 2013
Location Scarborough, ON P.O.# i
Project Vessel Shop Order# | 1173 PQ
Procedure | KV# 16 Rev. 03 Worksheet # 37493
Technician | Frank Marunde CGSB Level I, 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 o o ] Light meter
Penetrant O Chemetall Oakite 996 Ve - =
O Chemetall Oakite 970P25e | O  Fluorescent WLLE =Y
Cleaner ® Chemetall Oakite = 9PR50 ® \Water Washable Serial #: 07076803
i Developer @ Chemetall Oakite 9D1B O Solvent Removable | I;Eensity:— —71-400 —Lx_
Lighting Equipment Description: Flashlight
Inspection
Description:
tem # Description of Weld/Test Area Defect Location Interpretation

Ser#7474 Cl1 (exterior)
Nozzle attachment welds (exterior)
N6A-W1, N11-W1, MW1-W1
& N12-w1
N12-C3

Skirt W1 (Interior)

Acceptable to specification.

Acceptable to specification.

Acceptable to specification.

Acceptable to specification.

Y /RELEASED — o ~
l‘orandonbehllfq,f: <{‘}M ‘Or’ SherE
| Signature: o CYEZL VELOS!
oue Lo 2Ms  Vaos AmeiaLLC
- el
KV Inspection Technician . Eta __,./("b Date August 29, 2013
B = ‘,_,a:_"_ S B
[ Customer Representative “ _ Date SEF 1 B 2013




Liquid Dye Penetrant Inspection
Report

PT

Specification — Acceptance Criteria
As per ASME Sec. VIII Div. 1 Appx. 8
General Data

KV Inspection Services Ltd.

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

Customer All-Weld Company Date August 13, 2013

Location | @ KV Inspection, Oakville, ON P.O. # __; B -

Project Ultrafab Shop Order # 1173PQ-7474

Procedure | KV# 16 Rev. 03 Worksheet # 37436

Technician | Ed Duitschaever CGSB Level I}, Reg # ] 515 | ASNT/SNT-TC-1A Level | |

Technical Data — Liquid Dye Penetrant (PT)

Material Type | O Carbon Steel ® Stainless Steel O Other Material Thickness | SCH 160
Equipment & Method

@ Chemetall Oakite 906 ol T Light meter
Penetrant O Chemetall Oakite 996 — - - .

O Chemetall Oakite 970P2sg | O Fluorescent | Type:EA3L |
Cleaner e Chemetall Oakite SPR30 | @  ater Washable Serial #: 80613518 ]
Developer e Chemetall Oakiie_ 9D1B B O Solvent Removable Intensit){: 1300 N Lx
Lighting Equipment Description:

| - N Inspection - o B -
Description: Nozzle 12
—— i — I— — . — PO — ————— e~ P

tem # Description of Weld/Test Area Defect Location Interpretation
SN# Cl - 2”@ Butt weld Acceptable to specification
7474

C2 - 2" @ Butt weld Acceptable to specification

i
/RELEASED 046
for and on behalf oft SPHM G EE Q%O/l&,
, )
Print Name: &t HN%S{OW” <@
Sigoature: N VELOS!
/ . .
Date: { M'L,"} Velosi America LLC

KV Inspection Technician ‘ %//‘é T

Customer Representative \

\.D>/

B

Date

Date

August 13, 2013

AUG 14 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
Fax: 905-844-6697 As per ASME Sec. VIII Div. 1 Appx. 8
General Data
Customer All-Weld Company Date April 04, 2013
Location Scarborough, ON. P.O.#
Project Vessel Shop Order # 1173 PQ
Procedure | KV# 16 Rev. 03 Worksheet # 36784
Technician | Sherwin Suyom CGSB Level li, 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 | 13"
Equipment & Method
Penetrant (.) %T\eenr:leettaal:l?)aa':(l:tee ?9% ° Visible r Hant meter
O  Chemetall Oakite s70P25E | O Flucrescent Type: EA3L
Cleaner ® Chemetall Oakite 9PR50 ® \Water Washable o Serial #: 80613518
Developer ® Chemetall Oakite 9D1B O Solvent Removable Intensity: 2500 Lx

Lighting Equipment Description: Flashiight & Shop lighting

Inspection

Description: 48" OD Vertical Outlet

tem # Description of Weld/Test Area Defect Location Interpretation

Ser# 7474 C2 100% Acceptable to specification.
-external and internal

e — =

= PTED/REVIEWED/KELEASLD, .
Af:;{a:dpoimof: SEM OF)’SH':WE—,(AL
Print Name: ____(J Az SH SAH us@
Signature: [V — FReos
o 1VlLE  Velosi America LLC

DALY ol 1S

\/

. -
KV Inspection Technician "'&#{ /ff Date April 04, 2013

V‘v.?f N
Customer Representative ( A ) Date APR 0 ¢ 9n19




KV Inspection Services Ltd.

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

Liquid Dye Penetrant Inspection
Report

Specification — Acceptance Criteria
As per ASME Sec. VIII Div. 1 Appx. 8

General Data

Customer | All-Weld Company Date April 04, 2013
Location Scarborough, ON. P.O.#
Project Vessel Shop Order # 1173 PQ
Procedure KV# 16 Rev. 03 Worksheet # 36761
Technician | Frank Marunde CGSB Level 11, Reg # I 8885 ASNT/SNT-TC-1A Leve! | II
Technical Data —~ Liquid Dye Penetrant (PT) T
Material Type | O Carbon Steel @ Stainless Steel O  Other Material Thickness
Equipment & Method
| e Chemetall Oakite 906 o Vi - Light meter
Penetrant O Chemetall Oakite 996 O  Fluorescent . -
O Chemetall Oakite 970P25E Type: EA31
Cleaner | ® Chemetall Oakite 9PR50 ® \Water Washable Serial #: 80613518
Developer ® Chemetall Oakite 9D1B o §_qlfnt Removable Intensity: 1400 Lx

Lighting Equipment Deé_cription: Flashlight

Description:

Description of Weld/Test Area

Item #

Ser# 7474 N2-W1
-nozzle attachment weld

(exterior and interior)

N13-w1
-nozzle attachment weld
(exterior and interior)

Inspection

Defect Location

Interpretation

Acceptable to specification.

Acceptable to specification.

S

———————
e—————————

e 0%
ACCEPTED/REVIEWEL/RELEASED _ ,
formdonbchalfocf(: SrhM OIZIHS"* £«
. INESY S @
Print Name: Applus
Signature AN/ 2 VELOS!
e L/ D0 Velosi America LLC
= _—
KV Inspection Technician ,:'-;ﬁ Date April 04, 2013
Customer Representative (q-iIE 1 Date APR 0 92913
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\

KV Inspection Services Ltd.

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

Liquid Dye Penetrant Inspection
Report

Specification — Acceptance Criteria
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 If, Reg # I 8885 ASNT/SNT-TC-1A Level | II
Technical Data — Liquid Dye Penetrant (PT) B s ]
Material Type | O Carbon Steel @ Stainless Steel O Other Material Thickness
Equipment & Method
=== == - e e et W AR S
L Chemeta" Oaklte 906 - Ve L|ght meter
Penetrant O Chemetall Oakite 996 O  Fluorescent —————————— —
- | O Chemetall Oakite  970P25E - Type: EA3] ]
_Cleaner | @ Chemetall Oakite 9PR50 | e  Water Washable Serlal# 07026_8_6§ - _
 Developer ® Chemetall Oakite 9D1B O Solvent Removable | Intensity: 1400 x|
Lighting Equipment Description: Flashlight
. ol s Inspection LS
| Descrlptlon
ltem # Description of Welleest Area Defect Location Interpretation
Ser# 7474 N13-W1 attachment weld 22" long crack in exterior weld was
(interior and exterior) repaired and re-tested.
Acceptable to specification.
Der N Nv-033
; [ACCEr ¥ WREHHWEDRELEMLDFH#{J‘UZ 036
for and on behalf of:
: 7 p_ofn
Print Name: __J,_ﬁ"(% AFplusa
Signature: J VELOS!
pue AV SIS Velosi America LLC
KV Inspection Technician Date April 30, 2013
Customer Representative Date MAT ) 72[“3
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Liquid Dye Penetrant Inspection
Report

PT

KV Inspection Services Ltd.

1486 Wallace Road

Oakville, Ontario ~ L6L 2Y2 Specification — Acceptance Criteria

Phone: 905-844-9448

Fax: 905-844-6697 As per ASME Sec. VIII D|v. 1 Appx. 8

General Data

Customer | All-Weld Company Date September 3, 2013

Location Scarborough, ON o P.O. # : N

Project Vessel Shop Order # 1173 PQ_S/N 7474

Procedure | KV# 16 Rev. 03 Worksheet # 37495

Technician | Frank Marunde o CGSB Level ll, Reg # | 8885 I 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 Oaki?e 906 ° Visible o Light meter
Penetrant O Chemetall Oakite 996 .

- | O Chemetall Oakite 970P2sE | O  Fluorescent Type: EA31
Cleaner e Chemetall Oakite  9PR50 ® \Water Washable Serial #: 07076803
Developer e Chemetall Oakite 9D1B O Solvent Removable | Intensity: 1400 Lx

| Lighting Equipment Description: Flashlight

Inspectlon

Description'

Descrlptlon of Weld/T est Area

item #

1 Category 'D’ attachment welds
MW1-W1, N6A-W1, N11-W1,
& N12-W1 (interior)

2) Welds of vortex breaker assembly
(loose)

Interpretatlon

Defect Location

Acceptable to specifications

Acceptable to specifications

a
TEWED/RELEASED
{ounm sp cpr Sl

g S 2
g ———
/gcv};u,\ l“/h

Print Name:

Signature:  ebde
Date:

KV Inspection Technician

| Customer Representative

Date September 3, 2013

Date

AUG 3 1 2013




KV Inspection Services Ltd.

1486 Wallace Road

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

Fax: 905-844-6697

PT

Liquid Dye Penetrant Inspection
Report

Specification — Acceptance Criteria

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

General Data

Customer All-Weld Company Date August 13, 2013

Location Scarborough, ON P.O.#

Project Vessel Shop Order # , 1173 PQ 7474

Procedure KV# 16 Rev. 03 Worksheet # 37394

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

Technical Data — Liquid Dye Penetrant (PT)

Material Type

O Carbon Steel @ Stainless Steel

O Other

Material Thickness 13"

Equipment & Method

® Chemetall Oakite 906 ° Visibl Light meter
Penetrant O Chemetall Oakite 996 Isible —

O  Chemetall Oakite 970P25E | O  Fluorescent Type: EA31
Cleaner | ® Chemetali Oakite 9PRS0 | @  water Washable | Serial #: 07076802 o
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

SN#
7474

& N14-w1

Examination of nozzle attachment

welds. (interior & exterior)
Weld#N1-W1, N3-1, N4-W1, N5-W1,
N7A-W1, N7B-W1, N8BA-W1,N6B-W1
N8B-W1,N9A-W1, N9B-W1, N10-W1

v

Several minor bleedout
Indications were lightly
dressed and retested.
All welds acceptable

to specification.

ACCEPTED/REVIEWED/RELEASED
for and on behalf of:

SM_off SHeTE

Print Name:

G ANESH SARHI)

Signatuwre: =70 N2

Due < SYDIL

046

s@
VELOSI
Velosi America LLC

KV Inspection Technician

Customer Representative ‘

T Date August 13, 2013
.‘-—":1...-\""
feWeh, ETPRR
P Date Str 1§ 2013
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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 Appx. 8
General Data
Customer All-Weld Company Date September 10, 2013
Location Scarborough, ON P.O.# |
Project Vessel Shop Order # 1173 PQ SIN 7474
Procedure KV# 16 Rev. 03 Worksheet # 37500
Technician | Frank Marunde CGSB Level il, Reg # 8885 ASNT/SNT-TC-1A Level |||
Technical Data - Liquid Dye Penetrant (PT)
Material Type | O Carbon Steel @ Stainless Steel O Other Material Thickness

Equipment & Method
Chemetall Oakite 906 E—

D - il Light meter
Penetrant O Chemetall Oakite 996 ®  Visible —
- | O cChemetall Oakite 970p25E | O  Fluorescent Type: EA31 -
Cleaner @ Chemetall Oakite  9PR50 @ \Water Washable ‘Serial #: 07076802 o
D OO e ] @ Chomelall Oakite  8D1B O Solvent Removable | Intensity: 1400 9
Lighting Equipment Description: Flashlight - - ]
S - Inspection - - R
Description:
Iitem # Description of Weld/Test Area Defect Location Interpretation
1) Item 2/3 baseplate weld Acceptable to specifications
2) Item 22/2 to N3 weld Acceptable to specifications
3) Nozzle support welds N3,N4, Acceptable to specifications

N5, NGA, N6B, N7B, N8A,
N8B, N9A, N9B, N10, N11
and N12

v

Ao:r:manmnvmmmemssm ) 046
for and on behalf of: _SY3M __oF F SHe gl

Print Name: _Cqi AVESN S ANA
"\\-._@

@
. ,E/ 3 Velll.g.*-l
. Dnte: & t}/’g Velosi An ica LLC

KV Inspection Technician /Z’% Date September 10, 2013

E— S - s I Se— - e - - - S S —— — ]

2 l Customer Representative i\ ) Date SEP 302013
A N
"y,



(

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 04, 2013
Location Scarborough, ON P.O. # 5
Project Vessel Shop Order # 11173 PQ
Procedure KV# 16 Rev. 03 Worksheet # 37496
Technician | Frank Marunde CGSB Level ll, Reg # | 8885 TASNT/SNT-TC-M 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 970P2sg | O Fluorescent | Type: EA31
Cleg_nir - | ® Chemetall Oakite 9PR50 | @  water Washable Serial #: 07076802_ -
l_)_eveloper B ° Che_rr_uetall (_)akite 9D1B O Solvent Removable Wlntensity: 149_0_ - L_x_ )
Lighting Equipment Description: Flashlight _ - - )
S B Inspection S - B
Description:
item # Description of Weld/Test Area Defect Location Interpretation
= B e S e e
| Ser#7474 Item 19/2 to shell weld A number of indications were lightly
dressed and re-tested.
Item 27/2 to shell weld All welds are acceptable to specification.
Item 26/2 to shell weld
Item 1/7 to sheli weld
Item 6/7 to shell weld
4 lifting lug to head welds
N12 supports welds = \/ .
ACCEPTED/REVIEWED/RELEASED : y
for and on behalf of: 215 Of/’,(»Wl?—
pimtme G ANVEI) SPPR @
AL, W —
Signature: A2 VELOS!
bue — (/8P 15118 Vosi AmericaLLe
|
S e
KV Inspection Technician I et Date September 04, 2013
= . . e E@o S .
Customer Representative ON Date
| =._;. 4 "\:‘_ED 10 i

LU ALLE)




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

Vortex breaker attachment weld
MW1 Davit bracket attachment weld
Name plate bracket attachment weld

N7A support welds

General Data

Customer All-Weld Company Date i September 11, 2013

Location Scarborough, ON P.O. # :

Project Shop Order# 1173 PQ S/N 7474

Procedure | KV# 16 Rev. 03 Worksheet # 37591

Technician | Frank Marunde CGSB Level I}, 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 | Various
Equipment & Method
® Chemetall OakiFe 906 ® \Visble Light meter
Penetrant O Chemetall Oakite 996 — R
- O Chemetall Oakite 970P2sg | O Fluorescent TYPe_ EA31 o
Cleaner ® Chemetall Oakite  9PRS50 ® \Water Washable Serial #: 07076803
_Developer . e Chemetall Qakite 9D1B O Solvent Removable Intensity: Iéﬁ - —[x_
Lighting Equipment Description: Flashlight o - ]
: Inspection b
Description:
item # Descnptlon of WeId/T est Area

Defect Location

Interpretatlon

Acceptable to specification
Acceptable to specification
Acceptable to specification

Acceptable to specification

v/ o)
ED %
|ﬁwmwml:;%5“s@ (S )offz__-
for and o0 ﬁ_
A eSS Pr—?‘
Print Name: ——(— L NI\/\_ g\_osl
e J/(/jou{h:,_ Velosi America LLC
KV Inspection Technician | %'v/"// Date September 11, 2013
‘*_ e s [ [ 3 L
Customer Representative Date SEF 1 b‘[U]J
| b | AN
l< ~]



KV Inspection Services Ltd.

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

PT

Liquid Dye Penetrant Inspection
Report

Specification ~ Acceptance Criteria

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

General Data

Customer All-Weld Company Date } September 16, 2013

Location Scarborough, ON P.O.# '

Project Vessel Shop Order# 1173 PQ

Procedure KV# 16 Rev. 03 Worksheet # 67643

Technician | Frank Marunde CGSB Levelll, 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 | Various
Equipment & Method
o e Chemetall Oakite 906 I [ Lightmeter

Penetrant O Chemetall Oakite 996 MELLS e
- O Chemetall Oakite 970p25E | O Fluorescent | Type: EA31 -
Cleaner ® Chemetall Oakite = 9PR50 ®  \Water Washable Serial #: 07076802

Developer | e Chemetall Oakite 9D1B | O SolventRemovable | Intensity: 1400 Lx
| Lighting Equipment Description: Flashlight

S ~_ _Inspection
Description:

Item # Description of Weld/Test Area Interpretation

Ser#7474 N13 Support Welds

Item 6/4 attachment welds

Defect Location

Acceptable to specification

Acceptable to specification

v’

ACCEF | ED/REVIEWED/RELEASED
for and on behalf of: I BM_ O FF

spetd

Print Name:
Signature:

(ANNESY < ARY
Lo

s®

(‘-f//)(;‘l \”’5

Date:

VELOS!

Velosi America LLC

KV Inspection Technician

I Customer Representative

Date

September 16, 2013

Date

SEP 30 2013




KV Inspection Services Ltd.

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

PT

Liquid Dye Penetrant Inspection
Report

Specification — Acceptance Criteria

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

General Data

Customer | All-Weld Company Date | September 13, 2013
Location Scarborough, ON P.O.# i
Project Tailing lug Shop Order # 11173 PQ
Procedure | KV# 16 Rev. 03 Worksheet # 37593
Technician Frank Marunde CGSB Level ll, Reg # 8885 I ASNT/SNT-TC-1A Level | II
Technical Data — Liquid Dye Penetrant (PT) ‘
Material Type | O Carbon Steel @ Stainless Steel O Other Materiat Thickness | Various
Equipment & Method
- ® Chemetall Oaki_t'é_' 906 . Vi_si'b;_ | Lightmeter o
Penetrant O Chemetall Oakite 996 — —
L O Chemetall Oakite 970p25E | O  Fluorescent Type:EA3L
Cleaner e Chemetall Oakite = 9PR50 @ \Water Washable Serial #: 07076802
Doveloper | e ChemetallOake 9D1B | O  SolventRemovable | Intensity: 1400 Lx |

| Lightiqq“Eguipr_r_l_e_nt Description: Flashiig_ht

Inspection

Description:

item #

Description of Weld/Test Area

Ser#7474 Tailing lug attachment weld.

Defect Location Interpretation

Acceptable to specification

pr— - \/
ACCEN | ED/REVIEWED/RELEASED, 046
for and o behalf of: _ S PM O FF S HaRd
Priot Name:  _Cn AVBS T CARN
Signature: o iV D @
/7 VELOSIH
Date: / }f‘ﬂ
o ” D—  Velosi America LLC
KV Inspection Technician = Date September 13, 2013
L N—— —————— —f—— — .
1 Customer Representative ( Date SEP 302013
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KV Inspection Services Ltd.

Oakville, Ontario L6L 2Y6

Hardness Testing Report

HT

1486 Wallace Road

Specification — Acceptance Criteria

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

248 HV MAX

General Data
Customer | All-Weld Company Date March 14, 2013
Location Scarborough, Ontario P.O. #
Project Vessel Shop Order # 1173 PQ
Procedure | KV HT# 50 Worksheet # 36645
Technician | John MacDonald HT Certified L CGSB Reg# 10375
Technical Data — Hardness Testing (HT)
_M-at-é-ria_l o . Stainless Steel -- - - ]
L 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
- - Inspection
Description:

Item #

Description of Test Area

Serial # 7474 - L1

Readings
- || — .
Parent Material 235
- o {
H.A.Z 241 ;
- Weld _ _ 245 |
HAz 204
Parent Material 199

/

\ P

Horandon-behall

P

= : LBASED  _ s
e B LSO (4

_(a sl SAY R iue®

P“S";Zi‘:: A LOSE |
) . o
I - L . -+ _LZ R

KV Inspection Technician |

S — -t

Customer Representative |

March 14, 2013

Date
.
\Q_!;\ } Date

aan 15 4013




KV

Oakville, Ontario L6L 2Y6

Inspection Services Ltd.

Hardness Testing Report

HT

1486 Wallace Road

Specification — Acceptance Criteria

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

General Data

Customer | All-Weld Company ' Date [ August 8, 2013
Location Scarborough, Ontario P.O. #
R B S Wt R S
Project Vessel Shop Order # 1173 PQ Ser#7474
Procedure | KV HT# 35 Rev.00 Worksheet # 37392
Technician | Frank Marunde HT Certified 4 CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material Stainless Steel
Test Method & Equipment
Technique @ Impact Load — Digital Readout O Impact Load — Optical Readout
Equipment ® Equotip D Impact Device B S ]
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness @ Other. HV
Inspection B -
Description: ¢
N Eer;#-_ - Description of Test Area LI | HAZ WeI;i HAZ — Ll
I ST | Material ) Material
Ser# 7474 N1-wi1 160 147 152 174 160
3 - 9 N3-wW1 220 198 163 180 195
®@wna) | o R 1 -
~ 00
o i N4-w1 159 167 173 164 188
g N5-W1 163 159 132 191 193
N6A Not Ready
5; N6B-W1 175 158 154 175 194
3
* N7A-W1 155 170 152 172 166
N N7B-W1 148 156 135 182 198
§ C1 194 194 171 202 192
| |
KV Inspection Technician Date i August 8, 2013
— 1 Jf — S
Customer Representative | Date

AUG 17 2013




—

KV Inspection Services Ltd.

1486 Wallace
Oakville, Ontario

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

Hardness

Testing Report
HT

Road

Specification — Acceptance Criteria

L6L 2Y6

248 Max

General Data

Customer | All-Weld Company Date August 12, 2013
Location Scarborough, ON P.O. #
Project Shop Order # 1173 PQ Ser#7474
Procedure | KV HT# 35 Rev. 00 Worksheet # 37393
Technician | Frank Marunde HT Certified L4 CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material | Stainless Steel
Test Method & Equipment
Technique ® |mpact Load — Digital Readout O Impact Load — Ocular Viewing
| Equipment @ Equotip D Impact Device B -
Readings Taken O Average of 5 readings ® Average of 3 readings O Other B
Scale O Brinell Hardness ® Other: HV Unit Setting: S.S.
Inspection - o o ]
Description:
tem# Description of Test Area |  Weld HAZ HAZ Parent |  Parent
o —— N 7 | Material | Material
Ser# 7474 c2 159 186 196 162 204
N10-W1 167 170 174 172 169
|- S U A— ;
N14-W1 157 171 167 161 185
R | =
/
— — - £ L‘MSED rrd
forsgtonbetall o __215M_OFF| S ovlk rw
Print|Name: Cl rasz3y)| §A 3
Sighature: (2 lus
Drte: “Ma VELOS!
H— 3 %—‘Hmm T
|
KV Inspection Technician /Z’% ’ Date August 12, 2013
I — .
Customer Representative ‘ : Date AUG 1 4 2013




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 11, 2013
Location Scarborough, Ontario P.O. #
Project Vessel Shop Order # 1173 PQ
Procedure | KV HT# 35 Rev. 00 Worksheet # 36766
Technician | Frank Marunde HT Certified L CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material Stainless Steel
Test Method & Equipment
Technique @ |Impact 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 ® HV
i 2 s Inspection 2%
Description:
i - PENEm IE AR S =
Item # Description of Test Area | Parent Mat'l HAZ Weld HAZ Parent Mat’l
Ser# 7474 N2-W1 177 200 153 180 156
N13-w1 194 183 142 166 166
- ACCE'ED/REVIEWED/RELEASED b 046 |
B for and on beha)f of: G B M - Siedt
Print Name: (L a0 B5Y HWAB .
= = dignat <t I\/\([\ -
Date: b ‘)M L ‘\'/‘7 Velosi
KV Inspection Technician Date April 11, 2013
Customer Representative Date APR 1512613

[B¥]



KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y6

Hardness Testing Report

HT

Specification — Acceptance Criteria

Phone: 905-844-9448 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 ® Hv
—r & R Inspection R S
Description:
Item # Description of Test Area | Parent Mat'l HAZ Weld HAZ Parent Mat’l
Ser# 7474 N13-wi1 201 211 158 161 159
N R e’ Ni3-03%
o Af’{.; + m‘%z LLA-[_()
!':)Lr;junwoi é:; ‘o .‘Sh“trﬂé 046
- Primr ( : —
lS'&VL:unr: 1 N L Ho
S i =1 l&sm
g — / ‘u: oS
Velpsi America LLC
| I
KV Inspection Technician Date April 30, 2013
Customer Representative Date AU 72003
|




KV Inspection Services Ltd.

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

Fax: 905-844-6697
General Data
Customer All-Weld Company [ Date August 8, 2013
Location Scarborough, Ontario P.O.#
— — - _?' - —_ _._I
Project Vessel Shop Order # 1173 PQ Ser#7474
Procedure | KV HT# 35 Rev.00 Worksheet # 37392
Technician | Frank Marunde HT Certified | v CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material | Stainless Steel
Test Method & Equipment
Technique ® |mpact Load — Digital Readout O Impact Load — Optical Readout
Equipment | @ Equotip D Impact Device - ] -
Readings Taken O Average of 5 readings @ Average of 3 readings O Other
Scale O Brinell Hardness @ Other HV
B B B ~ Inspection
Description:

e P ——— N e [T I
 [Fem# G| PescriptionofTestArea | wiaterial _ Material
Spr# 747%% E NBA-W1 197 203 166 183 204

- F == “, I —
ﬁ N8B-W1 173 174 133 172 196
- ld_q_ = = =
° ;'-i o NOA-W1 183 213 133 172 188
LTI I I -
8 N9B-W1 197 197 128 183 192
X 3) 3
3G _
SN § N10 Not Ready
| g o _ o o
N &J N11-W1 183 184 166 186 195
i 55l RN IR E -
%i. g % N12 Not Ready
%Té‘::"__ S . S
gy &7 Skirt L 176 172 132 151 158
[ =N
Skirt Wi 166 178 178 179 192
KV Inspection Technician L %’V/"// ’ Datel August 8, 2013
S .I,., R L B B - __. - —
Customer Representative !T ' [‘Date i AUG 17 2013
) |



KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y6

Hardness

Testing Report
HT

Specification

— Acceptance Criteria

( Phone: 905-844-9448 248 Max
Fax: 905-844-6697
General Data
Customer | All-Weld Company Date August 13, 2013
Location @ KVI, Oakville, ON P.O.#
Project Vessel Shop Order # 1176 PQ Ser#7474
Procedure | KV HT# 35 Rev.00 Worksheet # 37440
Technician | Ed Duitschaever HT Certified v CGSB Reg #515
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 ® Brinell Hardness O Other
B Inspection ]
Description:
% Parent . _ Parent
( item # Description of Test Area Material HAZ Weld HAZ .
{ Fl Material
...\ Flange R S -
Ser# 7474 N12 - C1 183 167 181 169 143
l[_ N12 - C2 157 153 143 171 157
sl

ACCHPTED/REVIEWEL/RELEASED

A ofF

foranfdonbehalfof: 5

o Sijnature: /jfl/t/‘/\ VELO$!
Due fhdd e H Velosi America LLC
- § 7
KV Inspection Technician M Date August 13, 2013
) — — = S
' . WC A\
Customer Representative 1 Date Al
- b1 L2013




KV Inspection Services Ltd.

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

2uy Nax

General Data

Customer All-Weld Company Date August 29, 2013
Location Scarborough, ON P.O. #
Project Vessel Shop Order # 1173 PQ
Procedure | KV HT# 35 Rev.00 Worksheet # 37493
Technician | Frank Marunde HT Certified v 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
v
Scale O Brinell Hardness ® HV
B -~ [ _Inspection N o B
Description:
Item # Descri t_i;n_t—)—f Test Area L HAZ Weld HA_Z— LI
( RN P Material Material
Ser# 7474 MW1 160 167 159 177 211
N11 189 172 155 183 174
R A
N6A 168 180 165 172 186
N12 176 144 138 195 185
N12-C3 182 151 136 155 187
ACCEPTED/REVIEWED/RE]EASED sHeE.
for and on [behalf of: ofbM OFL
== - B i
Print Narpe: 9//\1__2&-&-‘ us®
L I | S 1 signade 220 - ,VE"oil'B
phe Lfgefa Ll deis VlosiAmenad
—— :/‘/
KV inspection Technician /é" Date August 29, 2013
( i e
9
Customer Representative Date EP 0 4 ZUB
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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

General Data

Customer | All-Weld Company Date September 11, 2013 P S
Location Scarborough, ON P.O.# 0o &
Project Shop Order # 1173 PQ S/N 7474 a5
Procedure | KV HT# 35 Rev.00 Worksheet # 37591 E .§
-
Technician | Frank Marunde HT Certified v CGSB Reg#8885 | 9|
Technical Data ~ Hardness Testing (HT) 5
Material Stainless Steel %% ol &)
Test Method & Equipment %2 3/ k:
- RS
Technique ® Impact Load - Digital Readout O  Impact Load — Ocular Viewing \ ?n > é\q
- : s A
Equipment ® Equotip D Impact Device o B R é
Readings Taken O Average of 5 readings @ Average of 3 readings O Other Y
. . Q|
Scale O Brinell Hardness ® HV Unit Setting: 9 Z B
A o Inspection [
Description:
tem# | Description of TestArea | Weld | HAZ | Haz | Farent [ Parent -
Material Material
Ser# 7474
N3 Support Weld # 1 133 170 146 200 132
Support Weld # 2 133 131 125 172 103
Support Weld # 3 149 179 148 171 128
Support Weld # 4 131 155 145 173 142
N4 Support Weld # 1 134 139 158 160 142
.
Support Weld # 2 137 152 165 165 156
Support Weld # 3 108 130 137 168 144
Support Weld # 4 136 121 134 149 132
KV Inspection Technician %?7/ Date September 11, 2013
- TRy S s
Customer Representative (‘ o } Date SLF 162013
0
.

'
b
i



KV Inspection Services Ltd.

Hardness Testing Report

HT

1486 Wallace Road

Specification — Acceptance Criteria

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

Fax: 905-844-6697

General Data
Customer | All-Weld Company Date September 11, 2013
Location Scarborough, ON P.O. # fs o G 3
Project Shop Order # 1173 PQ S/N 7474 . 0o
Procedure | KV HT# 35 Rev.00 Worksheet # 37591 | B>
Technician | Frank Marunde HT Certified e CGSB Reg # 8885 N -§_
Technical Data — Hardness Testing (HT) Sla
Material [ Stainless Steel A fg A
= . g W =
Test Method & Equipment yos
Technique @® Impact Load — Digital Readout O Impact Load — Ocular Viewing Py g &
Equipment ® Equotip D Impact Device \ S\ §§§
o T —Y
Readings Taken O Average of 5 readings ® Average of 3 readings O Other > 3O )
Scale O Brinell Hardness ® HvV Unit Setting: B g g 2
Inspection ai<is’ |
— - - — — — — — —— —_— — — s g = ﬁ_ — ll
Description: 8
. - | Ay | Parent ~ Parent
Item # Description of Test Area Weld HAZ HAZ Material Material
Ser# 7474
N5 Support Weld # 1 130 148 170 170 158
Support Weld # 2 159 165 145 183 151
Support Weld # 3 164 137 146 155 117
Support Weld # 4 152 174 166 154 131 ll
N6A Support Weld # 1 141 131 148 201 202
Support Weld # 2 127 129 142 146 136
Support Weld # 3 142 153 151 141 143
Support Weld # 4 156 160 173 182 134
!
KV Inspection Technician | %’7/ Date September 11, 2013
Customer Representative < Date SEP 1 § 2013
| LA




p—

KV Inspection Services Ltd.

Oa

Phone: 905-844-9448

Hardness Testing Report

HT

1486 Wallace Road
kville, Ontario L6L 2Y6

Specification — Acceptance Criteria

Fax: 905-844-6697

General Data

Customer All-Weld Company Date September 11, 2013
Location Scarborough, ON P.O.#
Project Shop Order # 1173 PQ S/N 7474
Procedure | KV HT# 35 Rev.00 Worksheet # 37591 XN
Technician | Frank Marunde HT Certified o CGSB Reg #8885 ,
Technical Data - Hardness Testing (HT) L 5:':
Material T Stainless Steel 3 N
Test Method & Equipment §\J 4
- K )
Technique ® |mpact Load — Digital Readout O Impact Load — Ocular Viewing < % 3 g-e.
. S SN
Equipment @ Equotip D Impact Device ' < ~%\\\
- o - M
Readings Taken O Average of 5 readings @ Average of 3 readings O Other k
. . 5
Scale O Brinell Hardness ® Hv Unit Setting: gc
T Inspection _ B a
Description:
e - L . " a» | Parent Parent
B .Item # Description of Test Area Weld HAZ HAZ Material Material
Ser# 7474
N6B Support Weld # 1 133 126 134 163 135
Support Weld # 2 155 169 149 175 129
Support Weld # 3 109 143 139 120 185
Support Weld # 4 131 146 158 125 179
N7A Support Weld # 1 130 136 169 142 123
Support Weld # 2 138 151 135 146 142
_ S
Support Weld # 3 100 131 150 133 137
Support Weld # 4 123 148 150 148 145
KV Inspection Technician %"‘"’// Date September 11, 2013
CORA
Customer Representative LD.“ y Date SEP 1 5 701




KV Inspection Services Ltd.

1486 Wallace Road
Oakyville, 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 11, 2013 -9
Location Scarborough, ON P.O.# 0o 3
Project Shop Order # 1173 PQ S/N 7474 R g
Procedure | KV HT# 35 Rev.00 Worksheet # 37591 3’ E 5
Technician | Frank Marunde HT Certified = CGSB Reg # 8885 B
- Technical Data - Hardness Testing (HT) 5351"\ s
Material J Stainless Steel 8?‘5 3\ -
H x5
Test Method & Equipment az? vy
Technique @ |Impact Load — Digital Readout O Impact Load - Ocular Viewing (% h\\_f\-c
Equipment @ Equotip D Impact Device DK ™
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® Hv Unit Setting:
R g PRk Inspection : = | |
Description:
. R . == = = —— |
A Parent Parent
- !tem # Description of Test Area Weld HAZ HAZ Material Material
Ser# 7474
N7B Support Weld # 1 106 132 151 142 134
Support Weld # 2 131 156 141 174 132
Support Weld # 3 141 136 156 182 150
Support Weld # 4 164 128 142 135 124
N8A Support Weld # 1 126 149 170 147 147
Support Weld # 2 147 131 167 159 135
L =
Support Weld # 3 124 117 148 156 121
Support Weld # 4 136 152 172 153 155
KV Inspection Technician %’7/ Date September 11, 2013
' Customer Representative J §‘ C Date SEP 1 6 2013




KV Inspection Services Ltd.

1486 Walla

ce 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 11, 2013 | o8- 3
Location Scarborough, ON P.O.# N QB: 1
Project Shop Order # 1173 PQ S/N 7474 » "L';
Procedure | KV HT# 35 Rev.00 Worksheet # 37591 'ﬂ F )
Technician | Frank Marunde HT Certified . CGSB Reg # 8885 % )
- . =
Technical Data — Hardness Testing (HT) MEBE
i . ) e o - - - [~k I
Material TStamIess Steel el E*
Test Method & Equipment gz:t R
Technique ® |mpact Load — Digital Readout O  Impact Load — Ocular Viewing_ ég\ ? O
Equipment ® Equotip D Impact Device - > B89 \~
Readings Taken O Average of 5 readings ® Average of 3 readings O Other §§ g p u
. . ¥g &4 &0
Scale O Brinell Hardness ® HvV Unit Setting: 52 & 2
= =
o - Inspection _ lax &
Description:
| e s . . x| 4as | Parent [ Parent |
) Item#_ - Description of Test Area Weld HAZ HAZ Material Material
Ser# 7474
N8B Support Weld # 1 133 116 160 152 133
Support Weld # 2 134 147 128 137 139
Support Weld # 3 144 132 154 205 134
Support Weld # 4 151 150 148 129 147
N9A Support Weld # 1 114 137 147 142 121
Support Weld # 2 129 139 174 152 146
Support Weld # 3 117 135 137 168 133
Support Weld # 4 124 151 157 169 141
KV Inspection Technician | /Zﬂ_// Date September 11, 2013
_ \C - S
Customer Representative é \ Date EP 1 6 2013

-6-



KV Inspection Services Ltd.

Hardness Testing Report

HT

1486 Wallace Road
Oakville, Ontario L6L 2Y6

Specification — Acceptance Criteria

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

General Data
Customer All-Weld Company Date September 11, 2013
Location Scarborough, ON P.O.# g b é
Project Shop Order # 1173 PQ S/N 7474 gg g
Procedure | KV HT# 35 Rev.00 Worksheet # 37591 > -
Technician | Frank Marunde HT Certified e CGSB Reg # 8885 R 2
Technical Data - Hardness ‘Testing (HT) i
Material Stainless Steel al=l 19
5 s ] AN
Test Method & Equipment 29 ] 1|
. o o ] =y Y
Technique ® |mpact Load — Digital Readout O Impact Load — Ocular Viewing A '\%b
. o T o (a
Equipment @ Equotip D Impact Device \ NS
R B N
Readings Taken O Average of 5 readings ® Average of 3 readings O Other P ~
Scale O Brinell Hardness ® Hv Unit Setting: a g 5z
Inspection Rz l
— e e = = - = = . & 1
Description: &
T_ _Item# | Description of Test Area | Weld HAZ WAz | [Parent [ Parent
B Material Material
Ser# 7474
N9B Support Weld # 1 134 147 137 168 123
Support Weld # 2 141 151 146 155 132
Support Weld # 3 150 147 129 149 117
Support Weld # 4 137 161 143 180 135
N10 Support Weld # 1 131 137 144 153 109
Support Weld # 2 114 134 144 152 120
Support Weld # 3 134 124 120 145 107
Support Weld # 4 143 165 124 157 134
|
KV Inspectlon Technician L /Z"% S September 11, 2013
Customer Representative I Date SEP 1 52013
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KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y6

Phone:

Fax: 905-844-6697

Hardness Testing Report

HT

Specification — Acceptance Criteria

905-844-9448

General Data

Customer All-Weld Company Date September 13, 2013
Location Scarborough, ON P.O. #

Project Vessel Shop Order # 1173 PQ

Procedure | KV HT# 35 Rev.00 Worksheet # 37593

Technician | Frank Marunde HT Certified L CGSB Reg # 8885

Technical Data — Hardness Testing (HT)

® Equotip D Impact Device

Material Stainless Steel

Test Method & Equipment
Technique ® Impact Load - Digital Readout O Impact Load — Ocular Viewing
Equipment

Readings Taken

O Average of 5 readings

® Average of 3 readings O Other
Scale O Brinell Hardness ® HV Unit Setting:
Inspection
Description:
ltem # Description of Test Area | L arent HAZ Weld HAZ LU
Material Material
Ser# 7474 N11 Support welds
Weld #1 166 131 132 131 121
Weld #2 170 157 128 135 120
i @3
gg : Weld #3 189 130 140 160 115
é g Weld #4 201 182 146 156 130
N R
A é N3 Support welds
AN E
o /13 Weld #1 109 109 114 119 123
R BRI
2% \-(‘ X 3 Weld #2 114 111 153 159 14
SR ¢ :\1
\ X, ] Weld #3 106 125 119 129 143
N ERCERS
Eg g b oy Weld #4 123 147 129 127 119
2825 =
] £
i E & Tailing Lu 121 114 118 142 141
§ E E @A g g
KV Inspection Technician t—--ﬂ‘""':“’“"":" - Date September 13, 2013
el
Customer Representative J Date SEf‘ i 820]3




KV Inspection Services Ltd.

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

HT

Hardness Testing Report

Specification — Acceptance Criteria

Fax: 905-844-6697
General Data
Customer Ali-Weld Company Date September 4, 2013
Location Scarborough, ON P.O. #
Project Vessel Shop Order # 1173 PQ b
Procedure | KV HT# 35 Rev.00 Worksheet # 37496
Technician | Frank Marunde HT Certified i CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material Stainless Steel
Test Method & Equipment
Technique ® |mpact Load — Digital Readout O Impact Load — Ocular Viewing
 Equipment ® Equotip D Impact Device _ S
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness @ Hv
- - - Inspection - - -
Description:
" Wem# | Description of Test Area | P2rent HAZ | Weld WAz Parent
Material Material
Ser# 7474 Lifting lug
0° 162 155 146 174 161
g 8% | 90° 158 159 159 150 162 |
_ ____%gi_ |
> 180° 177 162 153 157 167
L% . i
¥ 270° 162 157 154 149 158
L
i: =t i
i c&\ 2_ a N12 support welds )
[H I r(\‘
3 :..-i ol #1 173 141 150 141 111
i 23 ol
%\ s #2 183 139 136 161 127
N\ RN S It et ttat
% 1\
; #3 169 129 142 139 131
: %_E g:g #4 157 151 129 133 128
FHE M
‘ ’ -
KKV Inspection Technician | e /‘/ Date September 4, 2013
/ T //
" — N
Customer Representative < Date SEP 10 2013




KV Inspection Services Ltd.

Hardness Testing Report

HT

1486 Wallace Road
Oakville, Ontario L6L 2Y6

Specification — Acceptance Criteria

Phone: 905-844-9448

Fax: 905-844-6697
General Data
Customer | All-Weld Company Date September 16, 2013
Location Scarborough, ON P.O.#
Project Vessel Shop Order # 1173 PQ
Procedure | KV HT# 35 Rev.00 Worksheet # 37643
Technician | Frank Marunde HT Certified v 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 o - -
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® Hv Unit Setting:
Inspection - B
Description:
I~ Item # Description of Test Area | L arent HAZ Weld HAZ Sl
- Material Material
Ser# 7474 Item 6/4
Weld #1 193 143 166 170 173
g Weld #2 159 145 143 165 181
4
:d Weld #3 156 172 154 145 192
e Weld #4 170 164 139 170 179
L} ol . |
pu as
ji <& N13 Support Welids
2y
§° = i Weld #1 146 170 133 135 125
~t° o
TS
Ec& i/g 5 Weld #2 151 168 126 150 144
[ WP
N2 B
\ % (&-.\\2 3 Weld #3 160 141 131 166 129
S _,I
g gg Weld #4 162 154 144 132 112
KV Inspection Technician ;;Mm-j{»’ ‘ Date ’ September 16, 2013
L - e ey e
Customer Representative { ‘ Date SEF 182013
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KV Inspection Services Ltd.

Hardness Testing Report

HT

1486 Wallace Road

Specification — Acceptance Criteria

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

General Data

Customer | All-Weld Company Date September 3, 2013
Location Scarborough, ON P.O. #

Project Vessel Shop Order # 1173 PQ S/N 7474
Procedure | KV HT#—35 Re§7.60 Worksheet # 37495

Technician | Frank Marunde HT Certified v 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
Inspection
Description:
n I- o o Parent Parent
tem # Description of Test Area Material HAZ Weld HAZ Material
Ser# 7474 Vortex breaker loose 130 157 138 159 130
S . ~ ———|
oS i o AP ASED e —
e Spols
‘ SAHIE
- Afplus®
| - VELOS!
me——————— B —vegs Amena LIC
KV Inspection Technician %"’7// Date September 3, 2013
&L ]
. Eg-a ) .
Customer Representative 2 Oz' Date AUG 31013




KV Inspection Services Ltd.

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

Hardness Testing Re|36rt

HT

Specification — Acceptance Criteria

Ge

neral Data

L_Cus_toE_ [ AII_-WeId Company }
Location | Scarborough, ON
I_’rojéét ' Vessel

KV HT# 35 Rev.00

-Technician ! Frank Marunde

| Procedure

Date

| Shop Order #

Worksheet #
HT Certified

11173PQ
37496

September 4, 2013

v CGSB Reg # 8885

Technical Data - Hardness Testing (HT)

Material Stainless Steel
Test Method & Equipment
._Tec_hrliq_t_{e | @ Impact Load - Digital Readout O Impact Load — Ocular Viewing
.E.q_l.Ji“pm.e_nt ® Equotip D Impact Device

FRéa_d-i;l-gs Taken

O Auverage of 5 readings @ Average of 3 readings O Other -
Scale O Brinell Hardness e Hv
. : A — - - - |
Inspection _.
= —— —
Description:
. 1 e o | Parent ' “uas | Parent |
ftem # _! Description of Test Area | Material HAZ | Weld HAZ | Material
Ser# 7474 l Item 26/2 174 154 147 229 212
| | [ h -
Item 27/2 182 173 142 175 142
| e
| Item 19/2 155 168 162 147 152
| | R N
| Item 1/7 132 154 139 | 141 176
Item 6/7 182 169 157 172 152
- — | fr—
Item 2/3 114 128 135 | 194 166
- = 1 .} ]
| v pra=. 046
= 1 = e PTAT = J—E_’m‘ NN -
N o2
fof and on bebalf of: So! . YL
- — T — e 2= Arpius®-1
Print Name: (&"\/\ [ VELOS!
Signature: .
e S E— - - — T -1 f—»{;i—,f‘]'—?g—'»)ﬂ/  Welest A -
Mt —A-r Y .
—_— U — - r — — - —
|

KV Inspection Technician |

T o )

Customer Representative (8}

Date

Date

September 4, 2013

SEF 11 a3




KV Inspection Services Ltd.

Hardness Testing Report

HT

1486 Wallace Road Specific

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

ation — Acceptance Criteria

General Data

Customer | All-Weld Company Date September 10, 2013
Location Scarborough, ON P.O. #

Project Shop Order # 1173 PQ S/N 7474
Procedure | KV HT# 35 Rev.00 Worksheet # 37500

Technician | Frank Marunde HT Certified v CGSB Reg# 8885

Technical Data — Hardness Testing (HT)

Material Stainless Steel
Test Method & Equipment
Technique ® Jmpact Load — Digital Readout O Impact Load — QOcular Viewing
Equipment ® Equotip D Impact Device
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® HvV Unit Setting:
inspection
Description:
R Parent Parent
Item # Description of Test Area Material HAZ Weld HAZ Material
Ser# 7474 Item 22/2 to N3 148 170 178 160 129
— 1 - — — —4 - e —
|
v e
=== ACCEP TR REVIEWEDRELHASED ~ a e
for and mthhalfof: SBM oFF S%}O"k
i Prnt Flamds R s s 3
e AN - us
Sivnatung: L — AF‘?I'ELOSI
A I I )
i —_:Q yg,f.]_z,q.a;. Velgsi LLC
V Inspection Technician 7""7/ Date September 10, 2013
Customer Representative <‘\"\C. \\ Date SF
o P12

s



KV Inspection Services Ltd.

1486 Wallace Road

Oakville, Ontario

Phone: 905-844-9448

Hardness Testing Report

HT

Specification — Acceptance Criteria

L6L 2Y6

Fax: 905-844-6697 |

General Data
Customer | All-Weld Company Date September 11, 2013
Location Scarborough, ON P.O. #
Project Shop Order # 1173 PQ S/N 7474
Procedure | KV HT# 35 Rev.00 Worksheet # 37591
Technician | Frank Marunde HT Certified v CGSB Reg # 8885
Technical Data — Hardness Testing (HT) 5
Material Stainless Steel
Test Method & Equipment
Technique ® |mpact Load - Digital Readout O Impact Load — Ocular Viewing .
Equipment | @ Equotip D Impact Device - -
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® Hv Unit Setting:
= — ~_ Inspection —
Description:
Cem# | DescrtonorTestan | wew | waz | waz | gt | et
B em - ption ot Tes Material Material
Ser# 7474 Vortex Breaker 157 161 151 124 145
Name Plate Bracket 151 169 =5 130 151
Davit Bracket 179 165 166 154 146
- L3 = g :wr_cvwmw\sED ‘M—6 —
for and on betlf of: SN N gHoféé_
F———— Prit Name: |4 VP2 CANA
Signature: |__J7 [ Applus®
- Date: |__(/ C . VELOSI
oL Vetod| America LiC
. - _'_.__—.T___. /_.q,"'/
KV Inspection Technician /,_,_ / Date September 11, 2013
r S ___"'___7 3 o T B i o —
Customer Representative f (T\x'\C‘ : Date SEP 1 6 2013




C OMPANY |t I M1 T FD
Lngineers Suiee 1920
NCR No.
NON-CONFORMANCE REPORT N13.038
Order Senal Number Customer NCR Author NCR Date
1173PQ 7474 Utrafab 12-Apr-13
DN
NCR Background
Discovered |Customer AWC Other
By DN
Nature of [Product X System Document Vendor Other
NCR
Description
N13 conn out of level 1.0 degrees max per ASME & SBM spec is 0.5
immediate
Action
NCR Disposition
Decision lchap lRawuk IRepaw X IRolun to Supplier Use As I3 lomu - [Assigned to
Description
‘_Ixs_light heat & jack into position
edo PT&UTNDE 4 HT
Repar £ Cegi ed -
ISee suplimentary file for further Disposition File Name|
Contract Quote Extra Amount AWC Rep |[Notes Dates
Adjustment Submiss
(ECN Only) Approved
X |Approvals Required - (Sign and Date) NCR Approvals
Customer Engineer 1ISO
sk 9 A 12DV Apcrsin | |t
X [Proi. Mgt AP ‘7/, 4 [~ Other -
(Sign and ate) ! Disposition Verification
Dwgs/Calcs Prod-CPS ISO
Purchasing QA M ficy Other -
(‘.g Prod-AWC Al Other -
: Follow-Up Required
‘ ] No Follow-Up Required Corrective Action Investigation Employee Review Other -
Exhibit 9-2 Rev. 3
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Welding Procedure Specification (WPS) CARBON STEEL
o @ Provincial Registration |WP D700.5
@ Company R2363.5/ R2060.5
Sy~ ALL-WELD COMPANY LIMITED 3 Procedure ldentification
Adares 49 PASSMORE AVE. 14 PASSMORE AVE. WPS NO. 1-1 Revision No. 6
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Section IX Date 14 April, 07
Postal Code ( PLANT 1) Postal Cade ( 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 (QwW-402)
Design SINGLE & DOUBLE V GROOVE Backing Materia! WELD METAL
Backing ves o X MOTE  SMAW SHALL BE USED WITH BACKING ONLY
Sketch
o
- 190 75°
A S-S v | ™ —— d | -__\
S/ . ' J A
> vy < > = ¢ «
Tess J—‘T o [ T g [
332m 24132 -—r\ ‘7 332" * 132" 3@2rz 52" ﬁ‘ If 332" x 132" ALL FILLET WELDS
6 Base Metals  (QW-403) P. No 1 Gr.No. 1&2 toP.No. 1 Gr.No. 1&2
or Specifications type and grade
SA-36, 53. 105, 106, 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)
1 AWS No E7018-1H4 RETURN LOW SFA 5.1 F-No 4 A-No. 1 Dia. 3/32" & 1/8"
HYDROGEN - o
2 AWS No E7018-1H4 ELECTRODES TO THE SFA 5.1 F-No 4 A-No. 1 Dia. 5132
3 AWS No E7018-1H4 OVEN EVERY 4 HOURS | SFA 5.1 F-No 4 A-No. 1 Dia. 3/16" & 1/4"
Flux Tradename NONE Electrade Flux Classification NONE
Consumable Insert NONE Other MAX DEPOSITED METAL 1 1/2"
@ Positions (QW-405) 10 Postweld Heat Treatment (QW-407)
Position(s) of Groove ALL Temperature Range NONE
«.eiding Progression UP Time Range NONE
Positionis) of Fillet ALL Other NONE
e NONE




@ Gas (QwW-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{ehea( Maintenance SEE 'OTHER' Trailing Shield Gas Compaosition NONE
ther NONE Other NONE
@ Electrical Characteristics and Technique (QW-409)-(QW-410)
Filler Metal Current
Weld Layer(s) Process — - - Travel Speed Range
Classification Diameter Type Polarity Amp. Range Volt Range
ROOT SMAW | E7018-1H4 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
Hiethod of Back Govging GRINDING OR ARC AIR GOUGING AND GRINDING (
Inilial and interpass Cleaning (Brushing. Grninding, elc ) WIRE BRUSH OR GRINDING
Orifice or Gas Cup Size NONE
Oscillation NONE Width NONE Frequency NONE
Contact Tube to Work Distance NONE
Muttiple or Singte Pass (per side) MULTIPLE
Multiple or Single Electrode SINGLE
Electrode Wire feed speed range NONE

Other

Preheat Reqmrements When weldmg to or together for the thlckness noted below the preheat requirements must be
k preheat to 50° F 1" thick and un 200" F

)

Supplementary Comments

NONE

Company Representative Signature

Registration of this Welding Procedure (Specification plus Qualification Record) is required pursuant to the provisions of Section 36 (1) {- l\\_

m&f{i&w

Date 14 April, 07

Robert C. Bentley C.

