ALL WELD 49 PASSMORE AVE., PHONE (416) 299-3311
G ot P A LM T SCARBOROUGH, ONTARIO FAX(416) 299-3387

M1V 4T1

Encuneers Suice 1920

HISTORY DOCKET

CUSTOMER : ULTRAFAB INDUSTRIES LTD.,

WO. NO. :1173PQ

A.W.C. SERIALNO. :7473
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9)

:48" 0.D. VERTICAL INLET SEPARATOR TAG # 772-VESE-201
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10) DESIGN CALCULATIONS AND AS BUILT DWGS C/W ABS APPROVED DWGS
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(Alternative Form for Single Chamber, Completely Shop or Field Fabricated Vessels Only)

As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VIll, Division1 [ 2DV
1. Manufactured and certilied by ALL-WELD COMPANY LIMITED., 49 PASSMORE AVE., SCARBOROUGH, ONT. MtV 4T1:GA
{Name and address ol Manulaclurer)
2. Manufactured for ULTRA FAB INDUSTRIES LTD., 261088 WAGON WHEEL CRES,, ROCKY VIEW, ALBERTA, T4A OE2 CANADA
3. Location of Installation OFF THE COAST OF ANGOLA
(Name and addrass)
4, Type VERTICAL 7473 M10135.5 1173-1-INREV. § 913 2013
Horizontal or vertical |Manufacturer's senal {CRAN} (Orawing number} |National Board | Year built)
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 VIII, Division 1. 2010
Year
to 2011a N/A LETHAL UW-2(a)
[Addenda, if applicable (date)} {Code Case numbers) [Spacial service per UG-120(d)[
6. Shell: SA240-316 1.75" 0 3.8.5° 8-0"
(Matenal spec number, grade} {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, dbl , sngl, lap. [R T (spot or full}] (Eff %%} (H T temp) {Time, hr) |Girth (welded, dbl., [A T (spot [EH % INo. of courses)
butti snal. lap buth)  ar full )
8. Heads: (a) Material SA 240 316 (b) Material SA 240 316
(Spec no ., grade) |Spec. no, grade)
Location (Top, Minimum Corrosion Crown Knuckle Eltiptical Conical Hamispharical 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
(b) BOTTOM 1.71"° 0" N/A N/A 2:1 N/A N/A N/A CONCAVE
If removable, balts used (describe other fastenings) N/A
(Material spec. number, grade, size, number)
9. MAWP 1378 PSI 15 PSI at max. temp. 140°F 140°F
{inlemnal) (Extamal) [Internal) {External)
Min. design metal temp -20°F at 1378 PSI Hydro., pneu., or comb. test pressure HYDRO 1792 PSI
Proof test N/A
10. Nozzles, inspection and safety valve openings:
F’OU'POSGD N Diamater = Material Nominal Thickness A 1t Details Location
Iniet, tet, i 5 N
(et 9‘:::3' n ° or Size e Nozzie Flange Nom. Con. Material Nozzle Flange (insp. Open.)
VENT (N14) 1 21D cl:_lv?lilo SA182 F316 | SA182 F316 1.06° 0" N/A UW-16.1 (e) N/A N/A
g‘:; OUTLET | 4 |eiD ?ﬁ%o SA182 F316 | SA182F316 | 1.875° by NA | uw-16.1 (@) N/A N/A
I(}ig;m OUTLET] 4 | 2ip CL'\',?I"? SA182F316 | SA182F316 | 1.06" o NA | UW-16.1 (e) N/A N/A
LEVEL BRIDLE - C1.900
" F316 .06° B W-16.
(N8B) 1 2°1D LWN SA182 F3 SA182 F316 1.06 0 N/A U 6.1 (e) N/A N/A
11.  Supports: Skirt YES Lugs N/A Legs NA Other N/A Attached =~ BOTTOM HEAD & WELDED
{Yes or no) {Number) (Number} (Descnbe) (Where and how)

12. Remarks: Manufacturer's Partial Data Reports properly identified and signed by Commissioned Inspectors have been furished for the following items
of the report: N/A
(1) SHOP TEST PERFORMED IN THE VERTICAL POSITION (2) IMPACT TESTED EXEMPTED PER UHA-51 (3) SEE ATTACHED U-4 FORM

{Name of part, item number, Manufacturer's name and identitying stamp}

CERTIFICATE OF SHOP/FIELD COMPLIANCE

We certify that the statements made in this report are correct and that all details of design, material, construction, and workmapnship of this vessel
conform to the ASME BOILER AND PRESSURE VESSEL CODE Section Viil, Division 1, "U* Cerlificate of Authodaation Number #
expires MAY 07, 2016

Date 5‘ Co. name ALL-WELD COMPANY LIMITED. Signed
7 I (Manufacturer)

CERTIFICATE OF SHOP/FIELD INSPECTION

Vessel constructed by ALL-WELD COMPANY LIMITED at 49 PASSMORE AVE. TORONTO