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

P




! ‘."_ I.,
v

.Ministry of Boilers and Tel. (416) 965-4121 400-iJn|versstyAvenue
]7 JToromol".‘Dmano
Consumer and  Pressure Vessels M5G 185 *
: Commercial Branch S A, |
Ontario  Relations Technical Standards Division

COPY

PROCEDURE QUALIFICATION RECORD

: PQR =1 oo APR 23,1979

//s‘é?a 4-‘7 PA ss/ums AVE SCHRBoA’oq‘/f Mv 47/

ALL-WELD COMPANY LIMITED
{Manufacturer)
Weld Proc. Spec. Ng, sW-PS I" ' Weld Process(es) <, Aot Types
Eif {Manual, Automatic)
JOINTS (QwW-402) BASE METALS (Qw-403)

[ 4
\( 75 5/ Material Spec. Carbon Steel

Type or Grade SA53 GR.B

S . \ / ? P No. 1 to P No. 1
_L Thickness 2432 "
;/ —.'“1— f—— %6 Diameter 6" Pipe
roove i e ﬁ# A oD
B o et B S Rl

FILLER METALS (Qw-404) POSITION (Qw-405) T
Weld Metal AnalysisANo._____ A] SRS — Position of Groove All ~
Size of Elsctroda—mz_ lLB_, Weld Progression _ up i e
Filler Metal F No. S F4
SFA Specification . | Other _ N/LA
AWS Classification E7018 PREHEAT (QW-408) j
Other = _N./ A — Preheat Temp. "N‘BNE" 50 F UUQ¢7

, ! Int;arpnsa Temp. N/ A

‘ Other ; N/ A T S

POSTWELD HEAT TREATMENT (QW-407) GAS (Qw-408)
Temperature None Typs of Gas or Gases N!A
Time ___ __N.ZA Composition of Gas Mixture N!A
Other N/A Other = M R
ELECTRICAL CHARACTﬁRISTICS (Qw-409) TECHNIQUE (Qw-410)
Current S ) | g e String or Weave Bead _S'grl_ng —
Poarity_____ Reverse | OsciMtation __ __ N/A
Amps.___12(}-150 ___Voits . 2224 Muirtipass or Single Pass Multipass } =
Travel Speed },\[LA,_ C% i N magPer e £
Other N/L . Single or Multiple Etectrodes § lng le,_ S—— = gﬁi




TENSILE TEST (QW-150) /—‘ﬁ?/i’—‘(

ULTIMATE ULTIMATE CHARACTEP
S"Eﬁ(')MEN WIDTH THICKNESS - AREA TOTAL LOAD UNIT STRESS FAILUF: 7
. LB, PSI LOCAT! |
13-47-T1 0.759 0.367 0.279 18,950 67,900 Pareft, .1
13-47-T2 0.773 0.359 0.278 18,600 66,900 pa"“';}t! 1
GUIDED BEND TESTS (QW-160)
N | ;
Tyre s Tere s
FB 1 Safisfactory 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 e -
~ % SHEAR MILS BREAK NO BREAK
s el L e i e — ¢
B I } _ - < B
iy SESEEREE, L
Type of Test _ _ = . S
Deposit Analysis___ ki . wEE
Other e S _ _
Weld Test Witnessed By Tensile Test Made By_Vern W. Jones C.E.T.
Authoriged_Inspector
H.L.P. 1 l']z.egi'l'ts:pe _ Laboratory Test No. 282-0170

Warnock Hersey Professional Service L

We certify that the Statements in this record are correct and

he test welds were prepared, welded and tested in accordance
BOILERS AND PRESSURE VESSELS BRANCH \t/vithtA;ME Boiler an,;:i PF:essure Vessel Cod:e Stection IX.
ACCEPTE D

igned_ALL-WELD COMPANY LIMITED
Signed_ALL - WEL ANY L
W.p, No,D"?.QQ: -;:u--.P..!.?, .E.H.?.P' ane (Manufacturer)
Date........ ... I2:2:28 2 i % C%' —
Excuninel- ..................... - By AL ; /Q\—)
MINISIRY OF COMSUMER & Commengpy poy e by { on) ghclntyre,

RELAT, :
PROVINCE oF ONTARIO o Q.A. Supervisor.




T mnnsuy s lnn:.olwlv we a rigoourw | - T
? Consumer and Consommation Vessels - des spparslis « -iRésultat de: méthode de soudage (RMS,
Commercial et du Safety sous pression Co e y e e
.Ontario Relations Commerce Branch ) g bt SO
o . (Reference: ASMé Section IX/Référence: ASME, Secllo;v Ii()
Provincial Registration WP .
\ - Company/ Entreprize @ Enregistrement provincial mZK 23635
. «alN®/ Nom g

ALL-WELD COMPANY L/M(TED

Address/ Adresse
PASS MORE _AUVE

Record identification/Désignation du résultat

®

SCARBOROUVUGH ONTARIO

4

Postal Code/ Code postal
M WY Tl

PQR No.
RMS N° 1-A
mE | Al

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

@

®

Type s °
b SMA W MANUAL 7
2 Type
3 Type !
N * P
@ Base Metals/Métaux de base (Qw-403) .
P No. t GrNo. | &2 tla PN | arn | +2 3/32.3"/32!, ! 3, «+ .
-§peciﬁcationl Spécification Tensile/ Tension — T 32 - /32
SA-Sle-6R 70 70, 000
SA -S5l-GR70 70,000 Groove Design used/ Croquis du joint utlfisé
Thickne . Dianteter/ Dlamd!re Postwald Heat Tresiment/
Ep':lsse?; '/ o Traltement thermique postsoudage (QW-407)
Other Temperalure
Qrer Mo SINGLE PASS T0 BE GREATER THAN 2" 7K| | Temodrare NONE
fr_;\ Fliler Metals/Métaux d’apport (QW-404) il S —
- Other
\ Ctassification (AWS) SFA-No. F - No. A - No. Autre —
E72018 5.1 - l G Gas/Gaz (QW-408)
Shielding Gas Composition
Composition du gazp de protaction NONE
Gas Flow Rate u
. Débit du gez —
Oth . Backing Gas Compositi
Aulraer MAX DEPOSITED M ETAL GQUALIFIED '/z' Cofn;;;.gslllonsdu gapz éoors‘oullen —_—
® ' Positions/Positions  (Qw-405) il ndlieg —
[Position(s) of Groav Oth .
Pos;l;on(:) du icrunr ¢ I G Atlmeer —
Welding Progression u
Prggre.?slo;logru sc;udage Montant L ngg‘wa,,, O @ Technique/ Technique  (QW-410
Other String or Weave Bead
Autre Cordon drait ou osclllant STRING
O) Preheat/ Préchauffage (Qw-406) o N/a _
Preheat Temperalure Muiti Single Pass (per side)
Temperature de puréchauﬂage S50°F MIN, Pal.:zs'g 8331:1;9 ozgmunlple ('Zm', scéleé) MULTIPLE
Interpass Temperature Single or Multiple Electrod
Température de Iinterpasse SSo°F MAX Eleglmde unlq:?a ou multlp?a SINGLE
Other Other
Autre Autre
@ Electrical Characteristics and Technique/Caractéristiques électriques et techniques  (QW-409) + (QW-410)
Fitler Metal Courrent ’
W?;';’,,éf,'lf;,‘” Process MINE aisepod Courant Travel Speed
de soudure Procédé Classification Diameter Type Polarity Amp Volt Vitesse
|~ Diamatre Type Polarité Ampérage Voltage
L AT SMAW E?018% f/g" Dc RP /0D ~]50 22-2¢4 7-/0
[ ] .
FILL SMAW E7018 Yg pe | RP /ov-1S0 | zz-24 | 7-/0

@




@

@ Tanslle Tests/Essals 3 Ia traction R il
g@mens'gons Character and Location
Specimen poasions Area Ultimate Total Load Uttimate Unit Stress of Failure
Eprouvette Width Thickness Surface Charge limite Contrainte limite Nature et endroit
Largeur Epaisseur de la rupture
Tl 0,748 |o0-243 |0.1818 IS c40 8o o466 FRACTURED /1
T2 0.757 |o.242 |o-1832 15670 85538 BASE MET)
@ Guided Bend Tests/Essals de pllage guidé :g;g{::gg :
ecimen Face Root | Side Resuit ecimen Face Root | Side Resuit
rouvette Face |Racine | Coté Résuhat rouvette Face |Racine| Cdté Résultat
Sl V7 ACCEPTABLE sz [ V| | ACCEPT /A ELE
sz v Acc & PTAHELE s v ACCEPTAZCE
Toughness Tests/Essals de réslilence P horance
Specimen Lateral Expansion Drop Weight
ecimen Noéch Location Nﬁ_ptch Type Temperature Inél’[;acl.Valua Expansion latérale Essai en chute libre
prouvette adininde orme de Température ergie de Shear Mills Break No Break
UL UCELL de I'éprouvette W) % cisaillement |  Millldmes Cassé Non cassé
(
(D) Fillet Weld Test/Essai de soudure d’angle e bt
Result - Satisfactory Yes No Penetration Into Parent Metat Yes No
Résultat salisfaisant Oui O Non 0 Pénétration dans mélal de base Oui g NanD
Macro - Resulls
Résultats macroscopiques
Other Tests/Autres essais v Lo bl
Welder s Name Stamp No.
Nom du soudeur (SSA BKAYLEH e dep syrgrbofa Az

T ducted b
O s oftectuds pyw CAMBRIDPGE MATERIALS TESTING ¢T-D Essai dp-taboratoire/n

Essals efectuds par

Laboralory Tesl. No-- 2S5 2,+ - Iq 9.c

We certify that the statements in this record are correct and that the test welds were prepared, welded and tested in’ apc:urdmce with ‘the
requirements of section tX of the ASME Code Y

Nous certifions que les rsnseignements concernant ce rdsultat sont exacts et que les essais de soudage ont élJ préparés
soudés et exécutés conlormément aux exigances de la section 1X du Code ASME. '}

¥

[

J

gg:gﬁlarx Representative s % %{ﬂu’l g:;g 27 J-dNE 4925

Signature du représentant de

@

Department Use Only/Réservé au ministére

l'entreprise e 3
J LS W P- R.Zsm.,._

R oo s” JUAMB. 2. 7/ TS :::ssz::/{{/ | 2 0§63

Record ventfied on

Inspeclor

Résultats vérifiés le M Y / 7/ ?:r- Inspecteur

) BNl



¥ s assarani e | meas e

- T S i W WSSl w SR EY P EWWWM L

(Wl Censumer and  Consommation Vessels  des sppareils z :R‘wﬂat de. métnado de soudagc (nm
Y/ Commercial et du Safety sous pression :
Ontario . Relations Commerce Branch : . S § . r"’f*
- (Reference: ASME Section IX/Référence: ASME, Sectlan IX)
Compan Provincial Reglstration wP g 060 5 )
= 2 £ Y/Entrep i @ Enreglstrement provincial | MS, Z 2
iy Nom e
. A LL - WELD OMFPANY LTD J(®  Record identification/Désignation du résultat
Addrass/ Adresse A
m‘s Lq PASSM ﬁE AVE PQR No. '
e : AMS N° 78
SCARBOROUGH ONTARIO WPS No. 78 -1
4 Postal Code/ Code postal | |.OMS N° =
- CANADA My LVIAIT LG € Ko o
@ Weltding Procougfu)]Procéd“s) de soudage e el
. 1 Type
a SMAW MANUA L
2 ; Type |
i
K Type
3 R F L
@ Bagy Flietals/Métaux de base (Qw-03) | /
P e ! or BE) g2 wia PN | GrN | g2 /(\_,k— Yie "1k "
Spdcification/ Spécific:Blon Tensile/ Tension
©0°
SA-S5l/c-6R 76 To 7q000
SA - é 16 6 R 7 0 7 0,0 Vo Xo) Groove Design used/Croquis du ]olnt'ulillsé.
Thickness | : Diameter/ Diamatre Postweld Heat Treaiment
Epgls:zz: | ’/ 2" —— Traltement !hermlqu:' ;oa/tsoudnga ({Qw-407)
Other - : Temperature
Autrer No sivelE PASS 7D BE & EREARTER THAM IZz‘h; Température NONE
Ty Fliler Metals/Métaux d’apport (Qw-104) Tme. _—
i Classification (AWS) SFA-No. F - No. A - No. Opndr —_—
E7018 Sl o | D) Gas/Gaz (Qw-408)
“Shielding Gas Compositi
Corﬁpogglonazu gazp‘t)lse l::’7"lulecli¢7n NONE
Gas Flow Rate I
Débit du gaz ]
Other Backing Gas Composition u
Autre Composition du gaz de soutien T
Positions/Positions  (Qw-405) ggt?/f?: gﬁaaita — s
Position(s) of Groove Other ——
Positlon{s) du joint l G Autre
Welding P i o U 0
Progression tu soudage Montant 1 Dosgenaat 3| 1G2) Tethnique/ Taghnique (w448
Oth Stri Weave Bead
Allllre; Cc:rz%no;mi?at;l: oscillant STRIN &
® Preheat/ Préchauffage (Qw-106) 8:2};}:};33 N/A
Prehseat T Multipass or Single Pass (per side)
ngn:::ar«;':‘?em;.v‘féechauﬂage S50° F  AMIN Pal‘s;epa:nlqua ou multiple (par cdtd) MULTIPLE
Tnt T 1 sl "Multiple Elsctrod :
Tr;’a,;ggls;w:n;geza”:;e’passe 350° MAX Elgg:?odog unl;qgeeou ?r(r:ump?e SINGLE
Other Other
Autre - Autre

®

Electrical Characteristics and Technique/Caractéristiques électriques et techniques

(QwW-409) + (QW-410)

Filler Metal Courrent
W?;'guc",‘;“g’fs'}s’ ,l:’rocgss Ifle'lal d'apport - Courant Trave! Speed
de soudure océdé Classification g;:;‘g:fe' gs: 53;333 Am:‘;'}gge Vo\ﬁ)al;e Vitesse
A lsmaw | B 70/8 g | Dc RP 720-120 20-22
b N | F— —_ 316 Ml | W 200-275 22-24

@




LT s

(3 Tanslle Tests/Essals 3 la traction [irpbiasss .
Dimensions Character and Location
Specimen Dimensions Area Ultimate Total Load Ultimafe Unit Stress of Failure
Eprouvette Width Thickness Surface Charge limite Contrairte fimite Nature et endroit
Largeur Epaisseur . de la ruplture
: P ERACTUREDT i
T! 0.715 | 1.487 |1.0682 | 84700 79 661l R TMET
§ cms 8 L ERACTUEED .
T2 0.726 | 11484 |l.0774 | 86280 8008% " |gAsE mETAL
@ Guided Bend Tests/Essals de pliage guidé flierence:: : L '
ecimen Face Root | Side, {, . Result ecimen ;| Face- Raot 'Sldy.! TR Rasult
prouvette Face |Racing] Cété | > Résultat prouvette '| Face |Racine cad Rdsultat
sl V' | ACCEPTABLE 53 l/\ ACCEPTABLE
sz I /| Acceprasce sS4 A | Accerrasce
- Tolflghness Tests/Essals de résilience R 1 v ';( : ol o
i Lateral Expanstion Drop Weight
ecimen Noéct; LP‘%““ NF‘-“Ch T&PB 11 Tgs,:‘;::&?e I?pact V:llue Ex:ar:alon Iarérld’(f Essal en chule libre
ft ndroil de orme de N grat nergie de i it Break
prouvette rentaille rentaille . dge;'!' p%au%?m ruplure o ci?;ﬂl:rmam Ml’lﬁlgn:':ﬂs C:?;:d "}3, ?:':?ské
< ]
L . . - N
D ' b ‘\\. \
- - \
b |
[ _‘\ i
G VRN EN—
\ [ ’.:
LY S .
— \\.
[ | 5-
Y iy Reafarence: = w 3
@ Fillet Weld Test/Essai de soudure d’angle Rétérence: b ' 3
Result - Saisfacl Y N Penetrat Parent Metal Y No [
Rézzllal saril.:I:is:r?rl O?; D Ngn D é:?gggg :jn:s ;rggt' d:l%ase O?l? D Ngnr'-:I
Macro - Results
Résultats macroscopiques
Other Tests/Autres essais Rarerarcal
\
Weld N ! Stamp No.
. N:m ec;us soir::ur K ELNI N R.AM N A TH N° dapsy:rbola 3 ‘{.
T ductid by 58
Eoss ofteciuds par _CA \ DG E__MATERIALS TESTING LTD .

ared, welded and tasted rfance w}!h.’\ﬁa‘m_-\

We certify that the statements in this record are correct and that the test welds were prep
requirements of section IX of the ASME Code.

DN

ncernant ce résultal sont exacts et que les essals de soudage ont iime

Nous certifions que les renseignements co
ode ASME.

soudés et exécutés conformément aux exigences de la section 1X du C

Roloot C Bl

Department Uss Only/ Réservé au ministére

I 26/75~ 742
oo )/ 7S ,::zsz:zz’,%/f,/

k5,
$parés, I R

.

{

Company Representative’'s
Signature
Signature du représentant de

I'entreprise

Samples Welded on
Pidces soudées le

Record verilied'on
Résuttats vérifiés le

inspector
Inspecteug”




Welding Procedure Specification (WPS)

D IRV W

CARBON STEEL

Customer
Work Order # @ Provincial Registration WP G186.5
mO Company
L it ALL-WELD COMPANY LIMITED Procedure identification
aadress/ 49 PASSMORE AVE. 14 PASSMORE AVE. WPS NO. 2.1 Revision No. 4
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Sectlon IX Date 14 April, 07
Postal Code ( PLANT 1) Postal Code ( PLANT 2) PQR No. 9
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 Material WELD METAL
Backing Yes No X Other NONE
Sketch
75° : 1
s (9
+5° —15° ,,,50_15
_Jp_
' 3’32"*"32" —al |(—3:32“*1f32" sz 132" —al |(—3f32'-+1nz" ALL FILLET WELDS
Base Metals (QW-403) P.No. 8  Gr.No. 1 to P,. No. 1 Gr.No. 1&2
or Specifications type and grade
SA-240, 304, 304L, 316, 316L & 310 + 321 to SA-36, 53, 105, 106, 181, 234WPB, 285 & 516
or Chemical Analysis and Mech. Prop. NONE
Thickness Range Qualified Total 1) 3/16"to 1 1/2"
Other 1) NO SINGLE PASS TO BE GREATER THAN 1/2"
@ Filler Metals (QW-404)
1. AWS No E309-16 RETURN ELECTRODES | SFA 54 F-No 5 AN 8 Dia. 3/32" & 1/8"
2. AWS No. E309-16 TO THE OVEN EVERY 4 | SFA 5.4 F-No 5 A-No. 8 Dia. 5/32" & 3/167
3. AWS No. HOURS SFA F-No A-No. Dia.
Flux Tradename NONE Electrode Flux Classification NONE
S Tut L NONE L) MAX DEPOSITED METAL 1 1/2"

Q Positions (QW-405) 10) Postweld Heat Treatment (Qw-407)
{_ F‘o1sition(s) of Groove ALL ‘Temperature Range NONE
\ Welding Progression UP Time Range NONE

Position(s) of Fillet ALL Other NONE

Other

NONE




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

Method of Back Gouging

GRINDING OR ARC AIR GOUGING AND GRINDING TO SOUND METAL

(

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

WIRE BRUSH OR GRINDING

Orifice or Gas Cup Size NONE

Oscillation NONE Width NONE Frequency NONE

Contact Tube to Work Distance NONE

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

Multiple or Single Electrode SINGLE

Electrode Wire feed speed range NONE

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

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

©)

Supplementary Comments

NONE

Company Representative Signature

this procedure, is altered.

LA

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

Date 14 April, 07

(

-~



o ——

Ministry of

Boilers and

Tel (416) 965-4121

400 Universily Avenue

W Consumerand Pressure Vessels MG 1S5
Q Commercial Branch S .

ontario  Relations Technical Standards Division ' ' " "

. z PROCEDURE QUALIFICATION RECORD

T
PQR-2
Date_December 1,1981

All-Weld Company Limited ... __ . __ 49 i

{Manufucturer)

Weld Proc. Spec. No. P8XP1xF5S Weld Process(es) ____SMAW

(Address

. TYDOS_W————
o ' anusl, Automatic)

JOINTS (QW-402)

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

tyo o Grace___ 304 & C.S.
P No. 8 to P No. ]
. . Thickness 3/4"
« %& _‘_’l l‘_ —_— 3/3 2 Diameter ___ FLAT
Groove Dasign Usaed Other _NFA /
ek Yot LY
FILLER METALS (QwW-404) POSITION (QW-405)
Weld Metal Analysis A No. - A8 Position of Groove __ F LAT
Size of Elecrrode ___1/8 X 5/32 Weld Progression N/A
{Uphili, Downhill)
Filler Metal F No. F5
SFA Specification____SFA 5.4 Other
AWS Classification ___E308-16 SR PRE'HE AT (QW408)
Other N/A Preheat Temp.___ o O° F._™Miw
Interpass Temp. 33S0°F tMMax
Other N/A
POSTWELD HEAT TREATMENT (QW-407) GAS (QW-408) - \f‘
Temperature N QNe Type of Gas or'Gases NT/}_ )
Time N/A Compopjtion/of Gas Mixture _N/A - Q\S’
Other N/A Other v'a 7 N/A N
ELECTRICAL CHARACTERISTICS {(QwW-409) TECHN(QUE (QW-410) w\
r Current D.C String or !.A.Ieav‘o Bead - ., STI_!ING
| Polarity REVERSE : o.cm,;.o,,_'_'ﬁ N/A -
Amps. 120 Volts 25 Multipnt. or- Siﬁglp\Pau MULTIPASS
Travel Spesd 7-10 1pPM ' (p"'“df) N
Other N/A Single or Muitiple Etectrodes SINGLE ___ {aa \

NS NS UESNRE SRS M e



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 .1 .755___ _ . _.370 __!.280 _ ﬁwm_mmt
_AW=7-6___|_.755_ | _.350 | .264. 63,000 P
GUIDED BEND TESTS (QW-160)
YPE AND TYPE AND
FIGURE NO. RESULT FIGURE NO. RESULT
AW-7-1 SATISFACTORY AW=7-=3 SATISPACTORY
AW=7=2 _SATTSFACTORY =7= |__SATISPACTORY
_ TOUGHNESS TESTS (QW-170)
SPECIMEN NOTCH NOTCH |  TEST IMPACT LATERAL EXP. DROPWEIGHT
NO. LOCATION- TYPE" TEMP. VALUES
% SHEAR MILS BREAK NO BREAK
I |
@)

Type of Test

Deposit Analysis

Other __ . __ _

rk
Authorized Inspector

Weld Test Witnessed By Tensile Test Made By The - Warnock Hersey Co.- Ltd

Laboratory TestNo.__7735/TP63/TP96

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

Ontario

sioneDs T
DATE! /7.1 2- B/

Signed D
Y RE@HSTERED o anutacturer
* "\ UNDER THE AUTHORITY OF THE BOILERS ¢ C - ( j
A . AND PRESSURE VESSELS ACT _ By _ N
i WpS.: G/86'5 R. 4 ZMCINTYRE

Q.A. SUPERVISOR/




1

Welding Procedure Specification (WPS) STAINLESS
Customer
Work Order # @ Provincial Registration WP T4628.5
D Company
amel ALL-WELD COMPANY LIMITED @ Procedure Identification
nadress/ 49 PASSMORE AVE. | 14 PASSMORE AVE. WPS NO. 3.4 Revision No. 1
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Section IX Date 57 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 Material WELD METAL
Backi Y N Oth
acking es o X er NONE
Sketch
75° e 75°
K _._50 — 150 + 5°
4
40 7
— T e 1
"4 " L] [ 1] L] Ll
ALL FILLET WELDS
6 Base Metals  (QW-403) P.No. 8 Gr. No. 1 to P.. No. 8 Gr. No. 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

Totat 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 FNo 5 A-No. 8 Dia.  3/32"

2 AWS No. E316L-16 | TOTHEOVENEVERY 4 | SFA 54  F-No 5 A-No. 8 Dia. 1/8" 5/32"
3. AWS No. E316L-16 HOURS SFA 5.4 F-No 5 A-No. 8 Dia.  3/16"

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
Jelding Progression Horiz and Flat for Impact Use / Up non impact use ime Range NONE
Position(s) of Fillet ALL Other NONE

Other NONE




@ Gas  (QW-408)
Preheat (QW-406) Shielding Gas Composition NONE
Preheat Temperature Min. 50°F Gas Flow Rate NONE
iterpass Temperature Max. 350° F Backing Gas Composition NONE f
Preheat Maintenance 50° F Trailing Shield Gas Composition NONE :
Other NONE Other NONE
{_\
\12j Electrical Characteristics and Technique (QW-409)-(QwW-410)
Filler Metal Current
Weld Layer(s) Process —_— - - Travel Speed Range
Classification Diameter Type Polarity Amp. Range Volt Range
ROOT SMAW 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 165-195 20-25 4"TO 8"
Heat Input ( Per QW-409.1 ) = 45,000/ in Maximum
I
Per QW 409.1 only 3/32 ' and 1/8 " Electrode used for Impact welding
| | |
Tungsten Electrode Size and Type NONE
Mode of Metal Transfer for GMAW NONE
String or Weave Bead STRING

Aethod 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 Widt NONE Frequeney NONE
Contact Tube to Work Distance NONE

Multiple or Single Pass (per side) MULTIPLE

Multiple or Single Electrode SINGLE

Electrode Wire feed speed range NONE

Other

©,

Supplementary Comments

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

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

Company Representative Signature

Eollud Bt

Date 27 March, 2013

Robert C. Bentley C.E.(;m)
Registration of this Welding Procedure (Specification plus Quaiification Record) is required p ant to the provisions of Section 36 (1) L
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 (2) Provincial Registration  [wp
Name / ALL-WELD COMPANY LIMITED
FrrT—y 3 Record Identification
49 PASSMORE AVENUE
SCARBOROUGH, ONTARIO TWES No
Postai Comla [ 3-3B
MI1JV]4]TI[1
@ Welding Process(es) @ Groove Design used
1 SMAW Type MANUAL o
2 Type v 75 ~
3 Type ’50 —15°
(s) Base Metals (QW-403) l% | %'
PNo. 8 GrNo. 1 to P.No. 8 GrNo. 1 , ] f
Specification Tensile 332"+ 432" _)l L_ . .
SA 240 316 75000 m2rim2
Thickness 13/4" Diameter Postweld Heat Treatment /
Other NONE Temperature NONE
@ Filler Metals w-os) | "™ NONE
Classification (AWS) SFA-No. F - No. A - No. Other NONE
E316-16 54 5 8 (1) Gas (Qw-08)
Shielding Gas Composition NONE
Gas Flow Rate NONE
Other NONE Backing Gas composition NONE
Positions  Qw-405 Gas Flow Rate NONE
Position(s) of Groove 2G Other NONE
Welding Progression Up D Down D @ Technique (QW-410)
Other NONE String or Weave Bead STRING
@ Preheat (Qw-406) ol NONE
Preheat Temperature 50°F Multipass or Single Pass (per side) MULTIPLE
Interpass Temperature 350°F Single or Muttiple Electrode SINGLE
Other No single pass greater than 1/2 " Other NONE
@ Electrical Characteristics and Technique (QW-409) + (QW-410)
“Filler Metal Current
L IE ] Classification Diameter Type Polarity Amp Voit LR
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 EREncy l
Specimen Dimensions in Inches Area Ultimate Total Load Ultimate Unit Stress | Character and Locatio'-.‘
P 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
128 0.755 " 0.905 " 0.683 " 57,283 84,000 JHELD ZONE. 8 T2A. 78
T5A 0.753" 0.842" 0.634" 52,974 83,500 L 0 ApucTie
T5B 0.755 " 0.790" 0.596 " 50,353 84,500 |MANNER
@ Guided Bend Tests Reference:
Specimen | Face | Root | Side Resuit Specimen | Face | Root | Side Result
S1 X ACCEPTED s3 X ACCEPTED
S2 X ACCEPTED S4 X ACCEPTED
Toughness Tests Reference:
Specimen Notch Location Notch Type TSpecimen Impact Value Lateral Expansior'm Drop Weight
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 -Ibf 100 44
3 Weld ( 1/6" below ) V Notch -50 F 49 ft -Ibf 100 37
1 HAZ V Notch 50 F 125 ft -Ibf 100 58
2 HAZ V Notch 50 F 127 ft -Ibf 100 66
3 HAZ V Notch -50 F 114 ft -bf 100 50
1 Weld ( 1/4" below ) V Notch -50 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
@ Fillet Weld Test reterancy
Result - Satisfactory Yes I:l No |:| Penetration Into Parent Metal Yes I:l No i—‘
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

@ | Technical Boilers and
Company Representative's Signature Standards pae 0f3
ROBERT C. BENTLEY,C.ET. i g
© o | Authority Safety Program
21 Department Use only DOATCTTED TS
Samples Welded on Inspector I-\-l-.-tu AV K “‘\Lf :J
WP-T&4258-X {
IRecord veriﬁEd on lnspedor | 5 ."vt P‘ Sl: nom.mlam«.aomom.tﬂ‘u __]
WpS: 3-3B P92 26 . 2013
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STEEL
Customer
Work Order # @ Provincial Registration |WP R3578.5, R4056.5
l @ Company R7674.5, D852.5
fiome! ALL-WELD COMPANY LIMITED (3) Procedure Identification
adaress/ 49 PASSMORE AVE. 14 PASSMORE AVE. WPS NO. 9-4 Revision No 7
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Section IX Date 09 April, 13
Postal Code ( PLANT 1) Postal Code ( PLANT 2 ) PQR No.
MAV-4T1 M1V-2R6 9, 9AB, 54 & 105
4 1 GTAW Manual | X Semi-auto. Auto.
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints (QW-402)
Design SINGLE V GROOVE Backing Material WELD METAL
Backing Yes No X Other NONE
Sketch
o
N 75 /
< +5° —15°
%1?
332" +1J32 _’4 L_3f32"+1’|32"
ALL FILLET WELDS
Base Metals  (QW-403) P.No. 8  GrNo 1 to P,. No 8  GrNo 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"TO11/2" NONIMPACT  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 59 F-No 6 A-No. Dia.  1/16"
2 AWS No. ER316L Product Form - Solid SFA 59 F-No 6 A-No. Dia. 3/32"
3. AWS No. SFA F-No A-No. Dia.
Flux Tradename NONE Electrode Flux Classification NONE
Consumable Insert NONE Other  mAX. 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




N Gas (QW-408)
@ Preheat (QW-406) 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% i-,_
Other NONE Other NONE
@ Electrical Characteristics and Technique (QW-409)-(QW-410)
Filler Metal Current
Weld Layer(s) Process —— - - Travel Speed Range
Ciassification Diameter Type Polarity Amp. Range Volt Range
ROOT GTAW ER316L 116" 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 7-8IPM
FILL GTAW ER316L 1/16" DC SP 110 - 140 8-14 7-8I1PM

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

Viehod orBeck Gouaing 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

1/2 TO 5/8
Osciliation NONE Width NONE Frequency NONE
Contact Tube to Work Distance 12 TO 3/4
Multiple or Single Pass (per side) MULTIPLE
Multiple or Single Electrode 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

Cpae

. Company Representative Signature Date 09-Apr(

@gﬂ/ .
~  Robett C. Bentley C E.T.

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

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




Ministry of Boilers and

Consumerand Pressure Vessels
Commercial Branch

Relations?- : Tépchnical S@ndards Division

EEA
i

PROCEDURE QUALIFICATION
WL,

Tel. (418) 965- 41P1"-‘ Teer o 400 University Avenue
PRRESA:: ‘- Toronto, Ontario
[

7 £ MG 485

’l'.l:;'

. 17807 16- py 307

r/1

RS NIE]
RECORD Ho

Date. October 10, 19°
] a/i5/90 49 PASSMORE AVE, SCARBOROUGH, ONTARIO M1V 4T1
. {Manufecturer]. - (Address) °;7 -
Weld Proc. Spec. No. | wPes 9- I Weld P[ocess(es) GTAW TypesJJANH Al
DS, 5»- . . (Manual, Automatic)
JOINTS (QW-402) BASE METALS (Qw-403}
. Materis! Spec. SA 312
YZI‘?/ Type or Grade I04 Stainless_Steel
i I P No. 8 to P No, 8
\ / z y Thicknass -218
' i V/L ——>-I l‘* ‘—_— '//6 Diameter 2" Pi pe
( Groove Design Used Other N/A
\ 0 a1 .- =
FILLER METALS (QVIV-404) POSITION (QW-405)
Weld Metal Ansjysis A twlo. ﬁ8_, Position of Groave ALL POSITIONS
Size of Electrode 3/32 Wald Progression UPHILL
{Uphilt, Downhill)
Filler Metal F No. é
SFA Specification . 5.9 Other N/A
|+ AWS Classification ER316 PREHEAT (QW406] o
Other N/A Preheat Temp. N/A
Interpass Temp. N/A
} l\ ‘ Other N/A
'_;OSTWELD HEAT TREI\TME:\IT {Qw-407) : GAS (me) ]
Temperature ‘ ' N/‘N Type of Gas or Gases ___ ARGON
Time N/A Composition of Gas Mixture . U,/A i
Other N/A Other N/A
1 . B . S e e
ELECTRICAL CHARACTERISTICS (Qw-409) TECHNIQUE (QW-410)
T Current D.C. String or Weave Bead -STRING
Q’alaritv STRAI GHT Oscillation N/A .
.' Amps. 110-140 Volts Multipass or Single Pass MULTIPASS
\ . [per side)
Travel Speed 7" - 8" I.P.M,
. Dither N/A Single or Multiple Electrodes _ 9 INGLE




TENSILE TEST (Qw-150) /~@A-9
SSEEIE ULTIMATE ULTIMATE CHARACTER OF
N WIDTH THICKNESS AREA TOTAL LOAD UNIT STRESS FAILURE &
g LB, PSi LOCATION
TS-1 494 192 0948 7830 B2600. MEJ!
TS-2 818 211 109 84990 82500 WELD
ol
GUIDED BEND TESTS (Qw-160) 4
TYPE AND TYPE AND
FIGURE NO. RESULT FIGURE NO. RESULT
NO_ 1 RB SATISEACTORY NO.2 ER SATISEACTORY
NQ_ 3 BB SATISEACTORY NO. 4 _EB %Afzjggg_ggy
TOUGHNESS TESTS (Qw-170)
SPECIMEN NOTCH NOTCH TEST IMPACT LATERAL EXP. OROPWEIGHT
NO. LOCATION TYPE TEMP, VALUES
% SHEAR MILS BREAK NO BREAK

..-‘\\ ‘

®
v
=

Type of Test

Deposit Analysis
Other

Weld Test Witnessed By

Authorized Inspector

G.EWING

Laboratory Test No.

BOILERS AND PRESSURE VESSELS BRANCH

ACCEPTED

WP No.D.BS.3.:.5.....C0KT .02
Date.....cooere el .0 L BP0 0.9
‘Examiner...., ~f Mﬁ‘/

MiNISIRY OF CONSYMER

& COMMER

CIAL RELATIONS

PROVINCE OF ONTARIO

Tensile Test Made By

Warnock Hersey

Professional Service Ltc

282-388

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

Signed -

{Manufacturer}

By ,A(%{zg?yj%ﬂ(};izé;ZL’)

R.J.MCINTYRE 7
Q. A. SUPERVISOR



PROCE’DURE‘\' QUALIFICATION RECORD (PQR)

RESULTAT DE METHODE DE

-
“

SOUDAGE (RMS)

{Reference: ASME Section Wﬁmm_r_n:e: ASME, Section IX)

Complhyl Entreprise

-t

*"ALL-WELD COMPANY

LIMITED
Address/ Adresse .

49 PASSMORE_AVENUE

SCARBOROUGH

tal Code/ Code postal

Provincial Reglstration .

we
MS

®
[©)

Enregistrement provinclsl WP-R7674.5
Record ldmllﬂgullon/b‘dgnwon du résultat

PQR No. ’

AMS N° 9AB
s N 94 .

{ ) ONTARIO ' Mil, V)| 4T,;1 @

® Welding Process(es)/ Procédé(s) de soudage ‘ 17300 ,
1 gTAW P HANTAL e .0.035"

2 Type ! \ I l y \ ]l

; " | 7\
-© Base Metais/Métaux de base (aw40d)

PNo. g GNo. | Wia AN 8 N 1 '

Epéciicaion/ Spécication Tensite/ Tension \ 2

SA-213-316L 70,000 .
Groove Design used/ Croquis du joint utikad
kness Dl Dlaméte P
Brdees 0.035" TK 1/4TeTOE et e e soudage  @WAOT)

NONE

Filter Metsla/Métaux d’apport (aw-404)

@Eﬁiigﬁ

‘ Ciassification (AWS) SFANe. | F-No A-No —
. ER316L 5.9 |6 8 Qas/Gaz @wace)
"Enlelding Gos
Compoation ¢ gbs de protocton 99 .9% ARGON
o
Béoi v gar 20 CFH
B2 Compositi
m’ &m&u du gaz dnogwuon 99.9Z ARGON
® Positions/Positions  (aw-4os) Donit o gt 10 CFH
Poaition(s) of Groove Other
Position(s} du joint 16 Autre
Neiding ;ogr;mm uw O g:::wm 0 @ Technique/ Technique (w410
Aher String or Weave Bead
wtre Cordan droit ou osciliant STRING -
® Preheat/Préchautiage (Qw-os) et N/A
ol T Singie P sid
st de Pl heutiogs 50°F Patss unigue ou mutiple fow wi)  MULTIPASS
Temperats Muttiple Electrod
fampdrature 0o Tinerpssse 350°F MAX. A blpmrmgligraion SINGLE
nher Other
wire . Autre
@ Electrical Characterisiics and Technique/Caractéristiques électriquss et techniques (Qw-109) + @w410)
Filler Metal Courrent :
e | e o ]
i | L]
dejioudine . Diamato Type Polarity Ampéiage Valtage
“OT GTAW ER316L 1/16" DC STR 100 20 8 IPM
- LLL GTAW ER316L 1/16" DC STR 100 20 8 IPM




- @ Tanslle Tests/Essals 3 Ia traction A rance: ~ .
Dimanslons 1 : ;
ecimen Dimensions Area Ultimate Vota! Load Ultimate Unit Strass Rt -
rouvelte Width ickness Surface Charge Amlie Contrainte Hmlie Nature st androlt
Largeur ya/ssour de la ruplure
) BOTH FRACT;
T1 0.250 | 0,0350" |0.0236 1987 1bf 84000 PSI BOTH mzm.‘
T2 0.249" 0.0350" |0.0235" 1975 1bf 84000 PSI " "o
(D) Guided Bend Tests/Essals de pllage guidé Peierance:
: acimen Face Root | Side Resuit ecimen Fece { Root | Side Rssult
rouvette Face |Racine| CHé Adsultat rowvotle | Face |Racine| Clid Réauhat
Bl X ACCEPTED B3} X ACCEPTED
B2 X ACCEPTED B4 X ACCEPTED
-* Toughness Tests/Essais de résillence Pateranc:
; Learal Expansi
Sciman Noich Locatlon Notch Type T impact Vatue Expamsion larbralo Exa o covm Hbre
i Endrolt de Forme de Température Energie de Shear - Mills Broak No Bra
eniellle rentaille de rdprouvette fuptura % cisaillement |  Millames Cassé Non cas
@ Filiet Weld Test/Essai de soudure d’angle Jiv o
Rasull - Gatis!
B S =R =N = 80 e
Macm Rasults
Rdsuttats ues
Other Tests/Autres essals e arce:
(1) Jelders Name  ROBIN GREER . Dtap N e .9
B e Y ___CAMBRIDGE MATERIALS TESTING LTD. ‘_ .ggg';'v,m' No. 305909-2002

We cerlify hia! the statements in this record are correct endd that the test weids were prepared, welded 2nd mmd in mﬁ&u;e with the

raquirements ol section iX of tha ASME Code.

Nous certifions que les renseignements concernant ce rdsullal sont sxacts ef que les essals de soudage ont &é

soudds el sxdcutds caonformément aux exigences ds Ia ssction IX du Code ASME.

oltRl)

@ Company Representalive’s Date
. Slignature Dals
Signature du représentant de ROBERT C. BENTLEY

rentreprise

Signed.......,

=

Department Use Only/Réservé au ministire

Date: ... 58.0.0.0,88 3T ...

RH

.df(‘:‘ Vnie,

et REGISTERED
wps.... ]l

18, APRIL}, 2002

R.R76.T4:S...

|

Samples Welded on
Pidces souddes in

Inspector
Inspecteur

Racord verified on
Résultals vénfiés Ie

Inspector
inspecteur

v re v wmmen ~

9-hA



. Proceuure Quatiiication Recora {PQH)
a '-.ncsumg dlz m‘thodo de mudagc (RMS

(Reference: ASME Sectlon IX/Rélérencs: ASME, Secflon IX)

Company/Entreprise

Provincial Reg Regisiration

®

CP-

wp
Enregistrement provincisl|[¥S WFP- R3S78-5

ALL -~ WELD. co, &TD ® Record Ideatification/Désignation du résultat
Address/ Adresse
E v E No. ’
49 PASSMOURE A POR No S
.scARBoROUCpH onTARLO WPS No. Sq--1
Wl Codel Gods bMs N
| CANADA LIINVALIRATAIO)
® Weiding Process(es)/Procédé(s) de soudage
Type (-Y=2a
! GTAW MANUAL
2 Type
'AF
o . - 7
@ Base Metals/Métaux de base (qwuo3
PN 8 Gr No. /s PN & erN | l 4 N\e
Specification/ Spdoification Tenaile/ Tersion ?b -
Go-
SA-240-3/6 C TO 730,000
SA-—-Z‘E'O"gléL 70,00(_, Groove Design used/ Croquis du/dn!uﬂﬂ.ld‘
P Diametar/ Diameétre id Hest Trestment
'"'57.'33 3/ o “ -— nmml ahml:umpon/luwlgo (Qw-o7i
: Te
g MO SINGLE PASS To BE rEATER THan Vo' Temp&rature NOoNE
) Flller Meotals/Métaux d’apport (Qw-o4) Dme -
. Classification (AWS) 8FANo. F - No. A-No. e —
\r 'ER 3Gt 59 G 8 @ Gas/Gaz (Qw4os)
Shis
Gommm du gaz dc protecion ARG oOnN 99,9 2)
Gas Flow Rate
o&":n du gaz 25 cFH
Backing Gas Composition
m' Canpgvm du gar de soutien -
D Positions/Positions  (Qw-40s 8.‘3::‘37,?;‘” -
]
witonts) du o |G ALAT Pl
oy R T e O Erwm | 1)) Technique/ Technique  (aw-410
s Cordon drois o ey STRING
:9) Preheat/Préchautiage (ow-og) 8:3,',';:33 A/a
Singla P i
merstone g6 pelhustage S0°F min | | Passe srigue o rmunipe o 348l miULT I PASS
= Temperau Multipie
mbdralure do Tinterpasse 350°F MAX BleS oy e o soiode SINGLE
wr Other
re Aulrs

)

Electricsl Characleristics and Technique/ Caractéristiques électriques ot fochnlquaa

(QW-409) + (QwW-410)
4 Layerts) Mﬁl‘:’erdMelal Courrent
] s al. apport Courant
Couche(s) rocgee B o e
@ soudure oc Claasification D;ﬂ:;;’ Py'z: Poliaa;;lt} Am:md:‘;ga Vo‘ﬁ;‘;e foaze
‘ GTAW | ER3ioL Y8 | nc | se |80 17 "9
: GTAW | er3i6t | Yg* | pc | sp [ 80 (7 7




D) Tanslle Tests/Essals & la traction Feleence: SEcT IX. ASME CODE
g;::::;ms . Chamclva:\ld Location
- . ons Umats Uni ol Fallure
m?r: Wwidth icknoss 83:!:23 umg:alggzo:l%nl-:ad Icr:r:lrsalnlg ‘Ilmi'lgss Nature a! androit
Largeur alsseur de Ia rupturs
T2 0.746 | 0,750 [0,559S 49 340 88184 FRACTURED ™ wsm(,
T3 0,751 | 61751 |ov5640 49 30 11990 FRACTURED N ‘
D) Guided Bend Tests/Essals de pliage guidé Pefrence:  sECT IX Q@-W. H62:2
Root | Sid Result aci F foxt | 5id Pesal
pm;: ;:: Racgc Cdlgl Réswlal m";:: F:cc: Racl%o Cdl; Rll:l;lu
Sl vV | Acceerep s3 V| Accerreo
Sz — S¢ v ——
16) - Toughness Tests/Essals de résillence vl oo
Lataral Expans| Drop Welght
ectmen Noé:l;rlaocgllon N’g;::' Type Tf:‘;cal'r;eur:e lrzﬂpacl’w:}ue Exp:alonpl:rr?rm Essai :?1 chut% libre
t de e de Tempéral ergle de
rouvstie rantaille rentaille d,';p prou:ll:te rupture % cl?l‘l‘;luun ant “”M"I‘I::” gg:: h‘?oon ?::'k‘
(D) Fillet Weld Test/Essal de soudure d'angle P eronca:
sull - Satistactory v ; v =
Usunat salistaisart ou I Non P s ndial o ase o B Non
Macro - Resulls
Résultats macroscopiques
Other Testa/Autres essais e eronce:
{9) Weiders Name Stamp No. q

RorIN GREER

N° de symbole

Nom du soudeur
Tesls conducled by

CAMBRIDGE Q'A’T'E,RIALF TESTING LTD

Esgais effecluds par

Leboratory Tést No.
Esanl do laboratoire n* 15221/-1996

s .
we cerlify that the statements in this record ara correct and that the test walds wers prepared, welded and tesled ln acgordance with the

requiraments of section X of the ASME Code

Nous cenifions que las ronseignements concamant ce résuliat sont exacts el que les
soudés et exécutés conlormément aux axigences de la saction IX du Code ASME.

essals de soudage ont 6té prépacés,

Com 2] tat X p
@ Signgm prasaniative S 4_ Ocl}f-\jqu'é . .
Signature du représentant de
fentreprise L - WP -& 3 5 .
& Department Use Only/Réservé au ministére \ yn/
Samypins Welded on i I
Prdces souddes le ::3335:3:" af.lo- 7 [
Record verilied on inspector I
Résultais vérifids le inspecteur 5 4 _,‘




'Résulat de méthode de soudage (RMS

(Reference: ASME Sectlon IX/Référence: ASME, Section I1X)

Company/ Entreprise

Nom
ALL-WELD CoMPANY TD

Addwmss/ Adresse
49 PASSMORE AUVE

Provincial Registration |wp
Enregistrement provincial|Ms WF- R4057 °S

Record identification/Désignation du r‘sdn-t

=
®

SCARBOROULGH

PQR No.

Postal Code/ Code postal

RMS N° 0S5
e 105-|

| ONTARIO _ LILAL I SYA O
@ Welding Process(es)/Procédé(s) de soudage
1 Trpe
. O TA W MANUAL
2 Type 60°
3 Type . :- : ‘i/é_zl 2l
— ’/q. X S
@ Base Metals/Métaux de base (Qw-403) '
PNo. g GrNo | Wia PN 8  arN | szt faz” i
Specifcationy Spécification Tenaile/ Tension
SA-240- Ble L O 70000
SA-24%0- =2l6 L 20000 Groove Design used/ Croquis du joint utilisé
Thickness : Diamieter/ Diamdtre Po
Epaissour '/ oy — Tr:l'l:l.n'zvrzh.omﬂl.qzompg's/lwwuo (Qw-407)
_g,_";'; NO SimeLE PASS > Mo * Tempéatire NOOE
) Filler Metals/Métaux d’spport (QW-404) e —
_ Classification (AWS) SFANo. F - No. A - No. Qe y -
ER 316 L 5.9 & 8 @ Gas/Gaz (QW-408)
Shielding Gas Composition
Canpccum.;u gaz de protection ARGON 982 +oxy2‘
Gas Flow Rate
D“lsmdugu 2S cFH
e MAX DEPOSITED METAL Y2 Compoatton du ges de souten NOnE
: Gas Fiow Raw
@ Positions/Positions  (Qw-0s) Debit du gaz -
“Position(s) of Groove
Posttion(a) du faint & THROVGH GG e -
m‘"ﬂ Progressioe ol e o @ Technique/ Technique  (QwW-410
Other S Weave Bead
Autre Cordon droif o oscien STRING »
® Preheat/ Préchautiage (Qw-40e) Oaciation N
Prehest Tempersture v Single P id
Temperaturs de précheultage So°F . D e oo muiple ou o8d) MULTI PASS

interpass Tem ) Muttiple Electrod
Te e linterpasse 300°F MAX ?long:odo:u:l’q:oo?mup; S/NGLE
2ho' Other
re Autre
@) Electrical Characteristics and Technique/Caractéristiques électriques et techniques (QW409) + (AW-410)
ller Metal - Courrent '
WQ;‘L'?{")“) :::;: M d ”PMD‘ ;, Courant Travel Spsed
de soud te Po
‘ we Classifioation am Tr;:: Poll:’rl‘z Am:z‘:qo VO\;'o‘lt” =t
E‘ T GTAW ER 3l6l. e Dec SP 8o- 110 H 7-8x
LL GTAW ER3IGL ‘/1(," De sP 110 = |40 1< '?-3.1'?M




Raference:

-

D) Tanslle Tests/Essais a Ia traction s ot
g"!merxsions Characulszm::I Location
Specimen mensions Area Uttimate Tolal Load Ultimate Unit Stress ol Failure
’UW“': L:rr:'::.‘lr z:::l;r’\eaﬁ Surface Charge limite Contrainte limite Nzuen?a e,lu;;:;d,zou
N FRACTVRED /A .
'S 0748 | 0.249 |o-1863 16560 8824 Bare mETAL ( '
G FRACTURED /n
16 0, 154 o247 o.1862 b 840 Q0 440 BASE METAL 1
" !
@) Guided Bend Tests/Essals de pliage guldé Relerence: :
. ' F Root | Sid Resull
m?r: ;:cc: Raagicr’:e gg: R?s:llltgl pr%culvr::: F:: Racine Célg Résultat
S| v’ P ACCEPTED s3 v’ ) ACCE PTED
S2 v ACCEPTED S¢ v’ ACCEPTED
' Toughness Tests/Essals de résilience peterance:
Specimen Laterai Expansion Orop Walght
ecimen NOéCZ LF;CS“O" Ng)‘fh T:',De Temperature lnesnpam.VaJ:e Expansion latérale Essai en chute libre
ndrol e me de argie
rouvete lentailie lentsille de'Td pmzte rupturs % clasllﬁlaermom mm.. Cossé Now '3';1"4
CHARPY o
2 WELD q6 8o
3 wWELD 94 78
4 HAZ 81 78
S HAZ 20 70
A HAZ 82 72
7 BASE &9 74
4 BASE # 100 75
BASE 20 75
@ Flllet Weld Test/Essal de soudure d'angle e once:
Result - Satis! Yi N Pe ion P Metal Yes No
Résulel satistaisar ou U Non U nération dane méial de base ou Non
Macro - Results
Rdsultats macroscopiques
Other Tests/Autres essals Relerance:
N Stamp
9 mg:no:;:ur ROB/U GREER N° de l?r:bola q
Ti ond d : X
Easais ofocids pir _CAMEBERIDGE MATERIALS TESTING | &TD Erea e aboratolrs 1" 12- (94
We certlfy that the statements In this record are correct and that the test welds were pm‘ﬁed. weided and tested fn accord -
requirements of sectlon IX of the ASME Code. { ‘3’)\-)1.51’ Boilers and
. ' Pre
Nous certifions que les renseignements concemant ce résultat sont exacts e! que les egedis de soudage ont o prén B vesSSS;;e
soudés et exdculds conformément aux exigences des la section IX du Code ASME. ' Safety
Division
Q) Company Representative s % m “‘/& / Dale 12 J0oN 19 ’_RE
Signaiure —l Date G I S TE RE D
'ature du représentant de (/ f {
-t Jeprise W 8
9 Department Use Only/ Réservé au mmgﬁ WPSP-R‘{DSG'
DK J
iamples Weided oS .
inenpies Welded on ingpector Signed:..... S5 . vevstsrasraseiens
lecord (verified i
@ sunsia vérinds le inapectawr Date: q70£17




- smmsseoy - s = ==

— e ———— \

STEEL
Customer
Work Order # l Provincial Registration |WP T4646.5
N Company
ar ALL-WELD COMPANY LIMITED @ Procedure Identification
adaress! 49 PASSMORE AVE. , 14 PASSMORE AVE. WPS NO. 50-3A Revision No. 0
PLANT 1 PLANT 2 B
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 (Qw-402)
Design DOUBLE V GROOVE & FILLETS Backing Matenal WELD METAL
Backing Yes No X Other NONE
Sketch
s T~
+ §o= 15
L
$ﬂ g :
“ 31327+ 132" ﬁ| I‘—3'32"’ -
(( ALL FILLET WELDS
@ Base Metals  (QW-403) PNo. B8  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 Qualified 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 - 50 F
@ 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)
.Posiﬁon(s) of Groove 1G TO6G Temperature Range NONE
L
Weiding Progression Time Range
( uP 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 (‘ i ‘
|
Preheat Maintenance 50° F Trailing Shieid Gas Composition NONE
Other NONE Other NONE
12) Electrical Characteristics and Technique (QW-409)-(Qw-410)
Filler Metai Current
Weld Layer(s) Process - - - - Travel Speed Range
Classification Diameter Type Polarity Amp. Range Volt 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

ethod of Beck Gouging GRINDING OR ARC AIR GOUGING AND GRINDING \.
|Initiai and Interpass Cieaning (Brushing, Grinding, etc.) WIRE BRUSH OR GRINDING

Orifice or Gas Cup Size 1/2"

Oscillation NONE Width NONE Frequency NONE
Contact Tube to Work Distance 3/4"
[Muitiple or Single Pass (per side) MULTIPLE

Multiple or Single Electrode SINGLE

Electrode Wire feed speed range 400 IPM

Other

NONE

O,

Supplementary Comments

NONE

Company Representative Signature

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

"Robeft C. Bentley C.E.T.

, /
m;z jﬁi Date 23 March, 2013

(

of the Boilers and Pressure Vessels Act of Ontario.
The registration becomes invalid when any essential vaniable changes, or any requirement of the ASME Code Section IX, affecting

this procedure, is altered.



PROCEDURE QUALIFICATION RECORD (PQR)

(Reference: ASME Section 1X)

1 ) Company @ Provincial Registration P T 4 6 A 5
Name:/ ALL-WELD COMPANY LIMITED
rr— 3 Record Identification
49 PASSMORE AVENUE FORN
o 50-X
SCARBOROUGH, ONTARIO WES
Postal Coda e 50-3A
ME1]V]4]|T]1 .
@ Welding Process(es) @ Groove Design used
1 FCAW Type MANUAL
2 Type 75°
3 Type \4-5" —15
@ Base Metals (QW-403)
P No. 8 Gr No. 1 to P. No. 8 GrNo. 1 | %
Specification Tensile s Ao
SA-240-316L 70,000 psi w2215 |‘—3‘32"’ 132" HLFLLETWELDS
Thickness - Diameter Postweld Heat Treatment /
13/4 N/A
Other NONE Temperature NONE
@) Filler Metals wos) | [T NONE
Classification (AWS) SFA-No. F - No. A - No. Other NONE
E316LTO-1 5.22 6 8 (1) Gas (Qw-408)
Product Form - Flux Core Shielding Gas Composition CO2
. Gas Flow Rate 45 CFH
No Supplementary filler metal is allowed to be used
Other No Single Pass Greater than 1/2 " Backing Gas composition NONE
Positions QW-405 Gas Flow Rate NONE
Position(s) of Groove 3G Other NONE
[Welding Progression Up 0 Down D @ Technique (Qw410)
Other NONE String or Weave Bead STRING
@ Preheat (Qw-406) ol NONE
Preheat Temperature 50°F WMultipass or Single Pass (per side) MULTIPLE
Interpass Temperature 350°F Single or Multiple Electrode SINGLE
Other NONE Other Transfer : Spray
@ Electrical Characteristics and Technique (QW-409) + (QW-410)
Filler Metal Current
AL e Classification Diameter Type Polarity Amp Volt e
ROOT FCAW E316LTO-1 0.045" DC RP 330 30 10
FILL FCAW E316LTO-1 0.045" DC RP 330 30 10




Tensile Tests ReferenC
Speci 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
T2B 0.756" 0.820" 0.620" 51,004 82,500 All coupons failed
T5A 0.754" 0.885" 0.667" 57,278 86,000 ductile manner in
T58B 0.756" 0.808" 0.686" 56,013 81500 base metal
@ Guided Bend Tests bl
Specimen | Face { Root | Side Result Specimen | Face | Root | Side Result
S1 X ACCEPTED S3 X ACCEPTED
S2 X ACCEPTED S4 X ACCEPTED
Toughness Tests Reference:
Specimen Notch Location Notch Type TSpecime.n impact Value Satecl Expanslor.w Drop Welgh: 3
emperature Shear Mills Break No B.'ea"_}
1 Weld ( 1/16" betow ) | V NOTCH -50F 26 fi-ibf 100 22 = _-'
2 Weld ( 1/16" below } V NOTCH -50F 26 ft-Ibf 100 24
3 Weld ( 116" below )| V NOTCH -50F 26 ft-bf 100 20
1 HAZ V NOTCH -50F 85 ft-Ibf 100 37
2 HAZ V NOTCH -50F 43 ft-Ibf 100 28
3 HAZ V NOTCH -50F 63 ft-Ibf 100 30
1 Weld ( 1/4 t opposite) | V NOTCH -850 F 25 ft-lbf 100 20
2 Weld ( 1/4 t opposite) | V NOTCH -50F 25 fi-Ibf 100 19
3 Weld ( 1/4 t opposite) | V NOTCH -50F 27 ft-Ibf 100 23
|@ Fillet Weld Test FRefirsocel
Result - Satisfactory Yes No Penetration Into Parent Metal Yes
[] [] By ¢étJ;1 s "
HEAT INPUT = 59,400 j / in Maximum __/(;_
Other Tests ReferBncs A?)fz 11,2013
1) MACROETCH EXAMINATION PER LAB REPORT 636455-13 ( Report A )
2} NACE MR0175/1SO 15156-2: 2009/CIR..2011{E} VICKERS HARDNESS PER LAB REPORT 636455-13 ( Report B )

®

Welder's Name

Steve Liew

WS So-3A 757
Stamp No. 4 90

Tests conducted by

CAMBRIDGE MATERIAL TESTING LTD.

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

636453-2013, 636454-2013, 636455-13(Report A)
Laboratory Test No. 636455-13(Report B)

We cetify 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

Date 23 March, 2013

ROBERT C. BENTLEY CET.

21

Department Use only

Samples Welded on

Inspector

Record verified on

inspector




Welding Procedure Specification (WPS) sTANEgS
Customer
Work Order # f Provinclal Registration |WP R4428.5
k@ Company
1‘“""" ALL-WELD COMPANY LIMITED Procedure Identification
Address / WPS NO. Revision No.
PLANT1 ' PLANT?2 SAW-W-24 | 0
SCARBOROUGH, ONTARIO S IX Date  21.Mar-13
Postal Code (PLANT 1) Postal Code ( PLANT 2) PGR No.
M1V-4T1 M1V-2R6 SAW-2A1
4 1 SAW Manual Semi-auto. Auto. | X
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints  (QW-402)
Design DOUBLE V GROOVE Backing Material WELD METAL
Backing Yes No x Other NONE
ketch
e 19° N
¥ i E L
- T R
FLAT POSITION FILLET WELDS
6 Base Motals  (QW-403) P.No. B  Gr.No. 1 toP,. No. 8  Gr.No 1
or cations type and grade
SA-240, 316L to SA-240, 304, 304L, 316 & 316L
or Chemical Analysis and Mech. Prop. NONE
Thickness Range Quaiiied Total BB " TO B " for Impact Test and 3/16 " to 8 for Non Impact fest
|Other 1) NO SINGLE PASS TO BE GREATER THAN 1/2°
(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 _—
Chomimebli Inset NONE Qe MAX DEPOSITED METAL 8"
- Positions (QW-405) 10 Postweld Heat Treatment (QW-407)
. Positon(s) of Groove 1G emperature Range NONE
“‘*»—"Mm Progression UP ime Range NONE
Position(s) of Filat 1F er NONE
. NONE




|@ Gas  (QW-408)

@ Preheat (QW-406) IShieIdlng Gas Composition NONE

{Preheat Temparature :M-in. 60°F 'GIS Fiow Rate NONE
‘P‘lhllllll Temperature Max. 350°F |Baddng Gas Compasition NONE (
Ipmmt Maintenance 350 ° F Tralling Shield Gas Composition NONE -
{Other NONE I°“"°' NONE

@ Electrical Characteristics and Technique  (QW-408){QW-410)

Wetd Layer(s) Process Fller Metal . Travel Spead Range

CWon Diamester Type Polarity Amp. Range Voit Range _
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 Iinput ( Per QW-468.1 ) = 69:880 } / in Mazinmum

Tungstan Electrode Size and Type NONE

{Mode of Meta! Transfer for GMAW NONE

String or Weave Bead STRING
r‘“'“““"""“"""" GRINDING OR ARC AIR GOUGING AND GRINDING

nltlal and intarpass Cleaning (Brushing, Grinding, etc.) WIRE BRUSH OR GRINDING -
e NONE Bk NONE re—y NONE

Contact Tube to Work Distance q"

|Mulﬁple or Single Pass (per side) MULTIPLE

lMuIlipla or Single Electrode SINGLE

lEhdmdn'Mm feed speed range 55 IPM

["“‘" NONE

@ Supplementary Comments

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

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

14

3) Macroetch per ASTM E3-11 per Laboratory go 636546-13 ( Report A )
Company Representative Signature Mu Date

21 March, 13

Robert Bentley QCM

Registration of this Welding Procedure (Spacification plus Qualification Record) is required pursuant to the provisions of Section 36 (1‘3.

of the Boilers and Pressure Vessels Act of Ontario.
The registration bacomes invalid when any essential variable changes, or any requirement of the ASME Code Section IX, affecting

this procedure, is altered.



RESULTAT DE METHODE DE SOUDAGE ( RMS)

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

Provincial Registration w —

F(- e Company/ Entreprise Enregistrement provincial | MS p 4428 S
|\ ALL-WELD COMPANY LTD. ® Record Identification/Désignation du résultat
Aadress/Adress® .9 PASSMORE AVE POR No '

- - RMS N* SAW-2A1
SCARBOROUGH WPS No. SAW-2A
I Postal Codel Code posial | |.OMS N
e M1V 16,7 1)
® Welding Process(es)/Procédé(s) de soudage 60°
Type g
! . SAW AUTOMATIC e
2 Type
3 Type
@ Base Metals/Métaux de base (Qw-403)
PNo. 8 Qr No. - Wla 8 PN — arN
Specificationy Spécificetion Tensile/ Tension
SA-240-304 75000
SA-240-304 75000 Groove Design used/Croquis du joint utilisé
Thickne Oiametar/ Diamdtre Postweld Hest Treatment
spﬁ...‘.i 1 1/2" == T?dt'o't.nent ghom;l:w:m pos/uoudagc (Qw-407)
Othe! Temperature
Auire Tempdrature NONE
Filler Metals/Métaux d’apport (QW-404) e —
(O __Comresson wve SFA-No. F - No. A - No. Qe —
. ER 308 5.9 6 8 D) Gas/Gaz (AW-08)
Shielding Gas Composition
Cor:pci:glon‘;u gup?a protection NONE
Gas Flow Rate ——
Débit du gaz
Cther Backing Gas Composition
Autre Composition du gaz de soutien -
@ Positions/Positions  (Qw-405) Sé’?m”.?l'g'i‘;” -
Posltions) du jamt . "'V"" GROOVE Other
m&;ﬁg?mw. 1c O e O P @ Technique/ Technique  (@W-410
Other St Weave Bead
Autre Corrc‘!gmozimlt .:u' oscillant STRING
€ Praheat/ Préchauffage (Qw-4c6) e aton N/A
Freheat T i _ si P
Tompachire 4y prochauftsgs 50°F s o e o o 99%) MULTIPASS
inlarpeas Tampsratu i
| Tanphau do finormasss 350°F MAX. Fioae o Mullple Elsciods, SINGLE
R or Other
Aurs Aulre
‘ @ Electrical Characteristics and Technique/Caractéristiques éleciriques et techniques (QW-409) + (QW-10)
Filler Matat Courrent ’
mc'gw L:.y(o;)(s) Process Métal d'appont Courant Travel Speed
de soudure Procédé Classification Diameter Type Polarity Amp Volt Vitesse
Diamatre Type Polarité Ampédrage Voltage
r T SAW ER308 5/32" DC POS 600 28 28" /M

L;} L SAW ER308 5/32" DC POS 600 28 28" /M

_/




-y e ey e = o s ——
Dimenalons it S i -l
Ultimate Unit Stress o ure
gm Width ickness S:‘rr::o Umm:%w cztrdm Himite N;run o! endroi
Largeur sisseur o la rupkure
| me 0.755" |1.504" |1.1355 99,440 87,5173 FRACTURED BASE g
- 0.750" |1.507" |1.1302 99,950 88,433 FRACTURED BA{
Quided Bend Tests/Essals de plage guidé Pisrence: :
“Fo ecimen | F Root | Sid Rasult
3’m ;3 R:?i?n (s:lodtz ;ll'l::l gmuvm F:: Racine Cdt: & Ms:;u
- Bl X ACCEPTED B3 ACCEPTED
B2 X ACCEPTED B4 ACCEPTED
“ Toughness Tests/Essals de résilience ivh o
Lataral Ex i We
acimen | Netch Location Netch Type Tomaman Impact Value Expansion latérale Exsal on chwip Hore
olte e Forme de Tempéraiure ergle de M
o L DL Femailie de 'dprouvetie rupture %clﬁl’;mm Mlllw}.m g'u::: u'::'.'&
. i
P {
L@ Fillst Weld Test/Essal de soudure d'angle R torence: '
Resul - Satisiaciory Y Vi No
Rl:gu uﬂ:fllud 07; o NNgn O Pandiration :1?: - '::"Jm o:d! O NnD
Macro - Results
RAdsultaia macroscopiques
@ Other Tests/Autres essals Ralrencs:
ey Walder's Na
(B Do s soudeur VITTORIO VITRANO N e symbcle 38

Tants conductsd by

Zasaia par __ CAMBRIDGE MATERIALS TESTING LTD.

Laboratory Test No.

Essal do aboratoire n* 183506-1998

@ cortdy thet the statemonis in this record ere corrsct znd that the 195t walds woare propared, waided snd uLd ler

rsquarements of section IX of the ASME Coda.

Nous certifions que les renseignementa concernam ce rdsuliat sont exscts et qua les essais de soudege cni 4 Ac

soudés e exécuids conformément aux exigences de /a saction IX du Code ASME.

Company Repressniative’s %é%‘
Signature

Date
Date

ca with the E0ilers and
Pressure
Vessels
Sofery
Division

¢ REGISTERED

7 JAN. 1

“anature du représentant de ROBERT C. BENTLEY / /

‘oprise
Department Use Only/ Réservé au ministice

W.P. Swj?«péf‘ll%?f

1 . P4 b
Sarnpies Weided on Inspector 1lgned. - veverenas ]
| Pidcss soudées o Inspecteur 5 g 0 /J— ;
{ Pacord verified on inspactor Date: : l eeni
{ Alsultas vénifids o Inspecteur )

e
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HOBART BROTHERS

MeKay

CERTIFICATE OF ANALYSIS

CUSTOMER: EXOCOR C/O USF HOLLAND BUFFALQ P.O. #

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

DATE:
WORK ORDER:

021702
5/112013 2:14:08 PM

PRODUCT TYPE: STERL AP 309/309L 1/8 10 CAN
LOT NO: 23R056
SPECIFICATION: AWS A5.4,/ASME SFA 5.4

STOCK NUMBER:
HEAT NO:
CLASS:

$483944-033
743678
E309/3091.-16

ACTUAL CHEMICAL ANALYSIS (%)

c
Mn
P
s
s1
Cu
Cr
Nt
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 mercuty containing compounds.

Measured FN: 9
Delong FN: 13
Schaeffler: 9

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

Filler Metals Quality Assurance

Hobart Brothers
400 Trade Square
Troy, Ohio 45373

Authorized Sigpature ;

oae

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 wers satisfied. Other tests and procedures may
produce different results. Hobart Brothers produces welding consumables under continuing quality assurance programs
audited and approved by the American Bureau of Shipping ("ABS").
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McKay

AR
CERTIFICATE OF ANALYSIS
CUSTOMER: EXOCOR % USF HOLLAND BUFFALO  P.O, #: 021769
MARKED FOR: DATE: 5/21/2013 7:33:33 AM '

PACK SLIP\ORDER #: A7841/00 WORK ORDER:
LBS SHIPPED: G0

PRODUCT TYPE: STERL AP 309/3061. 1/8 10 CAN STOCK Numesh: $403044-033 '
LOT NO: 29R048 HEAT NO: 744973
SPECIFICATION: AWS A5.4,/ASME SFA 5.4/ CLASS: E300/309L-16 /

ACTUAL CHEMICAL ANALYSIS (%6)
¢ 0032/
Mn  1.088 /
P 0.020/
8 0.008;
St o.574f
Cu 00704
Cr 227224
NI 12735/
Mo 0147/
This meterial has not came In contact with mereury or mercury containing compounds,

Measured 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

Hobart Brothers

400 Trade Squars
Tray, Ohio 45373

AL Leagnane

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

Authorized Signature ;




_ .0 I (DS O
coPfs 2 —)

MeKay
CERTIFICATE OF ANALYSIS
USTOMER. CPG PO # 59751
MARKED FOR: DATE; 712412012 8:42:12 AM
PACK SLIP\CRDER # 44941/01 WORK ORDER
LBS SHIPPED 189
PRODUCT TYPE STERL AP 309/309L 5/32 10 CAN STQCK NUMBLE.R S54839561-033
LOT NO 26P006 HEAT NO 740748
SPECIFICATION- AWS AS5.4,/JASME SFA 54 CLASS: E309/309L-16
NCTUNT CHENTCAL ANALYSIS (%)
C 0.028
Mn 1102
P 0.021
S 0.005
St 0.647
Cu 0.048
Cr 22454
Ni 12.309
Mo 0.070

Flus matenal has not come in contact with mercury or mercury containing compaunds .

Measurad FN: 9
Delong FN: 14
Schaeffler: 10

FYPICAL MECHANICAL PROPERTUS
Tensile  83.000 psi ( 575 Mpa)
Yield 06,000 psi (455 Mpw)
Llongaton 40
tatter Metals Quality Assurance

tHobwt Hrathers
100 Trade Square
oy, Chio 43373

ﬂ-«"uﬂ"" .

Briun Simpson. Q.A. Techieian

Certification and Linyted Vrcanly - Data for the abave suppikcd produnt are those ablained when velded aad tested i accorsdance with the akove spacication. All tests far
this above classificaion were sabshed Other tests and procedwes miay produce different recults Hobart Biathers praduces welding consumaties under cantinuing nuality
FSSUMHNCE Proqrams auditod and opproved by the Amencan Burenu ut Shipping A8S7)

Authorized Stgoature
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HOBART BROTHERS et
CERTIFICATE OF ANALYSIS
CUSTOMER. P.O. #
MARKED FOR DATE: 1/49/2013 5:26:19 AM
PACK SLIP\ORDER # WORK ORDER:
LBS SHIPPED:
PRODUCT TYPE. STERL AP 316/316L 1/8 10 CAN STOCK NUMBER: $482944-033
LOT NO 21R006 HEAT NO: 741891 .
SPECIFICATION AWS A5.4, ASME SFA 5.4 EN10204 3.1CLASS: E316L-16 E316-16
ACTUAL CHEMICAL ANALYSIS (%)
Cc 0.04
Mn 1.08
P 0.028
S 0.009
Si 0.88
Cu 0.28
Cr 1730
Ni 1341
Mo 2.27

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

Measured FN: 1
Schaeffler: 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

e

Brian Simpson, Q.A. Technician

Authorized Signature :

Cerificatton and Limted Warranty - Data for the sbove supplied product are those obtained when welded and tesied in accordanca with the above specificatioh. Ali st for
Ihe above classification were satisfied. Other tests and procadures may produce different resulls. Hobast Brothers produces weiding consumables under continuing quality

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

©



~ HOBART BROTHERS

CERTIFICATE OF ANALYSIS

CUSTOMER
MARKED FOR

PACK SLIP\ORDER #
LBS SHIPPED

PRODUCT TYPE
LOT NO
SPECIFICATION

SM AW

I d

McKay

PO #
DATE: 12/512012 12:57:15 PM
WORK ORDER:

STERL AP 316/316L 5/32 10 CAN STOCK NUMBER: 5482951-033

J1P0S0 HEAT NO: 741891

AWS A5.4, ASME SFA 5.4 EN10204 3.1CLASS! E316L-16 E316-16

ACTUAL CHEMICAL ANALYSIS (%)

c
Mn
P

S
Si
Cu
Cr
Ni
Mo

0.03

1.02

0.022

0.009_

044
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

o

Brian Simpson, Q.A. Technician

Authorized Signature :

Certification and Limiad Warranty - Data for the abave supplied product are those obtained when weided and tested in accordance with the above specification. All tests for
the above classification were satisfied. Other tests and procedures may producs different rasults. Hobart Brothers produces weiding consumables under continuing qualty
assuranca programs audied and approved by the American Bureau of Shipping ("ABS").
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CERTIFICATE OF CONFORMANCE
(APPLIES ONLY TO U.S. PRODUCTS)

“ 7
LINCOLN B
i ELECTRIC

THE WELDING EXPERTS®
[3Year]

I'he Linvoln Electric Company
22804 St. Clair Avenue
Cleveland, Ohio 44117-1199

Product: Lincolnweld® 316/316L
“lassification: ER318, ER316L
secification: AWS AB.9:2008, ASME SFA-6.9

Jate March 08, 2012
This iy to certify that the product named above and supplied on the relerenced order number is of the same classification. manufacturing process, and material
requirements as the material which was used for the test that was concluded on the date shown. the results of which are shown below. All tests required by the
speifications shown for classification were performed at that time and the materiol tested met all requirements. It was manufactured and supplied according to
the Quality System Progrm of the Lincoln Electric Company, Cleveland, Ohio, U.S.A.. which meets the requirements of 1ISOY001, NCA3K00, AWS AS.01, and

J

other specification and Military requirements, as applicable. The Quality System Program has been approved by ASME, ABS, and VJTUV.

Electrode composition {(weight %) ER318 R ER316L : 3/3E2§E§'°! I“I I’°id’
C 0.08 max. 0.03 max. 0.02
Mn 10-25 1.0-25 14
Si 0.30-0.65 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 11.0-14.0 123
Mo 20-30 20-30 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 will also meet these requirements
3. Results below the detection limits of lhe Instrument or lower than the precision required by the specification are reported as zero.

QRericer P Marchor, 2012

Loz Ce e o Narch 06, 2012

TJoronts Cunningham, Certification Supervisor

Date

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

Date

Page 1 of 1

Cert. No. 40316



WFES SAW-WZ-9%  FLUX

02-22-2013  09:43am  From~LINCOLN ELECTRIC 4184219144 T-852 P.001/004 F-380

-0 [/73}74

22801 St Clalr Avenue
Clevaiand, Ohlo 44117-1199 U.S.A., LINCOLN!
(216) 4813100 _ELECTRIC ]

THE LINCOLN ELECTRIC COMPANY

PRODUCT CERTIFICATE
ST-100 FLUX

Bl =12
“Calcutated using Bonlszewski formula shown below

B.1. = 0.5 (FeO + MNO) + GaQ + M0 + NazO + 160 + CaF,
S0z + 0.5 (TIO, + Zr0; + ALLOy)
. S i *
+20 MESH 32% Maximum
-20 +100 MESH 64% Minimum
-100 MESH 4% Maxdmum

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

)y S4B 1LE

Density (g/cm®): 1.4

* FEluxClagsification: EN 760-S A AS 2
EN760-SAZS2

Cert No. F8T-100



Ministry of Ministére de Ia Pressure  Direction
@ Comimar it Contoomalon Ve O Welder / Welding Operator Performance Test
Commaercial ot du Salety sous pression Essal de soudage
Onlarslo  Felations Commerce Branch 0. l 2 7 0 9
Welder's Last Name/Nom du soudeur Inm‘al/Nom du (de Ia) First Name/Soudeur(euse) | Signatu % M Stamp No /A\° de symbole
CREER P 7; - A
/L 8/Adresse oslal Code/Code Provincial Regisiration No.
.s_&zu_umw AsH g ok ([T | oottt
i R W24+ 2SR
‘en| 50 - Com, PORN
G AL~ WELD co, ¢ TD Company PORNo 3
Adesso  ¢f-9) PASSMIOIRE AVE
Posial Code/Code postal | C %sdo“'l'l:’? . 3 /
ScARBRIVGH onT M/ VI Y oo h
Process(es)/Procédé(s) SMAW Types(s)Type(s) MAN VAL | Base Materiaks) 71 06-B/ SA /06 8B
Manus! or Semisutomatic Variabies for each Process Actual Values “Range Qualified
Variables 4 commande manueile ou semi-sutomstique pour cheque procédé Valour réelle Gamme qualifide
Backing &Type/Soutien et fype NONE WLTH or WITHoOT
ASME P-No.io/Du re P- ‘ (ASME)au e P__J8  (ASME) & Thickness O:21l¥%" F2 1o P8 Pl THRU Pil +P%X
( ) Plate/Plaque ( D¢ ) Pipe Dia./ Diamétre du tuyau 2Ysch o o218 [ Zi
Filler Metal Specification (SFA)/Métal d'apport - spécification (SFA) S l.{. Class/Classe E 2 231 ——
Filler Metal F- No./Métal d'apport - r® F- FSs =S
Consumable Insert (GTAW or PAW)/Pidce insérée consumable (TIG ou plasma) NoON E — o
Weld deposit thickness for each process/Epaisseur du dépdt de soudure pour chaque procédé 0218 O, 5(:34, hd MAX
Welding Position (1G, 5G etc.)/Position du soudeur (1G, 5G elc.) é@ ALl & 6 ROOVE
Progression (uphilvdownhill)/Progression (montant/descentant) LION é 4¢ L PP & /YoD
GTAW, PAW or GMAW or GMAW backi OFW tuel gas/Gaz de soutien TIG,
SAGFE, ou gg combushible pour soudagqe gﬁg;z o) GRKGAZ 06 soutdn TIG, piasmB ou MONE AND MW 4 ALL
rd
E GMAW rransfer mode/Mode de transfert SAGFE MoN E AULETS B
3 GTAW welding current type & polarity/Type ef polarité du courant de soudage TIG OON B
fE Machine welding Variables for Process ised Actual Values Range Qualifled
B Variables ides au soudsge mécanisé pour le procéds utilisé Valour rdelle Gamme qualifiée
2  Direct/remote visual control/Contréle visuel direct ou  distance NINE
;_%_ Automatic voltage control (GTAW)/Régulation de tension automatique (T1G) AJON g
E Automatic joint tracking/Suivi de joint automatique NoNE
E" ’ 1 position (1G, 5G etc.)/Position du soudeur (1G, 5G, elc.) NINE
(~  mable insert/Pidce insérée consumable NIV E
! g & Type/Soutien ef type MNIN é
Guided Band or Radiographic Results/Essal de plisge guidé ou radiographle - résultsts
S N Bend di h Para. (QW -
N Taroens | Phage | Asdveeany | Fardw) it
Sl AcE HZ.3(Q)| SATISFACTOIRY VYISOAL. EXAMINATION
S2 RooT . — 4 ACELPTABLE o
S3 FACE i —— (G
S RooT e —_—
Fiilet Weid Test Results/Esss! de soudure d'angle - résultats
Fillst Weld -
Fracturs Test AJON E Length and percentage ol delects in.
Essai de rupture Longueur et pourcentage de défauts po.
Macro Test Fusion NOINE Fillet Leg Size — in.x _ in. Concavity/Convexity __ ~— in.
Macroscopie-tusion ~ Dimension du coté po sur po. Concavitéiconvexité po.
Welding Test conducted by - co., L. Date 2 MARcH 94 Laboratory Test No. —
Essai effoctué par Date Essai de laboratoire rf

We certify thal the statemenis in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the requirements of Section {X of the ASME Code

gous aen‘/,f;oln: sqlag las ignements ¢ ant les présents résultats sont exacts et que les essais de soudago t 816 préparés, soudés et exécutés conformém aux exigences de l'article IX
fu Code
Organization __ALL__MLEI,J? co, Odp Signature % ate 2" %{Aﬁ/ @6‘
Organisation
@ IDENTIFICATION OF WELDER

Pursuant io the Boilers & Pressure Vessels Act

CARTE DE SOUDEUR Ministry Use/Réservé au ministére

Ontario Conforme & ia Lol sur les chaudiéres et appareils sous pression

e vampiaio: AS PER ASME

MLM‘GM Test Requested By ?ﬂ Af l“7L B M'/-/ ey
VLammlSoudeur(euse) Symbol/Sceau

Essai demandé (Print Name) (Nom en lefires mauljos)

/

L\;; -od the welding test required under section 36 of the Boilers and Pressure Vesaals Act. and is
v uthorized to weld fol
: i Tested At 47 PASS MORE —AVE ScARE.
“examen de saudag- ax:gé aux lanmsl'n_mclo 36 de la Loi sur les chaudisres et appamils sous Essaimend 3 on lafires

Pk, elest é{e) par la pré: é & souder pour:

ALL-WELD co.lLTD

subject to the Emitations of this certificate

5 7 Fee

Droits

g

Inspector District #
N° du district d'inspection

P Fng Chisf Inspactne
Ing. Inspecteur (trice) en chel

NanOT InA v



14th Floor - Centre fower

@ Techmicsl 1300 Gior Steet W Welder/Welding Operator Certificate
ards af Toronto, Ontarlc M8X 2X4 Technicail Standarde and Safety Act
Safety Autherity  \yop gite: www.lssa org Uotters and Pressure Vassais Hagulation No. 258822
Welder's Last Name Inttisl First Name Stamp No.
GREER ROBIN 9
Ras Address tal Code Provincial Ragistration No
835 MOUNTAMN ASH ROAD , PETERBOROUGH , ONTARIO Kl 91 Jll IK|2
| R3S76.S, DAs23a RTE4S
Employer Name Company PQOR No.
ALL - WELD COMPANY LIMITED
Siresl Address 4,9 948
49 PASSMORE AVE Company WPS No used
Postal Code
SCARBOROUGH , ONT MLy 2]
Weiding Process(ss)Used GTAW Typets)  |v/|manuat | ! | earm [ ]
BaseMateriai(s) SA-312:316 Imuu-(-) 0.108° K | | Production Weld
Varisbies for All Processes ActusiVeluss fange Quailfied
Backing material (withwithout) WITHOUT WITH OR WITHOUT
Bese Mats! P-Number to P-Number [ ] to ] Pt THRU P1SF, P34, 8 P4X PLATE AND PIPE t 2 OD AND UP
( ) Plate (X ) Pipe (enter diamater f pipe) 112" SCH 188
Fifier Metal Specification (SFA) Class (QW-404) Only) 58 ERMMS
Caonsumabie inser for GTAW of PAW (QW-404) NONE
Waelding Posttion (1G, 5G, etc.) (QW-405) G §G
Manusl or Bami (QW-350) Actusl Velves Range Quaiified
Filler Motal F- No. (QW-404) F8 1]
Fller Matal Product Form for GTAW, PAW (QW-404) SOLID SOLID
Weld depostt for sach 0 P (QW-404) 0.108° 0.378 ° MAX PLATE GROOVE ¢ PIPE 1f2° 0D + UP
Procass 1: 3 layers minkimum (7] Yes [} No 3 + ALL FILLETS
Process 2: 3 layors minimum [} Yes (] No NONE NONE
Vaertical progression (uphiidownhill) (QW-405) UPHILL _NONE
GTAW, PAW or GMAW backing gas; or OFW lusl gas (QW-408) ARGON 99.9 % ARGON 99.9 %
GMAW transfer mode (spray/globutar or pulse 10 short circuit) (QW-408) NONE NONE
GTAW wealding curment typs & polarity (AC, DCEP, DCEN)(QW-408) DCISP [
Machine Weiding Variables (QW-381.2) Actusi Vaives Range Qualified
Direct or remote visual control NONE
Automatic erc voltags control (GTAW) NONE
Automalic joint tracking NONE
Muttiple or singie pass per side NONE
o {QW-381.1) Actusl Values Range Qualified
Filler Metal (EBW or LBW) NONE
Laser type lor LBW (CO5 to YAG eic.) NONE
Continuous drive or inertia welding (FW) NONE
Vacuum or oul of vacuum (EBW) NONE -

Note: Valuss in “Range Qualified” sre valid only when used with & Quaiified Welding Procedure.

Visual Examination of Compiated Weld (QW-302.4)

RESULTS

ACCEPTED

(/] Transverse root and tace (QW-462 3(a);

|| Longitudinal root and face [QW-462.3(b));
[”] Pipe bend specimen, corrosion-resistant overiay [QW-462.5(c));

|_] side (Qw-462.2);

l:] Plate bend specimen, comosion-resistant overiay (QW-462.5(d)[;

{"] Pipe specimen, macro test for fusion {[QW-462.5(b)]; [_] Ptate specimen, macro test for fusion [QW-462.5(e))
Type Result Type Result Type Result Type Resuit
| QW-482.3(a) | ACCEPTED OW-482.3(a) ACCEPTED Qw-482.3(a) ACCEPTED Qw-423(a} ACCEPTED
| {Face) (ROOT) (Face) (ROOT)

Alternative radiographic examination results (QW-191)_NONE

Fiilet weld — fracture test (QW-181.2) _NONE

D Filiet weids in plate [QW-462.4(b))
Macro examination (QW-184) NONE
Other tests _NONE

Fiilet size (in.) NONE

Length and percent of defects NONE

[ ] Filiet weids in pipe [QW-462.4(c){

Concavity/convexity (in.) _NONE

Fitm or specimens evaluated by _NONE

Mechanical tests conducted by _ALL - WELD COMPANY LIMITED

Weiding supervised by (Print name) ANDREW LEWIS

Laboratory test no. NONE

Test requested by (Print name) _ROBERT BENTLEY

Tested at (Print address) 4% PASSMORE AVE , SCARBOROUGH , ONT

We certiy that the statements in this record are correct and that the test coupons were prepared, welded.andtg:tedlnmdamwimmoreqummm

of Section iX of the ASME Boller and Pressure Vesssi Code.
Organization _ALL - WELD COMPANY LIMITED

Signature

e 2]

Date 03-08-2012
{mm-dd-yyyy)

I FOR TSSA INSPECTOR USE ONLY

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

Check (v) applicable box below:

'Z] To weld for the Employer named above oniy.
[:| For seeking employment only.

This Ce:

(olchk Qeal  aNT RS

Inspector Name and Number (Print)
PV 00397 (08110}

expires: _PER ASME SECTION IX

yyYY.

WAL OF.20 (2

Inspactor Signature and Date




Manufacturer's Copy

Technical 4th Floor - West Tower  Boilarsand
Standards and 3300 Bloor Street West  Pressure Vessels Act
Safety Authority Toronto ON MBX 2X4

Welder/welding Uperator laentincation cara

No. 72307

Walder's Last Name Initial First Name Signature Stamp No
PARKIN LAUGHTON Mﬁ s 16
Res. Address “Postal o Provincial Registration No.
26 MULLEN DR., AJAX, ONT. L, 1,T|2A5 OW 2142.5R
Company Name Company PQA No.
ALL-WELD CO. LTD. 3
Street Aodress
49 PASSMORE AVENUE Compary WPSNo.used
Postal Code
SCARBOROUGH, ONTARIO Mlyv|[4T) 3-1
Welding Process(es) Used SMAW Type(s) (manual, machine, etc.) MANUAL
Base Msterial(s) SA-240-304 / SA-240-304 Thickness{es)  3/8"
Manual or Semi-automatic Variables for each Procese (QW-350) ActusiValues Range Qualified
Backing material (meial, wekd metal, weided from both sides, flux, etc.) BASE METAL m WITHOUT
ASME P-No. to ASME P.No. P8 o P8 Pl THRU P11 + P4X PLATE +
{ X ) Piats { ) Plpe (enter diameter if pipe) 1/8" PIPE 2 7/8" OD + UP
Filer Metal Specification (SFA) Class (QW-404) E308-16
Fillar Metal F- No. (QW~404) S, Y ES5 Fs
Filler Metal Product Form for GTAW, PAW (QwW-404) N/A N { A
Consumable Insert for GTAW or PAW (QW-404) N/A N/A
Woeld deposit thickness for each welding process (QW-404) /8" /41 MAX
Weiding Position (1G, 5G, etc.) (QW-405) 26 PLATE GROOVE + PIPE 2 7/8" OD
Progression (uphiiVdownhill) (QW-405) + UP + ALL FILLETS
GTAW, PAW or GMAW backing gas; or OFW fuel gas (QW-408) _N/A N/A
GMAW transfer mode (QW-408) N/A N/A
GTAW welding current type & polarity (QW-408) N/A N/A
Machine Walding Varlables for Process used (QW-350) Actual Values Range Qualified
Direct/remote visua! conirol NONE
Automatic voltage control (GTAW) NONE /
Automatic join tracking NONFE. /
Walding position (1G, 5G etc.) NONE /
Consumabis insart NONE /
Backing matarial (metal, weid metal, wekded from both sides, flux, sic) NONE /
Mutipte or single pass per side NONE /
Change from automatic o machine NONE /
Filler for EBW or LBW NOKE /
Lasaer type NONE /
Drive type for FAW NONE /
Vacuum type for EBW NONE -
3 Note: Values in “Range Qualified” are valid only when used with a Qualified Welding Procedure.
Guided Bend or Radiographic Results (QW-482.2, 462.3 & QW-304 & 305) [~
Specimen No. Bend Radiography | Para. (QW-) Results
Bl ROOT - 462.3a ACCEPTED
B2 FACE | -- 462.3a ACCEPTED

All Other Tests

Visual examination results (QW-302.4) ACCEPTED
Fillet Weld Fracture Test - Length and p ge of defects - in.
Macro Test Fusion - Fillet Leg Size == in.x == i c ity/Convexity - in

Welding Test conducted by (person name) ROBERT BENTLEY

24 APRIL 2001

Date

Tesls by __ALL-WELD CO. LTD.

Wa caertify that the statements in this record are correci and that the test coupons were preparpd
org ALL-WELD CO. LID. sig

Issued under Ontario’s Boilers & Pressure Vessels Act

Expiry Date: _PER ASME
LAUGHTON PARKIN 16
Weider Symbol
Has passed the welding 1est required under Ontario’s Bollers and Pressure

Vessels Act and is hereby authorized to weld for:

ALL-WELD CO. LID.

Director

Subject to légamns of this centificate
Authonz ner

the requirements of Section IX of the ASME Code
24 APRIL 2001

------ Date
Office Use Only
TestR oy M-, R. BENTLEY
(Print Person's Name)
Tesean 49 _PASSMORE SCARBoRoUVEH
(Print Addtess)
Districts__ 90 , &b Foo ?{/
PV0R397 (12/99)



TN AR - LS T
3300 Bloor Street West
Toronto, Ontario M8X 2X4

Technleal

vveiger/vveiaing Uperator uerurncawe
Standards and

Technical Standards and Safety Act

(fam\
G

Safoty Authorlty  yop sne: www.tsse.0r9 Boilers and Pressure Vessels Reguistion No's'». 258823

“Welders Lasi Name ksl First Name mp No.
PARION LAUGHTON I 16
Res. Addrese ostal | Registration No.

3 MUSCAT CRESCENT , AJAX , ONTARIO L, 1,210 .8 9

Employer Name CO'WPORN.:)W’

ALL - WELD COMPANY LIWITED

Strest Addrees 5,9 A8

4 PASSMORE AVE Company WPS No.used

Posil Code

SCARBOROUGH , ONT BTl TR _%
Weiding Procsseies) Used  GTAW Typets) |/ |manusi [ _|mechine | |semieutomatio | _] sutomette

Bosolisterialls) SA-312318 [— | [¥) Testcoupon [ ] Procuction weis

Varishiss for All Processss

Reago Gl

Backing material (wilh/without)

YATHOUT

Base Metal P-Number to P-Number

( ) Pate { X ) Pipe (enier dlameier ¥ pipe)

112" SCHi®

WITH OR WITHOUT
4] SF, P34, & PAX PLA

113 * 00 AND

Filler Matal Specificstion (SFA) Class (QW-404) (informations Orily)

Consumabis insert lor GTAW or PAW (QW-404)

S9 ERMS

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

Manusl or Semi-automelic Variables (QW-350)

Renge Quaiified

Filler Motal F- No. (QW-404)

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

Waeld deposa thicknasa for each weiding procsss (QW-404)

Son
0.578 ° MAX PLATE GROOVE ¢ PIPE 1/2°0D + UP

Proosss 1: Jleyers minkmum  {7] Yes [} No

+ALL ALLETS

Process 2: Jeyers minimum [T Yes [ No

Vertical progression (uphilkiownhill) (QW-405)

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

GMAW transier mode (spemygiobuler or puise 10 short clrcull) (QW-409)

GTAW weiding current type & polerity (AC, DCEP, DCENXQW-400)

NONE
NONE
-ARGON®3.9 %
NONE

DC/sP

Machine Welding Variables (QW-381.2)

Direct or remote visus! control

Automatic arc voltage conirol (GTAW)

Automatic joint tracking

Multipis or single pass per side

Automatic Weiding Variables (QW-381.1)

Filler Metsl (EBW or LBW)

Laser type for LBW (COp 1o YAG etc.)

C drive or inertis

0 (FW)

Vacuum or out of vecuum (EBW)

Note: Vaiuss in “Rangs Quailfied” are valld only when used with a Quaiified Weiding Procedure.

Visual Examination of Completed Weld (QW-302.4) AC

RESULTS

[] Trensverse root and tace [QW-482.3(a);

(7] Pipe bendd specimen, corrosion-resistant overiay [QW-482 5(c));

[ Longitudinal root and face [QW-482.3(b));
] Piate bend specimen, commosion-resistant overiay [QW-482.5(d));

[ side (aw-482.2);

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

[ Piate specimen. macro test for fusion [QW-462 5(e)]

" Type Result Type Resutt Type Resutt _Type Result
QW-8423(a) | ACCEPTED QW-42.3(a) _ACCEPTED Qw4823 (a) ACCEPTED QW-4823(a) | ACCEPTED |
(Facs) {ROOT) { Face) {ROOT)

Altemative radiographic examination results (QW-191)_NONE

Fillet weid — fracture tast (QW-181.2) _NONE

[T] Fitiet weids in plate [QW-482.4(b))
Macro examination (QW-184) NONE
Other tests _NONE

Length and percent of defects NONE

[ Fiiet weids in pipe [QW-462.4(c)}

Filiet size (in) NONE  x NONE _ Concavity/onvexity (in.) _NONE

Film or specimens evaluated by _NONE

Company NONE

Mechanical tests conducted by _ALL - WELD CONPANY LIMITED

Laboratory test no. NONE

Weiding supervised by, (Print name) ANOREW LEWS

Test requested by (Print name) _ROBERT BENTLEY

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

We certify that the statements in this record are comrect and that the test coupons were prapared, and tested in the requirements
of Section iX of the ASME Boiler and Pressure Vesse! Code. K
Organization ALL - WELD COMPANY UMITED Signature Date _03-08-2012

[ Y
i FOR TSSA INSPECTOR USE ONLY 7 ]
The Weider named above has passed the weiding test required under Ortario’s Technical Standards and Safety Act, Boilers and Pressure Vessels

Reguiation and |s hereby authorized, subject to the limitations of this certificate.
Check (v) applicable box below:

.\_ :;mg:smuwu;;@m.m. m,w; PER ASME SECTION IX
oTICA hosuw OIS (S > : MAR O3 . Zol

Inspecior Name and Number (Print)

Inspecior Signature and Date
PV 03397 (0B/10)




@ Technicu é;&m‘;:.::ggﬁ’;&:gx‘ Welder/Welding Operator Certificate
'\J Safety Authority l::: m'- www.!888.0r9 m’:rdui?mgvm‘mq‘“ No. 262465
“Welders Lasi Nams Tnkial _ Firsl Name No.
GABBIDON ALPHONSO 2
Res. Address Postal Code Provincial Registration No.
49 HAVAGAL CRES MARKHAM , ONT L 3, P[7,6 8| Runs
Employer Name Wﬁw_
_ALL - WELD COMPANY LIMITED SAW - W-2-A1
Streel Address
49 PASSMORE AVE Company WPS No.used
Postai Code SAW-W-2-4
SCARBOROUGH , ONT a1,V T

Weiding Processiss)Ussd  SAW

ypsis) | manusl [ Jmechine DMM_M

BaseMstarialle) SA-248-316L [ | 7] vestcoupon [ Productonweid
Variables for All Processes Actust Values Range Quaiifed
Backing meterial (wRhvwithout) BASE § WELD METAL BASE & WELD METAL
Base Metal P-Numbet to P-Number Py to P8 M () 0 7 w
(X ) Pute { ) Pipe (anter dismetar I pipe) 134°,
Fiior Meta! Specification (SFA) Class (QW-404) (informational Only) 59 ERMEL
Consumabile insert for GTAW or PAW (QW—404) NONE
Weiding Posttion (1G, 5G, etc.) (QW-405) 16 16
Manusl putpmntin (QW-350) Actusl Values Ranges Qualified
Flier Matal F- No. (QW-404) s ]
Filer Metal Product Form for GTAW, PAW (QW-404) NONE
Weld deposi thickness tor sach weiding process (QW-404) 134" MAX TO BE WELDED
Process 1. 3 layers minimumn (7 Yes [~ No 14
Process 2: Jayers minimum [~ Yes [~ No NONE
Verticsl progression (uphitkdownhill) (QW-405) NONE
GTAW, PAW or GMAW backing gas; or OFW fusl gas (QW-408) NONE
GMAW traneler mode (spray/globular or pulse to short circull (QW-400)  yONE
GTAW weiing ouent type & polarity (AC, DCEP, DCEN){QW-408) NONE
Idachine Welding Varisbles (QW-361.2) Actusl Valves Rangs Qualified
Direct or remote visusl control NONE
Autormatio arc vokage control (GTAW) NONE
Automstic joint traciing NONE
Muitipis or singis pase per side NONE
Automatis Welding Varisbles (QW-381.1) Actual Values Rangs Qusiified
Fiiler Matal (EBW or LBW) NONE
Laser type lor LBW (COg Io YAG efc.) . NONE
Continuous drive of inertia weiding (FW) NONE
Vacuum or out of vacuum (EBW) NONE
Nm:vuuumemMonnmwmmummuthm
RESULTS

Visual Examination of Compisted Weld (QW-302.4) _ACCEPTED
{Z] Transverse roct and face [QW-462.3(a); |_] Longitudinal root and face [QW-462.3(b));
[ Pipe bend specimen, corrasion-resistant overlay [QW-462.5(c));
[ Pipe specimen, macro test for fusion [QW-462.5(b));
Type Result Resuit

[(side (Qw-462.2);
[0 Piate bend specimen, corrosion-resistant overlay [QW-462.5(d)};
{7] Piate specimen, macro test for fusion [QW-482.5(e))

Type

Type

Result

__Type

ow-4822.2

ACCEPTED

Qw8222

ACCEPTED

Altemative radiographic examination results (QW-191)_NONE

Fillet weid — fracture test (QW-181.2) _NONE

Length and percent of defects NONE

(] Fiiiet weids in plate [QW-462.4(b))
Macro examination (QW-184) NONE
Other tests _NONE
Film or specimens evaluated by _NONE
Mechanical tests conducted by _ALL - WELD COMPANY LIWTED
Welding supervised by, (Print name) ANOREWLEWIS
Test requested by (Print name) ROBERT BENTLEY

D Fiilet weids in pipe [QW-482.4(c)]
Fillet size (in) NONE___ x NONE  Concavitykonvexity (in.) _NONE

Laboratory tast 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, welded, and in accol with the requirements

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

Organization _ALL - WELD COMPANY LIMITED Signaturs Date _03-04-2013
{mem-dd-yyyy)

[ FOR TSSA INSPECTOR USE ONLY |

The Walder named above has passed the welding test required under Ontario’s Technical Standards and Salety Act, Boilers and Pressure Vessels
Reguiation and is hereby authorized, subject to the limitations of this certificate.
Check (v) applicable box below:
@ To weld for the Employer named above only.
] For seeking employment oniy.
. . e <o . €T
Cogiet O oA HiS

Inspactor Name and Number (Print)

This Certificate expires: _PER ASME SECTION IX

WMKQx 19 . Lo\'S

Inspecior Signature and Date

/
PV 08397 (08N0)



Technical
Standards and
Safety Authority

3300 Bloor Straet West
Toronto, Ontario M8X 2X4
Web site: www.Issa.org

TTIVUTH VPTIUNITY WPTSialul Iucsiitinivauuvil varu

Technical Standards and Safety Act
Boilers and Pressure Vessels Regulation

No. 164471_

mManutacturer's Lopy

Welder's Las Initiat _ Fusl Name Signatur )/ Stamp No
eylkasGLa | Name tial t ;AN g a ‘:fFM y ’1’."7 P 83

Ros. Addrass Postal Code Provincial Rgistration No.

39 - 1050 BRISTOL RD., W., MISSISSAUGA, ONT. 5 V|2,E8 OW2142,.5R & R2180.5
Company Name Company PQR No. =
ALL-WELD COMPANY LIMITED 3

Street Address

49 PASSMORE AVE, [ Tompary WPSNo used

Postal Code 3-1

SCARBOROUGH, ONT, MlylaTy

WeldingProcessies)Used o\ Type(s) |y [Jmachine ["] sem: ic ]
BeseMaterizils)  SA S16-70 / SA 516-70 Thickness(es)  5/16"

Varlables for All Processes Actusl Values Range Quailfied

Backing material (metal, weid metal, welded from both sides, flux, etc.) WITHOUT wm

ASME P or S No. to ASME P or S No. Pl o Pl Pl THRU Pll & P4X PLATE &
(X ) Pate { ) Pipe (enter diameter if pipe) 5/16" PIPE 2 7/8" 0.D. & UP

Fillar Metal Specification (SFA) Class (QW-404) (Informational Only) ( 5. 4) E308-16

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

Welding Position (1G, 56, etc.) (QW-405) 2G 26

Manualor Sam} v (QW-350) Actus! Veluas Range Qusified

Filler Metal F- No. (QW-404) F5 F5

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

Wald daposit thi for each weiding (QW-404) 5/16" 5/8" MAX,

Progression (uphilidownhill) (QW-405) — -—

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

GMAW transfer mode (QW-409) - p—

GTAW welding current type & polanty (QW-409) - -

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

Direct or ramote visual controt p— p—

Automatic voliage control (GTAW) - —

Automatic joint tracking — -

Muiltiple or single pass per side - -

A ] {Qw-381-1) Actus! Valuss Range Quasilified

Filler metal (EBW or LBW) — -

Laser type for LBW (CO3 to YAG elc.) - -

Continuous drive or inartia welding (FW) - -

Vacuum or out of vacuum (EBW) - -

Note: Values in “Range Qualified” are valid only when used with a Qualified Welding Procedurs.
AESULTS
Visual E jon of C d Weld (QW-302.4) ACCEPTED
i{] Bend test; KI Transverse root and face [QW-462.3(a)]; E] Longitudinai root and face [QW-462.3(b)[; [:| Side (QW-462.2);

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

l:] Magcro test for fusion [QW-462.5(b)[;

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

Type Resuit Type Result Type Resuit
QW462.3(a) ACCEPTED QW462,3(a) ACCEPTED
ROOT FACE
Altemative radiographic examination resuits (QW-191) -
Fillet weld — fracture test (QW-180) f— Length and percent of defects =
Macro examination (QW-184) == Fillet size (in.) _ == X __ == Concavity/convexity (in.) _==
Other tests . I S
Film or specimens evaluated by - Company -

Mechanical tests conducted by

ALL-WELD COMPANY LIMITED

Welding supervised by__ ANDREW LEWIS

Laboratory test no. _==

Wa certify that the statements in this record are corract and that the test coupons were prapa

¥

Issued under Ontario's Technical Standards and Safety Act
Boilers and Pressure Vessals Regulation
PER ASME
Expiry Date SECL I-X_ —
FAN YANG 83 __
Welder Symbol
Has passed the welding test requited under Ontario's Technice! Standards and

Sahtr Act, Boilers and Pressure Vessals Regulation and is hereby authonzad to
weid for:

o jon __ALL-WELD COMPANY LIMITED Signatt

ALL-4ELD CGHPAMY LIMITED
Sl gct |3 thgdimitation: is cerificate

Director
l/
Autnonzed Exarminer ¢

red, wekied, and testeg in ith the requi
24

of Section IX of the ASME Code

vate __FER. 23, 2006

Office Use Only

Test Requested By

Tasted At

(Print Parson's Nama)

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

Cistnict # _/ »

(Print Address)

Irspactor & M

o

Fee _Z__ﬂé.{_:

j

PV 08357 (0504}



Welder/Welding Operator Identification Card

Technical Standards and Safety Act 4
Boilers and Pressure Vesseis Regulation No. 1 8 9 4 4 AL

141h Floor - Centre Tower
Technical 3300 Bloor Street West
Standards and Toronto, Ontano MBX 2X4
Safety Authority  \yop cite: www tssa org

.|
“Waiders Last Name Initial _ First Name Signature ’L, Stamp No.
YANG FAN N \4W\a 83
Wma Postal Code v Provincial Registration No R3578.5
. = 1050 BRISTOL RD.W ,MISSISSAUGA, ONTARIO L ;5 v |2 E,8 D852.5 + R7674:5

Company Name Company PGR No.

ALL-WELD COMPANY LIMITED 9

Strest Address

49 PASSMORE AVENUE ny U

Postal Cods

SCARBOROUGH, ONTARIO M |1 | v Ill 'rl‘ } 9-1

Welding Processies)Used vy 10 Typels) [X| [ Jmachi Ij I ic [
BaseMateriais) SA 312-304 / SA 312-304 Thickness(es) 0.,218"

Variables for All Processes Actual Values Range Qualitied

Becking material (metal, weld metal, welded from both sides, flux, etc.) WITHOUT WITH OR WITHOUT

ASME P or § No. to ASME P or S No. P 8 o P8 Pl THRU Pll & P4X_PLATE & ALl
{ ) Plate ( X)) Pipe (enter diameter if pipe) 2 3/8" 0,D, PIPE 1" O0,D, & UP

Filler Matal Specification (SFA) Class (QW-404) (Informational Only) (5.9) ER308

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

Waelding Position (1G, 5G, eic.) (QW-405) 6G 6G

Manusior Semi-automatic Variables (QW-350) Actual Values Range Gualified

Filler Matal F- No. (QW~404) F6 F6

Manuraciurer 5 vupy

Fitier Metal Product Form for GTAW, PAW (QW-404) SOLID SOLID
Weld deposit thickness for aach welding process (QW-404) 0.218" 1/16" TO 0_436" MAX
Progression (uphildownhill) (QW-405) UPHILL
GTAW, PAW or GMAW backing gas. or OFW fuel gas (QW-408) ARGON 99% ARGON 997
@~ Nansfer mode (QW-409) N/A N/A
—GTAW welding curent type & polanty (QW-409) DC/SP DC /SP
Machine Weiding Variables (QW-361-2) Actuai Values Range Qualified
Direct or remote visual control — —
Automatic voltage control (GTAW) — —_—
Autoratic jont tracking J— —
Muitiple or single pass per side - —
Automatic Welding Variables (QW-361-1) Actusl Values Range Qualified
Fitler metal (EBW or LBW) _— —
Laser type for LBW (CO3 to YAG atc.) - —
Continuous drive or inertia welding (FW) — —
Vacuum or out of vacuum (EBW) - -

Note: Values in “Range Qualified” are valid only when used with a Quatified Welding Procedurs.
RESULTS
Visual Examination of Completed Weld (QW-302.4) ACCEPTED
E Bend test; ‘Z, Transverse root and face [QW-462.3(a)); I:] Longitudinai root and face [QW-462.3(b)}; D Side (QW-462.2);
L__] Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)]; L__] Plate bend specimen, corrosion-resistant overiay [QW-462.5(d)]:
L—_] Macro test for fusion [QW-462.5(b)}; l:] Macro test for fusion [QW-462.5(e)[

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

- (ROOT) ACCEPTED (FACE) ACCEPTED
Aw.native radiographic examination resuits (QW-191) -
Fillet weld — fracture test (QW-180) - Length and percent of defects -
Macro examination (QW-184) - Fillet size (in.) - x - Concavity/convexity (in.) -
Other tests -
Film or specimens evaluated by - Company -
Maechanical tests conducted by __ALL-WELD COMPANY LIMITED Laboratory test no. -

Welding supervised by ANDREW LEWIS

Woe certify that the statements in this record are correct and that the test coupons were prepared, mlﬁd lgoa in accol with the requirements of Section IX of the ASME Code
Organi ALL-WELD COMPANY LIMITED Signature pate _JANIIARY 26, 2006
U
A\ —

/@ Issued under Ontario's Technical Standards and Safsty Act Office Use Only
R Boilers and Prassure Vessels Regulation
= PER ASME
Expry Date SECT.._IX Test RequestedBy _ROBERT BENTLEY
FAN YANG 83 (Print Persan's Name)
Welder Symbol ALL-WELD COMPANY LIMITED

Hag passed the welding test required under Ontario’s Technical Standards and

M AVE., SCARBOROUGH, ONT.
f‘:‘mc& Boilers and Pressure Vessels Regulation and is hereby authorized to Tested At 49 PASSHORE AV 2 U :

(Print Address)

¢~

Distrct # /S Ir

YL N’? Fee

Director

Authorized Examiner /. PV 03397 (09/04)



AUSME IMesma e anes e = =gy

FLLAY) lecnmcal 3300 Bloor Street Wast - -
”6 Standards and Toronto, Ontario M8X 2X4 Technical Standards and Safety Act
N/ Satety Authorlty  voh cie: www.tssa.ong Boilers and Pressure Vessais Reguiation No. 2 0 7 5 7 6
Welder's Last Name Initial First Name ignature Stamp No.
YANG FAN oFm_ Yo 8
Res. Address Postal Cods [Provinkgl Registration No
76 LUCIENT ST., MARKHAM, ONT. L3R l5 E 1 WPR 3432.5
Employer Nama Company PQR No
ALL-WELD COMPANY LIMITED 50
Street Address
49 PASSMORE AVENUE Company WPS No used
Postal Cods
SCARBOROUGH, ONTARIO M, 1y |aT]| 301
Welding Process(es)Used FCAW Typs(s) [ jmanual | | X somt
BesoMaterialis) SA 240-316 / SA 240-316 Thickneasiesy  3/8"
Verisbles for All Processes A ActualValues Range Qualified
Backing matarial (metal, weld metal, welded from both sides, flux, etc)  WITHOUT " WITH OR WITHOUT
ASME P or S No. to ASME P or S No. P8 1o P8 Pl THRU P11l & P4X PLATE & ALL
( X ) Plae ( ) Pipe (enter diamater if pipe) 3/8" PIPES 2 7/8" 0.D. & UP
Fillar Metal Specification (SFA) Class (QW-404) (Informational Onty) (5.22) E316LTO~-1
Consumable Insert for GTAW ar PAW (QW-404) =
Welding Position (1G, 5G, etc.) (QW-405) 26 2G
M ) or Semi (QW-350) Actual Valuss Range Qualified
Filler Metal F- No. (QW-404) _m F6
Fillar Metal Product Form for GTAW, PAW (QW-404) — —
Wald deposit thi for each g P (QW-404) 3/8" 3/4" MAX
Process 1. 3 layers minimum Yes No - —
Process 2. 3 layers minimum Yes No — -
Progression (uphillidownhill) (QW-405) — -
GTAW, PAW or GMAW backing gas, or OFW fuel gas (QW-408) CO2 Cco2
GMAW transfer mode (spray/globular ar pulse to short circuit) (QW-409)  SPRAY SPRAY, GLOBULAR & PULSE
GTAW waelding current type & polarity (AC, DCEP, BCEN)(QW-409) - ——
Machine Welding Varlables (QW-3681-2) Actual Vaiues Range Quallified
Diract or remote visual control — —
Automatic arc voitage control (GTAW) - ——
Automatic joint tracking — -
Multiple or single pass per side m—— -
Attomatic Welding Variables (QW-381-1) Actual Values Range Qualified
Filler metal (EBW or LBW) —— —
Laser type for LBW (CO3 to YAG etc.) — -
Continuous drive or inertia weiding (FW) — -
Vacuum or out of vacuum (EBW) - -

——1~

Note: Values In “Range Qualified” are valld only when used with a Qualified Weiding Procedurs.

RESULTS
Visuai Examination of Compieted Weld (QW-302.4) ACCEPTED
X| Bend test; r_X] Transverse root and face [QW-462.3(a)]; [_“’ Longitudinal root and face [QW-462.3(b)]; Side (QW-462.2);

D Pipe bend specimen, corrasion-resistant overlay [QW-462.5(c)[; E—I Piate bend specimen, corrosion-resistant overiay [QW-462.5(d));
(] Macro test for fusion [QW-482.5(b)); || Macro test for fusion [QW-462.5(e)[

Type Result Type Resuit Type Resull
OW462,3(a) | ACCEPTED Qw462.3(a) ACCEPTED

(ROOT) (FACE)
Aiternative radiographic examination resuits (QW-191) -
Fillet weld — fracture test (QW-180) —_— Length and percent of defects _——
Macro examination (QW-184) - Fillet size (in.) _ " H - Concavity/convexity (in.) —
Other tests -
Film or specimens evaluated by K Company _ =~
Mechanical tests conducted by __ALL-WELD COMPANY LIMITED Laboratory test no. __ ==
Welding supervised by ANDREW LEWIS
Test requested by (Print name) _ ROBERT C. BENTLEY Tested at (Print address) 49 PASSMORE AVE., SCARBOROUGH, OF

Wae certify that the statements in this record are correct and that the test coupons were prepared, welded, and test
of Section iX of the ASME Boiler and Pressure Vessei Code.

Organization ALL-WELD COMPANY LIMITED Signature

In accordance with the requirements

JAN. 14, 2008

(mm-dd-yyyy)

Date

FOR TSSA INSPECTORUSEONLY W) ]

The Welder named above has passad the weiding test required under Ontario's Technical Standards and Safety Act, Boilers and Pressure Vesseis
Reguiation and is hereby authorized, subject to the limitations of this certificate.

Check (v) applicable box below: (AY’(S Mh$\/\%
>(To weid for the Employer named above oniy. This Certificate expires: \

" For seeking employment oniy. m‘n-dd-yyyy)
Yo w& w"rﬂx O—\\k‘\K N\ x
T "7 Tinspector Name and Number (Print) S % o T

T Inspector Signjtu J \)
PV05387 (0407)




I LI L 3 ey

14th Flaor - Centre Tower i i H
Technical 141 Floar - Contre Towe Welder/Welding Operator Identification Card
Standards and Toronto, Ontario MBX 2X4 Tachnical Standards and Safety Act

Safety Authority o), sitg: www.tssa.org Boiiers and Pressure Vesseis Regulation No. 2 5 g 7 1 8

Weider's Last Name Initial __ First Name ignatul I Stamp No.

Liew Steve
Res. Address Postal Ggle *7T Provincial Registration No.

11 Indian Mound Crescent, Scarborough, Ontario M1l HJjl W2 D700.5 & R2363.5 R2060.5

%

EmployerName Company PQR No.

Street Address 78, 1 +1-A
49 Passmore Ave Company WPS No.used

Postal Code

Scarborough, Ontario M1V 4 1-1

4 7,1
Welding Process(es)Used SN Typels)  [X]

[ somi i

A

BaseMateriaks)  SA 5]16-GR 70 / SA 516-RR 70 Thicknessies)  3/8"

Variables for All Processes Actual Vaiues Range Quailified

Backing material (metal, weld metal, weided from both sides, flux, etc.) without ith or without

wl
ASME P or § No. to ASME P or S No. P  w_ Pl | thru P15F.P34 & P4X Plate & all

'U'US

( X)Pawe ) Pips (enter diameter i pips) 3/8" pe 2 7/8°0.D. & wp

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

Consumabile Insert for GTAW or PAW (QW-404)

Waelding Position (1G, 5G, etc.) (QW-405) . ]

M FP—— s (QW-380) Actual Vaives Range Qualified

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

Filler Metal Product Form for GTAW, PAW (QW-404) -
Weld depasit thi for each g p (QW-404) 3/8" 3/4" max
Process 1: 3layers minimum | Yes 5 No 4

Process2: ______ Jlayersminimum 3 Yes [ No el -

Progression (uphillidownhill) (QW-405) - -

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

GMAW transfer mode (spray/giobular or pulse to short circuit) (QW-409) —

GTAW weiding current type & polarity (AC, DCEP. DCEN){QW-408) - -

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

Direct or remote visual control

Automatic arc voltage control (GTAW) -—

Automatic joint tracking - -

Multiple or single pass per side o -

A ing (QW-381-1) Actual Values Range Qualitied

Filler matal {(EBW or LBW)

Laser type for LBW (COg to YAG etc.) — _—

Continuous dnive or inertia welding (FW) -

Vacuum or out of vacuum (EBW) - —

Note: Values in “Range Quatified” are valid onty when used with a Quaiified Welding Procedure.

RESULTS
Visuai Examination of Completed Weld (QW-302.4) accep

X Bend test: i_ Transverse root and face [QW-462.3(a)l; [:; Longitudinal root and iace [QW-462.3(b)[; | _ Side (QW-462.2);
Pipe bend specimen, corrasion-resistant overlay [QW-462.5(c)); 1: Plate bend specimen, corrosion-resistant averiay [QW-462.5(d));
: Macro test for fusion [QW-482.5(b)[; D Macro test for fusion [QW-482.5(e))

Type Resuit Type Resuit Type Resutt

W 462.3 (a) acceptefi QW 462.3 (a) accepted

(ROQT) (FACE)
Alternative radiographic examination resuits (QW-191) -
Fillet weid — fracture test (QW-180) - Length and percent of defects -
Macro examination (QW-184) _____ """ Fillet size (in.) __===__ x __“== _ Concavity/convexity (in.) -
Other tests -
Film or specimens evaluated by -= Company -
Mechanical tests conducted by ____ A]1-Weld Company limited Laboratory test no. -
Welding supervised by is
Test requested by (Print name) Robert C. Bent]ey Tested at (Print address) 49 Passmore Ave scaerUgh’ ON

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

of Section IX of the ASME Boiler and Pressure Vessel Code.
Organization Al1-Weld Company Limi ted Signature M Date _ July .11:11’ 2)011
tmm-ddevayy

FOR TSSA INSPECTOR USE ONLY NS '

The Welder namec above has passed the weiding test required under Ontario’s Technical Standsrds and Safety Act, Boilers and Pressure Vessels
Regulation and is hereby authorized. subject to the limitations of this certificate.

Check (v) appiicable box below: (3
;_x To weld for the Employer named above only. This Cartificate expires: .___ L(EQ‘_ A_‘i \\l‘ G'___.L.L

. “dd-v vy
__ For seeking emplovment only. Tam-ddoviyy

Do Cava  anvemany

inspector Name and Number (Print)




Fr vy -1 ro<ccorvvsc— | =2 |

V) Techoent ot Tt Welder/Welding Operator Certificate
&) s, o Ioieusmnoiserte  No. 262466
“Woders e ame T PR Mems Sgraie lm

LIEW STEVE — »

Ties. Addrese TFostal Code V. Provinclal Registration No.

11 INDIAN BOUND CRESCENT , ONTARIO g1 H[1 w2 P-T4 62 v-S
Employer Name 'ﬁa‘é

ALL - WELD COMPANY LIMITED

“Shest Address 3.3%

4 PASSMORS AVE = Company WP4 No.used

SCARSOROUGH , ONT Mi,vieT 18

Weiding Prossssies)Ussd  SHAW []manuat [ mashine [ |sormieutomatio [ ] sutometie
Basolsteriits) SA-24318 TO 84300318 | TRtz 1ue | (7] rostcopon (] Prosustionwes
Varisbies for All Prosseses Actusi Valuse Range Cassiitied

Backing meterial (wihviwihout) WiITH

Base Metal P-Number to P-Number ] w__8 _P1 THRY PASP, P34 § PEXPLATE AND PIPE 270° 0D AND UP
(X )Pue ( ) Pipe (enter diameter § pipe) 134", _AND ALL FLLETS

Filler Matal Specifioation (8FA) Class (QW-404) (informattionsl Orly) 54 E3te-18
Consumabls insert for GTAW or PAW (QW-404)

Weiding Position (1G, 50, e%.) (GW-405)

Manual or Somi-autzszstis Variables (QW-368)

Fller Matal & No. (QW-404)

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

Weld deposit thicknees for each weiding proosss (QW-404)
Procsss 1:, Shyseminimum 7] Yes [ No
Process 2: Swyersminknum [ Yes [ Ne
Vertiosl progression (uphiikiownhill) (QW-406)

GTAW, PAW or GMAW baniing ges: or OFW funl gas [CW-408)
GMAW ranader mode (sprayhiobular or pulss 10 short clroult) (QW-408)
GTAW waiding current type & polarity (AC, OCEP, DCENXQW-409)
Machine Weiding Veriabiss (QW-301.3)

Direct or remote visual control

Automsiic arc voltage control (GTAW)

Automaiic joint backing

Muliipis of singie pess per side
Automatie Weiding Variables (QW-381.1)

Filler Matal (EBW or LBW)

uquumwm.nvmu)
Continuous drive or ineriia wekiing (FW)

Vaouum or out of veouum (EBW)

16420

|
i
s
i

ah“L

MAX YO BE WELDED

|
i
s
|

iihﬁiiﬁﬁi
4

i

§

!

Nots: Vaiuss in “Rangs Qualitied” are valld only when used with & Quaiified Weiding Procedure.
RESULTS

Visusl Examination of Compieted Weld (QW-302.4) _ACCEPTED
(] Transverse roct and face {QW-462.3(a); [ ] Longitudinal root and facs [QW-48230)); [/] side (Qw-482.2);
(] Pips bend specimen, corosion-resistant overay [OW-482.5(c)l; (] Plate bend specimen, corrosion-resistant overiay [QW-4825(d);

[] Pips specimen, macro test for fusion [QW-482 5(b)]; Plate macro tast for fusion [OW-482.5(e)]
Type Result Type Regult _Typs Result _Type Result
QW22 | ACCEPTED | W42 | ACCEPTED Qw4622 Qw-4022 ACCEPTED
(Side) (Side) ( Side) (Side )

Altemative raciographic examination results (QW-191)_NONE

Filist weid — fracturs test (QW-181.2) _NONE Length and percent of defects
(] Fitiet weids in piate [QW-462 4(b)} (] Folet weids in pipe [QW-462.4(c)
Macro examination (QW-184) NONE _  Fiilet size (in) NONE __ x NONE  Concavitykonvesdty (in.) _NOKE
Other tests _NONE_
Fiim or specimens evaiusted by _NONE Company NONE
Machsnical tests conducted by _CANBRIDGE MATERIAL TESTING LISITED Laboratory test no. 8349832013 & 6340812013
Weiding supervised by, (Print name) ANOREW LEWS
Test requestad by (Print name) _ROBERT BENTLEY Tested st (Print address) 40 PABSHORE AVE, SCARBOROUGH , ONT
We certify that the statements in this record are correct and that the test coupons wers prepared, weided, and tested in with the requirements
of Section (X of the ASME Boller and Prassure Vessal Code.
Organization ALL - WELD COMPANY LIBITED Signature Date 03-(1!-2913
| FOR TSSA INSPECTOR USE ONLY '

The Welder named above has passed the wekiing test required under Ontario's Technical Standards and Safety Act, Bollers and Presasure Vesssls
Reguistion and Is hereby authorized, subject o the limitations of this certificate.
Checit () applicable box below:

Iﬂmﬁmumm rg:fnmmu
SWTAIS we IS, 20\%

" Inspector Name and Number (Print) Inspector Signature and Date

PV 0K37 (O8N0}



@ Tochniest %ﬁ“ﬁﬁx ) . WeldngeIdlng Operator Certificate
ndards O 3 Standards m
Safety Authority oo site: www.issa.og mﬁm;unVMsmgﬁ;m No. 262464
“Weldors s Warra TP e Soraiwe Im

90

UEW STEVE
Res. Address Postal Cods ¥ Provincia! Registration No.

11 INDUAN OUND CRESCENT , ONTARIO TN ALY WEP-T7 4646.5
"Compeny PGR No.

Employer Neme
_ALL - WELD COMPANY LINTED
Stres! Address X

S
49 PASSMORE AVE CompanyWPS No.ussd
Fostal Code

SCARBOROUGH , ONT WL vie T s

Wolding Precessies)Used FCAW Typsie) |V/|menual | |mechine | [semi-eutomatio | | sutomatie

BaseMaterislls) SA-240-318 TO SA-248-316 [ —y | v pon | ] weld

Varisbiss for All Processss Actusi Veluss Range Quaiified

Backing malerisl (wihvethoul) WITH WTH

Base Motal P-Number to P-Humber I w__28 P4 THRU PASE, P34 & PAX PLATE AND PIPE 2 7/8° 00 AND UP

(X )Pis () Pipe (onter dameter i pips) 134", _+ALLALLETS

Filer Motal Specifioation (SFA) Class (OW-404) (ormational Oniy) 522 EWRLTDM

Consumabls insert for GTAW o PAW (QW-404) WONE

Weiding Position (10, 56, ekz.) (QW~405) 0 30

Wrwasl or Semsk-utomatio Vartebles (QW-360) ‘Actusl Velose Range Quaiified

Filer Motmi F- No. (QW404) " e

Filer Mstal Product Form for GTAW, PAW (QW-404) NONE NONE

Weld dapceR thickress 1or each wakding process (QW-404) 196 MAX TO BE WELDED

Frooess 1. 3 lyors minrum 7] Yes [ No —

Process 2, _Syssminiman [] Yes [7] No NONE

Verticel progression (uphiliiownhif) (QW~405) NONE

GTAW, PAW or GMAW baciing gass or OFW fusi gas (QW-408) co2 co2
SPRAY
NONE

GMAW tansier mods (spray/giobuler or pulss to short clroull) (QW-409) SPRAY, GLOBULAR & PULSE

GTAW weiiing current type & polarity (AC, DCEP, DCENXQW-409)

Mashine Welding Verizbice (QW-3861.3) Achsl Valuse Range Quaiified
Direct or remote visusl control

Autormatic arc voltage control (GTAW) _NONE
Autornatic joint tracidng NONE
Muitiple or singie pass per side

Automatic Weiding Variables (QW-381.1) Actusl Velues Asnge Quaiified
Filler Meatal (EBW or LBW)

Laser type for LBW (COz 0 YAG ek2)
Continuous drive of inertis welding (FW)
Vacuum or out of veouum (EBW)

Nots: Vaiues In “Range Quaiified” are veild only when used with s Guaiified Welding Procedure.
RESULTS

Visua! Examination of Completed Weid (QW-302.4) _ACCEPTED
D Transverse root and face [QW-462.3(a); [ Longitudinal root and tace [QW-4623(b)}: [¢] side (Qw-62.2);
D Pipe bend specimen, comosion-resistant overiay [QW-462.5(c)), l:| Plate bend specimen, comosion-resistant overiay (QW-482.5(d));

D Pipe specimen, macro tast for fusion {QW-482 5(b)]; [:] Plate specimen, macro test for fusion [QW-462.5(s)]
Type Result Type Resuit Type Result Type Resuit
G ACCEPTED aw-e22 Qw4823 ACCERTED | Ow-4622 ACCEPTED
| (SIDE) { SIDE ) (SIDE) {SIDE )
Altamative radiographic examination results (QW-191)_NONE __
Fiiet weid — fracture test (QW-181.2) _NONE Length and percent of defects.
(] Fitiet weids in plate [QW-482 4(b)) (] Filet weids in pipe [QW-462.4(c)}
Macro examination (QW-184) NONE __ Filiet size (in.) NOKE __ x NONE _ Concavity/convexity (in.) _NONE
Other tests NONE
Fiim or specimens evaluated by _NONE Company NONE
Mechanical tests conductsd by _CAMBRIDGE MATERIAL TESTING LISITED Laboratory test no. _836443-2013 42 038450-2013
Woeiding supervised by, (Print name) ANDREW LEWIS
Test fequested by (Print name) ROBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH , ONT

We certify that the statements in this record are correct and that the test coupons were prepared, weided, and jasip
of Section iX of the ASME Boller and Pressure Vessel Code.

anization ALL - WELD COMPANY LIMITED S e U3 - 27 . 2013
Org ignature =
) (mm-dd-yyyy)

d in accordance with the requirements

FOR TSSA INSPECTOR USE ONLY

The WMdu named above has passed the weiding test required under Ontario's Technical Standards and Safety Act, Boilers and Pressure Vesseis
Reguiation and is hereby authorized, subject to the iimitations of this certificate.

Check (v') applicable box below:

(/] To wald for the Employer named above only. This expiras; _PER ASME SECTION IX
|} For empioyment only. . YYYY)
Cotloa— ONTIS > k@ 2% 2012
Inspector Name and Number (Print) Tnspector Signsture and Date

PV 05097 (08N0)



@ Technical T s Welder/Welding Operator Certificate

ey o O MeX 21 TS ndsaey At~ o 258828
Woelder's Last Name initial First Name Signature Stamp No
ALROUBAY{ A RAZZAK l 109
Ras. Address Postal Code Provincial Registration No
140 QUANTRELL TRIAL SCARBOROUGH . ONT M 1, B|1 L B|RURS
Employer Name Company PQR No
ALL - WELD COMPANY LIMITED SAW -2A1
Street Address
49 PASSMORE AVE Company WPS No used

Postal Cade SAW-W-2-1
SCARBOROUGH , ONT ML vie T

Welding Process(es)Used SAW ypel(s) g o " . v )

BaseMaterial(s) SA-240-304 Thickness{es) 1" { TestCoupon Production Weld

Variables for All Processes ActualValues Range Qualified
Backing material (with/without) BASE & WELD METAL BASE & WELD METAL
Base Metal P-Number to P-Number [ ] to [ P1 THRU P15F, P34 & P4X PLATE AND PIPE 2 7/8" OD AND UP
(x ) Plate { ) Pipa (anter diameter i pipe) 1.

Filler Matal i (SFA) Class (QW-404) (Informational Only) 59 ER308

Consumable Insert lor GTAW or PAW (QW-404) NONE
Waeiding Position (1G, 5G, etc ) (QW-405) 16 16

Manual or Seml-automatic Variables (QW-350) Actual Values Range Qualified
Fitler Malal F-No. (QW-404) 6 6
Filler Metal Product Form for GTAW, PAW (QW-404) NONE
Wald depost thickness for each welding process (QW-404) [ MAX TO 8E WELDED
Process 1 3 layers muni [7 Yes [~ No 12
Process2 ___________3layers minimum [ Yes [~ No NONE
Vertica! prograssion (uphilidownhill) (QW-405) NONE
GTAW, PAW or GMAW backing gas, or OFW tuel gas (QW-408) NONE
GMAW transfar mode (spray/globular or pulse to shart circuit) (OW-409) NONE
GTAW walding current type & polarity (AC, DCEP, DCEN)(QW-408) NONE

Machine Welding Variables (QW-361.2) Actual Values Range Qualitied
Direct or ramota visual control NONE
Automatic arc voltage control (GTAW) NONE
Automatic jownt tracking NONE
Multiple or single pass per side NONE

Automatic Welding Variables (QW-361.1) Actual Values Range Qualified
Filler Metal (EBW of LBW) NONE
Laser type for LBW (COg to YAG etc.) NONE
Continuous drive or inestia welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE

Note: Values In “Range Qualified” are valid only when used with a Qualitied Welding Procedure.
RESULTS
Visual Examination of Completed Weld (QwW-302.4) _ACCEPTED e T

Transverse root and face [QW-462.3(a), Longitudinal root and face {QW-462 3(b)), v/ Side (QW-462 2),
Pipe bend specimen, corrosion-resistant overlay {QW-462 5(c)). Plate bend specimen, carrosion-resistant overlay [QW-462 5(d)],

Pipe specimen, macro test for fusion {QW-462 5(b)). Plate specimen, macro test for fusion [QW-462.5(e))
Type ~___ Resuit L __Type _._ Resuit Type Resuit Type Resuit

Qw-462.2.2 _ ACCEPTED : Qw-462.2.2 ACCEPTED
- ———— _Zawgh

Alternative radiographic examination results (QW-191)_NONE e o

Fillet weld — fracture test (QW-181 2) _NONE . ___ Length and percent of defects NONE o -
Fillet welds 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

Film or specimens evaluated by _NONE Company NONE

Mechanical tests conducted by _ALL - WELD COMPANY LIMITED Laboratory test no _NONE

Welding supervised by (Print name) ANDREW LEWIS _

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

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and ’s}ed in accordance with the requirements
of Section IX of the ASME Boiler and Pressure Vessel Code g B o 4
Organization _ALL - WELD COMPANY LIMITED Signature M Date _03-06-201

) ] bl 4 (mm-od-yyyy)

FOR TSS_A INSPECTOR USE ONLY

Th_e Welder named above has passed the welding test required undér Ontanio's Technical Standards and Safety Act, Boilers and Pressure Vessels
Reguiation and is hereby authorized, subject to the limitatlons of this centificate

Check (v) applicable box below

Y To weld for the Employer named above only. This Certiticate expires _PER ASME SECTION IX
For seeking employment only imm ad-yyyy)
COST\CA Ro OIS ,§ MER 04, 2o\

Inspector Name and Numbar (Pnint) Inspactor Signature and Date
£V 09397 108/10)



S NN Technical 3300 Bloor Street West VEGIMLII FTLIWINIY W/ Wi vMew: W srsewsess

(335 ) Standerds and  Toronio Ontario MBX 2X4 Technical Standards and Safety Act =7E]
R/ Sty AsthertY o gia  www tssa org Boilers and Prassure Vesseis Regulation No. 257501
Welder's Last Name indial _ First Name Si Stamp No.
INNIS ANDREW # /-M% 110
Res. Address Postal Cofle Provincial Registration No
21 BORNHOLM DRIVE TORONTO , ONTARIO M 1,C|4,P G
QW2142.5R & R2180§
Employer Name Company POR No
ALL - WELD COMPANY LIMITED
Street Address 34 3A
49 PASSMORE AVE Company WPS No used
Postal Code
SCARBOROUGH , ONT Mot Ve T 13
WeldingProcess{es)Used  SMAW Typets) [/} Ol Clsemt ie [] )
BasaMateriais) SA-240-304 TO SA-240-304 I Thickness(es) 318° I m TestCoupon D ProductionWeld
Veriables for All Processes Actual Vaiues RAange Qualified
Backing material (withAithout) WITHOUT WITH OR WITHOUT
Bass Metal P-Number to P-Number ] o 8 P1 THRU P15F, P34 & P4X PLATE AND PIPE 2 7/8" OD AND UP
(x ) Plate ( ) Pipe (enter diamater ¥ pipe) 0.375".
Filter Matal Spacification (SFA) Class (QW-404) ( X Only) 54 EJ08-18
Consumable Insert for GTAW or PAW (QW-404) NONE
Welding Position (16, 5G. eic ) (QW-405) 26 26
Msanual or Semi-automatic Variables (QW-350) Actual Values Range Qualified
Filler Metal F- No. (QW-404) F5 F5
Filler Metal Product Form lor GTAW, PAW (QW-404) NONE
Weid depostt thickness for each wekding process (QW-404) 38" 314" MAX
Process 1: 3 layers mini v Yes No 4 PLATE GROOVE + PIPE 27/8" OD + UP + ALL FILLETS
Process 2: 3 layers mi Yes No NONE
Vertical progress phi i) (QW-405) NONE
GTAW, PAW or GMAW backing gas, or OFW luet gas (QW-408) NONE
GMAW bansfer mode (spray/globular or pulse to short circuit) (QW-409) NONE
GTAW welding current type & polarity (AC, DCEP, DCEN)QW-408) NONE
Machine Welding Variables (QW-361.2) Actual Values Range Qualified
Oirect or remote visual control NONE
Automatic arc voitage control (GTAW) NONE
Automatic jomnt tracking NONE
Muttiple or single pass per side NONE
A 9 (QwW-361.1) Actusl Values Range Qualified
Filler Metal (EBW or LBW) NONE
Laser type for LBW (COg to YAG etc) NONE
Continuous drive or inertia wetding (FW} NONE
Vacuum or out of vacuum (EBW) NONE

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

Visual Examination of Completed Weld (QW-302.4) _ACCEPTED
7] Transverse root and face {QW-4623(a), ] Longitudinal root and face [QW-462.3(b). [ ] Side (Qw-4622),
-] Pipe bend specimen, corrosion-resistant overlay {QW-462.5(c)|. D Plate bend specimen, corrosion-resistant overlay {QW-462 5(d)).

[] Pipe specimen, macro test for fusion [QW-462.5(b)). [:_] Plate specimen, macro test for fusion [QW-462 5(e)]
g Type Resuit Type Resuit Type Resuit Type Resuit
AW-462.3(a) ACCEPTED Qw-462.3(a) ACCEPTED
rm {ROOT) ]
Altemative radiographic examination results (QW-191)_NONE
Fillet weld — fracture test (QW-181 2) _NONE Length and percent of defects
[ Fillet weids in plate {QW-462 4(b)) [} Fiet welds in pipe [QW-462.4(c)]
Macro examination (QW-184) NONE Fiilet size (in) NONE x _NONE Concavity/convexity (in.) _NONE o
Other tests _NONE
Film or specimens evaluated by _NONE Company _NONE
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED Laboratory test no. _NONE
Welding supervised by (Print name) ANDREW LEWIS _
Test requested by {Print name) ROBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH . ONT

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

Organization _ALL - WELD COMPANY LIMITED Signature

rdance with the requirements

01-09-2012

T immadyyyy)
I FOR TSSA INSPECTOR USE ONLY :
The Welder named above has passed lh; 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 certdicate.

Check (v) applicable box below:

Date

PER ASME SECTION IX
(mm-dd-yyyy}

@ To weld for the Employer named above only. This Certificate e)
D For seeking employment only.

S ca oS ot S

Inspector Name and Number (Print) lnsnec(or'aq'ﬁalure ang Date

PV 09397(0810)



Technicai 144 Flooe - Camen e WelderMIeIdlng Operator Certificate

::'n:"::m.::" ‘x:zo"omo:):m m:,:.nzl Prassure V.ens:ell Roqulaﬂon No. 262452
“Welders Lasi Name TRl Frst Name Toreire .. SareNo
] TAE s, ﬁ [ 121
Res. Address Fostal Code Z Registration No.
733 OSSINGTON AVE TORONTO , ONTARIO L 1, X2 E 1 o S
Employer Name POA No.
ALL - WELD COMPANY LIMITED
“Street Address 38 3A
49 PASSMORE AVE [ WPSNo.used
Postal Coda
SCARBOROUGH , ONT M1 VIe TN £y
Weiding Process(es)Used  SMAW [Typels) [/)manuat [ Jmachine [ ]semi-automatic {” | sutomatic
BaseMateriaks) 5A-240-304 TO SA-240-304 [t | 7} [] Production wekd
Variabise for All Processes Actuai Values Range Quasiified
Backing material (withiwithoul) wITHOUT WITH OR WITHOUT
Base Meta) P-Numbe to P-Number [] 10 [} P & PAXPLA 27/8° 00 AND
(X ) Plats ( ) Pips (enter dismsier ¥ pipe) 0.375".
Fller Metal Specification (SFA) Class (QW-404) (informations! Only) 84  EN8-18
Consumable insert for GTAW or PAW (QW-404) NONE
Welding Poaition (1G, 53, etc.) (QW-405) 26 16826
sanual des (QW-350) Actus! Velues Range Quaiified
Fliler Metal F-No. (QW-404) FS F$
Filler Metal Product Form for GTAW, PAW (QW-404) NONE
Waelid depost for each g (QW-404) " V4® MAX
Process1:___________3isysrsminimum (7! Yes [ No 4 PLATE GROOVE ¢ PIPE 2 7/8° 0D ¢ UP ¢ ALL FILLETS
Process 2 3 layers ™ Yes [T No NONE
Vertica! progression (uphillkdownhill) (QW-405) NONE
GTAW, PAW or GMAW backing ges; or OFW fus! gas (QW-408) NONE
GMAW transier mode (spray/globular or pulss to shor circull) (QW~409)  NONE
GTAW welding current type & polarity (AC, DCEP, DCENXOW-409) NONE
Machine Weiding Varisbies (QW-381.2) Actusl Values Range Ousiified
Direct or ramote visual controd NONE
Automatic arc vokage control (GTAW) NONE
Automatic joint tracking NONE
Mutiple or single pass por side NONE
Automatio Welding Verisbles (QW-381.1) Actusl Velues Range Qualified
Filler Metal (EBW or LBW) NONE
Laser type for LBW {CO3 to YAG etc.) NONE
Continuous drive of inertis welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE
m:vummmumw“mmummm-wwmm
RESULTS
Visual Examination of Completed Weld (QW-302.4) _ACCEPTED
I¥| Transverse root and face (QW-462.3(a); | |Longitudinal root and face (QW-482.3(b)), | |Side (QW-4622).
| | Pipe bend specimen, corrosion-esistant overiay {QW-462.5(c)). | | Piate bend specimen, corrosion-resistant overlay (QW-462.5(d)).
| Pipe specimen, macro test for fusion (QW-482.5(b)); | | Piate specimen, macro test for fusion {QW-462.5(e))
Type Result Type Result Type Resunt | Type ‘ Result !
Qw-4s2.3(a) ACCEPTED QW-462.3(s) ACCEPTED | | : ;
(Face) (ROOT) | T .

Altemnative radiographic examination results (QW-191) NONE

Fillet weld — fracture test (QW-181.2) _NONE Length and percent of defects
| Filiet weids in plate (QW-462.4(b)) i | 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
Film or specimens evaluated by _NONE Company NONE
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED Laboratory test no. _NONE
Welding supervised by (Print name) ANDREWLEWIS
Test requested by (Print name) ROBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH , ONT
Wae certiy that the statements in this record are correct and that the test coupons were prepar .4and te in f with the requirements
of Section iX of the ASME Boiler and Pressure Vessal Code .
Organization ALL - WELD COMPANY LIMITED Signature ___ Date 08 -12-2012

{mm-dd-yyyy)

I FOR TSSA INSPECTOR USE ONLY

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

Check (v) applicable box beiow:

-/ | To weld for the Employer named above only. Trus Certificate axpires: _PER ASME SECTION u_(_a_ .
| | For seeking employment only. {mem-ce-yyyy!
wgnm oW NS S Mc OOV
inspecior Name and Number (Print) < inspecior Signaiure and Date

PV 09397 (08/10)

QA COPY



14th Floor - Centre Tower

@ Temicsl | 5300 oy e Ve o Welder/Welding Operator Certificate
U Ay et O M 2 Jehnicalsunduarandsatayact |, 262453
Waelder's Last Name Initial First Name ignature Stamp No
Kist TAE m? 121
Res. Address Postal Code u Provincial Registration No.
733 0SSINGTON AVE TORONTO , ONTARIO M1, Cl4 Py RISTES. DB525 & 7645
Employer Name "Company POR No.
ALL - WELD COMPANY LIMITED
Street Address 54,9 ,9A8
49 PASSMORE AVE C WPS No used
Postal Code

SCARBOROUGH , ONT AT MTLTR 81
Welding Process(es)Ussd GTAW Typets)  [v/] ] [ Isemt [
BaseMaterial(s) SA-312-304 Thickness(es) 0218 | 7] vestcoupon ] Production weid
Variables for All Processes Actus|Velues Range Qualified
Backing material (withwithout) WITHOUT WITH OR WITHOUT
Base Matal P-Number to P-Number ] to L] P4 THRU P45F, P34 & P4X PLATE AND PIPE 1 * OD AND UP
( ) Plate {__X__) Pipe (enter diameter H pipe) 2.375 " 0D PIPE
Filler Matal Si (SFA) Class (QW-404) (Informational Only) 59 ER0S
Consumable Insert for GTAW or PAW (QW-404) NONE
Walding Position (1G, 5G, elc.) (QW-405) 1] G
Manusl i (Qw-350) Actual Values Range Qualified
Filler Metal F- No. (QW-404) F8 F8§
Filler Matal Product Form for GTAW, PAW (QW-404) SOLID SOLID
Wald deposit thickness for each welding process (QW-404) 0.218" 0.436 " MAX PLATE GROOVE + PIPE 2 7/8° OD + UP
Process 1: 3 layers /i Yes [T No 3 + ALL FILLETS
Process 2: 3 layers [ Yes [ No NONE NONE
Vertical prograssion (uphill’downhill) (QW-405) UPHILL NON
GTAW, PAW or GMAW backing gas; or OFW tuel gas (QW-408) ARGON 99% ARGON 99%
GMAW transfer mode (spray/globular or pulse to short circuit) (QW-408) NONE NONE
GTAW welding current type & polarity (AC, DCEP, DCEN)(QW-408) DCisP DCISP
Machine Welding Variables (QW-381.2) Actual Values Range Qualified
Direct or remota visual control NONE
Automatic arc voltage control (GTAW) NONE
Automatic joint tracking NONE
Muttiple or single pass per side NONE

tic Welding (Qw-381.1) Actual Values Range Quallfied
Filler Metal (EBW or LBW) NONE
Laser type for LBW (CO3 to YAG etc.) NONE
Continuous drive or Inertla welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE

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

RESULTS

Visual Examination of Completed Weld (QW-302.4) _ACCEPTED

Transverse root and face {QW-462.3(a);
Pipe bend specimen, corrosion-resistant overlay {QW-462.5(c)];
|_| Pipe specimen, macro test for fusion {QW-462.5(b));

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

{Iside (Qw-462.2),
Plate bend specimen, corrosion-resistant overlay (QW-462 5(d)].
| | Plate specimen, macro test for fusion [QW-462 5(e))

, Type Resuit Type Result Type Resuit Type | Resuit
QW-462.3 (a) ACCEPTED QW-482.3(a) ACCEPTED QW-462.3(a) ACCEPTED QW-482.3(a) . ACCEPTED
Face) (ROOT) [Face) {ROOT) o
|

Altemative radiographic examination results (QW-191)_NONE

Fillet weld — fracture test (QW-181.2) _NONE
_' Fillet welds in plate [QW-462.4(b)]
Macro examination (QW-184) NONE

Fillet size {in.) NONE x

Length and percent of defects
Fillet welds In pipe [QW-462.4(c)]

NONE Concavity/convexity (in.) _NONE

Other tests _NONE

Fitm or specimens evaluated by _NONE

Company _NONE

Mechanica! tests conducted by _ALL - WELD COMPANY LIMITED

Laboratory test no, _NONE

Welding supervised by, (Print name) ANDREW LEWIS

Tast requested by (Print name) _ROBERT BENTLEY

of Section I1X of the ASME Boller and Pressure Vessel Code.
Organization _ALL - WELD COMPANY LIMITED

Signature

Tested at (Print address) 49 PASSMORE AVE , SCARBOROUGH , ONT
Wa certify that the statements in this record are correct and that the test coupons were prepared, welde

dance with the requirements

Date 08-12-2012
(mm-ad-yyyy)

FOR TSSA INSPECTOR USE ONLY

RN

The Welder named above has passed the welding test required under Ontario
Regulation and is hereby authorized, subject to the limitations of this centificate.
Check (v) applicabie box below:

Z To weld for the Employer named above only.

I For seeking employment onty. _
COSTICA  Rosu  OWU NS

Inspactor Name and Number (Print)

PV 09397 (08/10)

's Technical Standards and Safety Act, Bollers and Pressure Vessels

This Certificate expires: _PER ASME SECTION IX

~{mm-ad-

YYYY)

Ne . \0, ot

inspactor Signature and Date

3
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TRINITY HEADS, INC

FEBRUARY 15, 2013

ALL WELD CO LIMITED
49 PASSMORE AVE

TORONTO ON CANADA

MIV 4TI

Attention:

Reference: Customer: 12-1612-1173Q

Trinity SO # 112328
Gentlemen:

Tag #

1173-1

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
fsmyr 4 riso NAsTT
Csmyl Y 48T ELT0 3w NASTT

MELT SLAB  GRADE
DSES " i SA240-3167316L
E2py T 'S'A'z?fd-'il' 6/316L

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 VI, 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 I-

800-392-3594.

VERY TRULY YOURS

('l- 1 "-r'!-'.-l'::‘w':' -‘,-T_*‘\Ei) - (:‘
* )
ééméf 14¢.‘// bebatf o S 42T 1 -
ARLES DRAUS - G P28 i
Pri ANPS) SAHY

QUALITY MANAGER Arplus®

=72 M,.’*.-—.r,/—.k.___,.._ - QELOSI
_ b &M- (4 76/ 2 _ Velosi ('u:.c".c: LLC

r

FEB 05 2013

adr



Outokumpu Stainless Plate, Inc.

I&Wﬁ) Certificate of Analpsis and Tests

&

AP LQ—S‘*\" NN
% Print Name:

Outo pu Stainless Plate, Inc. Q

PO Box 370 Signature:
Ilews Cactle Indianad7342 VELOS|
—mﬂ:@ Velosi America LLC

*khkdkhkkkkkkkkkdkkhkkx Kk

* RE-CERTIFICATION *

I RS SR EREEEEEEEREEESES

OUR ORDER 0282469 - 01 HEAT & PIECE 855173-3A 03/06/13
SOLD TO: ROLLED ALLOYS CANADA SHIP TO: ALL-WELD
2283 ARGENTIA ROAD, UNIT 6 CUSTOMER PICK UP
CONTACT ANDYGHTSINTL.COM
00000 SCARBOROUGH ON 00000

---------------------- -~ ----- YOUR ORDER & DATE ----------- oo

--------------------------- ITEM DESCRIPTION -
HEAT & PIECE 855173  3A

WEIGHT 7564

FINISH 1

GRADE 316L / 316 UNS-S31603 / UNS-S31600
DIMENSTONS 1,750 X 96.000 X 154.000 EXACT
———————————————————————————— SPECIFICATIONS --------

*=+ MFG IN NEW CASTLE, IN, USA FROM SLABS IMPORTED FROM BRITAIN
AMS S5507F WITH EXCEPTIONS AMS 5524L WITH EXCEPTION
ASTM A240-12A ASMESA240-11ED ASTM A480-12 ASMESA480 11ED
ROLLED/ALLOYS SPECS 316L/316 / NAFTA CTRY ORIGIN= SLAB 'TRY
MEETS/EU ELECTRICAL ROHS LIST HEAT/PCE/SIZE ON INVCE
NACE 'MR0O175-2009/1ISO 15156 NO GRIPPER MARKS
NO WELD REPAIRS
ASTM A262-02A PRACTICE A ASTM A262-02A PRACTICE E

PLATES & TEST PCS SOLUTION ANNEALED @ 1900 DEGREES FAHRENHEIT MTHTIUM.
THEN WATER COOLED OR RAPIDLY COOLED BY AIR
FREE FROM MERCURY CONTAMINATION AT CURRENT DETECTION LIMITS

HOT ROLLED, ANNEALED & PICKLED  (HRAP)
------ - ------ MECHANICAL & OTHER TESTS -----= :
HARDNESS HRBW 73
GRAIN SIZE 6 w.o.# (173 0\
YIELD STRENGTH (PSI| 39700 ‘
TENSTLE STRENGTH (PSI) 77090 ML.# 2~ .
INTERGRANULAR CORROSICN oK ;y
ELONGATION % IN 2" 55.9 THK. # | '
REDUCTION OF AREA % 57.6 P.O.# |
O.# (L1613~ )3
------------------------ -~ ---- CHEMICAL COMPOSITION
CARBON (c) 012
MANGANESE  (MM) 1.57
PHOSPHORUS (P ) 032
SULFUR (S ) 001
STLICON (S1) 32
CHROMIUM (CR) 16.23 Certification of Materlal - PerA MEB
NICKEL (NI)  10.11 HT# _&<
COBALT (co) .26 ;
COPPER (CU) 33 :
MOLY (MO) 2.04
NITROGEN (N ) .04 Sect.ll_,_a_Bdmon
COLUMBIUM  (CB) 008
TITANTUM (TI) .002
ALUMINUM (AL) 007
TIN (SN) .005
TANTALUM (T2) .003 FEB 0 5
WE HEREBY CERTIFY THAT THE MATERIAL HEREIN HAS BEEN MADE AND TESTED IN
ACCORDANCE WITH THE LISTED SPECIFICATION(S) AND THAT THE RESU TS OF AL
TESTS ARE ACCEPTABLE.
JAMES DOUBMAN,QUALITY ASSURANCE MANAGER /

1.B/EN10204-2004 3.1

T

forand onbehau'of S]}l[:j




KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y2

Ultrasonic Examination Report

Ut

f._ Phone: 905-844-9448
Fax: 905-844-6697
General Data
Customer  All-Weld Company Date February 26, 2013
Shop Order | 1173 PQ Serial # 7474 Project
Component | ‘ P.O.# N ) Worksheet #: 36451
Drawing | Rev. B Technician Frank Marunde _ SNT-TC-1ALevel = 1II
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
. R Instrument . .
Material Thickness Brand ® Olympus Epoch 1000i 1 Serial # ’ 090054812
Weld Type O Butt O TJoint O Filet  Surface @ AsRolled O Ground O Machined O Shot Blasted
Weld Thickness N/A Couplant @ UT-X O Oil O Other I Temperature l
_Heat Treated O YES O NO Sensitivity (PRL) 75dB
Heat Treatment Surface Conditions
Transducers/Calibration Blocks
Diameter Size Beam Angle Frequency Manufacturer Blocks
O % |0 W O 5/8" x 58 O 45° O 1.00 MHz O Techsonic | O IW A2
0 % |o 1 0 %Wx1 o 60° O 225MHz | ® Panametrics | O ASTME164MAB
e w |0 1w | O 1Tx1 o 70° ® 500MHz |O Krautkramer | O Back Reflection
) O e Normal 0 o] © Micrometer Shell
Scope of Testing
\
Thickness Examinations
A B
T Shell Head to C1 | Head to C2 A L1 C
A 1.771 1.788 1.829 C
B 1.781 1.715 1.738 c1 c2
C 1.778 1.740 E_Zii_".i_ﬁ B
—_ ”ﬁtzﬁtm%gsqﬁgmn inches i
s et L s
N )
P . -%‘&mg = AFPELoﬂ ' R 7 8m3
B Sy re - i G sca LLC
L?st e "0 C annlng
A¥ea "“‘]"Disposition From Length Depth || Amplitude
|
|
Q ~_ Evaluation - Acceptance _
|
0 Accepted | KV Inspection Services - Technician %ﬁ% Date February 26, 2013
' O Rejected  cisg No. 48.9712-2000 Reg. No. 8885 Place |  Scarborough, ON.
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14527 Smith Rd.

TEL: (281) 441-4088
FAX: (261) 441-8899

Humble, Texas 77396

Page 1 ot 1
REPORT NUMBER 72424
DATE 3/5/2013
FC!| ORDER NUMBER 59176

Processed LAW. EN10204 3 1
-

'USTOMER ORDER NUMBER 13-0074 LAW. NACE MRO175
SOLD/SHIPPED TO ALL-WELD CO., LTD.
49 PASSMORE AVE.
) __ - SCARBOROUGH ONT MIV 4T1 CANADA
ltem Quantity Description
1 3 247 X 900 X 26.50' LG RTJ 1-2, 35 OD HEINFOHCEMEMIT ITEM 1173-4
HEAT NUMBER: MATERIAL TYPE: Manufactured in
N470 SAI1B2F316/1 USA
LAW. ASME 2010 ED 11AD.
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
C 018
Mn 1.830 - )
P 0260 / Yield PSI 49,300 “
S 0010 / Tensile PS! 85,000 «
Si 390 / Elongation 50 =
Cr 16.600 7 Reduction of Area 75
Mo 2030 < Hardness 170 HBW 7
Ni 10170 <
0830 @
Certificatipn of fat enal Per ASME W.O. # .
nre _INY o LJ’/‘ 2;?/
Qualifigs to all requirepents of 1% R B e 8
bAf%o}' aﬂl(.iéit per ! TUHK, #
Sect. T1_I'C _Edition {\__ Addenda t PO‘ #r (3 MAR 18 2013
VO | A- (\—"#3"'("-[—-«

Heat Treatment

SOLUTION ANNEALED

Temperature 1925 °F
Time at Temperature
Cooling Media WATER

MAR 2 0 2013 -

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

records of the company. \

Prepared by |7/ } 7

VA

i A/
3

Name Rene Orlorers

AN

Tile QA Reprasentati

ACC Er'rawgmmxe_?f.pu
for and on bebalf of ; M
Print Names NF
Signature: VL ' IVELOSI
Date: (N Velosi America LLC

Page 10i 1

Date printed 392013 5§18 45 AM
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Pags 1 of1
14527 Smith Rd REPORT NUMBER 72426

E’ mnnsﬁfm Humble, Texas 77396 DATE 3/5/2013
2417 TEL: (269) 441-9088 FCI ORDER NUMBER 59176

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

CUSTOMER ORDER NUMBER  13-0074 LAW. NACE MRO175
SOLD/SHIPPED TO ALL-WELD CO.. LTD.
49 PASSMORE AVE.
SCARBOROUGH ONT MIV 4T4 CANADA
ftem Quantity Description
" MTR REVISED 3/27/13
2 a 8 X900 X 14" LG RTJ LWN ITEM 1173-5
3 4 8" X900 X 13.25" LG NTJ LWN -  ITEM 11736
HEAT NUMBER: MATERIAL TYPE: Manufactured in
N464 SA192F316'L / usa
1AW, ASME 2010 ED 11AD.
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
C 028
1740 e

:\)ﬂn 0450 Yield PSI 39.160 B

S 0090 v Tensile PS! 50 300

Si 380~ Elongation 802 °

Cr 16.610 Reduction of Area 765

Mo 2030~ Hardness 149, 163 HBW
N 10040 =

N 0757 Cemflcw n of ’dtenal-Pcr ASMEB
HT#
ru

an 11\, to 11 quxremc \ts of
é C( per
Sect. I1 g Edmon I Addends

c?\P\fﬁg/,
é)/; o
|r~"
Heat Treatment SOLUTION ANNEALED
Temperature 1925 °F
Time at Temperature
Cooling Media WATER

Immediately following hot working, white at temperature atove, paris were rapidly quenched.

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

Prepared by / M
J |

Hame Phyilis Holley dl" Tnle: QA Representativs

Page 1 of 1 Diare printed 327 20131253 17 PM
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USTOMER ORDER NUMBER  13-0074

>0LD/SHIPPED TO

14527 Smith Rd.
Humble, Texas 77396
TEL: (281) 441-4088
FAX: (281) 441-8898

ALL-WELD CO., LTD.

49 PASSMORE AVE

SCARBOROUGH

ltern Quantity Degription-

5 4 2' K800 X 12.50" LG R1J LWH

HEAT NUMBER:
N375

CHEMICAL ANALYSIS

PMATERIAL TYPE:
SA182F316/L

PHYSICAL PROPERTIES

ONT MIV 471

Page 1 of 1
REPORT NUMBER 72430
DATE 3/5/2013
FCI ORDER NUMBER 59176

Processed LAVW. EN10204 3.1
AW NACE MR0O175 ~

CANADA

ITEM 1173-7

Manufactured in
USA
L AW. ASME 2010 ED 11AD.

C 018 v
Mn 1.720 / . .
P 0290~ Yield PSI oo
S 0280 Tensile PSI 83,000
Si 360 ~ Elongation g2 7
Cr 16.990,. Reduction of Area 7
Mo 2030 » Hardness 158 HBW 7
Ni 10000 -
AL 0809
Certificatign of Mafotjsh - For ASME X ‘k% ‘_<
HT# Al S : 7 C (
walifias to all reqmtcn‘rn S0, (,
Qu (— F 31__&_*'“ _é( per l ‘ @
Secl nll_ t Ldition ] | Addenda f Cr-q’l-f "
Heat Treatment SOLUTION ANNEALED
Temperature 1925 °F qan 485
b G !
Time at Temperature MAR 0 2013 )
Cooling Media WATER

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

records of the company.
Prepared by

Nl

P

Name Rene Ord:ﬁ} Title

[{a)

0

QA Representative

1of1

w4

Awrmuvmﬁl@uféﬁﬂ *
for and on behalf ﬁ
o vine A ANESH S us®
Sugrature: VELOS!
o ARO[ D Vetosi America LLC
e—— o Dale printed 352013320 14 PM




MEORGED

ROy #=g;

C''STOMER ORDER NUMBER
L _D/SHIPPED TO

item Quantity Description
4 1

HEAT NUMBER:
N375

CHEMICAL ANALYSIS

Cc 018 -~
Mn 1720 -
P 0290 -
S 0280 -
Si 360 ~
Cr 16.990 ~

Mo 2030 -
Ni 10.000 ~
t 0800

NGB

M%T*;

(&8

2" X900 X 11" LG RTJ LWN

Fdage 1 ut |

REPORT NUMBER 72782
DATE 3/14/2013
FCI ORDER NUMBER 59176

Processed | AW, EN10204 3.1
LAW.NACE MRO175

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

13-0074

ALL-WELD CO., LTD.
49 PASSMORE AVE.
SCARBOROUGH

ONT MIV 4T1 CANADA

ITEM 1173-7

MATERIAL TYPE:

Material Origin:  Manufactured in
SA182F316/L

ITALY USA
LAW. ASME 2010 ED 11AD.

PHYSICAL PROPERTIES

Yield PSI 37,000 =
Tensile PSI 83,000 .
Elongation 62
Reduction of Area n
Hardness 158 HBW ~~

i)
. =2
1

|2 -ec3¢-

JAIRD - %(é(%{eL

MAR 18701

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 ﬁ[}ﬂﬁ / /ﬁ

v

Name

Rene Wez

[ facce w&mm%%gq L.
“ Tile QA Representatlvlgfo: 1d on behalf of:

Priot Nome: .G ﬂn/rw H SAHA .®

Sig VELOS'
Date: UH(LV"LV{/H Velosi America LLC

Page 1 of 1 Date printed 3'14/2013 3.34 25 PM



(" {ISTOMER ORDER NUMBER

JLOD/ISHIPPED YO

ltem Quantity Description

3 25480

HEAT NUMBER

N257

CHEMICAL ANALYSIS

s
Mn
o
S
e
o

\\\\(K&

N

“r
| &

Heat Treatment
Yemperature

Time at Temperatuic
Cixgling Media

2=

T £ SRS TN SRS T

TR 0T T ST

IR RIS

.‘;‘H‘

LR " B e D
j § LORIPONENTS
i 4_../ -

14527 Smith Rd.

TEL: (281) 441-4088
FAX: (281) 341-8899

2477

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

SCARBORQUGH ONT

L HILWN

MATERIAL TYPE.

VIB2FS3168/

Humble, Texas 77396

Pags tof )
REPOFT NUMBER 72775
DATE 5:14/2013
FCi ORDER NUMBER 591 /6 s
Processed AW, EN1IPGY 5.1
LAW. NACE MRO175

MIV 4T CAMADA

Manufactured in

LUSA
| AW ASHT 2040 FD

PHYSICAL PROPERTIES

Yield PSi

Tensile PSI
Elangation
Reduction of Area
Hardness

NTB

Certification of Material - Per ASME
HT# . o

uglifies to all rgquircments of
SRIBS EBILTECL e
Sect. II__f/C_Edition _¢ J Addenda

MAR

VION ANDIZALY

TN
]
Sr'ts Lororens p it conia nec
L
o= -
L
Lo .
SV AR g 48

wo.# ([T3&
ML.# ] ‘z' :>L>,
THK. # |- &% |
P.O. # /_5-0@:!&7;—-_

<>

7612003

| here ) g0

QA Rzprasantative

o

Py

LEASED & _
forand onbehalfof: Gt G- SLak,
A Al Sy

Print Name: . s®
Signature: Gla N VELOS!
pate 220 1LY Velosi America LLC
7 y -




i GED 14527 Smith Rd.
COMPORERNTS Humble, Texas 77396
M. 24/7 TEL: (281) 441-4088

FAX: (281) 441-8899

" 3TOMER ORDER NUMBER

13-0074
{ _D/SHIPPED TO

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

SCARBOROQUGH
ltem Quantity Description

4 25 2' X900 X 11" LG RTJ LWN

HEAT NUMBER:
N443

MATERIAL TYPE:
SA182F316/L

CHEMICAL ANALYSIS

ONT MIV 4T+

Material Origin:

rage 1 o1 i

REPORT NUMBER 72783
DATE 3/14/2013
FCI ORDER NUMBER 59176

Processed | AW. EN10204 3 1 ]
I AW. NACE MRO175/

CANADA

ITEM 1173-7

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

PHYSICAL PROPERTIES
C 023
Mn 1830~ _
P 0290 ~ Yield PSI 42,000 ~
S 0260~ Tensile PSI 85,000 —
Si 350 - Elongation 589 .
Cr 16.580 ~ Reduction of Area 614 '_
Mo 2030~ Hardness 175 HBW
24, Kk KB Ik 101

Ni 10.150 = ,\43,%(,[7,4,(0%, AR |

Certilicatign of Ma,l)c;i'ﬂ - Per ASME
( 0740 ¥ —

tifi 1 tll-ccn-n,n Al of
%,_A’\'”‘ ZJHIEL o

i e Editiod T adden

(536
1(5»[}13) ,
Lohy!
(- ey

' MAR 7 G l‘ 3

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

__

Uesltr.

Name Rene Ordonez Title

QA Representative

Page 1 of 1

[ACCEF [ED/REVIEWED/RE!
for and oa behalf of:

ED
> M

(, pam.cJt SHHA ®
A ™ Am/sl.gsu

/p-{a.% ﬂ’!!} Velosi America LLC

Print Name:
Signature:
Date:

Date printed 3/14/2013 3:35'21 PM
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“USTOMER ORDER NUMBER
-OLD/SHIPPED TO

ltem Quantity Description
1 1

i’ 4 24" X200 RTJ BLIND

HEAT NUMBER:
N471

CHEMICAL ANALYS|S

c 019 v~
Mn 1410 _
P 0230
S 0003~
Si 500
Cr 16430 ~
Mo 2050 -~
Ni 10100 -
( 0710

T

SAS

Sect. 11

"ernhcaths of 1 \Lm\

/ C? hdmun

14527 Smith Rd.
Humble, Texas 77395
24” TEL: (281) 441-4088
FAX: (281) 441-8899
13-0074
ALL-WELD CO., LTD.

49 PASSMORE AVE.

SCARBOROUGH ONT M

24" X800 X 26.50" LG RTJ 1-2, 35' OD REINFORCEMENT

MATERIAL TYPE:
SA182F316/1

PHYSICAL PROPERTIES

Yield PSI

Tensile PSI
Elongation
Reduction of Area
Hardness

rial - Per ASLIL

Ouah 'Ps 10 al reﬂumn *nt;
l l é‘L per

” Addznde

>

Heat Treatment SOLUTION ANNEALED F‘ R
— ;)

Temperature 1925 °F

Time at Temperature

Cooling Media WATER

Page 1 of 1
REPORT NUMBER 72485
DATE 3/7/2013
FCI ORDER NUMBER 59176

Processed | AW. EN10204 3.1 <
LA W. NACE MR0O175 ~

IV 4T1 CANADA

ITEM 1173-4
ITEM 1173-9

Manufactured in
USA
1AW ASME 2040 ED 11AD.

49,800 -
890,100 ~
528
761

170178 HBW ~

ﬁc/S
(3-ce .

<&

¢ ¢ 2013

LR R

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 containzd in the

records of the company.
Prepared by '

Ll

Name Rene Ordonez

Tll|P QA Reprssentative

Page 1 of 1

v

— JACCEPTEDVREVIFWED/PELRASED 046
for and on behalf of; . 5 1% M

priotNamee _ QLA NVE S) SAHY -

Signature: ’f”"’/\. y Y

D 0 YE13 vos amiaic

Date printed 3/9/2013 8 18.08 AM




VIRAJ PROFILES LIMITED VIRAJY'

Regi & Mkt off: G-33 & 34, MIDC, Industrial Area, Tarapur, Thane(Dist), Maharastra. INDIA - 401506, E-Mail: sales@viraj.com o
Works: SURVEY No- 114,119 & 120,VILL. Mahagson, Ta}: Palgar,Dist:Thane401501, MAHARASTRA, INDIA, vielge@viraj.com

TEST CERTIFICATE
CUSTOMER ORDER NO PACKING LIST NO INSPECTION NO DATE
51/935703/9 100001546430 18.02.2012
GRADE HEAT No
316/316L 25410
BUNDLE NOQ :
5182915 ,5182916 ,5182918 ,5182917 ,
DESCRIPTION C {jopaf gl - H_I5 pQg
STAINLESS STEEL BRIGHT BARS 1 _Q;S__dﬂ ! 9 - 'Q-?;.; Ii
Jualifiss to all ro 1L
s"aiasjzg_sm[ateg .5 |
ROUGH & PEELED Sect. I Edition _{ | . ’.5 “6 .5LL> > |
EIGHT
& ROUND DIN 1013 17-15 4 5008000 LB
CHEMICAL ANALYSIS
-/.c_’ %Mn ¥ wSi %S, %r‘/ %Cr s/ %Ni s %Cu %Mo )/ %Co %N2 "
00230 1.880 0350 0.0210 00360 16700 10090 0.540 2020 0.180  0.0730 a.cl
. o8e
TEST RESULTS W
0.2% yleld Tensile Strength  Elongation Reduction Of Aren Hardness Grain Size
strength ksl J % W % BHN NOS MARG 7 7013
ksi 4l o
370 8.0 60.0 720 168.0 7 60 A N
-L.’\_LunC-'. “.>.
SPECIFICATION: : > v
MATERIAL CONFIRMS TO DIN EN 10088-3:2005: 1.4401/1.4404. EN 10222-S AND EN [0272 COND-A & ASTM A182/A-182M-09, A276-10 COND A, R B 7 2013

Ad79/A4T9M-063 COND A,A193/A193M-10a BEM CL-1,A320/A320M-05sB8M CL-1,A484-10, A3B8/AIEEM-05 ASME SA182-04,5A479-04, SA 193-04 BEM CL-1,
SA320-04 B&M CL-IXSIM A314-2002.1GC SATISFACTORY AS PER ASTM A 262-02a PRACTICE E. AMS 5648] / AMS 5653F(EXCEPT MARKING)
QQ-S-T03F NACE-MRG175-2002. SAE-AMS-S-7720A, MIL-S-862 B.AIS[ 31673160 & UNS#S31600/531603. CERTIFICATION AS PER EN 10204.3 1

REMARKS

MATERIAL 1S FREE FROM MERCURY CONTAMINATION, FREE FROM WELD OR WELD REPAJRS, MICRO.FREE FROM CONTINOUS CARBIDE NETWORK
ON GRAIN BOUNDARIES. MACRO:GOOD, MINIMUM SOLUTION ANNEALING TEMPERATURE 1050C, SOAKING TIME 02 HRS, WATER QUENCHED
MELT SOURCE:AQD. WE CONFIRM THAT THE MATERIAL 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 :&P‘ i s of order/contract,

/ .

(£ P

——— R ED
ACCEP i LA
o o L % e LS YRR
AN Y LSy
e i AR
SISP‘;__,FI, J oM \Q\‘L‘j\le!w' Y
i L) / - -




HT424 T ENTT0204 720048 Type 3.1 #ill Test Report Page: 1
ate: 4/05/13
From: Alloy Plpln% Products, LLC To: PINACLE STAINLESS STEEL
Corporate Olffices 455 AMBASSADOR DR
P O Box 7368 MISSISSAUGA
Shreveport ON L5T 2J3

LA 71137-7368

Cust Ord#: 70696-1
APP Inv#: = 1253406
Heat Number ComwodJLy Size 1 Schd 1 X Size 2 Schd 2
51378 P/I LR 90° ELBOW 2.0000 160
Allov WP316/3161, oty 4.0000
Short PN 00005393
Oord Spec 8403 WP 9 SERMLESS MLg Dt 12/12
ILtm Spec ASTM Spec-A403 ¥R-2012 Macde 1in USA
Itm Spec ASHE Spee-SAd03 ED-2010
Raw Matl--Pipe Seamless
Chemical Composition:
Elem - Content , Elem - Content ,Elem - Content E]em - Content _-
C - 01800, MN = 1.4500 O‘/ - .028007 . .00100
ST = .50000 “ CR 16.80000 ¢ NI .1000 O/rﬂ) - 2.10000 ~
TEST RESULTS:
vi/O#: 69333 LORD: TEST SET: 1
Tensile Test 1
Specimen TyE . .
Size 1 ore ;n After 1
Size 2 Before After _ in
Area Before .0000 sq in Red % .00 =
Gauge Lnth .00 in Elng $ 52.60 & W _
Tensile Loacd 0 Tensile Sc1en;t1 81,700 1b/sq in ¢
Yield Load 0 Yield Strength 61,800 1b/sd in#
Hardness Test .
Hardness 183.00 Expressed as BIHN unless stated otherwise

Heat Treat Statement 1
SOLUTION ANNEALED AT 1950°F +/- 25°F FOR 1 HOUR
PER INCH OF THICKNESS, BUT NOT LESS THAN 15 MIl.
AND WATER QUENCHED. xZ(

,

Tens 1M
f‘»mﬁc'\g‘no” 3 I}'ﬂ Per ASME f,, con el o 7 y ¥ oo
Uit _e 0 uﬁ NIL _>___2.'__

Qualifics to all gilirengents of Lo
SLA 5 % i lb Ll’ t 3\7,‘:1’ ‘\}'Vy "/3 . 7 )
d

....... —

g HARDNESYS 18 ACCEPTABLE 7
LAW. NACT MRO-178/180 15156

(36 -
(5 ‘
Fhie

| ang/ﬂ

Material, when shipped, i1s free from_contamination by mercury, radiun lEha
gource and low mel Jng elenments, Welds 100% Radloqlaphed and’ acce table

(ASME Section VIT1 ara UW-51) when applicable. "We Hereby Certify that the
materials listed above have been manufactured in accordance with, and meet the
above appllcablo specifications and grades.

4/05/13
U§é€__“



INSPECTION CERTIFI/G&TE
EN 10204 3.1

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

Created on: Modified on:
Date: 09.05.2011

TUBACEX

TTI - TUBACEX TUBOS INOXIDABLES

Registro Mercantil de Alava, Tomo 587, Folio 189, Hoja V12885 - N L.F A-01140227

Tres cruces, 8
01400 Llodio (Alava)

TL +34 946719300
FAX 434946725062

SPAIN E-MAIL  qualityttii@tubacex es
CUSTOMER DESCRIPTION
CLIENT SOLD TO o CLIENT SHIP TO

PINACLE STAINLESS STEEL INC

455 AMBASSADOR DRIVE
MISSISSAUGA, ONTARIO ON LST 213
CANADA

PINACLE STAINLESS STEEL INC

155 AMBASSADOR DRIVE
MISSISSAUGA, ONTARIO ON L5T 23
CANADA

CLIENT ORDER: 57733
SALES ORDER: 10]551

MATERIAL: SEAML. STAINL.
PTCKI.ED-PASSIVATED

GRADE: TP316/31CH,
STANDARD: ASTM A312M-07% /
TOLEPANCES: ASTM A999/A312
PLAIN ENDS,
DIMENSIONS: 7
COLD FINISHED

STEEL TUBES/PIPES,
RSHE SB3121

Eb. 10

=CHLED

Certificaion of Material - Per ASME
H]t il '5 ey
hﬁes to al 1ec 1r{menta of

/I 5 % L it LL per
’ ] { denda
NACE MRO103-10 / HACE w#l? 150 15156-3 : 2009 Sect. H C_tdiion ([ Adde
Sales Item Client Iitem Delivery Nr Prod. Order  Insp. Lot Heat Nr Pieces  Weight Tot Lgth Ur Lgth

170 8110007615 100323631 200040492 37015 | 82 KG 731 M 37917315 MM
170 8110007613 100323631 200040493« 13771 15 1 050 KG 9432 M 3791-7315 MM
RAW MATERIAL

Heat Nr: Supplier Method

37015 ACERALAVA Flectric furnace+AOD 9 § 1013

43773 ACERALAVA Electne fusrnace+AOL) -

CHEMICAL COMPOSITION (%) *|  Ladle (:Products

. . . 7

* Heat Seq C Vv Mn v si < p 7 s~ Ni - Cr Mo -
L 37015 1 0.025 1,53 0,480 0.028 0.0010 11,60 16.90 2.10
L 13773 1 0065 i.55 0.500 0.028 0.0010 11,20 16.90 2.20
HEAT TREATMENT o 1

SOLUT.ANNEALED L1100 °C HOLDING 7TIME

AENOR AENOR

Empresa Gestion

Regisiraca Amb-ental
NN ALy .M_(\P‘L.LL

«7 1.5 MIN / MM WATER COOLING

TUBACEX TUBOS
INOXIDABLES
ING| OE




INSPECTION CERTIFICATE

EN 10204 3.1 Number: 519285 |Rev. 00

Page: 2/3
Created on: Modified on:
Date: 09.05.2011
TUBACEX
TENSILE TEST , P o
Prod. Order Ins. Lot  Sample T Rp0.2 ‘Rp1.0 Rm‘  A2" A5
°C Nmm2 Nmm2 Nmm?2 % %
100323631 200040492 1 20 291 347 566 53 50
200040193 | 20 296 354 578 54 sl
2 20
HARDNESS TEST -
Prod. Order las. Lot Sample HRB1  HRB2
100323631 200040492 1 78 79
200040493 i 77 78
e e
METALURGICAL TESTS

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

NON-DESTRUCTIVE TESTS
100 ¥ EDDY CURRENT TEST AT E.426, GOCD.

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

VISUAL INSPECTION ON EACH TUBE: SATISFACTORY H W'"’A
~
DIMENSIONAL CHECKING ON EACH TUBE: SATISFACTORY A
\Q % ;%’
AVA
TECHNOLOGICAL TESTS V y~

A\ 279 / S005>
FLATTENING TEST: SATISFACTORY “U\ B il \\-D‘

L

M e S

RTAERIRE — = a— s = e

TUBACEX 2" SCH 160 ASME SA312 ASTM A312 TP3le TP316L CD SMLS NH RT
HEAT/ PMT 1.OT NO/ SPAIN TX2 TX1

REMARKS

NO MERCURY, MERCURY COMPODUNDS OR MLRCURY BL ARING INSTRUMENTS AND/OR EQUIPMENT HAVE BEEN LISED ALONG
MANUIFACTURING AND INSPECTION PROCESS

NQO WELD RUPAIR WAS PERTORMED

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

ISSUL CERTIFICATLES OF SPECIFIC PRODUCT CONTROL IN ACCORDING 10O PRESSURL LQUIPMENT DIRLCTIVE 97/23/EC ANNEX |
POINT 4.3

MATERIAL CHARAU TERISTICS COMPLY WITH POINT 7.5 O ANNEX I TO PED BY HAVING AN LLONGATION AFTER RUPTURE AT

AENOR AENOR
TUBACEX TUBOS
E? j GD INOXIDABLES
| ; ING DE
fmpresa | Gestion
Rewistrace | Ambienta
W NS =6




INSPECTION CERTIFICATE Number. 519285 |Rev: 00
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 27J AT 20°C.

MATERIAL IS FREE OF RADIATION CONTAMINATION

AENOR AENOR

TUBACEX TUBOS
E? 69 INOXIDABLES

ING| DE
Errpresa Gestion
Registraca Ambienty) .
U INTS BN IR
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EN 204

INSPECTION CERTIFI
io Jyal

TE Number:

516293
Page: 1/2

Rev: 00

Created on:
Date: 01.04.2011

Modified on:

TUBACEX
TTI - TUBACEX TUBOS INOXIDABLES

Registro Mercantil de Alava. Tomo 587, Folio 189, Hoja V12885 - N1 F. A-01
Tres cruces, 8

01400 Llodio (Alava)
SPAIN

CUSTOMER DESCRIPTION

140227
TL. +34 946719300
FAX: +34 946725062
E-MAI : quahrytti@d 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 L57 213
CANADA

CLIENT ORDER: 57733
SALES ORDER: 101551

MATERIAL: SEAML. STAINL.
PICKLED-PASSIVATED

GRADE: TP316/316L,
STANDARD: ASTM A312M-00 /
TOLERANCES: ASTM A999/A317
PLAIN ENDS,
DIMENSIONS:
HOT FINISHED

STEEL TUBES/PIPES,

ASME. SA3 12K KD, L0

4" SCH 40

NACE MRO103-10 / M8C175 / 180 151563 : 200
L

1’73
;L"’/ﬁ)
e

[3-1343- RE»J
FHE83
@z%u n?e[at"',

Sales Item Client Item Delivery Nr
130 8110006752

Prod. Order
100323274

Insp. Lot
200038013

Heat Nr
43611

Pieces
15

Weight
1718 KG

Tot Lgth
100,01 M

Un Lgth
5791-7315 MM

RAW MATERIAL
Heat Nr:
43633

Supplier
ACEFRALAVA

Method
Electric furnace+AQD

CHEMICAL COMPOSITION (%)
. Heat C
43633 noy3

*L: Ladle C'Producls
Si ~ P
0,510 0.021

Seq
!

Mn
1.43

#

L

HEAT TREATMENT

57
0.00%0

Ni
11.20

-~

Cr
16.70

Mo
212

SOLUT.ANNEALED 1040 °C RAPIDLY COOLED

E.

TENSILE TEST

Prod. Order Ins. Lot Sample T
*
20

Rp0.2
N mm2
385

Rpl.0
Nemm2
418

Rm
Nmm2

100323274 598

200038013 )

"‘L\R 2 0 ?ﬂ!

AENOR

ER

Empresa
Registrata
TR 509001

AENOR

@

lmb.en\sl
1d InisC

S

TUBACEX TUBOS
INOXIDABLES

m\
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INSPECTION CERTIFICATE . )
EN 10204 3.1 Number: 516293 [Rev: 00

Page:2/2
Created on: Modified on:
Date: 01.04.2011
TUBACEX

HARDNESS TEST

Prod. Order Ins. Lot ./ Sample HRBI HRB2

100323274 200038013 | 38 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 FLUORESCENCE-ANALYZER": SATISFACTORY

VISUAL INSPECTION ON EACH TUBE: SATISFACTORY
DIMENSIONAL CHECKING ON EACH TUBE: SATISFACTORY
TECHNOLOGICAL TESTS

FLATTENING TEST: SATLSFACTORY

MARKING
TUBACEX 4" SCH 40 ASME SA312 ASTM A312 TP3le TP316L HE SMLS HEAT/
PMI LOT NO/ SPAIN TX3 TX1

REMARKS

NO MERCURY, MERCURY COMPOUNDS OR MERCURY BEARING INS TRUMENTS AND/OR EQUIPMEN TIAVLE BLEIN USED ALONG
MANUFACTURING AND INSPECTION PROCLESS

NO WELD REPAIR WAS PERFORMED

MATURIAL MANUFACTURI R APPROVLED WITH CERTIFICA 1L NR 077200 1/MUC BY TUV SUDDEUTSCHIEAND (NOTIFIED BODY 0036)TO

ISSUF CERTIFICATES OF SPECIFIC PRODUCT CONTRO! IN ACCORDING TO PRESSURE FQUIPMENT DIRECTIVE 97/23/EC ANNEX |
POINT 43

MATLRIAL CHARAC TERISTICS COMPLY WITTT POINT 7.5 O ANNEX L TO PED BY HAVING AN ELONGATION A1 R RUPTURE A1
TUNSILE TEST NO LESS THAN 14% AND A BENDING RUPTURLE ENERGY AT IMPAC T TLST NO LESS THAN 271 At 20'C

MATLRIAL IS IRI'E OF RADIATION CONTAMINATION

L

‘A‘AQ ? B 7\51()
AENOR AENOR |
TUBACEX TUBOS
E? - GD INOXIDABLES
' ING o€
Empresa Gestion
Registraca Ambienty
UNLEN 3y e 1w 8N ar)]
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{'. Salzgltler Mannesmann Slalploss Tub"' . 'mc; SAS (Aol)- v
B.P.10- F 21501 Manlbard Cedex - F1wANCE

SALZGITTEH
f%

MANNESMANN
STAINLESS TUBES vvwesmst-tubes.com Page/Ssile
AR vl Dy FAV g 0 By INSPEC;ION CuE'RTIFICl)\TE "
NYN® Abnahmonr{ifzeugnis
N 4o . Cerllficat de récoption / .
24546300937484 EN 10204: 2004 TYPE 3.1 (A02)

?&mw’gg Mannazmnin SUTIS) Yobes Prance SAS - BLP. 10+ F 21601 Hontbard Cedas | Gustomer order noJKunde Auftragsnr/N* Commando ¢l lont {A07)

SHAW ALLOY PIPING PRODUCTS PORS5 1884

740 MARKET §MST-Tubes order nofAultragsnr./N'Commande (A08)
71107 SHREVEPORT 0000245463

Elals-Unls SMST-Tubes flem

Purchasor/Basteller/Acheteur 0600246463-000008

Product Description/Predukt Baschraibunp/Dasoription du prodult (B01) (802) (B04)

Seamless stalnlass hol fiished ploe plckied end passivaled /Tubas finls & cheud sany souduro, décapés el passivés
Specificalions/Spozifiketionen/Spéalicalions {ﬁ'{%ﬁgllst;z‘l;z;a{a% SA 376 11 a/ ASTM A 312 11/ ASTM A 376 08 / NACE MRQ103 2007 / NACE
Grade\YerkslafiNuance TP 318/TP 3161

Tolorances/Toleranzen/Toldrances A 312

Marking of the productKennzelchnung des Peodukles/Marquage du prodult (808-D01)
WO : 324546300901 - DMV-F « ASTM A 376/ ASTM A 312/ ASME SA 376/ ASME SA 312 - T7 316 / TP 316L. - NPS 4 X SCH 120 - 23.43 FT - SML ~
449080 - QL30037484 - FRANCE

Quantlty/Menge/Quantité Oimenalons Abmoessungen
Healno Quellty ot SMST Pleces | Tolal vwelght Tolel length Tube length
Schmelze Nr. | Qualtdlslos e Si0ck | Gessmigewicht | Gesamiiinge o]s] WT Rohranga
N"de Coulée | Lotqusilié M | Piaces | Massatotale | Longueuriolalo Longuew tube
(®08) 813 (B08) (B10) ma  (Bif) mex
445050 QL30037484 | 000009 7 1454.00 Kg 43370 m 114,30 mm| 11.43 mm| 6098 mm| 7316 mm
3206 Lbs 16198 Rt NPS 4 SCH 120 | 20.00 Ft | 24,00 Ft

Chemloal Analysls / Chamische ZusammanselengIAnalyse chlmlque (C'I:L-_c__l I

.-Haatno.‘echmelzen Nr.N°de coulée 449030 - - = Sama R aeaaiia
Mailing Procass/Erschmslzungsect/Elaboration {C70) VOD
Heat Qrig/Ursp. dar Schmelze/O la Coule G
o2t OriglafUcep. dur Schimelza/Ofgine dela Goule Garmany Cemﬁcaho ‘atenal - Per ASME
Heat Analysis / Analyse de ooulés HT ‘;
e[ 8 1 un P 8 er/| M| wo F _
toal Humments
Minl 000 | 000 | 000 | 0o | aoo | 1e00 | 1100 | 200 |, ﬁ,l-)_, {3 - per
Max[ 00s0 | 078 | 200 | o.o4s [ oosco | 800 | 1400 | 300
s 53 T ist Tose | vom {are | i |2 Secl. In_JC Edition ,(L‘ Addenda

‘wo.s (T
l, M.L.#2 3 (‘ln}- %[_’?
THK. # .

P.O.#{3- cj%ﬂgz

< e Tt

s 48 &

This ceriboala fn Issued by o cxrpatadzed sralemand i vabd Dmuhubsbzﬂ Dass Baschelnigang wurds mil 14¥a der 20V | Ca cartBcal éal ridigd A Felde gum &
attout 3902510, i Ca8a 20 vamis of The ogtnal weuld nua'u o |enufivd wnsw«uddl,ﬂn.\h‘(bﬁwm sols tlmmieaﬂounw.um Toud changamaal o spplcalion poxt
or vl i

copry of R ha sl atiest fs confoority anc - darres produils ddsanl mmh.ﬂumdtmwh
;:wnﬁl.:fvml #Yoxsd usa, M/:'hn& orfalsiteaton i Urkmd«uwnng wmmm 2l rawde el saceal suial 4 Jo JsAdielon pdi
eci 1o fa .
»

Snlzgiltor Mannosmann Stalnless Tubes Franco SAS l§09001 -LROA H*9284




o

t ' T ' '

1] 1] -
fi SALZGITTER Salzglller Mannesmann Slalnloss Tubes France SAS  (A01)
"N g MANNESMANN B.2.40- F 21501 Monlberd Cedex - FRANCE
g& STAINLESS TUBES vawrsmsl-lubas.com PagelSelle
A Mt of Ihe SR Arcvp INSPECTION CERTIFICATE o4
NoMNuN®  {A03) Abnahmeprdfzeugnts
Certiiieat do réceplion
24548300937484 EN 10204 2004 TYPE 3,1 {ro2)
Mechanlcal testing
Quallty Lot ; QL30037484 -—
Tensllo tost al room femporature/Zugversuch bel Raumtempsratur/Essal de {racllon & lempérature amblante {C10)
ASTM A370
PT::'l n:l Pnlgc:do&l Ylald slrength/OshngranzeiLl Touete '}nkn u;
roben Ne. | Pro streng! anzellinmlle | / Zugfestigke Reduct
N ung délosticits Réshances f Bengaton/Bruchdshnung/Alengemenl | g3 35
d'échantifion | Dlrection / traction /| Coe
(Ca0) {co2) {C11) {€12) (c19)
02% 08% 1% - 2" 50 mm &D 6,86 ¥So 4D
ksl ! ! ksl % 1 ! ! ! !
Min 30 ! / 76 35 / i{ ! ! !
Max I ! / i / { 1 I / !
30128250 |LOMOITUOWAL]  47.67 ! / 87.20 48,76 ! ! ! | !
Hardnoss leat/HirteprDNumg/Essal de duraté (C3I0)
NACE AR0176/180 16156-3 NACE MR0103
Losd !
Testno
Proben Ni,
N* HB HRC HV HRB HR 16T HR 30-T
d'dchantl] "
on

Minj / / / ! l / !

! [ [ / i i / / / ! !

Max| [ 4 ! 22 22 22 !

! i l I ! 1 1 J / ! !

~_lmin max evg | min mox evg | min mex evg | min-~-max _ 8vg min_._max _ avg_| min . mex avg
‘|3m2825°’ s ORI G R R W A N R N N sl

Floitening lest/Faltversuch/Essal d'eplatissoment {C50)
ASTM A 999

Test Number Resuit
30125249 oK
30128250 OK

Dther testing

Quallty Lot : QLITOI7484

Tro carkhcatels Istusd by 8 computasizad sysanisnd bvald - Gwzwbmum&mwaknﬂbdkew Ca caical asttodigd 3 Tatds Jun ralent & dovs da donnd
uma:ls‘ m‘,]uunwamu»j:}g‘mmuum'm :Iauﬂlund .'vg\f,-uwn V:xmx::hwnwau :}&MWW&LM“AQ,W_AMZ:"?“M
confori ponsikdn fc arwendung undmzn-;ﬁm 2 produds seseal conaidénds comne Iisitca m.m
:yud:hﬂwgn“;anéuu.kyu:uﬂmn:u ks ‘\:\51 15 hung bod Setrug suirediiich varfdgl ot frauda at sarort wiat 3 la picieden pladle.
be whjsct 1o x4, P
. . 046
. v —— R ELEASED | s
Sn.lzulllnr:dannosrﬁnnn Sla.lnlsu Tub)na Frohee SAS 1808001 LRQA.N 8 Accﬁ.frEWRE}"Ewhﬂ,\. o EEL %)ut .
i for and 00 o_f'..: — s G RIS ®
: ' v . Pt 2= ArplUS
H ; ] Prin mes p) t/) L ' v 1L.OS!H
i i ————. fom Lw
LR
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( i
ey SALZGITTER Salzglllar Mannesmenn Slalnlesa Tubes France SAS  (Aof)
kﬂ MANNESMANN 8.P,10 . F 21501 Monlbard Cedax « FRANCE
STAINLESS TUBES vaanemst-lubes.com PagelSelle
. Abhevcder atthe Sebzinies Qi INSPECTION CERTIFICATE a0

J Abnahmeprilfzeugnis

NofRi® - tAo3) Cartificat de récapllon
24548300037484 EN 10204: 2004 TYPE 3.1 {A02)

Intergranular corroslon testPelfung Inlarkeisiallinen Korroslon/Bssal de corroslon Inlergranulolrs
AHL-P-24691/3 Feb, 1801 Ad 1 ASTM A282 PRACTICEE

Tost Nuatber Result
30128249 Satlsfactory
30128260 Selsfaciary

This efihzats is Issued by 2 compuiarited systam erd s vald
whout stonature. 11 case tha ounerof the odghnal noukd releassa
eppy of Itha reast aZsst e confority ard wil ba responstia for
eny tnlawdd of not aToned use, Any ekars koo co fdibaton wl
basublacitolea.

Dises Zeugals brw, Dists Baschetaltung wivde sl Hads der EDV
\usunwdhlohnv Untmd\dﬁqnig.vmdum waly

/ dueg r snders Enasug wesdenzly )

Ursand eafllschurg tnd Belnug siralredSch vardd gl

Co cerféead sal redigd & Mo Tun st Kegonlqus ¥ dend
sl 010 applicatls sans siguatura, Tout chsngsmin) ou pppiesten paw
Feutsas prod s seront condldds by comme faloticaton de docurtents
ot fraude ol serons sfsl b [ pricte¥on pinate.
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f _S ALZG”'TEF‘\ . Salzgltter Manngsmann Slalnless Tubos France SAS (A0f)
N B MANNESMANN B.P.10 - F 21501 Montbard Cedox - FRANCE o
STAINLESS TUBES W snist-lubss.com Paga/Selle
: AMgubar st SR0diter Bl , msrsc}‘m CERTIFICATE 44

. Atnahmepriifzaugnis
No/NiN® - (A03) Cortlfoat da récapiion

24546300037484 EN 10204; 2004 TYPE 3.4 {A02)

Other Tesls and Daclaratlons | Andero Profungen und Prilfeststellungen / Auires (;s\: et ddalarallons
QL30037484 .
Visual end dimenslonslinspeclion(VT}/ Beslchllgung und MassKontrolle / Examen vl oTH : §ailsfaclory/Besianden/Salsfalzant
Heat Trealment / Wimbshandiung / Traftement Thermlqus / Annasled ; Tempétatare :> 1040°C 1804°F Repld cocllng ’
Hydroslalle Tast /Wassednnerdruckversuch | Essal Hydrauliqus : 190 BARS/ bseo

Antimlxng check [PMI) of ell lubes by spsclrographic onaiysls / Verviechs olungsprofung an slon Rohren mittols Spekiralprofung f Conirdle anil-mélange par
PMI100%: swa!ncloryfﬂaslondonISsUs{nlsnnl

No Weld repdir/ Kelns Reparaturschwelssung 7 Aucune téparstion par soudure
The materielts conlorming to dlrective 2000/63/EC, 2002/85/EC and GD 200S/61IEC. I Das hizterial sntapidcht den Anfarderungen der Richilinlan
2000/53/EC, 2002/65/EC und CO 2005/6{8/EC. { Lo motarau o8l conforms sux directives 2000/53/EC, 2002/95/EC 8t CD 2005/818/EC.

Tubes are fres from mercury contemlnstion and from radloective contemination/ Do Rehre sind fral von Quecksibaverunralaigungen und fral vom
radloakliver Verunselnigung / Les |ubes aant exempls d& conleniination parls mercure et de contaminallon radlosciive

GConfirmation vith referanca lo Pressure Equipm enl Dlrective 87/23/EC

The vorks opareles  quallly menagement syster that fias Undsraons & specifs assessment for materials for pressure equipmend snd Is COMNOTDY B oome mremeaemimes = e B

competent bady (TOV-SDD CERT.ND:05/2011/MAN)

Bestaligung in Bezug aut Druckgoratorichlinle BT/23IEC!

Des Werk wendet ein QuaMatsman smenisysiem sn, desin Bezug aul Warksloffe for Druckgeréla elner spezifischen Bewerlung Unterzogen wurde und
von elner 2ustindigen Stefls (TOV-S CERT.Noi05/2011/AAN) zerlifizled Isb.

Confirmation concemant fa Directive Equipsmants sous Presslon 97/23/EC : Lusine spplique un systéme domanagemenidela &uam qul 8 foi F'objet d'une
svaluetlon spécifiqua peur les matédaux peur équipements sous presslon el qul est carlifid par un orgenlsme compélent (TOV-50D CERT,N0:05/2011/MAN)

. e PP e s - - e o B g5

SMST cartily that the delfvered p?oﬁﬁélé comipl wih (g té oframeals slipuiated 1a the order. [Dle Eczeugnisse wurden baatallungsgaat geprah und forin -

Ordnung befunden. / SMST-Tubes alteste que les prodults thés sont conformas auxsfpulations do {a commande,
Validatlon by manufaclurer's reprosontelive /Veldletung durch Verireler des Harslellers

Mf's Inspeclor

Warksachvarslandiger T POMMERY
Le conlrdleur usine

Owla of edifon

Ausgebedatum 1A 0/2012

Date dédiion

Thlxufofaubkmdw-mm*udlyuunndhvﬂ uuuznﬁmu.umwmaamweov amuﬁuamuwumhw“
withaut tire, i case ha ounss of ha o acidd 1edessay | eralefived w-uruwmgn;vumu. e!nlqplaﬁamﬂﬂl’wlmmw pene
copy el it crusl allgst s corfonmity aod Wil be ssponsbis for Vmwmmwdmww& Lavvray prodults serond 143 tomme (e fcaten de docarresls
mywinMormhiqmdnuMyi\mtwnn Jheatkeawd | Wvndariliuch .urdlmwnhdﬂdwfdg. nlnu(nlsmwulnpﬂaﬁuk
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Number: 516297 |[Rev: 00

INSPECTION CERTIFI?.&'E

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 | F. A-01140227
Tres cruces, 8

TL +34 946749300
01400 Llodio (Alava)

FAX: +34 946725062

SPAIN E-MAIL: qualityttii@tubacex es
CUSTOMER DESCRIPTION

CLIENT SOLD TO CLIENT SHIP TO

PINACLE STAINLESS STEEL INC PINACLE STAINLESS STEEL INC

455 AMBASSADOR DRIVE 455 AMBASSADOR DRIVE

MISSISSAUGA, ONTARIO ON L5T 2J3 MISSISSAUGA, ONTARIO ON L5T 233

CANADA CANADA
CLIENT ORDER: 57733 | I o = Q
SALES ORDER: 101551 ke ol L

= )y i1

MATERIAL: SEAML, STAINL. STEEL TUBES/PIPES, ' A “*\TI\_ [<i }
PICKLED-PASSIVATED '60\‘\\ ﬁ'&(_
GRANE: TP3l6/316L, <

E.Y. _5 Re/l
STANDARD: ASTM A312M-09 / ASME 5A31idM ED.10O ’O)

TOLERANCES: ASTM A999/A312

>
PLAIN ENDS, i N o0 :
e\ Dol 1 HE e
DIMENSIONS: 3" SCH 160 Gy 4-;174-_ 2 2

HOT FINISHED 7 893

P4 iu )

C SAA 1,1 ie|5ie L

NACE MRO103-10 / HME017° 150 15156-3 : 2009 l !_

Sales Item Client Item Detivery Nr Prod. Order  Insp.Lot ; HeatNr Pieces  Weight Tot Lgth Un Lgth

180 8110006752 100323250 200037778 43633 8 1091 KG 4795 M 5791-7315 MM
RAW MATERIAL -

Heat Nr: Supplier Method

43633 ACERAI AVA Electric fumace+AOD

CHEMICAL COMPOSITION (%) /*L. Ladle C:Pgducts _ /

* Heat Seq c 7 Mo Si - P ~ 8 Ni Cr - Mo

L 43633 1 0013 1.43 0310 0.02t 0.0090 11.20 16.70 212

HEAT TREATMENT I
SOLUT.ANNEALED 1040 °C PRAPIDLY COOLED

- . “

TENSILE TEST -

Prod. Order Ins. Lot Sample T Rp0.2 Rpl.t Rm A" AS

°C Nmm2  Nmm2 Nmm2 % %
100323250 200037778 1 20 432
AENOR AENOR |
| TUBACEX TUBOS
E INOXIDABLES
{ ING DE
Enpren Gestign
Regrsirada Ambiental




INSPECTION CERTIFICATE . -
EN 10204 3.1 Number: 516297 |Rev: 00

Page 2/2
Created on: Modified on:
Date: 01.04.2011
TUBACEX

HARDNESS TEST

Prod. Order Ins. Lot /| Sample HRBI HRB2

100323250 200037778 | 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 ! V_‘L\/\) (
"¥-RAY-FLUORESCENCE-ANALYZER": SATISFACTORY l'J

\s§§ U
VISUAL INSPECTION OM EACH TUBE: SATISFACTORY g é"i

.\l |
DIMENSIONAL CHECKING OH EACH TUBE: SATISFACTORY S 27( F

st
TECHNOLOGICAL TESTS P werT
Yy Y ~N
("i ('."Iu‘-\‘-. \

FLATTENING TEST: SATISFACTORY “"\ ‘/
1 S
MARKING o

TUBACEX 3" SCH 160 ASME SA312 ASTM A312 TP316 TP316L HF SMLS HEAT/
PMI LOT NO/ SPAIN T®3 TX1

REMARKS -

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

NO WELD REPAIR WAS PERFORMED

MATERIAL MANUFACTURER APPROVED WITH CLRTIFICATE NR 07/200H/MUC BY (UV SUDDEUTSCHL AND (NOTIFIED BODY 0036)10

ISSUE CERTIFICATES OF SPECIFIC PRODUCT CONTROL IN ACCORDING TO PRESSURE FQUIPMENT PIRECTIVE 97/23/EC ANNEX | |
POINT 4 3

MATERIAL CHHARACTLRISTICS COMPLY WITH POINT 7 5 OF ANNEX I TO PED BY HAVING AN ELONGATION AFTER RUPTURE AT
TENSILE TEST NO LESS THAN 14% AND A BENDING RUPTURE ENERGY AT IMPACT TEST NO LESS THAN 27) AT 20°C

MATLERIAL IS FREE OF RADIATION CONTAMINATION

AENOR | AENOR
TUBACEX TUBOS
E? GD INOXIDABLES
INGEN| DE
Empresy Gestwn
Reg shava Ambiental
EX TR 1N UL LT ~I1: 4Y
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LD COMPANY LIMITED

P.O. - B604-110411 S.O.-511525

F o=
( VIRA] IMPOEXPO LIMITED
10, IMPERIAL GHAMBERS, 15T FLOOR
WILSON ROAD, BALLARD ESTATE
MUMBALI - 400 038 INDIA
TEST CERTIFICATE
PACIING
CUSTOMER ; ORDEA MO . LIST NO. INSPECTION NO DATE
FIDEUTY STAINLESS LTD P-573 WP13802 4P/13802/8 10/12/2004
2213 NORTH SHERIDAN WAY
MISSISSAUGA, ON LSK 1A3 BUNDLE MO . GRADE
CANADA 130097 1673100
DESCRIPTION
STAINLESS STEEL BRIGHT BARS
SHMOOTH TURRED
SIZE SHAPSE TOLBRANCE LENETH WEIGHT
e ) S
12 ROUND  ASTM Ad84 12 - 14 225 1850
"CREMICAL ANALYSIS
HEAT NO. 87824
[+ Kin B8l g P ] o] Iloj_ Cu ] Co
™ 4 r‘ P = - o Fd & 4
0.024 158 0.44 0.020 0.037 10.16 16.21 205 0.50 0.078 0.18
TEST RESULY
h 2% YIELD STREMSTH TEMSILE STRENGTH ELONGATION REDUCTION OP HARDNESS GRAIN
( HEx G AREA % BHN ZE
Tt [-]] 47 75 187 -]
- _ Yy ~

mmumm TO ASTM AZTS-G08A, 479-01.A484-00.A282-00 PRACTICE E, RASS B0ASTM
102 BSED, BAATS-B6ED 5A-193-69 BEM C L1, QO-S-TEIF, AELL-8-T720A AMZ, NACE MRD1-70-83,

AS PEREN 10204-31B

83-01b B2 CL1,A300-86ED, A102-010 AMS BI4AISA5IE. ASME SA
10 601531803, ASTM E 112-08{GRAIN SZE). CERTIFICATZON

“Romarks ;

MATERIAL IS FREE MERCURY CONTAMENATION, FREE FROM WELD OR WELD REPAIRS, MiC RO:FREE FROM CONTINUOUS CARBIDE NETWORX 0N GRAIN
BOUNDARIES, MACRO:GOQO0, MINIMUM SOLUTION ANNEALING TEMPERATURE 1060C, WATER QUENCHED.

We hereby certified that the matenal described above has been tested and complies with the terms of order/contract

Certlﬁ
HT#

%—:LPNAM

wOo.# ({"TAG
M.L.# 27 e;(
THK. # - q»‘(ﬁ

P. _

behalf of: s

- ELEASED e AL,
IVREVIEWED: ﬂ,M oF/.S/frﬁl—’»

mes

us®

17 AV A

VELOS!

r)MLﬂ

,Hj_tl_j_LD.} Velosi America LLC

y




1y ot un

C—— 14527 Smith Rd. REPORT NUMBER 74244
cmpo”m Humble, Texas 77396
m 24’7 TEL: (281) 441-4088 DATE 4/23/201 8

FAX: (281) 441-8899 FC!I ORDER NUMBER 60030
Processed .AW. EN10204 3 1
CUSTOMER ORDER NUMBER  13-0266 I.AW. NACE MR0175
-D/SHIPPED TO ALL-WELD CO., LTD.
49 PASSMORE AVE.
SCARBOROUGH ONT MIV 4T1 CANADA
ltem Quantity Description
1 4 8" X 900 X 13.25" LG RTJ LWN ITEM# 1173-40
2 4 8" X 900 X RTJ BLIND ITEM# 1173-41
HEAT NUMBER: MATERIAL TYPE: Manufactured in
N434 SA182F316/L USA

L.AW. ASME 2010 ED 11AD.

CHEMICAL ANALYSIS PHYSICAL PROPERTIES

C 027 v
M 1160 )
pn 0290 ¢ Yield PSI 47,000 2
s 0250 ¥ Tensile PSI 86,000
Si 350/ Elongation 77.1
Cr 17.450 7 Reduction of Area 79.6 -
Mo 2030 Hardness 176 HBW
i 10310 / : —— .
':h Ce hf'catlon 0/1atc x—‘a:‘ll—Per ASME H " ) L_\ ‘ Q .
Hlﬂ i o ____ s 3 \ L.) I\ \
.(L 0980 Qu Ilﬁ-.sto alhe uxrem nts o{t;L ) ?{1%)/'3) L‘i'| k {!
— :.f_., A_._ per
Seet. M J L l:dmon T Addende i o
- Lok
g— mﬂBWWPEwASED . e AC
ACCEPTE e S 0M o | Sher€
fot and 00 behalf off wee A . '‘®
) [ p o Yool S AFplu
Print Name: g N VELOS!
SigHAlUIe: e M:: [l/' !E vmmm
Heat Treatment SOLUTION ANNEALED Datet s _-—L" m———
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.

=

Name Helen Fielder Title QA Representative

"

Page 1 of 1 Date printed. 4/23/2013 12 54 08 PM



‘STOMER ORDER NUMBER

R ==

< - D/SHIPPED TO

”"maen

IRIC.

ltem Quantity Description
4 2" X900 RTJ WN S/160

1

HEAT NUMBER:
N432

CHEMICAL ANALYSIS

C 017«
Mn 1.730

P 0280 -
S 0220 -
Si 450~
Cr 16.300~
Mo 2.090~
Ni 10.120 ~
(\ 0720
Heat Treatment
Temperature

Time at Temperature
Cooling Media

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

24/7

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

SCARBOROUGH

MATERIAL TYPE:
SA182F316/L

PHYSICAL PROPERTIES

Yield PSI

Tensiie PSI
Elongation
Reduction of Area
Hardness

(A6
u—&,‘/ ’)/)
”‘"H (e 4

} )__(")'L‘ |

ONT MIV 471

Page 1 of 1
REPORT NUMBER 74420

DATE 4/26/2013
FCI ORDER NUMBER 60028

Processed I.LAW. EN10204 3.1
LA.W. NACE MR0175

CANADA

ITEM# 1173-46

Manufactured in
UsA

LAW. ASME 2010 ED 11AD.

47,100 =
87,500 -
602 -
781
156 HBW

Ni2
A‘,. .“ :J.ﬂ_)
r —.-' ( b:f((._(
I

2 4 {_}_ [ I’,s )

e

SOLUTION ANNEALED

1925 °F

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 \
\// Q7_{j;/,_,/£( ACCEFTEDVREVIEWED/RELEASED _ | 046
O S F’L P
Name Helen Fielder Title: QA Representative for and oo behalf of: 2127 { ,’ 7
Prnt Name: GAHNESS SA“AAFP' ®
ignature; /{";7 AT VELOS'
Drie L,« S 1] I"?—,,_ Velosi America LLC
Page 1 of 1 Date printed 4/26/2013 2 11 53 PM
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JdmANX' LIMITED P.O.-DS45-110411 S.0O. - 540114

Outokumpu Stainless Plate, Inc.

(__
I&Wﬂl Certificate of Analpgis and Tests

OUR ORDER 0252379 - 13 HEAT & PIECE 836433-1E 06/23/06

SOLD TO: INTRGRIS METALS LTD. - EtobicokSHIP TQ: INTEGRIS METALS LTD. - Etobicoke /.
161 WEST nam. 161 THE WEST MALL 3
ETOBICORE, ON #9C 4vs ETOBICORE, ON M9C 4v8

-------------------------------- YOUR ORDER & DATE ---====cmmmeomomocaaeoommceaod 4
539197 4/12/06 TAGE 7581-2043 2
-------------------------------- ITEM DESCRIPTION ~=s=-c-cmmm-mmnmmemamcaemmeeme |
EEAT & PIECE 838433 - 1E <
WEIGHT 2782 COUNTRY OF ORIGIN BRT '
FINISH 1 53¢
GRADE 31leL / UNS- 531603&!0115-531600 o)
DIMENSIONS ‘875’ X 96.000 X 253.000 CT 2 5
e e L e L T L SPECIFICATIONS =-=~=-=---=msmceomcmaonaeaann 5§
H*? IN NEW CASTLE, IN, USA FROM SLABS Imonrm FROM BRITAIN \J &
ASHE 92240 04 EDITION 05 ADD ASTH 4240-0 Yo ¢
ASTM A480/A480K-05 : g
ASTM A262-02A PRACTICE E &
NO WELD REPAIRS ; g
PLATES & TEST PCS SOLUTION ANNEALED @195 c 3
i !I'H!I! WATER COOLED OR RAPIDLY COOLED BY¥: ol
EE. FROM MERCURY CONTAMINATION AT 5
( HOT ROLLED, ANNEALED & PICKLED  (HRA =
----------------------------- MECHANIC
HARDNESS RB 81 i .,ﬂgﬁ ;
GRAIN Sizi 6 «r.{,ﬁ;{q’é?sf-g:zl
YIELD STRENGTH (P SI; 48161 Haly
TENSI[B STRENGTH (PSI) 85632 6563 Q81
mrmcamum CORROSION oK Y e
ELONGATION % IN 2" 52.8 AR
REDUCTION OF ARERA % 65.8 CReLh
e D L P L LR LR -~-~-- CHEMICAL COMPOSITION
BON c 018 4
CANRSE (MW 1.60 - ,;/
g ggonus P '852' g ~Q. C.l.
. -~ s
SILICON SI .38 - WO.# (72 o NEY,
OMI CR) 16.27°
NICKEL NI) 10.1L- ML.# &| C"’/-v
SopeLT sy i3k THK. #3380 7~ = |7 fady . \AUG 16 2013
NOLY HO 2.05- /é\ /4,
KITROGEN N .04~
COLUMBIUN (CB .022
TITANTUN TI 003 S
ALUMINUM (AL 005 /3
TIN SN 007

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.

JAMKS DOUBMAN,QUALITY ASSURANCE HANAGER

’ CERTIFICATE IN CONFORMANCE WITH EN10204-95 3.1.B/EN10204-2004 3.1

S &3«.@ | e

Stainlcss Plate, Inc.
PO. Box 370
New Castie, indlana 4/.4b2




- - H-110-8451Q S.O. - 576047
VY LIMITED P.O.- H-11
ALL-WELD COMPANY
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CUSTOMER: SOUTHWEST STAINLESS, INC
PROJECT NAME: NIA

MATERIAL TEST & INSPECTION CERTIFICATE

According to

E SUNGKWANG BEND CO., LTD.{SK
L=

1720, Songjeong-Dong, Gangseo-Ku,Busan Kot
TEL  82-051-3300-450
FAX ' 82-051-3300-335

DIN 50049 3.1/ EN 10204 3.1/1S0 10474 21 bt dhaestskbend com
PURCHASE ORDERNO. | 75051 B " SPEC.FOR MATERIAL | ASTMASHE A SA403WR3"E 3154, 2T.07ED CERTIFICATE NO. CCLJ2012017134
~ PJTNO | N/A . SPEC. FOR INSPECTION | ASMEB16S DATE OF ISSUE 20111226
STARTING MATERIAL | STEELPLATE SKB NO 2011053012 VISUAL & DIMENSION | SATISFACTCRY
| N0 SEQLNENTEMNO | DESCRIPTION Tar | HEAT NO [ MFG ID NO. T PORICODETAG NO
[ o1 | | socesows) 2808 EWWELD  SUS B 03203 035085 |
242 90D ELBOW(S) s 1F BWWELD SUS | 4 035085 035085 |
§49 | 90D ELBOW(S) S80S g BWWELD  8US 2 | 035085 035085 _
925 STRAIGHT TEE S80S 122 BWWELD  SUS 2 035085 035085
i CHEMICAL COMPOSITION(%) (L : LADLE, P : PRODUCT) TENSILE TEST
B T _ _ T
. sm |sec| ¢ | s | wn | P | S N | C | Mo | Cu V| N | N | A B | 2| Fe Ti | CE spec. |Yo0Zkoffset| TS EL B
o~ i < - A KS! KSl % %
Imﬁ/ wN | -1 10.00 | 16.00 | 200 1 AR A MIN 300 750 280
NO. .| MAX | po3p | 100 | 200 | 0.045 | 0.030 | 14.00 | 18.00 | 300 < 8 v/ _AQ.ClL. MAX
T . = ! S .
e L |oos | 032 | 128 |0037 {0002 1011 | 1674 | 203 _ | /.Z/mw\ 452 815 57.0
gi P | _ i .mﬂ )
i _ .
| P (I _ ! _
“_IMPACT TEST]| — RBED ENERGY TE N HRC | 0 ;
S | resT SEZE OF mﬂ-wmo ED ENERGY ﬂrw ; RAL EXPANSIO man.mxomﬁ SHEAR xnwzozmmm | HEAT TREATMENT SOLUTION TREATED 1060T 40Mn. “Water
. TEMP 184 | . : - — - - ; —
H_lmm: N EM mwmn ENmm); VALUE | AVE | valE | aE VALLE | AE | max [ 20 PM) NA | wpe [rrooop
| Bm | | 1 | HB | 152 | FLATTENING TEST | NA | ~MEMO
D308 HAZ | | Chrtific prigl Joer fpvis | | " RENDINGIEST slisblh
L . WM | _ . HT# _Q LS. | | | HYDROSTATIC TEST | NA
! E2R |  Qualig Vi CORROSIONTEST | N4
_ |HAZ . | _ ﬁu.ﬁ i AR, =1 Addeuda | | GRAINSEZETEST | NiA
I | | wm | _. i o — ey (RS _ _ _ [ HIC TEST NA
MATERIAL MEETS THE REQUIREMENTS OF NACE MR0175 ) [ WE CERTIFY THIS MATERIAL HAS BEEN MANUFACTURED AND EXAMINED IN ACCORDANCE WITH A
- 3 4 REQUIREMENTS OF THE SPECIFICATION AND THE RESULTS OF ALL EXAMINATION ARE ACCEPTAE
ACCEPTED/REVIEWEL/RELEASED 030 | EETR g
- ! = 2 sl |N. i
for and un behalf of: GibM _opf Spele N N : _ & “&\A\
2 v_m.w\bmmﬂmmumw< Print Namee s I ~Esid sa M A @ mm-\ U.% B n\l\.\b_ .
o . L - :
o~ _ Arplus_ - S30 1* G DIV, SENIOR MANAGING DIRECTOR
/) o.‘..___...u.t - . ;N ——
Z .\T(ub. 3 Velosi America LLC (H-O wéw
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l\

PD. Box 370
New Ceoths, Indiana 47362

MPANY LIMITED P.O.-DS45-110411 S.0. - S<40114

Dutokumpu Stainless Plate, Inc.

- l&lwal - Certificate of Analpgis and Tests -

OUR ORDER 0246237 - 01 HEAT & PIECE 831846-2B = 05/27/05
SOLD TO: METAUX INTEGRIS LTEE SHIP T0: METAUX INTEGRIS LTEE
3399 FRANCIS HUGHES 3399 FRANCIS HUGHES
LAVAL, OC H7L525 LAVAL, QC H7L5AS
-------------------------------- YOUR ORDER & DATE -——-~-=emmmmoomeoooo oo
453513 5/23/05 TAG# 7581-2543
-------------------------------- ITEM DESCRIPTION === =~---=-emmmcommmcee .. B
HEAT & PIECE 831846 - 2B .
WEIGHT 5654 COUNTRY OF ORIGIN BRT
GRADE 316L__ / 316 - uns-sslsosgéauws-sslsoo
DIMENSIONS 750" X 96.000 X 264.000 cT
el R w===-=  SPECIFICATIONS =-===w=eceemec—ococcooocamooan
*¥+ MFG IN NEW CASTLE, IN, USA FROM SLABS IMPORTED FROM BRITAIN
ASME SA240 04 EDITION ASTM A240-05

ASTM A480/A480M-03C A6
ASTM A262-02A. PRACTICE E NO_GRERE
NO WELD REPAIRS el
PLATES & TEST PCS SOLUTION ANNEALED @ii195
THEN WATER COOLED OR RAPIDLY COOLED

FREE FROM MERCURY CONTAMINATION AT
HOT ROLLED, ANNEALED & PICKLED

RRNE Iy e
NESS e WE:W%,{ i o
TIELD STRENCTH (sT) 52553 7 R gﬁw
IENSILE STRENGTH (PSI) 85940 4 GE WL Qualife =
SELEET g% v P RERE .
REDUCTION OF AREA % 68.5 LR ./ Edi . Addeads

------------------------------- CHEMICAL COMPOSITION —----=-=-~=-=e-ccecomcacacaan

CARBON W 1.3355

maes 1 Ul WO JTER |/ |
131~ ] ED '

g n o3l [ML#SS e A |

NICKEL NI} 10.17- THK. # - for sad ool ot L1

I N [ N | N o7 TR

MOLY MO)  2.09. ‘0. #D545-(\cwy Signatures |l veLof

NITROGm N .03/ o L );J"} Veloslf\mm

COLUMBIUM (CB .014 | De Date s ol

TITANIUN TI -003 pe. o

ALUMINUM AL .007 —

TIN SN .015 _

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

JAMES DOUBMAN,QUALITY ASSURANCE MANAGER

CERTIFICATE IN CONFORMANCE WITH DIN50049 3.1.B/EN10204 3.1.B

mae D Vs

w Stainlesn Plate, ina.
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u MELTALLUKGLUCAL TESL HEPFOKCLE 6870 HIGHWAY 42 EAST

GHENT, KY 41045
6870 INGHWAY 42 EAST
1 To: Ship To:
Cortificato:794815 1 Hal : 12/18 :
ROLARK STAINLESS STEEL, IKC. ROLARE STAINLESS STESL, INC. Date: 12f14f1012  roje: §

cuct. . 007050 001 71 CONAIR PARKHAY 71 COMAYR PARKHAY =

Ramaz 1 oopBRIDGE, ON La0S4 HOODBRIDGE, O LANHDS4 St INTTE

Finish: NRaP
ur Order: 53315 NAB Ordars DS 0002247 05 Corrosion: ASTM A262/02a2;180Bend-0k
CT DESCRIPTION: REMARKS :

STAINLESS STEEL CONT,.MILL PLATE, HRAP; UNS 311600/31603 Mat’l is Fres of Morcury Contamiontion, No weld repairs.
ASTM A240/11b,Ad80/11b,A666/10;ASHE SA280/11a, SAGBO/11a,5A666/11a BN 10206:2004 3.1; RoHS Cozpliant

CHEM ONLY ON FOLLOWING ASTH: A276/10,A479/11,A404/11,A312/711
CUEM ONLY ON FOLLOWING ASMP: SA312/11,6A475/11

AME 5507F/5524L X MRK;

NACE MRO175/X60 15156-3:3003 A, MROM03/07; QQS766D-A X MAG PERM
MIN. SOLUTION ANNEAL TEMP 1900F, WATER QUENCHED

Material is Pree of Radicactive Contamination

NAS Steel Making Process: EAF, AOD, & Cont. Casting
Product Mfg.by a Qualily Mgt.Sys. in Conf. w/XIS0 9001
spalted & Manufacturad in the USA; Mat’l 38 DFARS Ceompliant
EN 3102064 3.1.B

Product. Xd coil # Skid # Thickness wWidth Hoight  -———-— ~Longth--=-=-- Maxk Pieces Comzodity Coda
DDE383 02B7K6 A L1748  60.0000 4,750 SHEETS 240,00 9 3
. r
CHEMICAL ANALYSTIS CMCountryofMalt) ES(Spaln) US(Unlted States) ZA{South Africa) JP{Jupan) Chomical Analysis por ASTM A751/08
HEAT ar ¢ %7 eR%- ouU% W% MOX N % BL & = P K7 85 K" .
6 us .0205 16,6005 4100 1.5245 2,0550 .0398 10,0400 ,0330 .0010

81 % -

8115
L . 2
MECHANICAYL PROPERTIES
i 1 4 - - =
Product fdk  Coil & o & UL .2k YO ELONG  Hard Tuil
€ T K53 ¥S1 %~2" HD Hard

Dn4383 0217KE ¥ T 86,88 55.61 50.97 87.00 89.00

L —

NAS hereby cerlifies that the analysls on this centitication Is correct. Based upon the results and the accuraey  n,nnicnl s FA =
of the test methods used, the material meets the specitications stated. These results refate only to the ltems Dept, Mgr. e it S
tested and this report cannot be reproduced, except In its entlrety, without the written approval of NAS, g " BRIC NISS 12714 /2012
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ALL-WELD COMPANY LIMITED

RYERSON CANADA

P.O.

- 13-0889 S.0. - 644142

PHOENIX TUBE COMPANY,INC.

Manufacturer of Stainiess Ornamental and Structural Tubing

CERTIFICATION OF TEST

Sold To: Ship To:
161 THE WEST MALL
PAUL MASSE@416-620-3855 FOR APPT
ETOBICOKE ON MsC
CAN
CUSTOMER ORDER#: 739299 Phone#
CUST REF NBR: 71366671 ORDERH.
DATE SHIPPED: 07/10/13 QTY SHIPPED:
SIZE: 2' X 3/3" HRAP ‘ l —r% GRADE;
SOURCE: USA D é) e%g HEATH
VENDOR: NAS / 9 TEST REPORT#.
Specificatlon: o Report Dale.

CHEMISTRY THIS
ASTMA276-13

COLUMN:

13-0%89

ASTM A262, PRACTICEE
CORROSION OK, HRAP
ASTM A484-13

ASME SA484-13

NO WELD REPAIR

ASME SA276-08 COND A
ASTM A479.13
ASME SA479 *3 521

ASTM A240-13

ASME SA240-13

MILS 50590 AMEND 3
AMS BB48L & AMS 5653G
ASTM A480-13

QQ-S-7660 COND.

A

EN 10204 2 2

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¢
TRO10548
08/27/12

Ext

NO WELD: BAR

TYPE 316L/316 DUAL CERTIFIED
UNS# 31600/ 31603

ASTM AB65-10

NACE MR0175/01 / MRO103

Certificatjon of Material - Per ASME
HT# :b_ e
Quahﬁes to all requiret enfs.0
SAAE .Sfé el
Sect. 1 LE " Edition _{J Addends

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. F AND IS SUBSEQUENTLY COOLED

RAPIDLY TO PREVENT CARBIDE PRECIPITATION

Chemical Analysls

CJ KN P v s/ st /| ecr7| N 7| Mo | cu co N2 Tl
023 1.57 037 001 38 16.58 10.08 2.1 56 0 .04 0
Physlical Analysis
YIELD TENSILE OTHER
Hardness PSi MPA PSt p MPA Percent EL Percent RA
7 - v
RB 87 53540 0 8630 0 52 59

THE CHEMICALANALYSES ARE CORRECTAS CONTAINED IN OUR CORPORATE RECORDS.
PHYSICAL PROPERTIES ARE DETERMINED WHILE MATERIAL IS IN STRIP FORM

Melted & Manufactu

1

red In the USA FAR BAA complies,

DFARS BAA complies, FAR TAA complles

/72, Lot é%og//cf /
CERTIFIED BY Quaity Control Dept \

185 WIN DR ,BETHLEHEM, PA., 18017 - (
FAX NUMBER: 610-865-4073

fotmdcnbdﬂﬂof-
Print Name:

) 046
Z M Of‘ ~SHeie

{,J f\ w’)’if H > [¥RY -2}
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- — /(,/,,,v\ ELOS!

%'«-{'77_: 11‘

v

—— __..u-—:—- _—»-—a-v---

Veosd Amarica LLC




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

Size

Materials

Impact
Tested

Normalized

Fine
Grain

Flange

Blind

<

Manway c/w Blind Flange

350D x5.5

Nozzle

SA-182 F316 > 5

No

No

No

NPS 24 Class
900
V2 A182 F316

NPS 24
Class
900
A182
F316

|z

Inlet

11.75 0D x
1.875

Nozzle

SA-182 F316 <=5

No

No

No

NPS 8 Class
900

LWN A182
F316

No

=
o
s

Level Gauge High

4.120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

Z
=}
(o9}

Level Gauge Low

4.120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

=

Spare

4.120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

=
)

Purge

4.120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

=
o

Bottom Drain

NPS 2 Sch 160

Nozzle

SA-312 TP316L Smls pipe (low
stress)

No

No

No

NPS 2 Class
900
WN A182 F316

No

=
I~

Vent

4.120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

=
o

Inspection c/w Blind
Flange

11.75 0D x
1.875

Nozzle

SA-182 F316 <=5

No

No

No

NPS 8 Class
900

LWN A182
F316

No

Gas Outlet

11.75 0D x
1.875

Nozzle

SA-182 F316 <=5

No

No

No

NPS 8 Class
900

LWN A182
F316

No

Liquid Outlet

4.120D x 1.06

Nozzle

SA-182 F316 <=5

No

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

Pressure Indicator

4.120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

Temperature Indicator

4.120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

=
I~
>

PDI High

4.120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

Z
[~
o

PDI Low

4.120D x 1.06

Nozzle

SA-182 F316 <=5

No

No

No

NPS 2 Class
900

LWN A182
F316

No

1173
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NPS 2 Class

Level Bridle - (Process) _ 900
N8A High 4.120Dx 1.06 |Nozzle [SA-182F316<=5 No No No LWN A182 No
F316
NPS 2 Class
Level Bridle - (Process) _ 900
N8B Low 4.120Dx 1.06 |Nozzle [SA-182F316<=5 No No No LWN A{82 No
F316
NPS 2 Class
Level Bridle - (Safety) _ 900
N9A High 4.120Dx 1.06 |Nozzle [SA-182F316<=5 No No No LWN A182 No
F316
NPS 2 Class
Level Bridle - (Safety) _ 900
NoB Low 4120D x 1.06 |Nozzle [SA-182F316<=5 No No No LWN A182 No
F316
1173 Rev. 6 3/249




t,:
Req t,:
Nom t:
Design t:

User t:

1173

Nozzle Summary

Reinforcement

Shell Pad
Nozzle | OD tn Req tn A2 | Ax? Corr | A /Ar
mark (in) (in) (in) (in) (%/o)
Nomt | Designt | Usert | Width t
) | am | | am | 6

MW1 |35 5.5 1.1622 |Yes |Yes |1.75 1.6094 N/A N/A 0 111.5
N1 11.75 [ 1.875 | 0.3983 |Yes |Yes |1.75 1.6093 N/A N/A 0 141.4
N10A |4.12 |1.06 [0.2074 [Yes |[Yes [1.75 N/A N/A N/A 0 Exempt
N10B |4.12 |1.06 [0.2074 [Yes [Yes [1.75 N/A N/A N/A 0 Exempt
N11 412 |1.06 |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 0 Exempt
N13 2.375 10.344 | 0.154 |Yes |[Yes |[1.73* |N/A N/A N/A 0 Exempt
Ni4 412 |1.06 [0.2074 |Yes |Yes |1.73* |N/A 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
N5 412 |1.06 |[0.2074 |Yes |Yes |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 |1.06 |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
N8A 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
N9B 412 |1.06 [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
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Pressure Summary for Chamber bounded by 48 OD BOTTOM SE HEAD and 48 OD TOP SE HEAD

Pressure Summary

P T T
Identifier Design | Design N(“:)::)P I\(II:SE: exte:nal N(IQI\:)T Exl\:l[r)lrt-iron !Ir_zzta:(:
(psi) [ (°F) (°F)
48 OD TOP SE HEAD 1,378 140 1,541.68 [566.01 | 140 -320 Note 1 No
Straight Flange on 48 OD 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 Flange 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
Manway c/w Blind Flange (MW1 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 Gauge High (N10A 1,378 140 1,378 622.51 | 140 -55 Note 4 No
Level Gauge Low (N10B) 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
Purge (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 (N14) 1,378 140 1,378 566.01 | 140 -55 Note 4 No
Inspection ¢/w Blind Flange (N15) 1,378 140 1,378 622.51 | 140 -55 Note 4 No
Gas Outlet (N2) 1,378 140 1,378 566.01 | 140 -55 Note 4 No
Liquid Outlet (N3) 1,378 140 1,378 622.51 | 140 -55 Note 4 No
PSV (N4 1,378 140 1,378 622.51 | 140 -65 Note 4 No
Pressure Indicator (N5) 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 High (N7A 1,378 140 1,378 622.51 | 140 -55 Note 4 No
PDI Low (N7B) 1,378 140 1,378 622.51 | 140 -55 Note 4 No
Level Bridle - (Process) High (N8A 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 - (Safety) High (N9A 1,378 140 1,378 622.51 | 140 -65 Note 4 No
Level Bridle - (Safety) Low (N9B 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 #

Details

dialog.

Option to calculate MAP was not selected. See the Calculation->General tab of the Set Mode

1173

Rev. 6
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Notes for MDMT Rating:

Note # Exemption Details
1. Straight Flange governs MDMT

2. Rated MDMT per UHA-51(d)(1)(a) = -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.

1173 Rev. 6 6/249



Settings Summary

COMPRESS 2013 Build 7320

Units: U.S. Customary
Datum Line Location: 0.00" from top seam

Design

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

Design or Rating:

Minimum thickness:

Design for cold shut down only:

Design for lethal service (full radiography required):
User has limited MAWP to:

Design nozzles for:

Corrosion weight loss:

UG-23 Stress Increase:

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

No

Yes

1,378 psi

Vessel MAWP

100% of theoretical loss

1.20

Skirt/legs stress increase: 1.3
Minimum nozzle projection: 4"
Juncture calculations for o > 30 only: Yes
Preheat P-No 1 Materials > 1.25" and <= 1.50" thick: No
UG-37(a) shell tr calculation considers longitudinal stress: No
Butt welds are tapered per Figure UCS-66.3(a).
Hydro/Pneumatic Test
. 1.3 times vessel
Shop Hydrotest Pressure: MAWP
Test liquid specific gravity: 1.00
Maximum stress during test: 90% of yield
Required Marking - UG-116
UG-116(e) Radiography: RTA
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
1173 Rev. 6
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UG-22 Loadings

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

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

uG-22

)
)
)
)

UG-22(f) Wind reactions:

uG-22(f

UG-22(j) Test pressure and coincident static head acting during the test:
Note: UG-22(b),(c) and (f) loads only considered when supports are present.

1173

(
(
UG-22(c
(
(
(

)
)

Seismic reactions:

Rev. 6

Yes
Yes
No

Yes
Yes
Yes
No

8/249



Thickness Summary

Component Material Diameter | Length | Nominal t | Designt | Total Corrosion | Joint | | o4
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
Straight Flange on 48 OD TOP SE HEAD SA-240 316 |48 OD 2 1.77 1.6093 0 1.00 |Internal
48 OD SHELL SA-240 316 (48 OD 96 1.75 1.61 0 1.00 |Internal
Straight Flange on 48 OD BOTTOM SE HEAD SA-240 316 |48 OD 2 1.77 1.6101 0 1.00 |Internal
48 OD BOTTOM SE HEAD SA-240 316 |48 OD 12.865 |1.73* 1.5583 0 1.00 |Internal
46-3/4" OD Skirt SA-240 316 [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

* Head minimum thickness after forming
Load
internal: ~ Circumferential stress due to internal pressure governs

external:  External pressure governs

Wind: Combined longitudinal stress of pressure + weight + wind governs

Seismic:  Combined longitudinal stress of pressure + weight + seismic governs

1173

Rev. 6
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Weight Summary

Weight ( Ib) Contributed by Vessel Elements
Component Metal |  Metal ~insutation | . .| Piping | Operating Liquid Test Liquid Su"aftz Area
New” | Corroded” insulation Supports Hining +Liquid | Now | Corroded | New | Corroded
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 15,518.3 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 Ring 318 318 0 0 0 0 0 0 0 0 20
TOTAL: 9,861.6 |9,861.6 0 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 Nozzles & Surface Area
Body Flanges :I:f‘ezs Packed | Ladders & Travs Tray Rings & | Vertical ft2
9 Beds | pjatforms Y Supports | Clips Loads
New | Corroded | New | Corroded
48 OD TOP SE HEAD 0 0 378.5 |[378.5 0 0 0 0 31.9 0 6
48 OD SHELL 0 0 7,893.4 (7,893.4 0 0 0 0 0 0 57
48 OD BOTTOM SE HEAD |0 0 28.7 28.7 0 0 0 0 0 0 1
46-3/4" OD Skirt 0 0 60 60 0 0 0 0 16.2 0 1
TOTAL: 0 0 8,360.7 |8,360.7 0 0 0 0 48.1 0 65

Vessel operating weight, Corroded: 19,873 Ib
Vessel operating weight, New:
Vessel empty weight, Corroded:
Vessel empty weight, New:
Vessel test weight, New:
Vessel test weight, Corroded:

Vessel surface area:

19,873 Ib
18,270 Ib
18,270 Ib
24,861 Ib
24,861 Ib
259 ft2

Vessel center of gravity location - from datum - lift condition

Vessel Lift Weight, New: 18,270 Ib

Center of Gravity:

Vessel Capacity

Vessel Capacity*™ (New):

56.4867"

773 US gal

Vessel Capacity** (Corroded): 773 US gal
**The vessel capacity does not include volume of nozzle, piping or other attachments.
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Long Seam Summary

Shell Long Seam Angles

Component Seam 1
48 OD SHELL 25°
46-3/4" OD Skirt [135°

Shell Plate Lengths

Starting

Component Angle Plate 1
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

F
-
S
&5
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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)
Identifier pressure | static head | stress |pressure
psi psi ratio factor

48 OD TOP SE HEAD (1) 1,793.431 2.031 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 2.382 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 2.07 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 | Length Le
(in) (in)
48 OD TOP SE HEAD - -14.865 N/A
- 1/3 depth of 48 OD TOP SE HEAD -5.7117 N/A
Straight Flange on 48 OD TOP SE HEAD Top - -2 107.4233
Straight Flange on 48 OD TOP SE HEAD Bottom - 0 107.4233
48 OD SHELL Top - 0 107.4233
48 OD SHELL Bottom - 96 107.4233
Straight Flange on 48 OD BOTTOM SE HEAD Top - 96 107.4233
Straight Flange on 48 OD BOTTOM SE HEAD Bottom - 98 107.4233
- 1/3 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.
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Engineering Notes

1. External loads have not been considered in the flange pressure rating.

2. The minimum thickness of the top and bottom heads are from the readings taken by KV Inspection Services.
Reports dated February 26, 2013.

3. The style of lifting lug analysed here is only analysed for vertical lifting only. The software will not complete a
"rigging analyses" on this style of lifting lug.

4. The Compress software does not analyse the siesmic and wind loads simultaneously so this information is not
contained within this report. The magnitude of the wind loading in comparision to the motion "siesmic" loads is
miniscule when compared to the motion loads. The total wind load on this vessel equates to a force of 660 pounds
acting on one side of the vessel.
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Method of seismic analysis: User-defined
Base Shear Multiplier 0.5000
Portion at Top 0.0700
Vertical Accelerations Considered: Yes

Force Multiplier: =1.4738
Minimum Weight Multiplier: =1.0000

Vessel Characteristics

Vessel height: 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*Pl*Sar({Sum(W,*y2)}/{g* Sum(W, *y,)} ), where

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

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

Seismic Shear Reports:

Operating, Corroded

Empty, Corroded
Vacuum, Corroded

Base Shear Calculations

1173
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Seismic Shear Report: Operating, Corroded

Component Elevation of bo_ttom Elastic modl:JIus E [ Inertial | Seismic shear at | Bending Moment at
above base (in) (106 psi) (ft4) 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

Seismic Shear Report: Empty, Corroded

Component Elevation of bo_ttom Elastic modl_JIus E | Inertial | Seismic shear at | Bending Moment at
above base (in) (106 psi) (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 bo_ttom Elastic modl_JIus E | Inertial | Seismic shear at | Bending Moment at
above base (in) (106 psi) (ft4) 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: =1.0 + V

Accel

\'

Accel

Term is:

greater of (Force Mult * Base Shear / Weight) or (Min. Weight Mult.)

Force multiplier = 1.4738 Minimum Weight Multiplier = 1.0000
- . Force Mult * Shear

Condition Base Shear ( Ibf) | Weight ( Ib) Weight V accel
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

=9,936.44 Ib

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 Ib
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Building Code:

Elevation of base above grade:
Increase effective outer diameter by:

Wind Force Coefficient Cf:

Vessel Characteristics

Vessel height, h:
Vessel Minimum Diameter

Operating, Corroded: 4.0000 ft
Empty, Corroded: 4.0000 ft

Fundamental Frequency, n,
Operating, Corroded: 52.0264 Hz
52.5492 Hz

User

Defined
0.0000 ft
0.0000 ft

0.8000

Wind Code

11.3954 ft

Empty, Corroded:

Damping coefficient, 8

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

Elevation of Effective OD | Elastic modulus | Inertia 'Platform Total wind bending Deflection
Component bottom above (ft) E (106 psi) I (ftd) wind shear at shear at moment at at top (in)
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 3.283 |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 Effec(tflt\;e oD Ela;t;rizorzoc;;lus Ir(ef:il)a wind shear at shear at moment at gﬁf‘ﬂ(‘i‘:‘?
base (in) P Bottom (Ibf) | Bottom (Ibf) | Bottom (Ibf-ft) P
48 OD TOP SE HEAD 121.88 4.00 283 * 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(tflt\;e oD EIa;t;:orgoilij)lus I:\(efnl)a wind shear at shear at moment at gﬁfc‘(li?,r;
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 bly Ci
v
sf
() (psf) (psf)
15.00 15.5000 12.4000
Design Wind Force determined from: F = Pressure * Af , where Af is the projected area.
1173 Rev. 6 20/249



48 OD TOP SE HEAD
ASME Section VIIl, 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:

P.= 0 psi (SG=1.1, H,=0" Operating head)
P=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 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 thickness ty, = 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 (1) 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))3]=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
1,378*48*1 / (220,000*1 + 2*1,378*(1 - 0.1)) + 0
- 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*t*(K - 0.1)) - P,
2+20,000%1*1.73 / (1*48 - 21.73*(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,)

R, = KD,
= 0.8395*48
= 40.2954 in
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,/1)
= 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)) + 0
= 003"

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 B - 13,183.56
HA-2: " psi

1173 Rev. 6

22/249



T
|

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 1 8.4568)*(1 - 8.4568 / o)
15.6974%
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Straight Flange on 48 OD TOP SE HEAD
ASME Section VIII Division 1, 2010 Edition, A11 Addenda
Component: Straight Flange
Material specification: SA-240 316 (lI-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:

0 psi (8G = 1.1, H, = 0",Operating head)
. (SG =1, H, =56.23", Horizontal test
2.03 psi s

S

Pth

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 Ib corr=149.1 Ib

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*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, - 0.40*) - P,
20,000*1.00%1.77 / (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 .
HA2- 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

t = t+ Corrosion = 0.2194+0 = 0.2194"

a

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 = 1.6093"
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

Allowable
Stress Before . . ,
Condition Pressu_re P( UG-23 Stress Tempsrature ( Corrqsmn C Load Req'd T_hk D_ue to Req'd Thk_Due-to
psi) X F) (in) Tension (in) Compression (in)
Increase ( psi)
St Se
Operating, Hot & Corroded 1,378 20,000 | 13.729 | 140 0 Wind | 0.6309 0.6304
Seismic | 0.6311 0.6293
Operating, Hot & New 1,378 20,000 | 13.729 | 140 0 Wind  [0.6309 0.6304
Seismic | 0.6311 0.6293
Hot Shut Down. Corroded 0 20,000 | 13.729 | 140 0 Wind |0.0007 £.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 0.0024
Empty. Corroded 0 20,000 | 13.908 |70 0 Wind  ]0.0007 £.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 9.0109
Seismic | 0.0099 0.0125
Hot Shut Down, Corroded, Weight .
Hot Shut Down, Corroded, Weight | 20,000 | 13.729 | 140 0 Weight | 0.0008 0.0009
& Eccentric Moments Only

Allowable Compressive Stress, Hot and Corroded- S, (table HA-2)

A = 0.125/(R,/1)
= 0.125/(24/1.77)
= 0.009219
B = 13,729 psi
S = 20,000/1.00 = 20,000 psi
Sche = min(B, S) = 13,729 psi

Allowable Compressive Stress, Hot and New- S

ScHN = ScHC
13.729 psi

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 = Sch
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 =

Maximum allowable working pressure, Longitudinal Stress

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,*K*E,)

1,145 / (1*23.1152*20,000%1.20*1.00)

o

W/ (2R *S*K*E,)

1,759.7 / (2*n*23.115*20,000*1.20*1.00)

0.0005"

t o+t - b,

0.6309 + 0 - (0.0005)
0.6305"

|tmc + twc - tpc|

|0 + (0.0005) - (0.6309)]
0.6304"

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

= 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

ratin

1173

H New. Wind. B m m

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 'K *E,)

1,145 / (*23.1152*20,000*1.20*1.00)

o

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

1,759.7 / (2*n*23.115*20,000*1.20*1.00)

0.0005"

ty+ by - by

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
te = Itmc + 1y - tpc| tensile)
= |0+ (0.0005) - (0.6309)|
= 0.6304"

Maximum allowable working pressure, Longitudinal Stress

P=2'SK E(t-1, +1,)/(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

Hot Shut Down, Corroded. Wind, Bottom Seam

t, = 0" (Pressure)
t, =M/ (@R,2SK) (bending)
= 1,145/ (n*23.1152%13,728.59*1.20)
=0"
t, = W/ (2"R*S.*K,) (Weight)
=1,759.7 / (2*n*23.115*13,728.59*1.20)
= 0.0007"
b=t + by -t (total, net compressive)
=10+ 0-(0.0007)|
= 0.0007"

ty = oo+ tye - t

. (total required, compressive)

=0+ (o.ooo;; - (0)

= 0.0008"

Hot Shut Down, New, Wind, Bottom Seam

t, = 0" (Pressure)
t, =M/ (@R,2SK) (bending)
= 1,145/ (n*23.1152*13,728.59*1.20)
=0"
t, = W/ (2"n"R,,*S.*K,) (Weight)
=1,759.7 / (2**23.115%13,728.59*1.20)
= 0.0007"
b=t + b, -t (total, net compressive)
=10+ 0-(0.0007)|
= 0.0007"
L LT (total required, compressive)
= 0+ (0.0007) - (0)
= 0.0008"

Empty. Corroded, Wind. Bottom Seam

t, = 0" (Pressure)
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t, =M/@R 2S’K)
= 1,145 / (1*23.1152*13,907.75*1.20)
=0"

t, =W/ (@R, _*S K
= 1,759.7 / (2*7*23.115%13,907.75*1.20)
= 0.0007"

to= It + by -t
=10+ 0 - (0.0007)|
= 0.0007"

t t

¢ = lne+lye- pc

= 0 + (0.0007) - (0)
= 0.0008"

Em New, Wind, B m m

t, =0
t, =M/@R 2S’K)
= 1,145/ (*23.1152*13,907.75*1.20)
=0"
t, =W/ (@R _*S K
= 1,759.7 / (2*7*23.115*13,907.75*1.20)
= 0.0007"
to= It + by -t
=10 + 0 - (0.0007)|
= 0.0007"

t t

¢ = lne+lwe - pc

= 0 + (0.0007) - (0)
= 0.0008"

Vv m, Wind., B m m

b

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

-0.0101"
M/ ('R, 2*S *K,)
= 1,145 / (1*23.1152*13,728.59*1.20)
=0"
t, = W/ (2R, *S’K,)
= 1,759.7 / (2*n*23.115%13,728.59*1.20)
= 0.0007"

t

m

= [-0.0101 + 0 - (0.0007)]
= 0.0108"

t t

¢ = tme+lwe- pc

= 0+ (0.0007) - (-0.0101)
= 0.0109"

1173

(bending)

(Weight)

(total, net compressive)

(total required, compressive)

(Pressure)

(bending)

(Weight)

(total, net compressive)

(total required, compressive)

(Pressure)

-15*22.23 / (2*13,728.59*1.20 + 0.40*|15|)

(bending)

(Weight)

(total, net compressive)

(total required, compressive)
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Maximum Allowable External Pressure, Longitudinal Stress

P=2'S K -t -t,)/(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)
="
t, = W/ (2 "R *S.*K,) (Weight)
=1,759.7 / (2*7*23.115*13,728.59*1.00)
= 0.0009"

t, (total, net compressive)

m_twl

Ity +1
0 + 0 - (0.0009)|
0

+
+
0.00

8"
= tme + e ~ toc (total required, compressive)
=0+ (0.0009) - (0)

= 0.0009"

t

C

Operating., Hot & Corroded. 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/ ("R 2*SKSE,) (bending)
= 26,243/ (1*23.115%*20,000*1.20*1.00)
= 0.0007"
t, =W/ (2"R*S;"K,'E,) (Weight)
=1,759.7 / (2*n*23.115*20,000*1.20*1.00)
= 0.0005"
to=th+t -t (total required, tensile)
= 0.6309 + 0.0007 - (0.0005)
= 0.6311"
t,c = (1 + VAccel)*'W/ (2*n*R_*S;"K *E,) (Weight)
= 2.00"1,759.7 / (2**23.115*20,000%1.20*1.00)
= 0.001"
to = ltne + tue - Tl (total, net tensile)
= |0.0007 + (0.001) - (0.6309)|
= 0.6293"

Maximum allowable working pressure, Longitudinal Stress

P=2"SKS"E S (t-t, +1t,)/ (R-0.40%(t-t, +1,)
= 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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rating. H New ismic, B m m

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/ ("R, 2*SKSE,) (bending)
= 26,243 / (1*23.1152*20,000*1.20*1.00)
= 0.0007"
t, =W/ (@27 R,*S;"KE,) (Weight)
=1,759.7 / (2*1*23.115*20,000*1.20%1.00)
= 0.0005"
o=ttt -ty (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*1*23.115*20,000*1.20%1.00)
= 0.001"
to = [t + tue - ol (total, net tensile)
= |0.0007 + (0.001) - (0.6309)|
= 0.6293"

Maximum allowable working pressure, Longitudinal Stress

P=2'S*K ES(t-1, +1,)/(R-0.40%t-t_+1,))
= 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/ (R, 2*S*K*E,) (bending)
= 26,243 / (1*23.115%2*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"
o=ttty (total required, tensile)
= 0 + 0.0007 - (0.0005)
= 0.0001"
toe = M/ ("R, 2*S*K,) (bending)
= 26,243 / (n*23.1152%13,728.59*1.20)
= 0.0009"
t,. = (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"

m

t (total required, compressive)

= tmc + twc - tpc
= 0.0009 + (0.0015) - (0)

C
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= 0.0024"

Hot Shut Down. New, Seismic, Bottom Seam

t, =0

t, =M/ (R, 2S 'K E,)
= 26,243 / (1*23.1152*20,000*1.20*1.00)
= 0.0007"

t, =W/ (@R, ‘S 'K E,)

=1,759.7 / (2*n*23.115*20,000*1.20*1.00)
= 0.0005"

m

o=ttty -t
= 0 + 0.0007 - (0.0005)
— 0.0001"

t. =M/ (R, 2SK,)
= 26,243 / (1*23.1152*13,728.59*1.20)
= 0.0009"

t,. = (1 + VAccel)*"W/ (2*1t*R*S,*K,)

= 2.00"1,759.7 / (2*n*23.115*13,728.59*1.20)

= 0.0015"
t. =t t

c mc+twc_ pc

= 0.0009 + (0.0015) - (0)
- 0.0024"

Empty. Corroded, Seismic, Bottom Seam

t, =0

t, =M/ (@R, 2*S 'K E,)
= 24,740 / (x*23.1152"20,000*1.20*1.00)
= 0.0006"

t, =W/ (@R ‘S 'K E,)

=1,759.7 / (2*n*23.115*20,000*1.20*1.00)
= 0.0005"

m

o=ttt
= 0 + 0.0006 - (0.0005)
- 0.0001"

t. =M/ (@R, S K)
= 24,740 / (1*23.1152*13,907.75*1.20)
= 0.0009"

t,. = (1 + VAccel)*"W/ (2*1t*R*S,*K,)

= 2.00"1,759.7 / (2*n*23.115*13,907.75*1.20)

= 0.0015"

tc = tmc + twc - tpc
= 0.0009 + (0.0015) - (0)
= 0.0023"

1173

(Pressure)
(bending)

(Weight)

(total required, tensile)

(bending)

(Weight)

(total required, compressive)

(Pressure)

(bending)

(Weight)

(total required, tensile)

(bending)

(Weight)

(total required, compressive)
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Em New ismic, B m

tp = 0"
t, =M/ (R, 2S 'K E,)

m

= 24,740 / (n*23.115%*20,000%1.20*1.00)

= 0.0006"
t, =W/ (@R, S K E,)

W

=1,759.7 / (2*n*23.115*20,000*1.20*1.00)

= 0.0005"
o= b+t -t
= 0 + 0.0006 - (0.0005)
- 0.0001"
t . =M/ (TR _2S K

= 24,740 / (n*23.1152%13,907.75*1.20)

= 0.0009"

= (1 + VAccel)*'W / (2**R_*S_*K,)
= 2.00"1,759.7 / (2*1*23.115%13,907.75*1.20)

= 0.0015"
te = tme * tue =t
= 0.0009 +(0.0015) - (0)
= 0.0023"
Vv m ismic, B m m

—
|

= P*R/(2*S;*K, + 0.40%|P|)

-0.0101"
M/ ('R, 2*S *K,)

—
Il

m

= 26,243 / (n*23.1152%13,728.59*1.20)

= 0.0009"
t, =W/(@2R,*S K,

W

=1,759.7 / (2*n*23.115*13,728.59*1.20)

= 0.0007"

tl
1+ 0.0009 - (0.0007)]

= It +
= |-0. 010
= 0.0099"

t,, = (1 + VAccel)*'W / (2*1*R_*S'K,)
= 2.00*1,759.7 / (2*n*23.115*13,728.59*1.20)

= 0.0015"
tre + Lo - 1

¢ = 'me T 'we Ype

= 0.0009 + (0.0015) - (-0.0101)
- 0.0125"

t

-15*22.23 / (2*13,728.59*1.20 + 0.40%*|15|)

(Pressure)
(bending)

(Weight)

(total required, tensile)

(bending)

(Weight)

(total required, compressive)

(Pressure)

(bending)

(Weight)

(total, net compressive)

(Weight)

(total required, compressive)

Maximum Allowable External Pressure, Longitudinal Stress

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

= 2*13,728.59*1.20*(1.77 - 0.0009 - 0.0015) / (22.23 - 0.40*(1.77 - 0.0009 - 0.0015))

1173

Rev. 6

33/249



= 2,705.92 psi
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Vent (N14)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

_-”—E?r?ﬁl]

tugowen = 1-73 10
Leg,; = 0.375in

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

Location and Orientation
Located on:

Orientation:

End of nozzle to datum line:
Calculated as hillside:

Distance to head center, R:
Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Opening chord length:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

Local vessel minimum thickness:
Liquid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

(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°

-19.5in

Yes

16 in

No

No
SA-182 F316 <=5 (lI-D p. 70, In. 22)
2in

1.06 in
0in
2.2234 in
5.2776in
7.0276 in
1.73in

0 psi

1

NPS 2 Class 900 LWN A182 F316

SA-193 B7 Bolt <=2 1/2 (lI-D p. 334, In. 32)
No

-55°F

0 psi
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MAWP rating: 2,040 psi@ 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 psi @ 140 °F (ln)
The nozzle

passes UG-45

A A A
required | available At | A2 | A3 | As | elds 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for 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))
- 3.9017in

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*(1.06 - 0) + 0)
= 2.65in

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

m

Required thickness t, from UG-37(a)

t

r

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))
= 1557

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
) = lesser of 0.25 or 0.7*;, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min

tc(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

Interpretation VII1-1-83-66 has been applied.

t,uger = P*R/(S*E-0.6"P) + Corrosion
= 1,378*1 / (20,0001 - 0.6*1,378) + 0
= 0.0719in

t, = max[t,yg27 5 taugez |
- max[0.0719,0]
= 0.0719in

tyy = 1.557in

'S = max[ty, tugre |
= max[ 1.557,0.0625 ]
= 1.557 in

t, = min[tg,t,]
= min[0.2074 , 1.557 ]
= 0.2074in

tieas = 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 = 566.01 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 566.01 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

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

MAX(2.2205, 1.1103 + (1.06 - 0) + (1.73 - 0))
= 3.9003in

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)

2.65in

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
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

The fillet weld size is satisfactory.
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Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

Interpretation VII1-1-83-66 has been applied.

tiuees = 0.13831in

t, = max[t, ygo8 5 taugee
- max[0.1383,0]

= 0.1383in

oo = 0.6623in

too = max[t,, tugre
= max[ 0.6623 , 0.0625 ]
= 0.6623 in

ty = min[tyg,t,]
= min[ 0.2074, 0.6623 ]
= 0.2074in

theas = max(ty, 4]
- 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-2: B = 12,644.1965 psi
P, = 4*B/(3*(D, /1))
= 4*12,644.2/(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"

a
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Gas Outlet (N2)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-73 10
Leg,; = 0.375in

I -\—I].|3?5I]
1.7300 | 1 ?3l]l]\L I
| L]
Y EmmelmENES ===

Note: round inside edges per UG-76(c)
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 (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
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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 adequately reinforced Summary (in)
The nozzle passes
UG-45
A A A
required available A1 A2 A3 | As | welds treq tmin
11.5866 [16.1259 |12.2534 |13.7319 |-- |-- [0.1406 |10.3281 (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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for 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

Lg

MAX(, R, + (t,-C,) + (t- C))
MAX(8, 4 + (1.875-0) + (1.73 - 0))
= 8in
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*(1.875 - 0) + 0)
- 4.325in

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)
0.2875 in

m

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

t

P*K,*D, / (2*S*E + 0.8"P)
1,378*0.9"48 / (2*20,000*1 + 0.8*1,378)
1.4483 in

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

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

>
I

d*tF + 2%, F*(1 - 1,p)
871.4483*1 + 2*1.875%1.4483*1*(1 - 1)
11.5866 in?

Area available from FIG. UG-37.1

A, = larger of the following= 2.2534 in2

= dE;t- Frt) - 20t (Bt - FR)r (- £ )
= 8%(1*1.73 - 1*1.4483) - 2*1.875%(1*1.73 - 1*1.4483)*(1 - 1)
= 2.2534in2

= 2%(t+t)*(E,t- Fr) - 2%t *(E*t- FrL)*(1 - f,)
= 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 in?

= 5%t -t,) T,

= 5%1.875-0.2875)*1*1.73
= 13.7319in2

= 5*(tn B tm)*frZ*tn

= 5%(1.875-0.2875)*1*1.875
= 14.8828 in2

Ay = Leg®f,
= 0.375%"1
= 0.1406 in?

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 ort, ort=0.75in
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min)

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

Interpretation VII1-1-83-66 has been applied.

t,uger = P*R/(S*E-0.6"P) + Corrosion
= 1,378"4 / (20,0001 - 0.6*1,378) + 0
= 0.2875 in

t, = max[t,yg27 s taugez |
- max[0.2875,0]
= 0.2875 in

tys = 1.557in

'S = max[ty, tugre |
= max[ 1.557,0.0625 ]
= 1.557 in

t, = min[tg,t,]
= min[0.3281,1.557 ]
= 0.3281in

tieas = max(ty, 1]
= max[0.2875, 0.3281 ]
= 0.3281in
Available nozzle wall thickness new, t, = 1.875 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-45 Nozzle
UG-37 Area Calculation Summary (in2) Wall
For Pe = 566.01 psi @ 140 °F Thlcknes_s
The opening is adequately reinforced Summary ('n)
The nozzle passes
UG-45
A A A
required | available A1 A2 A3 | As | \welds 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 566.01 psi @ 140 °F

Parallel Limit of reinforcement per UG-40

Lg MAX(, 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)
4.325 in

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,=lesseroftorS /S, =1

f,=lesserof 1orS /S, =1

>
I

0.5*(d**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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= 6.92in?

Area available from FIG. UG-37.1
A, = larger of the following= 0 in2
= d*E,*t- Ft) - 2%t *(E, "t - FR)*(1 - f )

= 8%(1"1.73-1*1.73) - 2*1.875*(1*1.73 - 1*1.73)*(1 - 1)

= 0in?

= 2%(t+t)*(E,t- Fr) - 2%t H(E,ft- FrE)*(1 - f)

= 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= 13.0758 in?

= 5%t -t,)fL"t

= 5%(1.875-0.3634)*1*1.73
= 13.0753in?

= 5(t, - t)"L

= 5%1.875-0.3634)"1"1.875
= 141712in2

Ay = Leg*f,
= 0.375%*1
= 0.1406in?

Area= A, +A,+ A,
= 0+ 13.0753 + 0.1406
= 13.2159in2

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t
t

tc(actual

min = l€sserof 0.75 ort ort=0.751in
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

c(min)

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).
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UG-45 Nozzle Neck Thickness Check

Interpretation VII1-1-83-66 has been applied.

tiuaes = 0.3634in

t, = max[t, ygo8 5 taug2e ]
- max[0.3634,0]

= 0.3634in

oo = 0.6623in

too = max[t,, tugre |
= max[ 0.6623 , 0.0625 ]
= 0.6623 in

ty = min[tyg,t,]
= min[ 0.3281, 0.6623 ]
= 0.3281in

theas = Mmax(ty, ;]
= max[ 0.3634, 0.3281 ]
= 0.3634in

Available nozzle wall thickness new, t, = 1.875 in

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
From table G: A = 0.009195

From table .
HA-2: B = 183,725.7301 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"

a
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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, 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 Ib
Lug Weight (new), W, , 16 1b
Distance from Center of Gravity to Top Lug, I, 70.4868"
Distance from Center of Gravity to Tail Lug, I, 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, .0 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, 48"
Lug Stress Ratio, o, 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°):
= W*(l,*cos(a) + I3*sin(a)) / (I,*cos(ar) + I,*cos(a) + I5*sin(a) )

2"Fiop
Fiai = W - (2*F)
Ftup

1173
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al°] | Fulibfl | Foylibf]
0 6,407 | 14,592
15 6,803 | 13,800
30 7210 | 12,985
45 7694 | 12,017
60 8,382 | 10,642
75 9,649 | 8,107
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'F,/ (75*65))0'5

= (2*13,703/ (n*13,320))0>
dreqd / Dp = 0.8093/1.5
c = F./A

= F,/ (2*(0.25*75*Dp2))

= 13,703/ (2*(0.25*1*1.52))
c/o = 3,877/13,320

S

Lug Thickness - Tensile stress

t F./((L-d)*cy)

reqd

- 13,703/ ((5 - 1.5625)*19,980)

wqa!/t = 0.1995/15

o - F./A
= F/(L-dy)

= 13,703/ ((5 - 1.5625)*1.5)

c/o, = 2,658/19,980

Lug Thickness - Bearing stress

reqd = F/ (Dp*cp)

1173

13,703/ (1.5*29,970) =

I
©
0
S
©
2

= 0.54 Acceptable

3,877 psi

= 0.29 Acceptable

0.1995"

= 0.13 Acceptable

2,658 psi

= 0.13 Acceptable
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wga!/t = 0.3048/1.5 = 020 Acceptable

s = F,/A

bearing
= F, /(D)
= 13,703/(1.5*(1.5)) = 6,090 psi
6/c6, = 6,090/29,970 = 02 Acceptable

p

Lug Thickness - Shear stress

[Fv/cs] / (2*Lshear)

reqd
- (13,703/13,320)/ (2*2.0153) = 0.2552"
teqa/t = 0.2552/1.5 = 0.17  Acceptable
T = Fv/Ashear
= I:v/ (Z*t*Lshear )
- 13,703/ (2*1.5"2.0153) = 2,266 psi
t/o, = 2,266/13,320 = 0.17 Acceptable

S

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

0 - 55D,/d
- 55%1.5/1.5625
- 528°
Lepear (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:

[Ften / (Aten*ct)] + [Mbend / (Zbend*cb)] <1
= [(Fcos(a) )/ (t"L*c)] + [(6*abs(F,*sin(a)*Hght - F *cos(a)*a,) ) / (t*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)
= 021 Acceptable

6 ratio
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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

Aveg = 27(0.707)"t, (L + 1)
= 2%(0.707)*0.5*(5 + 1.5) =4.5955 in2
T, = Frcos(a) / A,eq
= 18,703*cos(145.3) / 4.5955 = -2,453 psi
T, = F’sin(a) /A, qq
= 18,703*sin(145.3) / 4.5955 = 1,696 psi
T, = M*c/l

3*(F,*sin(c)*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

= Sqr( (Tt + Tb)z + TSZ ) /Tallowable <1
= sqr((-2,453 +6,961)2 + (1,696)2 ) / 13,320
= 0.36 Acceptable

ratio

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,, |30.0889"

Shell Allowable Stress, f o

Pad Allowable Stress, f, N/A

Design Factor, K, 1.2500
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Summary Values - EN13445

Force on Vessel, F, 13.703 Ibf
Maximum Allowable Load, Fg ., 68.941 Ibf
Load Acceptance Ratio, Fg/ Fg ., [0.1988
Lug Design Acceptable

Equivalent Inner Diameter

IDgq

IDgq

IDeq

where

'X' is the distance between the axis of semi-ellipsoidal head and the center of

D;*sqr(1 - 3*(x / D)?)
44.54*sqr(1 - 3*(18.9602 / 44.54)2)
30.0889"

the lug

Applied Force

F

r

F

r

where

force on vessel at lug
[W/cos(d)]*(1 - X; 7 (Xq + X))
(27,405.6) / cos(110.7073)*(1 - 0/ (0
+0))

13.703 Ibf

'x,'"is the distance between this lug and the center of gravity
', is the distance between the second lift lug and the center of gravity

Lug factors

1173

line load factor

b/ sqr(IDeq*en)

5/ sqr(30.0889%1.73)
0.693

ratio between local membrane stress and local bending stress
min(0.08*, 0.2)
0.055

global membrane
stress

P*IDeq / (2%€y)
0*30.0889 / (2*1.73)
0.0000 psi

ratio between global membrane stress and
allowable stress

o/ (K
0/ (1.25*20,000)
0

1/(1.2*sqr(1 + 0.06*A2))
1/(1.2*sqr(1 + 0.06*0.6932))
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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

Ko = (1-v2) /(13 +v,*v,) +sar( (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

o, = KK
= 1.4898*1.25%20,000
= 37,244 psi

Maximum Allowable Load

F c,"e,2/ (Ki5*|cos(B)| + Ky,*|a,*sin(B) - a,*cos(B)| / b,)

37,244*(1.73)?/ (0.8216*|cos(145.3411)| + 1.6548*|5*sin(145.3411) - 0*cos(145.3411) | /
5)
= 68.941 Ibf

Rmax —
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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, 143.1925 °

Load Angle from Vertical, ¢ 106.4106 °
1173 Rev. 6
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Intermediate Values

Load Factor 1.5000
Vessel Weight (new, incl. Load Factor), W 27406 Ib
Lug Weight (new), W, , 16 1b
Distance from Center of Gravity to Top Lug, I, 70.4868"
Distance from Center of Gravity to Tail Lug, I, 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, .0 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, 48"
Lug Stress Ratio, o, 0.22

Weld Shear Stress Ratio, T, 0.39

Lug Design Acceptable
Local Stresses Acceptable

Lift Forces

Lift force on lugs during rotational lift (0° < o < 90°):
= W*(l,*cos(a) + I3*sin(a)) / (I,*cos(ar) + I,*cos(a) + I5*sin(a) )

2"Fiop
Fiai = W - (2*F)
Ftup

1173
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al°] | Fulibfl | Foylibf]
0 6,407 | 14,592
15 6,803 | 13,800
30 7210 | 12,985
45 7694 | 12,017
60 8,382 | 10,642
75 9,649 | 8,107
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 |233.22°

Lug Pin Diameter - Shear stress

dreqd = (2'F,/ (75*65))0'5

= (2*13,703/ (n*13,320))0>
dreqd / Dp = 0.8093/1.5
c = F./A

= F,/ (2*(0.25*75*Dp2))

= 13,703/ (2*(0.25*1*1.52))
c/o = 3,877/13,320

S

Lug Thickness - Tensile stress

t F./((L-d)*cy)

reqd

- 13,703/ ((5 - 1.5625)*19,980)

wqa!/t = 0.1995/15

o - F./A
= F/(L-dy)

= 13,703/ ((5 - 1.5625)*1.5)

c/o, = 2,658/19,980

Lug Thickness - Bearing stress

reqd = F/ (Dp*cp)

1173

13,703/ (1.5*29,970) =

I
©
0
S
©
2

= 0.54 Acceptable

3,877 psi

= 0.29 Acceptable

0.1995"

= 0.13 Acceptable

2,658 psi

= 0.13 Acceptable
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wga!/t = 0.3048/1.5 = 020 Acceptable

s = F,/A

bearing
= F, /(D)
= 13,703/(1.5*(1.5)) = 6,090 psi
6/c6, = 6,090/29,970 = 02 Acceptable

p

Lug Thickness - Shear stress

[Fv/cs] / (2*Lshear)

reqd
- (13,703/13,320)/ (2*2.0153) = 0.2552"
teqa/t = 0.2552/1.5 = 0.17  Acceptable
T = Fv/Ashear
= I:v/ (Z*t*Lshear )
- 13,703/ (2*1.5"2.0153) = 2,266 psi
t/o, = 2,266/13,320 = 0.17 Acceptable

S

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

0 - 55D,/d
- 55%1.5/1.5625
- 528°
Lepear (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:

[Ften / (Aten*ct)] + [Mbend / (Zbend*cb)] <1
= [(Fcos(a) )/ (t"L*c)] + [(6*abs(F,*sin(a)*Hght - F *cos(a)*a,) ) / (t*L2*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*5%*22,201)
= 0.22 Acceptable

6 ratio
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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

Aug = 27(0.707)"t, (L + 1)
= 2%(0.707)*0.5*(5 + 1.5) =4.5955in?
T, = Frcos(a) /A,
= 13,703%cos(143.2) / 4.5955 = -2,387 psi
T, = Frsin(a)/A,qq
= 13,703"sin(143.2) / 4.5955 = 1,786 psi
Ty = M>*c/l

3*(F,*sin(c)*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)z + TSZ ) /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 o

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
Maximum Allowable Load, Fg ., 67.596 Ibf
Load Acceptance Ratio, Fg/ Fg ., [0.2027
Lug Design Acceptable

Equivalent Inner Diameter

IDgq

IDgq

IDeq

where

'X' is the distance between the axis of semi-ellipsoidal head and the center of

D;*sqr(1 - 3*(x / D)?)
44.54*sqr(1 - 3*(19.5044 / 44.54)2)
29.0267"

the lug

Applied Force

F

r

F

r

where

force on vessel at lug
[W/cos(d)]*(1 - X; 7 (Xq + X))
(27,405.6) / cos(106.4106)*(1 - 0/ (0
+0))

13.703 Ibf

'x,'"is the distance between this lug and the center of gravity
', is the distance between the second lift lug and the center of gravity

Lug factors

1173

line load factor

b/ sqr(IDeq*en)
5/'sqr(29.0267*1.73)
0.706

ratio between local membrane stress and local bending stress
min(0.08*, 0.2)
0.056

global membrane
stress

P*IDeq / (2%€y)
0"29.0267 / (2*1.73)
0.0000 psi

ratio between global membrane stress and
allowable stress

o/ (K
0/ (1.25*20,000)
0

1/(1.2*sqr(1 + 0.06*A2))
1/(1.2*sqr(1 + 0.06*0.70562))
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= 0.8212

K, = 1/(0.6%qr(1+0.03*A2)
= 1/(0.6sqr(1 + 0.03*0.70562))
- 1.6544

Bending Limit Stress

Ko = (1-v2) /(13 +v,*v,) +sar( (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 -
02)*0.05642 ) )

= 1.4894

o, = KK
= 1.4894*1.25%20,000
- 37,235 psi

Maximum Allowable Load

F c,"e,2/ (Ki5*|cos(B)| + Ky,*|a,*sin(B) - a,*cos(B)| / b,)

37,235*(1.73)2 / (0.8212*|cos(143.1925)| + 1.6544*|5*sin(143.1925) - 0*cos(143.1925) | /
5)
=  67.596 lbf

Rmax —
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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:

0.64 psi (SG = 1.1, H, = 16",0Operating head)
. (SG =1, H,=56.25", Horizontal test
2.03 psi s
head)

S

Pth

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

Design MDMT = -20 °F
Rated MDMT =-320 °F

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

No impact test performed

Material is not normalized

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

Estimated weight New = 6,385.9 Ib corr =6,385.9 Ib

Capacity New = 646.35 US gal corr = 646.35 US gal
oD = 48"

Length "

L, = 96

t = 1.75"

Design thickness, (at 140 °F) Appendix 1-1

t

P*R,/ (S*E + 0.40*P) + Corrosion
1,378.64*24 / (20,000*1.00 + 0.40*1,378.64)
= 1.61"

Maximum allowable working pressure, (at 140 °F) Appendix 1-1

P S*E*t/ (R, - 0.40™) - 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
From table G: A = 0.000180

From table .
HA2- B = 2,460.9773 psi
P, = 4*B/(3*(D, /1))

1173
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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
From table 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**R,) + M/ (1*R.2)
16,039 / (2*n*23.125) + 270,826 /
(n*23.1252)
= 271.5912 Ib/in
o = P,/ (P,*D,)
= 271.5912 / (15*48)
= 0.3772
n = 3
m = 1.23/(L/D,)?
= 1.23/(107.4233 / 48)2
= 0.2456
Ratio P, = (N2-1+m+m*a)/(N2-1+m)

(32-1+0.2456 + 0.2456*0.3772) / (3% - 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**R_) + M/ (t*R_2)
B 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)
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= 0.9929

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*0.9929) / (3% - 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

Allowable
Stress Before . . ,
Condition Pressu_re P( UG-23 Stress Tempsrature ( Corrqsmn Cc Load Req'd T_hk D_ue to Req'd Thk_Due-to
psi) X F) (in) Tension (in) Compression (in)
Increase ( psi)
St Se
Operating, Hot & Corroded 1,378 20,000 | 13.716 | 140 0 Wind | 0.6336 0.6202
Seismic | 0.6475 0.6017
Operating, Hot & New 1,378 20,000 | 13.716 | 140 0 Wind | 0.6336 9.6202
Seismic | 0.6475 0.6017
Hot Shut Down. Corroded 0 20,000 | 13.716 | 140 0 Wind | 0.0021 80165
Seismic | 0.016 0.0434
Hot Shut Down. New 0 20,000 | 13.716 | 140 0 Wind |0.0021 8.0165
Seismic | 0.016 0.0434
Empty. Corroded 0 20,000 | 13.895 |70 0 Wind | 0.0021 20163
Seismic | 0.0152 0.0418
Empty. New 0 20,000 | 13,895 |70 0 Wind | 20021 0.0163
Seismic | 0.0152 0.0418
Vacuum 15 20,000 | 13.716 | 140 0 Wind  |0.007 0.0266
Seismic | 0.009 0.0536
&b H
Hot Shut Down, Corroded, Weight | 20,000 | 13.716 | 140 0 Weight |0.0018 0.0188
& Eccentric Moments Only

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

ScHN = ScHC
13.716 psi

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 psi

Allowable Compressive Stress, Cold and Corroded- S_..

ScCC = Sch
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, Bottom Seam

t =

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/ ("R, 2*S,*K*E,)

270,826 / (1*23.125220,000%1.20*1.00)

0.0067"

W/ (2R *S K *E,)

16,039 / (2*1*23.125%20,000*1.20*1.00)

0.0046"

t o+t - b,

0.6315 + 0.0067 - (0.0046)
0.6336"

|tmc + twc - tpc|

|0.0067 + (0.0046) - (0.6315)|
0.6202"

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

= 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

ratin

1173

H New. Wind. B m m

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

270,826 / (1*23.1252*20,000%1.20*1.00)

0.0067"

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

16,039 / (2*1*23.125*20,000*1.20*1.00)

0.0046"

ty+ by - by

Rev. 6

(Pressure)

(bending)

(Weight)

(total required,
tensile)

(total, net
tensile)

(Pressure)

(bending)

(Weight)

(total required,
tensile)

67/249



= 0.6315 + 0.0067 - (0.0046)

= 0.6336"
total, net
b= fme+ tuotod t(ensile)
= |0.0067 + (0.0046) - (0.6315)|
= 0.6202"

Maximum allowable working pressure, Longitudinal Stress

P=2'SK E(t-1, +1,)/(R-0.40%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, 2*SKE,) (bending)
= 270,826 / (1*23.125°*20,000*1.20%1.00)
= 0.0067"

t, =W/@7R *S*K E,) (Weight)

= 16,039/ (2*n*23.125*20,000*1.20*1.00)
= 0.0046"

m

o=ttty (total required, tensile)
= 0 + 0.0067 - (0.0046)
= 0.0021"
toe = M/ ("R, 2*S,*K,) (bending)
= 270,826 / (1*23.125°*13,715.98*1.20)
= 0.0098"
t,e = W/ (2n"R,,*S.*K,) (Weight)
= 16,039/ (2*n*23.125%13,715.98*1.20)
= 0.0067"

t, =t tye -t

. (total required, compressive)

pc
= 0.0098 + (0.0067) - (0)

= 0.0165"

Hot Shut Down, New, Wind, Bottom Seam

t, = 0" (Pressure)
t, =M/ (R, 2*S*K*E,) (bending)
= 270,826 / (n*23.1252*20,000*1.20*1.00)
= 0.0067"
t, =W/ (@27R,"S; K E,) (Weight)
= 16,039/ (2*n*23.125*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/ (TR, 2*S*K) (bending)
= 270,826 / (1*23.125%*13,715.98*1.20)
= 0.0098"

t,, = W/ (@7R *SK,) (Weight)
= 16,039/ (2*1*23.125%*13,715.98*1.20)
= 0.0067"

t (total required, compressive)

¢ = lmetlne- tpc

= 0.0098 + (0.0067) - (0)
— 0.0165"

Empty. Corroded. Wind. Bottom Seam

t, =0 (Pressure)
t, =M/ (R, 2*SKSE) (bending)
= 270,826 / (1*23.1252*20,000%1.20*1.00)
= 0.0067"
t, =W/@2R_*S/KS E,) (Weight)
= 16,039/ (2*n*23.125*20,000*1.20*1.00)
= 0.0046"
t o=t +t, -t (total required, tensile)

= 0 + 0.0067 - (0.0046)
= 0.0021"

t =M/ (@R, S K) (bending)
- 270,826 / (1*23.1252*13,894.91*1.20)
= 0.0097"

t,, = W/ (@7R *SK,) (Weight)
- 16,039 / (2*7*23.125*13,894.91*1.20)
= 0.0066"

t (total required, compressive)

¢ = lmetilne- tpc

= 0.0097 + (0.0066) - (0)
- 0.0163"

Empty. New. Wind, Bottom Seam

t, =0 (Pressure)
t, =M/ (R, 2*SKSE) (bending)
= 270,826 / (1*23.1252*20,000%1.20*1.00)
= 0.0067"
t, =W/@2RS/KS E,) (Weight)
= 16,039/ (2*n*23.125*20,000*1.20*1.00)
= 0.0046"
o=t +t, -t (total required, tensile)

= 0 + 0.0067 - (0.0046)
- 0.0021"

t. =M/ (TR, 2*S*K) (bending)
= 270,826 / (1*23.125%*13,894.91%1.20)
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= 0.0097"
t,, = W/ (R, S 'K, (Weight)
= 16,039 / (2*1*23.125%13,894.91*1.20)
= 0.0066"

t, =t tye -t

. (total required, compressive)

pc
= 0.0097 + (0.0066) - (0)

= 0.0163"

Vacuum, Wind, Bottom Seam

f

P*R/ (2*S'K, + 0.40*|P|) (Pressure)
-15*22.25 / (2*13,715.98*1.20 + 0.40*|15|)
-0.0101"
M/ ("R, 2*SK,) (bending)
= 270,826 / (1*23.1252*13,715.98*1.20)
= 0.0098"
t, =W/ (@7R_*S K (Weight)
= 16,039 / (2*1*23.125*13,715.98*1.20)
= 0.0067"

t

m

o+t - t,l (total, net compressive)
-0.0101 + 0.0098 - (0.0067)|

.007"
= tne + twe e (total required, compressive)

= 0.0098 + (0.0067) - (-0.0101)
= 0.0266"

t =]
|

0
0

Il
O

t

C

Maximum Allowable External Pressure, Longitudinal Stress

P=2"S*K*(t-t, -t,)/(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

H hut Down rr Weigh E ntric Momen nly, B m m

t, =0" (Pressure)
t, =M/ (@R, 2SKSE) (bending)
= 246,659 / (1*23.1252*20,000%1.00%1.00)
= 0.0073"
=W/ (2'n"R,,*S;*"K,"E,) (Weight)
= 16,039/ (2*1*23.125*20,000%1.00*1.00)
= 0.0055"
o =t+tn -t (total required, tensile)
= 0+ 0.0073 - (0.0055)
= 0.0018"
t. = M/ ("R, 2*S_*K) (bending)
= 246,659 / (1*23.125°*13,715.98*1.00)
= 0.0107"

m

t

W
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t,, = W/ (2""R,*S,'K,) (Weight)
= 16,039 / (2*1*23.125%13,715.98*1.00)
= 0.008"

to = tme * twe " e (total required, compressive)

= 0.0107 + (0.008) - (0)
- 0.0188"

rating. H rr ismic, B m m

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"

=M/ ("R 2>*S;*KS*E,) (bending)
= 830,156 / (1*23.1252*20,000%1.20*1.00)

= 0.0206"

t, =W/ (@27 R,*S;"KE,) (Weight)
= 16,039/ (2*1*23.125*20,000*1.20%1.00)
= 0.0046"

o=ttt -ty (total required, tensile)
= 0.6315 + 0.0206 - (0.0046)
= 0.6475"

t,. = (1 + VAccel)*'W/ (2*n*R_*S;"K *E) (Weight)

= 2.00%16,039 / (2*7*23.125*20,000%1.20*1.00)

= 0.0092"

= [t + tye - tocl

= |0.0206 + (0.0092) - (0.6315)|

= 0.6017"

t

m

t (total, net tensile)

C

Maximum allowable working pressure, Longitudinal Stress

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

Operating, Hot & New, 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"
t, =M/ ("R, 2*SKSE,) (bending)

m

= 830,156 / (1*23.125%*20,000*1.20%1.00)

= 0.0206"

=W/ (2" "R,,*S;*"K,"E,) (Weight)

= 16,039/ (2*n*23.125*20,000*1.20*1.00)

= 0.0046"

o =t+t -t (total required, tensile)
= 0.6315 + 0.0206 - (0.0046)

t

W
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1l
o

6475"
t,, = (1 + VAccel)*"W / (2*T*R_*S;*K,'E,) (Weight)
= 2.00*16,039 / (2**23.125*20,000*1.20*1.00)
= 0.0092"
o=t + .

C

- tpc| (total, net tensile)
= ]0.0206 + (0.0092) - (0.6315)|

= 0.6017"
Maximum allowable working pressure, Longitudinal Stress
P=2"SKJ'E*(t-t, +t,) / (R-0.40"(t-t, +1t,)
= 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/ (R, 2*SKSE) (bending)

= 830,156 / (1*23.1252*20,000*1.20*1.00)
= 0.0206"

t, =W/@2R*SKSE,) (Weight)
= 16,039/ (2*n*23.125*20,000%1.20%1.00)
= 0.0046"

o+t -t, (total required, tensile)

+0.0206 - (0.0046)

.016"

/ (m*R,2*S;*K,) (bending)

830,156 / (1*23.1252*13,715.98"1.20)

0.03"

t,. = (1 + VAccel)"W/ (2*1*R*S.*K,) (Weight)
= 2.00*16,039 / (2*1*23.125%13,715.98*1.20)
= 0.0134"

—
1l
©

1l
o O

th

t (total required, compressive)

= tre + e - tpc

= 0.03 + (0.0134) - (0)
= 0.0434"

C

Hot Shut Down, New. Seismic, Bottom Seam

t, =0 (Pressure)
t, =M/ (R, 2*SKSE) (bending)
= 830,156 / (1*23.125%*20,000*1.20%1.00)
= 0.0206"
t, =W/@2nR*S/KSE,) (Weight)
= 16,039/ (2*n*23.125*20,000*1.20*1.00)
= 0.0046"
o=ttty (total required, tensile)

= 0 + 0.0206 - (0.0046)
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|l
o

016"
M/ (t*R, 2*S'K,) (bending)
= 830,156 / (1*23.1252*13,715.98*1.20)
= 0.03"
t,. = (1+VAccel)*'W / (2*T*R_*S_*K,) (Weight)
= 2.00*16,039 / (2**23.125*13,715.98*1.20)
= 0.0134"

th

t (total required, compressive)

= tre + e - tpc

= 0.03 + (0.0134) - (0)
— 0.0434"

C

Empty. Corroded. Seismic, Bottom Seam

t, = 0" (Pressure)
t, =M/ (R, 2*SKSE) (bending)
= 799,344 / (n*23.1252*20,000*1.20*1.00)
= 0.0198"
=W/ (2" n"R,,*S;’"K,"E,) (Weight)
= 16,039/ (2*7*23.125*20,000*1.20*1.00)
= 0.0046"
o =t+tg -ty (total required, tensile)
=0+ 0.0198 - (0.0046)
= 0.0152"
t. = M/ (m"R,2*S,*K,) (bending)
= 799,344 / (1*23.125%*13,894.91%1.20)
= 0.0285"
t,. = (1 + VAccel)"W/ (2*n*R*S.*K,) (Weight)
= 2.00"16,039 / (2*1*23.125%13,894.911.20)
= 0.0132"

t

W

t (total required, compressive)

= toe + e - tpc

= 0.0285 + (0.0132) - (0)
- 0.0418"

C

Empty. New. Seismic, Bottom Seam

t, = 0" (Pressure)
t, =M/ (R, 2*SKSE) (bending)
= 799,344 / (n*23.1252*20,000*1.20*1.00)
= 0.0198"
t, =W/@2R *S/KSE,) (Weight)
= 16,039/ (2*7*23.125*20,000*1.20*1.00)
= 0.0046"
o=ttt -ty (total required, tensile)
=0+ 0.0198 - (0.0046)
= 0.0152"
t. = M/ (m*R,2*S*K,) (bending)
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= 799,344 / (1*23.1252*13,894.91*1.20)
= 0.0285"
t,, = (1 +VAccel)*'W / (2*T*R_*S_*K,) (Weight)
= 2.00*16,039 / (2*1*23.125*13,894.91*1.20)
= 0.0132"

t (total required, compressive)

= tmc + twc - tpc
= 0.0285 + (0.0132) - (0)

= 0.0418"

C

Vacuum, Seismic. Bottom Seam

t, =P*R/(2"SK'E, + 0.40%|P|) (Pressure)
= -15*22.25/(2*20,000*1.20*1.00 + 0.40*|15])

= -0.007"
t, =M/ (R, 2SKSE) (bending)
= 830,156 / (1*23.1252*20,000*1.20*1.00)
= 0.0206"
=W/ (2" t"R,,*S;*"K,"E,) (Weight)
= 16,039/ (2*1*23.125*20,000*1.20*1.00)
= 0.0046"
o=ttt -ty (total required, tensile)
= -0.007 + 0.0206 - (0.0046)
= 0.009"
t,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/ ("R, 2*S,*K,) (bending)
= 830,156 / (1*23.125%*13,715.98*1.20)
= 0.03"
t,. = (1 +VAccel)*W/ (2**R,*S*K,) (Weight)
= 2.00*16,039 / (2*1*23.125*13,715.98"1.20)
= 0.0134"

tc =J[mc"'twc't

t

W

oc (total required, compressive)
= 0.03 + (0.0134) - (-0.0101)

= 0.0536"
Maximum Allowable External Pressure, Longitudinal Stress

P=2S K (t-t -t )/(R-0.40%t-t -t.))
= 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 VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

|« _0.5750

1.?5I]I]J/

]
|
|
|
|

e
>

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

Location and Orientation

Located on: 48 OD SHELL
Orientation: 45°

Nozzle center line offset to datum line: 40 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: 6.251in
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 (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 (¢) = -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 psi @ 140 °F (ln)
The nozzle

passes UG-45

A A A
required | available At | A2 | A3 | As | elds 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

throat size (in) | throat size (in) Status

Weld description

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 = 0.0788).

Parallel Limit of reinforcement per UG-40

Lg MAX(, 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

P*R,/(S,’E - 0.6*P)
1,378*1/ (20,000*1 - 0.6*1,378)
0.0719in

m

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

r

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
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min)

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*1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
t = max[t,ygz7» taugez |
- max[0.0719,0.0835 ]
= 0.0835in
toq = P*R,/(S*E + 0.4"P) + Corrosion
= 1,378*24/(20,000*1 + 0.4*1,378) + 0
= 1.6092in
by = max[t,; . tyyae ]
= max[ 1.6092, 0.0625 ]
= 1.6092in
ty = min[tg,t,]
- min[0.2074 , 1.6092 ]
= 0.2074in
tieas = max(ty, ]
—  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 Ibin
Circumferential shear:  V = 409  Ib;
Longitudinal moment: M, = 2,965 Ibin
Longitudinal shear: Vo= 409 by
Torsion moment: M,= 4,160 lbsin
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 = ["P*R, / (2*t) =9,260 psi

Maximum combined stress (P +P _+Q) = 18,780 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,) = 18,524 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
3¢ 25705 [0.0779 |0 0 0 0 21 -21 21 21
4c* 26145 [0.0779 [-22 22 22 22 0 0 0 0
1C 02014 [0.0779 |0 0 0 0 132|132 |32 |132
2C-1 01661 [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* 06597 |0.0779 |-27 -27 27 27 0 0 0 0
1B-1 00616 [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'ri::lar;‘f’e':;'gglr Z?;ss* 18,470 | 18,470 | 18,524 | 18,524 | 17,492 | 17,492 | 17,506 | 17,506
3c* 25705 [0.0779 [-21 -21 -21 -21 0 0 0 0
4c* 26145 [0.0779 [0 0 0 0 22 -22 22 22
1C-1 02031 [0.0779 [-133 [133 [-133 [133 |0 0 0 0
2C 0.1599 [0.0779 |0 0 0 0 <105 |105 |-105 |105
4A* 02212 [0.0779 |0 0 0 0 -9 -9 9 9
2A 0063 [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 0098 [00779 [-316 |[316 [316 |[-316 |0 0 0 0
Pressure stress* 8,760 |8,760 |8,760 |8,760 |9.260 |9.260 |9.260 |9.260
Total longitudinal stress 8,283 |9,181 |8,929 |8563 |8921 |9537 |9,345 |9,149
:; ’;’;‘ﬁ;‘g:":;“s?:::: 8732 |8732 |8746 8746 |9220 9229 |[9247 |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
Long shear from V_ 0 0 0 0 -36 -36 36 36
Total Shear stress 125 125 53 53 53 53 125 125
Combined stress (PL+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

Q

n (P

m=PR/(21)-P/ (n(*(RO2 -R2)) + MR, /|

= 1,378*1/ (2*1.06) - 334 / (n*(2.062 - 12)) + 4,193.1*2.06 / 13.3582

= 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

Ogpoar = (V2 + V 2)05 / (TR,

shear —

= (4092 + 4092)%5 / (n*1*1.06)

=174 psi

Gtorsion

= 4,160 / (2*1*12*1.06)

1173
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= 625 psi

Oiotal = Oshear T 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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
fucee = 0.0489in
t, = max[t, yg2s8  taugez |
—  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
= 0.7378 in
to = max[t,, tugre |
= max[ 0.7378, 0.0625 ]
= 0.7378in
ty = min[tg,t,]
= min[ 0.2074 , 0.7378 ]
= 0.2074in
tigas = max(ty, 1]
- 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 = 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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Liquid Outlet (N3)
ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

|« _0.5750

1.?5I]I]J/

]
|
|

e
>

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

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: 6.251in
Projection available outside vessel to flange face, Lf: 8 in

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 (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 (¢) = -55 °F)

Liquid static head: 0.3177 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 = 1,378.36 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available A1 | A2 | A3 | As | elds 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

throat size (in) | throat size (in) Status

Weld description

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

Lg MAX(, 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

P*R, /(S,"E - 0.6*P)
1,378.3574*1 / (20,000*1 - 0.6*1,378.3574)
0.0719in

m

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

r

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
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min)

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

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

t, = max[t,yg27 s taugez |
- max[0.0719,0]
= 0.0719in

toq = P*R,/(SE + 0.4"P) + Corrosion
= 1,378.3574724 /(20,0001 + 0.4*1,378.3574) + 0
= 1.6097in

'S = max[t,, tyyge ]
= max[ 1.6097, 0.0625 ]
= 1.6097 in

t, = min[tg,t,]
- min[0.2074 , 1.6097 ]
- 0.2074in

tigas = max(t,, 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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
ty = max[t, ygos 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
™ = max[ty,, tyare ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t, = minfty. b, ]
= min[0.2074, 0.7378 ]
= 0.2074in
tieas = max(ty, 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"

a
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PSV (N4)
ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

|« _0.5750

1.?5I]I]J/

]
|
|
|
|

e
>

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

Location and Orientation

Located on: 48 OD SHELL
Orientation: 90°

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: 6.251in
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 (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 (¢) = -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 psi @ 140 °F (ln)
The nozzle

passes UG-45

A A A
required | available At | A2 | A3 | As | elds 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

throat size (in) | throat size (in) Status

Weld description

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

Lg MAX(, 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

P*R,/(S,’E - 0.6*P)
1,378*1/ (20,000*1 - 0.6*1,378)
0.0719in

m

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

r

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
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min)

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"1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
ta = max[tyger s taugez |
- max[0.0719,0]
= 0.0719in
toq = P*R,/(SE + 0.4"P) + Corrosion
= 1,378"24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in
s = max{ty, tyars ]
= max[ 1.6092, 0.0625 ]
= 1.6092in
t, = min[tg .t ]
- min[0.2074 , 1.6092 ]
= 0.2074in
tigas = max(t,, 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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
ty = max[t, ygos 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
™ = max[ty,, tyare ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t, = minfty. b, ]
= min[0.2074, 0.7378 ]
= 0.2074in
tieas = max(ty, 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"

a
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Pressure Indicator (N5)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

|« _0.5750

1.?5I]I]J/

]
|
|
|
|

e
>

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

Location and Orientation

Located on: 48 OD SHELL
Orientation: 90°

Nozzle center line offset to datum line: 40 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: 6.251in
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 (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 (¢) = -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 psi @ 140 °F (ln)
The nozzle

passes UG-45

A A A
required | available At | A2 | A3 | As | elds 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

throat size (in) | throat size (in) Status

Weld description

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

Lg MAX(, 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

P*R,/(S,’E - 0.6*P)
1,378*1/ (20,000*1 - 0.6*1,378)
0.0719in

m

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

r

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
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min)

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"1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
ta = max[tyger s taugez |
- max[0.0719,0]
= 0.0719in
toq = P*R,/(SE + 0.4"P) + Corrosion
= 1,378"24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in
s = max{ty, tyars ]
= max[ 1.6092, 0.0625 ]
= 1.6092in
t, = min[tg .t ]
- min[0.2074 , 1.6092 ]
= 0.2074in
tigas = max(t,, 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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
ty = max[t, ygos 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
™ = max[ty,, tyare ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t, = minfty. b, ]
= min[0.2074, 0.7378 ]
= 0.2074in
tieas = max(ty, 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"

a
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Temperature Indicator (N6)
ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

|« _0.5750

1.?5I]I]J/
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e
>

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

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-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: 6.251in
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 (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 (¢) = -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 psi @ 140 °F (ln)
The nozzle

passes UG-45

A A A
required | available At | A2 | A3 | As | elds 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for 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

Lg MAX(, 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

P*R,/(S,’E - 0.6*P)
1,378*1/ (20,000*1 - 0.6*1,378)
0.0719in

m

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

r

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
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min)

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"1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
ta = max[tyger s taugez |
- max[0.0719,0]
= 0.0719in
toq = P*R,/(SE + 0.4"P) + Corrosion
= 1,378"24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in
s = max{ty, tyars ]
= max[ 1.6092, 0.0625 ]
= 1.6092in
t, = min[tg .t ]
- min[0.2074 , 1.6092 ]
= 0.2074in
tigas = max(t,, 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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
ty = max[t, ygos 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
™ = max[ty,, tyare ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t, = minfty. b, ]
= min[0.2074, 0.7378 ]
= 0.2074in
tieas = max(ty, 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"

a
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Level Bridle - (Safety) High (N9A)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

—0.3750
1.?5I]I]J/ 1.?5I]I]\L
4 X
Note: round inside edges per UG-76(c)
Location and Orientation
Located on: 48 OD SHELL
Orientation: 315°
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: 6.251in
Projection available outside vessel to flange face, Lf: 8 in
Local vessel minimum thickness: 1.75in
User input radial limit of reinforcement: 1.1251in
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
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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
(in2)
For P = 1,378 psi @ 140 °F

Summary

(in)
The nozzle
passes UG-45

A A A
required | available At | A2 | A3 | As | elds 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for 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

Ly = MAX(d, R, +(t,-C,) +(t-C))
= MAX(2,1+(1.06-0) + (1.75 - 0))
= 3.81in

L = 1.125in (User Defined)

Outer Normal Limit of reinforcement per UG-40

Ly

= 265in

MIN(2.5%(t - C), 2.5%(t
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)

-C,) +1t)

n

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)

t

r

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
) = lesser of 0.25 or 0.7, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min

tc(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

tyugey = P*R/(S'E-0.6"P) + Corrosion
= 1,378"1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
ta = max[tyger s taugez |
- max[0.0719,0]
= 0.0719in
toq = P*R,/(SE + 0.4"P) + Corrosion
= 1,378"24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in
s = max{ty, tygrs ]
= max[ 1.6092, 0.0625 ]
= 1.6092in
ty = 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-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 | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
ty = max[t, ygos 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
™ = max[ty,, tyare ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t, = minfty. b, ]
= min[0.2074, 0.7378 ]
= 0.2074in
tieas = max(ty, 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"

a
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Spare (N11)
ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

|« _0.5750

1.?5I]I]J/
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Note: round inside edges per UG-76(c)

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: 6.251in
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 (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 (¢) = -55 °F)

Liquid static head: 0 psi
MAWP rating: 2,040 psi@ 140°F
MAP rating: 2,160 psie 50°F

1173 Rev. 6 114/249



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 (ln)
The nozzle

passes UG-45

A A A
required | available At | A2 | A3 | As | elds 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for 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

Lg MAX(, 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

P*R,/(S,’E - 0.6*P)
1,378*1/ (20,000*1 - 0.6*1,378)
0.0719in

m

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

r

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
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min)

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"1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
ta = max[tyger s taugez |
- max[0.0719,0]
= 0.0719in
toq = P*R,/(SE + 0.4"P) + Corrosion
= 1,378"24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in
s = max{ty, tyars ]
= max[ 1.6092, 0.0625 ]
= 1.6092in
t, = min[tg .t ]
- min[0.2074 , 1.6092 ]
= 0.2074in
tigas = max(t,, 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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
ty = max[t, ygos 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
™ = max[ty,, tyare ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t, = minfty. b, ]
= min[0.2074, 0.7378 ]
= 0.2074in
tieas = max(ty, 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"

a
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Purge (N12)
ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

| —{1.3750
1.7500 || 17500
f‘ N
i A— SR
Note: round inside edges per UG-76(c)
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: 6.251in
Projection available outside vessel to flange face, Lf: 8 in
Local vessel minimum thickness: 1.75in
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 (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: 0.3177 psi
MAWP rating: 2,040 psi@ 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-37 Area Calculation Summary
(in?)
For P = 1,378.36 psi @ 140 °F

UG-45
Nozzle Wall
Thickness

Summary
(in)
The nozzle
passes UG-45

A A A
required | available A1 | Az | As | As welds

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

per UW-15(b)(2)

The nozzle is exempt from weld strength calculations

UW-16 Weld Sizing Summary

Weld description Required weld

throat size (in) | throat size (in)

Actual weld 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).

UG-40

C))

Parallel Limit of reinforcement per

L = MAX(,R,+(t,-C,) +(t-
= MAX(2,1+(1.06-0)+(1.75-0))
= 3.81in

Ly = 2.5in(User Defined)

Outer Normal Limit of reinforcement per UG-40

L, MIN(2.5%(t - C), 2.5%(t_- C

n

= 265in

n) + )
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)

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

t

P*R,/(S,’E - 0.6*P)
1,378.3574*1 / (20,000*1 -
0.0719in

m

0.6*1,378.3574)

Required thickness t, from UG-37(a)

t

PR,/ (S*E + 0.4*P)
1,378.3574*24 / (20,000*1
1.6097 in

r

1173
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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
) = lesser of 0.25 or 0.7, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min

tc(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

tyugey = P*R/(S'E-0.6"P) + Corrosion
= 1,378.3574*1 /(20,0001 - 0.6"1,378.3574) + 0
= 0.0719in
ta = max[tyger s taugez |
- 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) + 0
= 1.6097in
s = max[ty, b ygre
= max[ 1.6097, 0.0625]
= 1.6097 in
ty = min[tg,t,]
- min[0.2074 , 1.6097 ]
= 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 Ib
Circumferential moment: M, = 2,965 Ib-in
Circumferential shear: V = 409 I
Longitudinal moment: M, = 2,965 lb-in
Longitudinal shear: V, = 409 [o}
Torsion moment: M, = 4,160 Ib-in
Internal pressure: P= 1,378.357psi
Mean shell radius: R,=23.125 in
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 =18,524 psi

Local longitudinal pressure stress = I"P*R, / (2*t) =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
3c* 25705 |0.0779 |0 0 0 0 21 -21 -21 -21
4C* 26145 |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
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* 18,524 | 18,524 | 18,524 | 18,524 | 17,525 | 17,525 | 17,525 | 17,525
Total circumferential stress | 18,167 | 18,783 | 18,619 | 18,439 | 17,023 17,971 | 17,721 | 17,301
Zirri::fr;!flei:;r:::: Z?;ss* 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* 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* 8,762 |8,762 |8,762 |8,762 [9,262 (9,262 (9,262 [9,262
Total longitudinal stress 8,285 |9,183 [8,931 |8565 [8,923 (9539 |9,347 (9,151
:; ’;’;‘ﬁ;‘g:":;“s?:::: 8734 |8734 |8748 |8748 [9231 |9231 [9249 |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 V_ 0 0 0 0 -36 -36 36 36
Total Shear stress 125 125 53 53 53 53 125 125
Combined stress (PL+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

Onp

m = PR/ (2t) - P/ (n*(R2 - RA) + MR, / |

=1,378.36*1/(2*1.06) - 334 / (1*(2.062 - 12)) + 4,193.1*2.06 / 13.3582

= 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

Ogpoar = (V2 + V 2)05 / (TR,

shear —

= (4092 + 4092)%5 / (n*1*1.06)

=174 psi

Gtorsion

= 4,160 / (2*1*12*1.06)

1173
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= 625 psi

Oiotal = Oshear T 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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
fucee = 0.0489in
t, = max[t, yg2s8  taugez |
—  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
= 0.7378 in
to = max[t,, tugre |
= max[ 0.7378, 0.0625 ]
= 0.7378in
ty = min[tg,t,]
= min[ 0.2074 , 0.7378 ]
= 0.2074in
tigas = max(ty, 1]
- 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 = 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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Manway c/w Blind Flange (MW1)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

«— 350000 — tutowen = 1-75 10
295000 - Leg,;= 0.5in
— 2.7500
e = 24.0000
ss000=f k=1 | ]
= —A —0.5000
| 56623 |
1.7500) | 5N
T 1.7500 |
T T T T
Note: Per UW-16(b) minimum inside corner radius r = min [1/4%*,0.125in] = 0.125in
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,: 5.5in
Minimum wall thickness: 2.751in
Corrosion allowance: 0in
Projection available outside vessel, Lpr: 10in
Heavy barrel length, L, 5.6623 in
Projection available outside vessel to flange face, Lf:  15.751in
Local vessel minimum thickness: 1.75in
User input radial limit of reinforcement: 20 in
Liquid static head included: 0.1588 psi
Longitudinal joint efficiency: 1
ASME B16.5-2009 Flange
Description: NPS 24 Class 900 V2 A182 F316 (Nut Relief)
Bolt Material: SA-193 B7 Bolt <=2 1/2 (1I-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: 0 psi

MAWP rating: 2,040 psie 140°F
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
Nozzle Wall
UG-37 Area Calculation Summary (in2) Thickness
For P = 1,378.16 psi @ 140 °F Summary
The opening is adequately reinforced (in)
The nozzle
passes UG-45
A A A
required available A1 A2 A3 | As | welds treq tmin
38.6263 |143.0763 (2.2491 140.5772 [-- |-- |0.25]0.8626 |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 ﬁﬁgla‘ir:i(i;vg:g thl-:gtal:asli:;e;?n) Status
Nozzle to shell fillet (Leg41) | 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)

L = MAX(, 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@2.5%(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

P*R./(S,'E - 0.6*P)
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Required thickness t, from UG-37(a)

t

r

P*R,/ (S'E + 0.4*P)
1,378.1588*24 / (20,000*1 + 0.4*1,378.1588)
1.6094 in

Area required per UG-37(c)

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

f,=lesserof torS,/S, =1

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

= 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..)
(2*20 - 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 in?

= Bt -t )M
-  5%5.5-0.8626)*1*1.75
- 40.5772in2

= 2ty t) L - [(t - 1)2an(30) + 25(LIMIT - Ly - Lyg ) (t, - t)1*F,,
= 2*5.5-0.8626)*1*10 - [(5.5 - 2.75)2*tan(30) + 2*(10 - 5.6623 - 1.5877)*(5.5 - 2.75)]*1
- 73.2568 in2

Ay = Leg®f,
= 0.52"1
= 0.25in?

Area= A +A,+A,
= 2.2491 +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) = lesser of 0.25 or 0.7*;, = 0.25 in
c(actual) = 0.7*Leg = 0.7"0.5=0.35in

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check (Access Opening)

t,uger = P*R/(S*E-0.6"P) + Corrosion
= 1,378.1588*12 / (20,000*1 - 0.6*1,378.1588) + 0
= 0.8626in

t, = max[t, ygz7 > taugz ]

= max[0.8626, 0]

= 0.8626in
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)*38.6263 = 25.7509 in?

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 - F*t)*(1 - )
= (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+ A, +AL+AL+ A
= 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

1173 Rev. 6 133/249



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 (in2) | Thickness
For Pe = 622.51 psi @ 140 °F Summary
The opening is adequately reinforced (in)
The nozzle
passes UG-45
A A A
required | available A1 A2 A3 | As | yelds treq 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 description

Required weld

Actual weld
throat size (in) | throat size (in)

Status

Nozzle to shell fillet (Leg41)

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)

Ln

Outer Normal Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

Ly

= 24in

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

n

MAX(d, R, + (t - C,) + (t- C))
MAX(24, 12 + (2.75 - 0) + (1.75 - 0))

-C,) +1t)

= MIN(2.5*(1.75 - 0), 2.5%(2.75 - 0) + 4.7631)

= 4.375in

- MIN(5.6623 + 2.75*an(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,=lesserof 1orS, /S, =1

f,=lesserof 1TorS, /S, =1
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0.5*(d*t,*F + 2% *t *F*(1 - f.,))
0.5%(24*1.75*1 + 2*5.5*1.75*1*(1 - 1))
21in2

Area available from FIG. UG-37.1

A, = larger of the following= 0 in2

d*(E,*t - F*t) - 2*t *(E,*t - F*t)*(1 - f.,)
24*(1*1.75 - 1*1.75) - 2*5.5*(1*1.75 - 1*1.75)*(1 - 1)
0in2

2*(t+ ,)*(E,"t - F*t) - 2%t *(E, "t - F*t)*(1 -1,
2*(1.75 + 5.5)*(1*1.75 - 1*1.75) - 2*5.5*(1*1.75 - 1*1.75)*(1 - 1)
0in?

A, = smaller of the following= 37.956 in?

5*(t -t )" 't

5(5.5 - 1.1622)*1*1.75
37.956 in?

2(ty - t) "Ly - [t - 1)21aN(30) + 2*(LIMIT - Ly - Lyone)*(t, - )T,

n

2(5.5 - 1.1622)*1*10 - [(5.5 - 2.75)2*tan(30) + 2*(10 - 5.6623 - 1.5877)*(5.5 - 2.75)]*1

67.2653 in?

Leg?*f,,
0.5%*1
0.25 in?

A +A,+ Ay,
0 + 37.956 + 0.25
38.206 in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t

t

tc(actual

c(min)

= lesser of 0.25 or 0.7*t
)= 0.7"Leg = 0.7*0.5=0.35in

=lesserof 0.750ort ort=0.75in
=0.251in

min

min

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).
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UG-45 Nozzle Neck Thickness Check (Access Opening)

tusss = 1.1622in

t, = max[t, ygo8 5 taug2e ]
- max[1.1622,0]
= 1.1622 in

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 = 14 in?

Area that is within 75 percent of the limits of reinforcement is:

A, = larger of 0 or

= (2limits - d)*(E*t - F*t) - 2% *(E,*t - F*t)*(1 - )

= (2"18-24)*(1*1.75-1*1.75) - 2*°5.5*(1*1.75 - 1*1.75)*(1 - 1)

= 0in?

Area= A +A, +A;+ A+ AL+ AL+ A
= 0+37956+0+025+0+0+0
= 38.206 in?

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-D: B = 14,060.5232 psi
P, = 4*B/(3*(D, /1))
= 4*14,060.52/ (3*(35/1.1622))
= 622.51 psi

Design thickness for external pressure P, = 622.51 psi

t = t+ Corrosion = 1.1622+0 = 1.1622"

a
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PDI High (N7A)
ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

|« _0.5750

1.?5I]I]J/

]
|
|

e
>

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

Location and Orientation

Located on: 48 OD SHELL
Orientation: 180°

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: 6.251in
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 (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 (¢) = -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 psi @ 140 °F (ln)
The nozzle

passes UG-45

A A A
required | available At | A2 | A3 | As | elds 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for 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

Lg MAX(, 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

P*R,/(S,’E - 0.6*P)
1,378*1/ (20,000*1 - 0.6*1,378)
0.0719in

m

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

r

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
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min)

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"1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
ta = max[tyger s taugez |
- max[0.0719,0]
= 0.0719in
toq = P*R,/(SE + 0.4"P) + Corrosion
= 1,378"24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in
s = max{ty, tyars ]
= max[ 1.6092, 0.0625 ]
= 1.6092in
t, = min[tg .t ]
- min[0.2074 , 1.6092 ]
= 0.2074in
tigas = max(t,, 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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
ty = max[t, ygos 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
™ = max[ty,, tyare ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t, = minfty. b, ]
= min[0.2074, 0.7378 ]
= 0.2074in
tieas = max(ty, 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"

a

1173 Rev. 6

143/249



Inlet (N1)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

] [l Leg,; = 0.6875in
«—0.3750 hoew=  0.6875in
=~ " (]
| |
17500 | 1.7500) |
| |
éj L |
T e[ TE—— [ |
0.6875 — 0.6875
Note: round inside edges per UG-76(c)
Location and Orientation
Located on: 48 OD SHELL
Orientation: 0°
Nozzle center line offset to datum line: 32in
End of nozzle to shell center: 34 in
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: 1.8751n
Corrosion allowance: 0in
Projection available outside vessel, Lpr: 7.251in
Internal projection, h, ., 0.6875in

Projection available outside vessel to flange face, Lf:  10in

Local vessel minimum thickness: 1.751in
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 psi@ 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. 6 145/249



Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (in2)

For P = 1,378 psi @ 140 °F
The opening is adequately reinforced

UG-45 Nozzle
Wall
Thickness

Summary (in)
The nozzle passes
UG-45

A A A
required | available A1 A2 A3 As welds

treq

tmin

12.874 (18.208 (1.126 [13.8906 |2.5781 [-- |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 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 psi @ 140 °F

Nozzle rated MDMT per UHA-51(d)(1)(a) = -320 °F.
Parallel Limit of reinforcement per UG-40

Ln

MAX(, R, + (t,-C,) + (t- C))
MAX(8, 4 + (1.875-0) + (1.75 - 0))
= 8in
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*(1.875 - 0) + 0)
4.375n

Inner Normal Limit of reinforcement per UG-40

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

m

Required thickness t, from UG-37(a)

t

r

P*R,/ (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

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

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

>
nn

d*t*F + 2"t *t*F*(1 -1,,)

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 in2

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) - 2%t *(E, "t - F*t)*(1 - 1)
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?

5*(t, -t )"t
5*(1.875 - 0.2875)*1*1.75
13.8906 in?

5*(tn B tm)*frZ*tn

5*(1.875 - 0.2875)*1*1.875
14.8828 in?

A, = smaller of the following= 2.5781 in?

5,
5*1.75*1.875"1
16.4063 in?

S
5%1.875%1.875*1
17.5781 in?

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
= 0.4727 in?

Area= A/ +A, +A;+A, +A,
= 1.126 + 13.8906 + 2.5781 + 0.1406 + 0.4727
= 18.208in2?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t
t

min = l€sserof 0.75 ort ort=0.751in
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

c(min)

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

tougoy = P*R/(S*E-0.6"P) + Corrosion
= 1,378"4/(20,000*1 - 0.6*1,378) + 0
= 0.2875in
tiugee = 0.2543in
ty = max[tyger s taugez |
= max[0.2875, 0.2543 ]
= 0.2875in
tos = PR,/ (S*E + 0.4"P) + Corrosion
= 1,378"24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in
b1 = max{ty, tyars ]
= max[ 1.6092, 0.0625 ]
= 1.6092in
t = min[t,,t,]
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tUG—45

min[ 0.3281 , 1.6092 ]
0.3281 in

max[t,, t,]
max[ 0.2875 , 0.3281 ]
0.3281 in

Available nozzle wall thickness new, t, = 1.875 in

The nozzle neck thickness is adequate.
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Applied Loads

Radial load: P,= 2,720 b,
Circumferential moment: M, = 92,535 lb;-in
Circumferential shear: V_ = 3,332 b,
Longitudinal moment: M, = 92,535 Ib-in

Longitudinal shear: V = 3,332 b

Torsion moment: M, = 130,858lbs-in
Internal pressure: P= 1,378 psi
Mean shell radius: R, =23.125 in

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=238.125/1.75=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 (P ) = 20,047 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
3¢ 17827 |0.2223 |0 0 0 0 120 |-120 [-120 |-120
4c* 21823 |02223 |-147 |-147 |-147 |-147 |0 0 0 0
1C 0.0959 |0.2223 [0 0 0 0 511|511 511|511
2C-1 0.0644 |02223 [-343 |[343 |-343 [343 |0 0 0 0
3A* 0.4931 |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 |668 |0 0 0 0
1B-1 0.0402 |0.2223 |-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 circumferential stress | 16,950 | 20,472 | 21,122 | 18,972 | 13,443 | 20,919 | 20,335 | 14,903
Zi'ri::lar;‘f’e'::;'gglras?;ss* 18,711 | 18,711 | 20,047 | 20,047 | 17,181 | 17,181 | 17,619 | 17,619
3c* 17827 |0.2223 |-120 |-120 [-120 |-120 o 0 0 0
4c* 21823 |0.2223 |0 0 0 0 147|147 |-147  |-147
1C-1 00967 [0.2223 [-515 |[515 [-515 |[515 |0 0 0 0
2C 0.0642 [0.2223 |0 0 0 0 342|342 |-342 |342
4A* 08225 [0.2223 [0 0 0 0 366 |-366 |366 |366
2A 0051 [02223 |0 0 0 0 1,799 |1,799 1,799 |-1,799
4B 04859 [0.2223 [-216 [-216 [216 [216 |0 0 0 0
2B-1 0.0645 |0.2223 |-2275 |2,275 |2275 |-2275 |0 0 0 0
Pressure stress* 8,760 |8,760 |8,760 |8,760 |9,763 |9,763 |9.763 |9.763
Total longitudinal stress 5634 [11,214 [10,616 | 7,096 [7,109 |[11,391 | 11,439 |8,525
:2 ’:;‘s;‘gm:l":t’:::: 8424 |8424 |8856 |8856 |9.250 |9,.250 |9.982 |9.982
Shear from My 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 -108 -103 103 103
Total Shear stress 448  |448 242 242|242 [242  |448  |448
Combined stress (P +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

Gn (Pm

= 2,470 psi

=P*R./ (2*t) - P,/ (*(R
= 1,378%4 / (2*1.875) - 2,720 / (n*(5.8752 - 42)) + 130,864.3*5.875 / 734.6052

(o]

2-R2))+ MR, /|

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 =

(Vi2+V2)05/ ("R,

- (3,3322 + 3,3322)05 / (1*4*1.875)

=200 psi

Gtorsion

=M,/ (2**R2*t )

- 130,858 / (2*1*42*1.875)
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= 694 psi

Oiotal = Oshear T 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 psi @ 140 °F ThICKnes_s
The opening is adequately reinforced Summary ('n)
The nozzle passes
UG-45
A A A
required | available A1 A2 A3 As | welds treq tmin
7 16.1125 [-- |12.9211 |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
Weiddescrpton | Jeausa el | Actluett | siaws
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

Lg MAX(, R, + (t,-C,) + (t- C))
MAX(8, 4 + (1.875 - 0) + (1.75 - 0))
= 8in
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*(1.875 - 0) + 0)
4.375in

Inner Normal Limit of reinforcement per UG-40

MIN(2.5%(t - C), 2.5%(t, - C, - C))
MIN(2.5%(1.75 - 0), 2.5*(1 .875-0-0))
4.375in

L

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

A = 050 F + 2t F(1

= Zin?

Area available from FIG. UG-37.1

A, = larger of the following= 0 in2

= dE;t- Frt) - 20t (Bt - FR)r( - £)

- 1))
= 0.5%(8*1.75"1 +2*1.875*1.75*1*(1 - 1))

= 8%(1*1.75-1*1.75) - 2*1.875*(1*1.75 - 1*1.75)*(1 - 1)

= 0in?

= 2%(t+t)"(E - P - 20 (B - Fr)Y(1 - fy)
= 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?

= 5%t -t,) T,

n

- 5%(1.875-0.3983)*1*1.75

= 129211 in?

= Bt -t )

r2 'n

= 5%(1.875-0.3983)*1*1.875

= 13.844in?

A, = smaller of the following= 2.5781 in?

= 5,
= 5%1.75'1.875"1
= 16.4063 in?

= 5*ti*ti*fr2
= 5*1.875*1.875*1
= 17.5781 in?

= 2'htf,
- 2°0.68751.875*1
= 25781 in?

Ay =  Leg®f,
= 0.375%"1
= 0.1406 in?

Ay = Leg®f,
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= 0.6875°*1
= 0.4727in?

Area= A +A, +A;+A, +A,
= 0+12.9211 + 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
) = lesser of 0.25 or 0.7, = 0.25in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min
tc(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

tuass = 0.3983in
tugee = 0.1555in
ty = max[t,ygos s taugez |
= max[ 0.3983, 0.1555 ]
= 0.3983in
too = P*R,/(S*E + 0.4*P) + Corrosion
= 622.5059*24 / (20,000*1 + 0.4*622.5059) + 0
= 0.7378in
™ = max[ty,, tyare ]
= max[0.7378, 0.0625 ]
= 0.7378in
ty = min[tyg,t,]
= min[ 0.3281 , 0.7378 ]
= 0.3281in
theas = 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 = 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))

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 VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

|« _0.5750

1.?5I]I]J/

]
|
|

e
>

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

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: 6.251in
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 (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 (¢) = -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 psi @ 140 °F (ln)
The nozzle

passes UG-45

A A A
required | available At | A2 | A3 | As | elds 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for 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

Lg MAX(, 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

P*R,/(S,’E - 0.6*P)
1,378*1/ (20,000*1 - 0.6*1,378)
0.0719in

m

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

r

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
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min)

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"1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
ta = max[tyger s taugez |
- max[0.0719,0]
= 0.0719in
toq = P*R,/(SE + 0.4"P) + Corrosion
= 1,378"24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in
s = max{ty, tyars ]
= max[ 1.6092, 0.0625 ]
= 1.6092in
t, = min[tg .t ]
- min[0.2074 , 1.6092 ]
= 0.2074in
tigas = max(t,, 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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
ty = max[t, ygos 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
™ = max[ty,, tyare ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t, = minfty. b, ]
= min[0.2074, 0.7378 ]
= 0.2074in
tieas = max(ty, 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"

a
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Level Bridle - (Process) High (N8A)
ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

|« _0.5750

1.?5I]I]J/

]
|
|

e
>

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

Location and Orientation

Located on: 48 OD SHELL
Orientation: 135°

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: 6.251in
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 (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 (¢) = -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 psi @ 140 °F (ln)
The nozzle

passes UG-45

A A A
required | available At | A2 | A3 | As | elds 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for 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

Lg MAX(, 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

P*R,/(S,’E - 0.6*P)
1,378*1/ (20,000*1 - 0.6*1,378)
0.0719in

m

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

r

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
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min)

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"1/(20,000*1 - 0.6*1,378) + 0
= 0.0719in
ta = max[tyger s taugez |
- max[0.0719,0]
= 0.0719in
toq = P*R,/(SE + 0.4"P) + Corrosion
= 1,378"24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in
s = max{ty, tyars ]
= max[ 1.6092, 0.0625 ]
= 1.6092in
t, = min[tg .t ]
- min[0.2074 , 1.6092 ]
= 0.2074in
tigas = max(t,, 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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
ty = max[t, ygos 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
™ = max[ty,, tyare ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t, = minfty. b, ]
= min[0.2074, 0.7378 ]
= 0.2074in
tieas = max(ty, 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"

a
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Level Bridle - (Process) Low (N8B)
ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

|« _0.5750

1.?5I]I]J/

]
|
|

e
>

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

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: 1.06 in
Corrosion allowance: 0in

Projection available outside vessel, Lpr: 6.251in
Projection available outside vessel to flange face, Lf: 8 in

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 (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 (¢) = -55 °F)

Liquid static head: 0.3177 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 = 1,378.36 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available A1 | A2 | A3 | As | elds 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

throat size (in) | throat size (in) Status

Weld description

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

Lg MAX(, 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

P*R, /(S,"E - 0.6*P)
1,378.3574*1 / (20,000*1 - 0.6*1,378.3574)
0.0719in

m

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

r

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
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min)

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

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

t, = max[t,yg27 s taugez |
- max[0.0719,0]
= 0.0719in

toq = P*R,/(SE + 0.4"P) + Corrosion
= 1,378.3574724 /(20,0001 + 0.4*1,378.3574) + 0
= 1.6097in

'S = max[t,, tyyge ]
= max[ 1.6097, 0.0625 ]
= 1.6097 in

t, = min[tg,t,]
- min[0.2074 , 1.6097 ]
- 0.2074in

tigas = max(t,, 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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
ty = max[t, ygos 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
™ = max[ty,, tyare ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t, = minfty. b, ]
= min[0.2074, 0.7378 ]
= 0.2074in
tieas = max(ty, 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"

a
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Level Bridle - (Safety) Low (N9B)
ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

| —{1.3750
1.7500 || 17500
f‘ N
i A— SR
Note: round inside edges per UG-76(c)
Location and Orientation
Located on: 48 OD SHELL
Orientation: 315°
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: 6.251in
Projection available outside vessel to flange face, Lf: 8 in
Local vessel minimum thickness: 1.75in
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 (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: 0.3177 psi
MAWP rating: 2,040 psi@ 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-37 Area Calculation Summary
(in?)
For P = 1,378.36 psi @ 140 °F

UG-45
Nozzle Wall
Thickness

Summary
(in)
The nozzle
passes UG-45

A A A
required | available A1 | Az | As | As welds

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

per UW-15(b)(2)

The nozzle is exempt from weld strength calculations

UW-16 Weld Sizing Summary

Weld description Required weld

throat size (in) | throat size (in)

Actual weld 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).

UG-40

C))

Parallel Limit of reinforcement per

L = MAX(,R,+(t,-C,) +(t-
= MAX(2,1+(1.06-0)+(1.75-0))
= 3.81in

Ly = 2.5in(User Defined)

Outer Normal Limit of reinforcement per UG-40

L, MIN(2.5%(t - C), 2.5%(t_- C

n

= 265in

n) + )
MIN(2.5*(1.75 - 0), 2.5*(1.06 - 0) + 0)

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

t

P*R,/(S,’E - 0.6*P)
1,378.3574*1 / (20,000*1 -
0.0719in

m

0.6*1,378.3574)

Required thickness t, from UG-37(a)

t

PR,/ (S*E + 0.4*P)
1,378.3574*24 / (20,000*1
1.6097 in

r

1173
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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
) = lesser of 0.25 or 0.7, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min

tc(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

t,uger = 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,yg27 5 taugez |
- max[0.0719,0]
= 0.0719in

toq = P*R,/(SE + 0.4"P) + Corrosion
= 1,378.3574724 /(20,0001 + 0.4*1,378.3574) + 0
= 1.6097in

'S = max[t,;, tygre ]
= max[ 1.6097, 0.0625 ]
= 1.6097 in

t, = min[tg,t,]
- min[0.2074 , 1.6097 ]
- 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-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 | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
ty = max[t, ygos 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
™ = max[ty,, tyare ]
= max[ 0.7378, 0.0625 ]
= 0.7378in
t, = minfty. b, ]
= min[0.2074, 0.7378 ]
= 0.2074in
tieas = max(ty, 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"

a

1173 Rev. 6

180/249



Level Gauge Low (N10B)
ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

|« _0.5750

1.?5I]I]J/

]
|
|
|
|

e
>

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

Location and Orientation

Located on: 48 OD SHELL
Orientation: 45°

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: 6.251in
Projection available outside vessel to flange face, Lf: 8 in

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 (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 (¢) = -55 °F)

Liquid static head: 0.3177 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 = 1,378.36 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available A1 | A2 | A3 | As | elds 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

throat size (in) | throat size (in) Status

Weld description

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

Lg MAX(, 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

P*R, /(S,"E - 0.6*P)
1,378.3574*1 / (20,000*1 - 0.6*1,378.3574)
0.0719in

m

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

r

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

1173 Rev. 6

183/249



UW-16(c) Weld Check

Fillet weld: t.;, = lesser of 0.75 ort, ort=0.75in
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min)

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
t, = max[t, ygo7 s taug2e |
- 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) + 0
= 1.6097in
'S = max[ty, tyuare ]
= max[ 1.6097, 0.0625 ]
= 1.6097 in
ty = min[tg,t,]
- min[0.2074 , 1.6097 ]
= 0.2074in
tieas = max(ty, ]
- 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 Ib-in
Circumferential shear: V = 409 I
Longitudinal moment: M, = 2,965 lb-in
Longitudinal shear: V, = 409 [o}
Torsion moment: M, = 4,160 Ib-in
Internal pressure: P= 1,378.357psi
Mean shell radius: R,=23.125 in
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 =18,524 psi

Local longitudinal pressure stress = I"P*R, / (2*t) =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
3c* 25705 |0.0779 |0 0 0 0 21 -21 -21 -21
4C* 26145 |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
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* 18,524 | 18,524 | 18,524 | 18,524 | 17,525 | 17,525 | 17,525 | 17,525
Total circumferential stress | 18,167 | 18,783 | 18,619 | 18,439 | 17,023 17,971 | 17,721 | 17,301
Zirri::fr;!flei:;r:::: Z?;ss* 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* 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* 8,762 |8,762 |8,762 |8,762 [9,262 (9,262 (9,262 [9,262
Total longitudinal stress 8,285 |9,183 [8,931 |8565 [8,923 (9539 |9,347 (9,151
:; ’;’;‘ﬁ;‘g:":;“s?:::: 8734 |8734 |8748 |8748 [9231 |9231 [9249 |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 V_ 0 0 0 0 -36 -36 36 36
Total Shear stress 125 125 53 53 53 53 125 125
Combined stress (PL+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

Onp

m = PR/ (2t) - P/ (n*(R2 - RA) + MR, / |

=1,378.36*1/(2*1.06) - 334 / (1*(2.062 - 12)) + 4,193.1*2.06 / 13.3582

= 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

Ogpoar = (V2 + V 2)05 / (TR,

shear —

= (4092 + 4092)%5 / (n*1*1.06)

=174 psi

Gtorsion

= 4,160 / (2*1*12*1.06)

1173
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= 625 psi

Oiotal = Oshear T 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 psi @ 140 °F (in)
The nozzle

passes UG-45

A A A
required | available Ar | Az [ A3 | As | oigs 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

L Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg41) | 0.25 0.2625 weld size is adequate

Calculations for external pressure 622.51 psi @ 140 °F
Parallel Limit of reinforcement per UG-40

Ln

MAX(, 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;, = lesser of 0.75 ort, ort=0.75in
to(min) = lesser of 0.25 or 0.7*;, = 0.25 in

y=0.7"Leg = 0.770.375 = 0.2625 in

c(actual

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

tuges = 0.1482in
fucee = 0.0489in
t, = max[t, yg2s8  taugez |
—  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
= 0.7378 in
to = max[t,, tugre |
= max[ 0.7378, 0.0625 ]
= 0.7378in
ty = min[tg,t,]
= min[ 0.2074 , 0.7378 ]
= 0.2074in
tigas = max(ty, 1]
- 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 = 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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Inspection c/w Blind Flange (N15)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-75 10
Leg,; = 0.375in

] [l Leg,; = 0.6875in
«—0.3750 hoew=  0.6875in
C .~ " [l
| |
17500 | 1.7500) |
| |
o= & N S
0.6875 — 0.6875
Note: round inside edges per UG-76(c)
Location and Orientation
Located on: 48 OD SHELL
Orientation: 45°
Nozzle center line offset to datum line: 8in
End of nozzle to shell center: 34 in
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: 7.251in
Internal projection, h, ., 0.6875in

Projection available outside vessel to flange face, Lf:  10in

Local vessel minimum thickness: 1.751in
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 psi@ 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-37 Area Calculation Summary (in2)

For P = 1,378 psi @ 140 °F
The opening is adequately reinforced

UG-45 Nozzle
Wall
Thickness

Summary (in)
The nozzle passes
UG-45

A A A
required | available A1 A2 A3 As welds

treq

tmin

12.874 (18.208 (1.126 [13.8906 |2.5781 [-- |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 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 psi @ 140 °F

Nozzle rated MDMT per UHA-51(d)(1)(a) = -320 °F.
Parallel Limit of reinforcement per UG-40

Ln

MAX(, R, + (t,-C,) + (t- C))
MAX(8, 4 + (1.875-0) + (1.75 - 0))
= 8in
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*(1.875 - 0) + 0)
4.375n

Inner Normal Limit of reinforcement per UG-40

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

m

Required thickness t, from UG-37(a)

t

r

P*R,/ (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

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

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

>
nn

d*t*F + 2"t *t*F*(1 -1,,)

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 in2

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) - 2%t *(E, "t - F*t)*(1 - 1)
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?

5*(t, -t )"t
5*(1.875 - 0.2875)*1*1.75
13.8906 in?

5*(tn B tm)*frZ*tn

5*(1.875 - 0.2875)*1*1.875
14.8828 in?

A, = smaller of the following= 2.5781 in?

5,
5*1.75*1.875"1
16.4063 in?

S
5%1.875%1.875*1
17.5781 in?

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
= 0.4727 in?

Area= A/ +A, +A;+A, +A,
= 1.126 + 13.8906 + 2.5781 + 0.1406 + 0.4727
= 18.208in2?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t
t

tc(actual

min = l€sserof 0.75 ort ort=0.751in
= lesser of 0.25 or 0.7*t;,, = 0.25 in
y=0.7"Leg = 0.770.375 = 0.2625 in

c(min)

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

tougoy = P*R/(S*E-0.6"P) + Corrosion
= 1,378"4/(20,000*1 - 0.6*1,378) + 0
= 0.2875in

t, = max[t,yg27 > taugez |
= max[0.2875,0]

= 0.2875in

toq = P*R,/(SE + 0.4*P) + Corrosion
= 1,378"24 /(20,0001 + 0.4*1,378) + 0
= 1.6092in

'S = max[ty, tugre
= max[ 1.6092, 0.0625 ]
= 1.6092 in

t, = min[ty, t, ]
- min[0.3281, 1.6092 ]
- 0.3281in
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tieas = max(ty, t]
max[ 0.2875, 0.3281 ]
0.3281 in

Available nozzle wall thickness new, t, = 1.875 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-45 Nozzle
UG-37 Area Calculation Summary (in2) Wall
For Pe = 622.51 psi @ 140 °F ThICKnes_s
The opening is adequately reinforced Summary ('n)
The nozzle passes
UG-45
A A A
required | available A1 A2 A3 As | welds treq tmin
7 16.1125 [-- |12.9211 |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
Weiddescrpton | Jeausa el | Actluett | siaws
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

Lg MAX(, R, + (t,-C,) + (t- C))
MAX(8, 4 + (1.875 - 0) + (1.75 - 0))
= 8in
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*(1.875 - 0) + 0)
4.375in

Inner Normal Limit of reinforcement per UG-40

MIN(2.5%(t - C), 2.5%(t, - C, - C))
MIN(2.5%(1.75 - 0), 2.5*(1 .875-0-0))
4.375in

L

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

A = 050 F + 2t F(1

= Zin?

Area available from FIG. UG-37.1

A, = larger of the following= 0 in2

= dE;t- Frt) - 20t (Bt - FR)r( - £)

- 1))
= 0.5%(8*1.75"1 +2*1.875*1.75*1*(1 - 1))

= 8%(1*1.75-1*1.75) - 2*1.875*(1*1.75 - 1*1.75)*(1 - 1)

= 0in?

= 2%(t+t)"(E - P - 20 (B - Fr)Y(1 - fy)
= 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?

= 5%t -t,) T,

n

- 5%(1.875-0.3983)*1*1.75

= 129211 in?

= Bt -t )

r2 'n

= 5%(1.875-0.3983)*1*1.875

= 13.844in?

A, = smaller of the following= 2.5781 in?

= 5,
= 5%1.75'1.875"1
= 16.4063 in?

= 5*ti*ti*fr2
= 5*1.875*1.875*1
= 17.5781 in?

= 2'htf,
- 2°0.68751.875*1
= 25781 in?

Ay =  Leg®f,
= 0.375%"1
= 0.1406 in?

Ay = Leg®f,
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= 0.6875°*1
= 0.4727in?

Area= A +A, +A;+A, +A,
= 0+12.9211 + 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
) = lesser of 0.25 or 0.7, = 0.25in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min
tc(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

tuess = 0.3983in
ty = max[t, ygos > taugez |
= max[0.3983,0]
= 0.3983in
to = P*R,/ (S*E + 0.4*P) + Corrosion
= 622.5059*24 / (20,000"1 + 0.4*622.5059) + 0
= 0.7378in
too = max[ty,, tugre |
- max[0.7378, 0.0625 ]
= 0.7378 in
ty = min[tg,t,]
—  min[0.3281,0.7378 ]
= 0.3281in
theas = Max(ty, 4]
= max[ 0.3983, 0.3281 ]
= 0.3983in

Available nozzle wall thickness new, t, = 1.875 in

The nozzle neck thickness is adequate.

1173

198/249



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))

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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Straight Flange on 48 OD BOTTOM SE HEAD
ASME Section VIII Division 1, 2010 Edition, A11 Addenda
Component: Straight Flange
Material specification: SA-240 316 (lI-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:

0.71 psi (SG = 1.1, H, = 18",0Operating head)
. (SG =1, H, =56.23", Horizontal test
2.03 psi s

S

Pth

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 Ib corr=149.1 Ib

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 / (20,000*1.00 + 0.40*1,378.71) + 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 .
HA2- 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

t = t+ Corrosion = 0.2194+0 = 0.2194"

a

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

Allowable
Stress Before . . ,
Condition Pressu_re P( UG-23 Stress Tempsrature ( Corrqsmn Cc Load Req'd T_hk D_ue to Req'd Thk_Due-to
psi) X F) (in) Tension (in) Compression (in)
Increase ( psi)
St Sc
Operating, Hot & Corroded 1,378 20,000 | 13.729 | 140 0 Wind 0633 wiles
Seismic | 0.6474 0.6006
Operating. Hot & New 1,378 20,000 | 13.729 | 140 0 Wind 0633 9.6196
Seismic | 0.6474 0.6006
Hot Shut Down. Corroded 0 20,000 | 13.729 | 140 0 Wind | 0.0021 L
Seismic | 0.0165 0.0443
Hot Shut Down, New 0 20,000 | 13.729 | 140 0 Wind £.0021 .0166
Seismic | 0.0165 0.0443
Empty. Corroded 0 20,000 | 13.908 | 70 0 Wind 2002 Loied
Seismic | 0.0157 0.0425
Empty. New 0 20,000 | 13.908 |70 0 Wind | 0.0021 P
Seismic | 0.0157 0.0425
Vacuum -15 20,000 | 13,729 | 140 0 Wind | 9.0071 Lot
Seismic | 0.0095 0.0544
i .
Hot Shut Down Corroded., Weight 0 20,000 | 13729 | 140 0 Weight |0.0018 0.0188
& Eccentric Moments Only

Allowable Compressive Stress, Hot and Corroded- S, (table HA-2)

A = 0.125/(R,/1)
= 0.125/(24/1.77)
= 0.009219
B = 13,729 psi
S = 20,000/1.00 = 20,000 psi
Sche = min(B, S) = 13,729 psi

Allowable Compressive Stress, Hot and New- S

ScHN = ScHC
13.729 psi

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 = Sch
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 =

Maximum allowable working pressure, Longitudinal Stress

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,*K*E,)

271,776 / (1*23.115220,000%1.20*1.00)

0.0067"

W/ (2R *S K *E,)

16,188.1/ (2*7*23.115*20,000%1.20*1.00)
0.0046"

t o+t - b,

0.6309 + 0.0067 - (0.0046)
0.633"

|tmc + twc - tpc|

0.0067 + (0.0046) - (0.6309)|
0.6196"

P=2'S/K S E (-1, +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

ratin

1173

H New. Wind. B m m

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 'K *E,)

271,776 / (1*23.1152*20,000%1.20*1.00)

0.0067"

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

16,188.1/ (2*7*23.115*20,000%1.20*1.00)
0.0046"

ty+ by - by

Rev. 6

(Pressure)

(bending)

(Weight)

(total required,
tensile)

(total, net
tensile)

(Pressure)

(bending)

(Weight)

(total required,
tensile)
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= 0.6309 + 0.0067 - (0.0046)

= 0.633"
(total, net
o= Mo+ b Tyl tensile)
= ]0.0067 + (0.0046) - (0.6309)|
= 0.6196"

Maximum allowable working pressure, Longitudinal Stress

P=2"SKS'E*(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

Hot Shut Down, Corroded. Wind, Bottom Seam

t, = 0" (Pressure)
t, =M/ (R, 2*SKE,) (bending)
= 271,776 / (=*23.1152*20,000*1.20%1.00)
= 0.0067"

t, =W/@7R *S*K E,) (Weight)

= 16,188.1 / (2*n*23.115*20,000*1.20*1.00)
= 0.0046"

m

o=ttty (total required, tensile)
= 0 + 0.0067 - (0.0046)
= 0.0021"
toe = M/ ("R, 2*S,*K,) (bending)
= 271,776 / (1*23.115°%13,728.59*1.20)
= 0.0098"
t,e = W/ (2n"R,,*S.*K,) (Weight)
= 16,188.1/(2*n*23.115*13,728.59*1.20)
= 0.0068"

t, =t tye -t

. (total required, compressive)

pc
= 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/ (@27R,"S; K E,) (Weight)
= 16,188.1 / (2*n*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, S K) (bending)
= 271,776 / (n*23.1152*13,728.59*1.20)
= 0.0098"

t,, = W/ (@R, ‘S 'K, (Weight)
- 16,188.1 / (2*n*23.115*13,728.59*1.20)
- 0.0068"

t (total required, compressive)

¢ = lmetlne- tpc

= 0.0098 + (0.0068) - (0)
— 0.0166"

Empty. Corroded. Wind. Bottom Seam

t, =0 (Pressure)
t, =M/ (R, 2*SKSE) (bending)
= 271,776 / (1*23.1152*20,000%1.20*1.00)
= 0.0067"
t, =W/@2R_*S/KS E,) (Weight)
= 16,188.1 / (2*n*23.115*20,000%1.20*1.00)
= 0.0046"
t o=t +t, -t (total required, tensile)

= 0 + 0.0067 - (0.0046)
= 0.0021"

t =M/ (@R, S K) (bending)
= 271,776 / (n*23.1152*13,907.75*1.20)
= 0.0097"

t,, = W/ (@7R *SK,) (Weight)
- 16,188.1 / (2*1*23.11513,907.75*1.20)
- 0.0067"

t (total required, compressive)

¢ = lmetilne- tpc

= 0.0097 + (0.0067) - (0)
- 0.0164"

Empty. New. Wind, Bottom Seam

t, =0 (Pressure)
t, =M/ (R, 2*SKSE) (bending)
= 271,776 / (1*23.1152*20,000%1.20*1.00)
= 0.0067"
t, =W/@2RS/KS E,) (Weight)
= 16,188.1 / (2*®*23.115*20,000%1.20*1.00)
= 0.0046"
o=t +t, -t (total required, tensile)

= 0 + 0.0067 - (0.0046)

t. =M/ (TR, 2*S*K) (bending)
= 271,776 / (n*23.1152*13,907.75*1.20)
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= 0.0097"
t,, = W/ (R, S 'K, (Weight)
= 16,188.1 / (2**23.115%13,907.75*1.20)
= 0.0067"

t, =t tye -t

. (total required, compressive)

pc
= 0.0097 + (0.0067) - (0)

= 0.0164"

Vacuum. Wind, Bottom Seam

f

P*R/ (2*S'K, + 0.40*|P|) (Pressure)
-15*22.23 / (2*13,728.59*1.20 + 0.40*|15))
-0.0101"
M/ (t*R,2*S'K,) (bending)
= 271,776 / (1*23.1152*13,728.59*1.20)
= 0.0098"
t, =W/ (@7R_*S K (Weight)
= 16,188.1 / (2*1*23.115*13,728.59*1.20)
= 0.0068"

tp +
-0

0.0
= te + twe ~ Toc (total required, compressive)

= 0.0098 + (0.0068) - (-0.0101)
= 0.0267"

t

m

Ll (total, net compressive)

t
101 + 0.0098 - (0.0068)]
71"

’_’r—i'
Il

0
0

t

C

Maximum Allowable External Pressure, Longitudinal Stress

P=2"S"KJ(t-t,.-t,o)/ (R-0.40%(t-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

H hut Down rr Weigh E ntric Momen nly, B m m

t, =0" (Pressure)
t, =M/ (@R, 2SKSE) (bending)
= 246,659 / (1*23.1152*20,000*1.00*1.00)
= 0.0073"
=W/ (2'n"R,,*S;*"K,"E,) (Weight)
= 16,188.1/ (2*n*23.115*20,000%1.00*1.00)
= 0.0056"
o =t+tn -t (total required, tensile)
= 0+ 0.0073 - (0.0056)
= 0.0018"
t. = M/ ("R, 2*S_*K) (bending)
= 246,659 / (1*23.115°%13,728.59*1.00)
= 0.0107"

m

t

W
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t,, = W/ (2""R,*S,'K,) (Weight)
= 16,188.1/ (2*1*23.115*13,728.59*1.00)

= 0.0081"
to = tme * twe " e (total required, compressive)
= 0.0107 + (0.0081) - (0)
= 0.0188"
rating. H rr ismic, B m m
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/ ("R, 2*SKSE,) (bending)
= 849,942 / (1*23.1152*20,000%1.20*1.00)
= 0.0211"
t, =W/ (@27R,*SKSE,) (Weight)
= 16,188.1 / (2*n*23.115*20,000%1.20%1.00)
= 0.0046"
o=ttt -ty (total required, tensile)
= 0.6309 + 0.0211 - (0.0046)
= 0.6474"
t,. = (1 + VAccel)*'W/ (2**R*S;"K,"E,) (Weight)
= 2.00"16,188.1 / (2*n*23.115"20,000%1.20*1.00)
= 0.0093"
to = [t + tue - ol (total, net tensile)
= ]0.0211 + (0.0093) - (0.6309)|
= 0.6006"

Maximum allowable working pressure, Longitudinal Stress

P=2"SKS'E*(t-t, +1,) / (R-0.40"(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

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/ ("R, 2*SKSE,) (bending)

m

= 849,942 / (n*23.1152*20,000*1.20%1.00)

= 0.0211"

=W/ (2" "R,,*S;*"K,"E,) (Weight)

= 16,188.1/(2*7*23.115*20,000*1.20*1.00)

= 0.0046"

o =t+t -t (total required, tensile)
= 0.6309 + 0.0211 - (0.0046)

t

W
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0.6474"
t,, = (1 + VAccel)*"W / (2*T*R_*S;*K,'E,) (Weight)
- 2.00*16,188.1 / (2*1*23.115*20,000*1.20*1.00)
= 0.0093"

te = It + tue

C

- tpc| (total, net tensile)
= ]0.0211 + (0.0093) - (0.6309)|

= 0.6006"
Maximum allowable working pressure, Longitudinal Stress

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

Hot Shut Down. Corroded. Seismic, Bottom Seam

t, =0 (Pressure)
t, =M/ (R, 2*SKSE) (bending)

= 849,942 / (1*23.1152*20,000*1.20*1.00)
= 0.0211"

t, =W/@2R*SKSE,) (Weight)
= 16,188.1/(2*n*23.115*20,000*1.20*1.00)
= 0.0046"
o=t +t -1, (total required, tensile)
+0.0211 - (0.0046)
.0165"
/ (m*R,2*S;*K,) (bending)
9,942 / (n*23.1152*13,728.59*1.20)
= 0.0307"
t,. = (1 + VAccel)"W/ (2*1*R*S.*K,) (Weight)
= 2.00"16,188.1 / (2**23.115*13,728.59*1.20)
= 0.0135"

tmc=M
= 84

t (total required, compressive)

= tre + e - tpc

= 0.0307 + (0.0135) - (0)
= 0.0443"

C

Hot Shut Down, New. Seismic, Bottom Seam

t, =0 (Pressure)
t, =M/ (R, 2*SKSE) (bending)
= 849,942 / (n*23.1152*20,000*1.20%1.00)
= 0.0211"
t, =W/@2nR*S/KSE,) (Weight)
= 16,188.1/(2*n*23.115*20,000%1.20*1.00)
= 0.0046"
o=ttty (total required, tensile)

= 0+ 0.0211 - (0.0046)
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= 0.0165"
M/ (t*R, 2*S'K,) (bending)
849,942 / (1*23.1152*13,728.59*1.20)
= 0.0307"
t,. = (1+VAccel)*'W / (2*T*R_*S_*K,) (Weight)
- 2.00*16,188.1 / (2*1*23.115*13,728.59*1.20)
= 0.0135"

th

t (total required, compressive)

= tre + e - tpc

= 0.0307 + (0.0135) - (0)
= 0.0443"

C

Empty. Corroded. Seismic, Bottom Seam

t, = 0" (Pressure)
t, =M/ (R, 2*SKSE) (bending)
= 817,665 / (1*23.1152*20,000*1.20*1.00)
= 0.0203"
=W/ (2" n"R,,*S;’"K,"E,) (Weight)
= 16,188.1/(2*7*23.115*20,000%1.20*1.00)
= 0.0046"
o=ttt -t, (total required, tensile)
= 0 + 0.0203 - (0.0046)
= 0.0157"
t. = M/ (m*R,2*S,*K,) (bending)
= 817,665 / (1*23.1152*13,907.75*1.20)
= 0.0292"
t,. = (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

W

t (total required, compressive)

= toe + e - tpc

= 0.0292 + (0.0134) - (0)
= 0.0425"

C

Empty. New. Seismic, Bottom Seam

t, = 0" (Pressure)
t, =M/ (R, 2*SKSE) (bending)
= 817,665 / (1*23.1152*20,000*1.20*1.00)
= 0.0203"
t, =W/@2R *SKSE,) (Weight)
= 16,188.1/(2*7*23.115*20,000%1.20*1.00)
= 0.0046"
o=ttt -ty (total required, tensile)
= 0+ 0.0203 - (0.0046)
= 0.0157"
t. = M/ (m*R,2*S*K,) (bending)
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= 817,665 / (1*23.1152*13,907.75*1.20)
= 0.0292"
t,, = (1 +VAccel)*'W / (2*T*R_*S_*K,) (Weight)
- 2.00*16,188.1 / (2*1*23.115*13,907.75*1.20)
= 0.0134"

t (total required, compressive)

= tmc + twc - tpc
= 0.0292 + (0.0134) - (0)

= 0.0425"

C

Vacuum, Seismic. Bottom Seam

t, =P*R/(2"SK'E, + 0.40%|P|) (Pressure)
= -15*22.23 / (220,000*1.20*1.00 + 0.40*|15])

= -0.0069"
t, =M/ (R, 2SKSE) (bending)
= 849,942 / (1*23.1152*20,000*1.20*1.00)
= 0.0211"
=W/ (2" t"R,,*S;*"K,"E,) (Weight)
= 16,188.1/ (2*n*23.115"20,000*1.20*1.00)
= 0.0046"
o=ttt -ty (total required, tensile)
= -0.0069 + 0.0211 - (0.0046)
= 0.0095"
t,e = P'R/(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 / (1*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"

to = tne + te ~ toc (total required, compressive)

= 0.0307 + (0.0135) - (-0.0101)
= 0.0544"

t

W

Maximum Allowable External Pressure, Longitudinal Stress

P=2"S"KJ(t -t - tye) / (R-0.40%(t -t . - t,.)
= 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 VIIl, 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:

P.=1.16 psi (5G=1.1, H,=29.135" Operating head)
P=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 = 1,408.1 Ib corr = 1,408.11b

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 thickness ty, = 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))?]=(1/6)*[2 + (44.54 / (2*11.135))3]=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 / (220,000*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 - 2*1.73*(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
= 40.2954 in
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,/1)
= 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)) + 0
= 003"

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 B - 13,183.56
HA-2: " psi
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T
|

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 1 8.4568)*(1 - 8.4568 / o)
15.6974%
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Bottom Drain (N13)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

tugowen = 1-73 10
Leg,; = 0.375in

—3 —0.3750

'I.?EI]I]J/

o)
|
Py
c
‘\;
I
=

T |
>

|
|
3
I

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

Location and Orientation

Located on: 48 OD BOTTOM SE HEAD
Orientation: 315°

End of nozzle to datum line: 119.1092 in

Calculated as hillside: No

Distance to head center, R: 0in

Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification: SA-312 TP316L Smis pipe (low stress) (II-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 (c) = -55 °F)

Liquid static head: 1.5529 psi
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MAWP rating: 2,040 psi@ 140°F

MAP rating: 2,160 psie 50°F
Hydrotest rating: 3,250 psi@ 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 psi @ 140 °F Summary (in)
The nozzle passes
UG-45
A A A
required | available A1 [ A2 | A3 | As | \eigs treq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 1348 1 0.301

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(2)

UW-16 Weld Sizing Summary

Required weld Actual weld

throat size (in) | throat size (in) Status

Weld description

Nozzle to shell fillet (Leg41) | 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

Ln 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

L, MIN(2.5%(t - C), 2.5*(t, - C,) + 1)
MIN(2.5*(1.73 - 0), 2.5%(0.344 - 0) + 0)
- 0.86in

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

t

P*R,/(S,’E - 0.6*P)
1,379.4842*0.8435 / (15,7001 - 0.6*1,379.4842)
0.0782in

m

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

t

P*K,*D, / (2*S*E + 0.8"P)
1,379.484270.9"48 / (2*20,000*1 + 0.8%1,379.4842)
1.4498 in

r

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

1173 Rev. 6

216/249



UW-16(c) Weld Check

Fillet weld: t;, = lesser of 0.75 or t, ort = 0.344 in
) = lesser of 0.25 or 0.7*;, = 0.2408 in
y=0.7"Leg = 0.770.375 = 0.2625 in

tc(min

tc(actual

The fillet weld size is satisfactory.

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

UG-45 Nozzle Neck Thickness Check

Interpretation VII1-1-83-66 has been applied.

t,uger = 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,yg27 5 taugez |
- max[0.0782,0]
= 0.0782 in

tyy = 1.55861n

'S = max[ty, tugre |
= max[ 1.5586 , 0.0625 ]
= 1.5586in

t, = min[tg,t, ]
= min[0.1348 , 1.5586 |
= 0.13481n

tieas = max(ty, 1]
= 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 psi @ 140 °F Summary (in)
The nozzle passes
UG-45
A A
required | available A1 | Az | A3 | As welds treq tmin
This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.1348 1 0.301

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 (Leg41) | 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))
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,) + 1)
MIN(2.5%(1.73 - 0), 2.5%(0.344 - 0) + 0)
0.86 in

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
tc(min
tc(actual

min = l€sser of 0.75 ort, ort=0.344 in
) = lesser of 0.25 or 0.7*;, = 0.2408 in
y=0.7"Leg = 0.770.375 = 0.2625 in

The fillet weld size is satisfactory.
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Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

Interpretation VII1-1-83-66 has been applied.

tiuees = 0.0949in

t, = max[t, ygo8 5 taug2e ]
~  max[0.0949,0]

= 0.0949in

oo = 0.6623in

too = max[ty,, tugre
= max[ 0.6623 , 0.0625 ]
= 0.6623 in

t, = MmNty t,]
= min[0.1348 ,0.6623 ]
= 0.1348in

theas =  Mmax(ty, ;]
= 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, = 8.26/2375 = 3.4779

D,/t = 2375/0.0949 = 25.0382
Fromtable 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

1173 Rev. 6 219/249



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 bottom, 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

Weld joint efficiency bottom: 0.8

Nominal thickness, new: 05 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.

i Ves_st_el Govel:ning Temperature Allowable | Calculated R(_equired
Loading Condition Sklr_t °F) Stre_ss Stres_s/ E thlcl_(ness
(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 / (*D*S,*E) + 48"M / (n*D2*S,E)
-19,538.66 / (1*46.25*26,000%0.8) + 48*23,645.6 / (n*46.252*26,000*0.8)
0.0017 in
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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 / (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/ (n*D*S,E,) + 48*M / (n*D2*S*E,)
19,538.66 / (1*46.25%15,798"1) + 48*23,645.6 / (1*46.25%*15,798*1)
0.0192 in

Required thickness, compressive stress at the top:

t

W,/ (DS, *E,) + 48*M, / (1"D2*S 'E,)
19,078.33 / (1*46.25%15,798*1) + 48+22,793.7 / (1*46.252*15,798"1)
0.0186 in

Loading due to wind, empty & corroded

Windward side (tensile)

Required thickness, tensile stress at base:

t

-W / (n*D*S,"E) + 48*M / (n*D?*S,*E)
-17,936.17 / (n*46.25*26,000*0.8) + 48*23,645.6 / (1*46.25%*26,000*0.8)
0.0022 in

Required thickness, tensile stress at the top:

t = -W,/(n*DSE) + 48*M, / (n"D2*S'E)
-17,475.84 / (1*46.25*26,0000.55) + 48+22,793.7 / (1*46.252*26,000%0.55)
0.003in

Leeward side (compressive)

Required thickness, compressive stress at base:

t

W/ (*D*S_'E,) + 48*M / (1*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,/ (DS E,) + 48*M, / (*D2*S_'E,)
17,475.84 / (1*46.25%16,050*1) + 48*22,793.7 / (1*46.252*16,050*1)

0.0176 in
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Loading due to wind, vacuum & corroded

Windward side (tensile)

Required thickness, tensile stress at base:

t

-W / (*D*S,*E) + 48"M / (n*D2*S,"E)
-19,538.66 / (1*46.25*26,000%0.8) + 48*23,645.6 / (1*46.25226,000*0.8)
0.0017 in

Required thickness, tensile stress at the top:

t

-W,/ (n*D,*S,*E) + 48*M, / (n*D#*S,'E)

-19,078.33 / (1*46.25*26,000*0.55) + 48*22,793.7 / (n*46.252*26,000*0.55)
0.0022 in

Leeward side (compressive)

Required thickness, compressive stress at base:

t

W/ (*D*S_*E,) + 48*M / (1*D?*S_'E )
19,538.66 / (1*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,/(w*D S 'E,) + 48"M,/ (1*D2*S'E,)
19,078.33 / (n*46.25%15,798"1) + 48"22,793.7 / (1*46.252*15,798*1)

0.0186 in

Loading due to earthquake, operating & corroded

Tensile side

Required thickness, tensile stress at base:

t

-W/ (n*D*S,"E) + 48*M / (n*D?*S*E)
-19,538.66 / (1*46.25*26,000%0.8) + 48*90,303.6 / (n*46.252*26,000*0.8)
0.0245 in

Required thickness, tensile stress at the top:

t = -W,/(n*D;'S;E) + 48"M,/ (*'D2*S;'E)
-19,078.33 / (1*46.25*26,000%0.55) + 48*73,734.6 / (1*46.252*26,000%0.55)

0.0276 in
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Compressive side

Required thickness, compressive stress at base:

t (1 + VAccel)*W / (n*D*S*E,) + 48*M / (n*D?*S*E,)
(1 +1)*19,538.66 / (1*46.25*15,798*1) + 48*90,303.6 / (n*46.25%*15,798*1)

0.0579in

Required thickness, compressive stress at the top:

t

1l
o = =

+ VAccel)*'W, / (t*D*S,'E,) + 48*M, / (*D2*S,*E,)
+1)*19,078.33 / (1*46.25*15,798*1) + 48*73,734.6 / (1*46.252*15,798*1)
In

.051n

Loading due to earthquake, empty & corroded

Tensile side

Required thickness, tensile stress at base:

t

-W / (*D*S,*E) + 48"M / (n*D2*S,E)
-17,936.17 / (n*46.25*26,000*0.8) + 48*86,062.1 / (n*46.25226,000*0.8)
0.0236 in

Required thickness, tensile stress at the top:

t -W, / (n*D,*S,’E) + 48*M, / (n*D,>*S,E)
-17,475.84 / (n*46.25*26,000*0.55) + 48*70,827.3 / (1*46.25%*26,000*0.55)
= 0.027in

Compressive side

Required thickness, compressive stress at base:

t

(1 + VAccel)*W / (n*D*S*E,) + 48*M / (n*D?*S_*E,)
(1+1)*17,936.17 / (1*46.25*16,050*1) + 48*86,062.1 / (n*46.25°*16,050*1)
0.0537 in

Required thickness, compressive stress at the top:

t = (1+VAccel)*W,/ ("D *S,'E,) + 48'M, / (n*D2*S *E,)
(1 +1)*17,475.84 / (1*46.25"16,050*1) + 48*70,827.3 / (1*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/(m*D*SE) + 48*M / (7"D?*S*E)
-19,538.66 / (1*46.25*26,000%0.8) + 48+90,303.6 / (n*46.252*26,000*0.8)

0.0245 in

Required thickness, tensile stress at the top:

t = -W,/(n*DS;E) + 48"M, / (n*"D2*S'E)
-19,078.33 / (1*46.25"26,000%0.55) + 48*73,734.6 / (1*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 / (n1*D?*S_*E,)
(1 +1)*19,538.66 / (n*46.25*15,798*1) + 48*90,303.6 / (1*46.25°*15,798*1)
= 0.0579in

Required thickness, compressive stress at the top:

t

(1 + VAccel)*W, / (n*D,*S_*E,) + 48*M, / (1*D2*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

1173 Rev. 6

224/249



Geometry Inputs

Tail lug

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, 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, , 16 1b
Distance from Center of Gravity to Top Lug, I, 70.4868"
Distance from Center of Gravity to Tail Lug, I, 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, .0 13320 psi
Allowable Stress set to 1/3 Sy per ASME B30.20 |No

Summary Values

Required Lift Pin Diameter, dreqd 0.8351"
Required Lug Thickness, t, 246"
Lug Stress Ratio, o, 0.37

Weld Shear Stress Ratio, T, 0.23

Lug Design Acceptable
Local Stresses Acceptable
Base ring loading Acceptable

Lift Forces

Lift force on lugs during rotational lift (0° < o < 90°):
= W*(l,*cos(a) + I3*sin(a)) / (I,*cos(ar) + I,*cos(a) + I5*sin(a) )

2*F
F

top
=W - (2°F)

Ftup

tai

1173
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o[°] Fiopllofl | Fiyllbf]
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*Fr/ (n*os))O.S

= (2*14,592/ (n*13,320))%>
dreqe/D, = 0.8351/15
G - F/A

= F,/(2°(0.25'n"D,2))

= 14,592/ (2*(0.25*1*1.52))
/o = 4,129/13,320

S

Lug Thickness - Tensile stress

t F./((L-d)oc)

reqd

= 14,592/ ((5 - 1.5625)*19,980)

wqa/t = 0.2125/15

G - F./A
= F./((L-d)t)

- 14,592/ ((5 - 1.5625)*1.5)

c/o, = 2,830/19,980

Lug Thickness - Bearing stress

wd = F./(D,0)

1173

14,592 / (1.5*29,970) =

0.8351"

0.56 Acceptable

4,129 psi

0.31 Acceptable

0.2125"

0.14 Acceptable

2,830 psi

0.14 Acceptable
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eqa/t = 0.3246/1.5 = 0.22  Acceptable
6 = Fv / Abearing
= F, /(D)

= 14,592/(1.5*(1.5)) = 6,485 psi

/o, = 6,485/29,970

o 0.22 Acceptable

Lug Thickness - Shear stress

[F,/ o]/ (2"Lgear)
= (14,5692/13,320) / (2*2.0153)

reqd
0.2718"

/t = 0.2718/15 0.18 Acceptable

reqd
T = I:v / Ashear

= I:V/ (2*t*Lshear )

= 14,592/(2*1.5*2.0153) = 2,414 psi

t/c 2,414 /13,320 = 0.18 Acceptable

S

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

0 = 55D, /d
- 55*1.5/1.5625
= 52.8°
(H- a2 - 0.5°d) + 0.5"D *(1 - cos(0))
= (7.5-5-0.5"1.5625) + 0.5*1.5*(1 - cos(52.8))
- 2.0153"

shear

Lug Plate Stress

Lug stress tensile + bending during lift:
6 [Ften / (Aten*Gt)] + [Mbend / (Zbend*cb)] <1

= [(Fg(o)*cos(a) ) / (t*L*c)] + [(6*abs(F,,; (o) *sin(a)*Hght - F,_;(at)*cos(a)*a,) ) / (t*'L%*c,)] < 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)
= 037 Acceptable

ratio
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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

AweId = 2*(0-707)*tw*(b1 + d1 +1)

T = Fta”*COS(OC) /Aweld
= 14,592*co0s(0.0) / 9.8317 = 1,484 psi
T = Fa'sin(e) / Ageq

14,592*sin(0.0) / 9.8317 =0 psi

Torsional shear:

Weld areas

A = 0.707"t,*L,

A, = 0.707*0.625*4.625 =2.0437 in?
A2 = 0.707*0.625*5 =2.2094 in?
AweId forsion = = Ai =4.253 in?

Weld centroid locations

X1 = Oll

y, = 2.3125"

X, = 2.5"

y2 - 0"

Xow = = (A™X)/ZA,

Yoo = = (A%Y)/EA,

ver = (2.0437°0 +2.2094*2.5)/4.253
Yoo = (2.0437%2.3125+2.2094%0)/4.253

Radius to centroid locations

_‘
I

i Sqr((Xbar - Xi)2 + (Ybar - yi)2 )
sqgr( (1.2987 - 0)2 + (1.1112 - 2.3125)2)
= sqr((1.2987 - 2.5)2 + (1.1112 - 0)2)

“
=
I

q
N
[

1173

2*(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:

r = sqr( AX? + AY?)
= sgr(3.7013%2 + 1.11122) = 3.8645"

6, = arctan( AY /AX)

= arctan(1.1112/3.7013) =16.71°
Polar Moment of Area

= 0.707*,5(L3) /12

0.707*0.625%(4.6253) / 12 3.643 in*

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(+ ) = 41.12 in*

2.2094*(1.6364)2) |

2

J
‘J1
J
J

= 22 (J+ AR

Secondary shear

T, = M*r/J
= [F(o)*cos(o)*(X - Xp,,) - F(or)*sin(o)*(Y - Y, )] *r/J
= (14,592*c0s(0.0)*(2.5 - 1.2987) - 14,592*sin(0.0)*(5 - 1.1112) )*3.8645/ 41.1169
= 1,648 psi
= sqr( (T, + 1,°C08(8,))? + (T4 + T,78IN(0,))? ) / T omaie < 1

qr ( (1,484 + 1,648%cos(16.71))2 + (0 + 1,648*sin(16.71) )2) / 13,320
0 23 Acceptable

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 Skit (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: MC 0 lbo-in
Circumferential shear: V_ = 0 I
Longitudinal moment: M, = 31,616.06 lb-in
Longitudinal shear: V, = 6,323.21 b,
Torsion moment: M=0 lbo-in
Internal pressure: P 0 psi
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Mean shell radius: R,=23.125 in
Shell yield stress: S,= 30,000  psi

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 Bulletin 107

Figure |value | f A, A |B,| B | C,| C | D, [ D
3C* 6.2981 0.1218 |0 0 0 0 6,214 |6,214 6,214 |6,214
4C* 7.9394 |0.103 |7,833 7,833 7,833 |7,833 0 0 0 0

1C 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

3B* 5.1811 0.1028 |-4,842 -4,842 4,842 |4,842 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 circumferential stress | 14,991 |-9,009 |56,799 |-31,449 |44,105 |-31,677 | 44,105 |-31,677
zirri::l?;‘f’e':;r:‘i:{ s 2991 |2991 |[12675 |12,675 |6.214 |6214 |6214 |6214
3C* 6.8994 |0.103 |6,807 6,807 6,807 |6,807 0 0 0 0

4C* 7.6302 0.1218 |0 0 0 0 7,528 | 7,528 7,528 | 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 |O 0 0 0 0 0 0 0

4B* 1.4724 0.1028 |-2,073 -2,073 2,073 2,073 0 0 0 0

2B-1 0.0631 0.1146 |-18,068 | 18,068 | 18,068 |-18,068 |0 0 0 0
Pressure stress* 0 0 0 0 0 0 0 0

Total longitudinal stress 18,479 |-9,011 58,761 |-41,001 | 29,074 |-14,018 | 29,074 |-14,018
Eﬂ?ﬁﬂ‘&.’:ﬁﬂﬂ:ﬁ 4734 |4734 |8880 |8880 |7528 |7528 |7,528 |7528
Shear from M 0 0 0 0 0 0 0 0

Circ shear from V¢ 0 0 0 0 0 0 0 0

Long shear from V_ 0 0 0 0 -1,012 |-1,012 1,012 1,012
Total Shear stress 0 0 0 0 -1,012 |-1,012 |1,012 [1,012
Combined stress (PL+Pp+Q) | 18,479 [-9,011 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" A Kt
t, qn L,, | 4.625
Ly, | 2.375" L
12
T
Base Ring Geometry LZa "L2?b
Effective skirt length:
R, = (D;+1)"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 = t’L, = 0.5*2.6523 = 1.3261 in?
A, = t,°L, = 1%(4.625 + 2.375) = 7in?
A= A/ +A, = 1.3261 +7 = 8.3261 in?
Centroid, 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= ((Ay*hy) + (Ay"hy) ) / Ay
= ((1.3261*4.875) + (7*3.5) )/ 8.3261 = 3.719"
Moment of Inertia, I:
= (L3 /12 + A*(h, - C)2
_ (2.6523*0.5%) / 12 + 1.3261*(4.875 - _ 1.8int
3.719)2
l, = t,5(Lyy + Lpp)3/ 12 + A*(h, - C)?
_ ;*;15)225 +2.375)3/12 + 7*(3.5 - _ 28.9int
Iring = I1 + I2
= 1.7998 + 28.9191 = 30.7in*
Section Modulus, Z:
Z= g/ Cpra = 30.7189/3.719 = 8.260 in3

Base Ring Loads without stiffener beam

Base Ring Load
W = W=F_, = 14,592 Ibf

r tai
Base Ring Loading
Reference: Roark's Formulas for Stress & Strain - 6t Edition. Table 17, Case 20

For thin ring sections k; =k, = 1

Change in vertical diameter, D,

(-W)*R3*(n*k, / 8 - k,2 /) / (E * 1)

Internal Moment, M, = W*R*(k, - 0.5)/(2*r)

Internal Force, Ny, = 0.75*W/n

Internal Shear Force, Vo =0

Ring loading, W, = 14,592 Ibf

Dy, = -14,592*24.2813*(n*1 /8 - 12/ m) / (29,000,000*30.7189) = -0.0174"

Mp, = 14,592*24.281*(1 - 0.5) / (2*m) = 28195.5728 Ibf-in
Na, = 0.75"14,592 /n = 3,484 Ibf

Load Equations

LT, = W*R*(1 - cos(x) - 0.5*x*sin(x)) / ©
LTy = -W*(x*sin(x)) / (2*x)

LT, = W?*(sin(x) - x*cos(x)) / (2*)

M = M, -N,*R*(1 - cos(x)) + V,*R*sin(x) + LT,
N = Np*cos(x) + V,"sin(x)

V= -N,"sin(x) + V,*cos(x) + LTV
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Load Table for Load W,

x[°] [LTy, [in-Ibf] [LTy[Ibf] |[LT, [Ibf] |M[in-Ibf] |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 ° atlug)

Maximum Stress in Base Ring Section

Allowable Base Ring Stresses

F, = 0.6°F, = 21,600 psi

F, = 0.66"F, = 23,760 psi

F, = 0.4'F, = 14,400 psi

Base Ring Stresses

Maximum combined stress occurs at 0.00

degrees

fy = N/A = -3,484/8.3261 = -418 psi

fy = M/Z = 84,587/8.2600 = 10,241 psi
f,/F,+f,/F, = 0.45 Acceptable
Maximum shear stress occurs at 0.00 degrees

fg = V/A = 7,296/8.3261 = 876 psi

fo/ Fy = 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: 51.25in
Anchor bolt corrosion allowance (applied to root radius): 0in
Anchor bolt clearance: 0.375in
Base plate material: SA-240 316
Base plate allowable stress, S;;: 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: 4.625 in
Gusset thickness, t: 0.375in
Initial bolt preload: 0 % (0 psi)
Number of bolts, N: 8
. 1.25 inch series 8

Bolt size and type: threaded
Bolt root area (corroded), A,: 0.929 in?
Diameter of anchor bolt holes, d,: 1.625 in

. Foundation

P NG o o R o) P A 2
(in2) (in)

(psi)

Wind | operating, corroded | 23,645.6 | 19,872.9 1 0.0142 | 0.3457 42.81
Wind operating, new | 23,645.6 [ 19,872.9 | 0.0142 | 0.3457 42.81
Wind | empty, corroded | 23,645.6 | 18,270.4 | 0.0242 | 0.3395 41.3
Wind empty, new 23,645.6 | 18,270.4 [ 0.0242 | 0.3395 41.3
Wind | vacuum, corroded | 23,645.6 | 19,872.9 | 0.0142 | 0.3457 42.81
Seismic | operating, corroded | 90,303.6 | 19,872.9 [ 0.4044 | 0.7867 | 221.69
Seismic | operating, new | 90,303.6 | 19,872.9|0.4044 | 0.7867 | 221.69
Seismic | empty, corroded | 86,062.1 [ 18,270.4 | 0.3896 | 0.764 209.5
Seismic empty, new 86,062.1|18,270.4 [ 0.3896 | 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 Ib;

Required area per bolt = P / S, = 0.0142 in2

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,2- D2) / 4 - N*pi*d,2 / 4
= 7*(562 - 422) / 4 - 8*7*1.6252 / 4
= 1,060.9747 in2

=n*(D,*-D*) /64

=1*(56% - 424) / 64

= 330,004.7 in*

f,=N*A *Preload /A, + W/ A, + 6*M*D_ /|,

= 80.929*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:, |/ b = 0.3008

M, = 0.007*43*15.37582 = 71.2 Ib,

M, = -0.435"43"4.625% = -398.3 Iby

t = (6"My,, / S,)05

max

= (6*398.33 /20,000)°5
=0.3457 in

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 / (21)-d,*(2 / w+1 / (271)))))°

= (3.91*284.16 / (36,000%(2*4.625 / 4+4 / (2*2.25)-1.625*(2 / 4+1 / (2*2.25)))))0-°
=0.1234in

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S, = 1.5"F*b / (qussets*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 - D)/ 4 - N*pi*d,2 / 4
= 7*(562 - 422) / 4 - 8*7*1.6252 / 4
= 1,060.9747 in2

=n*(D,*-D*) /64

=1*(56% - 424) / 64

= 330,004.7 in*

f,=N*A *Preload /A, + W/ A, + 6*M*D_ /|,

= 80.929*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"4.625% = -398.3 Iby

t = (6"M 5 / S,)°°

= (6*398.33 / 20,000)0°

=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 / (21)-d,*(2 / w+1 / (271)))))°

= (3.91*284.16 / (36,000%(2*4.625 / 4+4 / (2*2.25)-1.625*(2 / 4+1 / (2*2.25)))))0-°
=0.1234in

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S, = 1.5"F*b / (qussets*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*(D 2 - D) /4 - N*pi*d,2 / 4
= 7*(562 - 422) / 4 - 8*7*1.6252 / 4
= 1,060.9747 in2

,=m*(D,-D?%) /64

= 7*(564 - 42%) / 64
= 330,004.7 in*

—h

o

= N*A *Preload /A, + W/ A, +6"M*D, /|,
870.929*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:, |/ b = 0.3008

M, = 0.007*41*15.37582 = 68.7 Ib,

M, = -0.435"4174.625% = -384.3 Ib;

t = (6"M 5 / S,)°°

= (6*384.28 / 20,000)0°

=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 /(S,(2"b / w+w / (2*1)-d,*(2 / w+1 / (271)))))°°

= (3.91*484.47 / (36,000%(2*4.625 / 4+4 / (2*2.25)-1.625*(2 / 4+1 / (2*2.25)))))%-°
=0.1611in

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S, = 1.5"F*b / (qussets*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 (empty, new + 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, hew + Wind)

A =pi*(D,2-D?) /4 -N"pi*d2/ 4

=n*(562 - 422) / 4 - 8*1*1.625°%/ 4

=1,060.9747 in?

l,=n*(D,*-D* /64

=1*(56% - 424) / 64

= 330,004.7 in*

f,=N*A *Preload /A, + W/ A, + 6*M*D_ /|,

= 80.929*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,

M, = -0.435"4174.6252 = -384.3 Ib;

t = (6"My,, / S,)05

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, new + Wind)

Bolt load = A *f, =0.929*521 = 484.47 Ib;

t=(3.91"F / (S,(2"b / w+w / (2°1)-d,*(2 / w+1 / (271)))))°°

= (3.91%484.47 / (36,000%(2*4.625 / 4+4 / (2*2.25)-1.625*(2 / 4+1 / (2*2.25)))))0-°
=0.1611in

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S, = 1.5"F*b / (qussets*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 per bolt = 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*(D,2-D?) /4 -N"pi*d2/4

=n*(562 - 422) / 4 - 8*1*1.625°/ 4

=1,060.9747 in?

l,=n*(D,*-D* /64

=1*(56% - 424) / 64

= 330,004.7 in*

f,=N*A *Preload /A, + W/ A, + 6*M*D_ /|,

= 80.929*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:, | /b = 0.3008

M, = 0.007*43*15.37582 = 71.2 Ib,

M, = -0.435"43"4.625% = -398.3 Iby

t = (6"M 5 / S,)°°

= (6*398.33 / 20,000)0°

=0.3457 in

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;

t=(3.91"F / (S,(2"b / w+w / (21)-d,*(2 / w+1 / (271)))))°°

= (3.91*284.16 / (36,000%(2*4.625 / 4+4 / (2*2.25)-1.625*(2 / 4+1 / (2*2.25)))))0-°
=0.1234in

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S, = 1.5"F*b / (qussets*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, 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?
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The area provided (0.929 in?) by the specified anchor bolt is adequate.

Support calculations (Jawad & Farr chapter 12, operating, corroded + Seismic)
Base plate width, t_: 7 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 = EJE, = 29.0E+06 / 3,122,019 = 9.2889

t, = (N*A,) / (n*d)
= (8"0.929) / (n*49)
= 0.0483 in

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)
= (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

fo=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

f.=C,/ (((t, - t) + n*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.
/(1 +1,/(n*f,))

]
/(1+5,714 / (9.2889*222))
264922

k =
=1
=0.
Base plate required thickness (operating, corroded + Seismic)

From Brownell & Young, Table 10.3:, |/ 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"M,,, / S,)05

= (6*2,062.91 / 20,000)05
=(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=(3.91"F /(S,*(2"b / w+w / (2])-d,*(2 / w+1 /(2*1)))))°®

. (3.91*5,308.02 / (36,000*(2*4.625 / 4+4 / (2*2.25)-1.625*(2 / 4+1 / (2*2.25)))))°>

=0.5332in

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S, = 1.5"F*b / (qussets*n*t,2*h)

= 1.5*5,308.02*4.625 / (2*1*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, nhew + 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,) / (n*d)

= (8*0.929) / (n*49)

=0.0483 in

From table 12.4 for k = 0.264922:

K, =2.5185, K,=1.4124
L, = 11.5204, L, = 27.899, L, = 10.2954
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Total tensile force on bolting

T=(12'M-W*L, + L)/ (L, +Ly)
= (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

f.=C,/ (((t, - t) + n*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.
/(1 +1,/(n*f,))

]
/(1+5,714 / (9.2889*222))
264922

k =

=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"2224.625% = -2,062.9 Ib,

t=(6"M,, / 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, new + Seismic)

Bolt load = A *f, =0.929*5,714 = 5,308.02 Ib,

t=(3.91"F /(S,*(2"b / w+w / (2])-d,*(2 / w+1 /(2*1)))))°®

~ (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)
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S, = 1.5"F*b / (qussets*n*t,2*h)
=1.5*5,308.02*4.625 / (2*110.5%*4.625)
= 5,068.78 psi

As S, <= 30,000 psi the skirt thickness is adequate to resist the gusset reaction.

Anchor bolt load (empty, corroded + Seismic)
P=-W/N+48*M/(N*BC)

=-18,270.39/ 8 + 48 * 86,062.1 / (8*51.25)
=7,791.77 Ib,

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, 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,) / (n*d)

= (8*0.929) / (1*49)

=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, +Ly)/ (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

f = C / (((t, - ) + n"t)*(d / 2)'K,)
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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.

k=1/(1+f/(n*))

;
/(1 + 5,543 / (9.2889*210))
259917

1
=0.
Base plate required thickness (empty, corroded + Seismic)

From Brownell & Young, Table 10.3:,1/b = 0.3008

M, = 0.007*210*15.37582 = 348.8 Ib;

M, = -0.435"21074.625% = -1,950.2 Ib,

t=(6"M,, / Sp)0-5

= (6*1,950.22 / 20,000)°5

=0.7649 in

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, empty, corroded + Seismic)

Bolt load = A *f, =0.929*5,543 = 5,149.51 Ib,

t=(3.91"F / (S,*(2"0 / w+w / (2])-d,*(2 / w+1 /(2*1)))))°®

~ (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 / (qussets*n*t,2*h)

=1.5*5,149.51*4.625 / (2*1*0.5%*4.625)

=4,917.42 psi

As S, <= 30,000 psi the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (empty, new + Seismic)

P=-W/N+48*M/(N*BC)

=-18,270.39 /8 + 48 * 86,062.1 / (8*51.25)

=7,791.77 b

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, hew + 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
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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,) / (n*d)

= (8*0.929) / (1*49)

=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=(12'M-W*L, + L)/ (L, +Ly)

(12*86,062.1 - 18,270.39 *(11.7657 + 10.1027)) / (28.0786 + 10.1027)
1

=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

f.=C,/ (((t, - t) + n*t)*(d / 2)°Ky)
= 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*f,))

;
/(1 + 5,543 / (9.2889*210))
259917

k =

=1

=0.
Base plate required thickness (empty, 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;

t = (6"M,, / S,)05

max

= (6*1,950.22 / 20,000)05
=0.7649 in

The base plate thickness is satisfactory.
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Base plate bolt load (Jawad & Farr eq. 12.13, empty, hew + Seismic)

Bolt load = A *f, =0.9295,543 = 5,149.51 Ib;

t=(3.91"F /(S,*(2"b / w+w / (2])-d,*(2 / w+1 / (2*1))))0-5

= (3.91*5,149.51 / (36,000%(2*4.625 / 4+4 / (2*2.25)-1.625*(2 / 4+1 / (2*2.25)))))°->
=0.5252 in

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S, = 1.5"F*b / (qussets*n*t,2*h)

=1.5"5,149.51*4.625 / (2*10.5%*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 in?) 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,) / (n*d)

= (8*0.929) / (n*49)

=0.0483 in

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=(12M-W*(L, +Ly)/ (L, + Ly)

=(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
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fo=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

f.=C,/ (((t, - t) + n*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.
/(1 +1,/(n*f,))

]
/(1+5,714 / (9.2889*222))
264922

k =

=1

=0.
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 Ib;

t=(6"M,, / Sp)0-5

= (6*2,062.91 / 20,000)05

=0.7867in

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=(3.91°F / (S,"(2"b / w+w / (2°1)-d,*(2 / w1/ (2'1)))))°5

Z (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)
S, = 1.5"F*b / (qussets*n*t,2*h)

= 1.5*5,308.02*4.625 / (2*1*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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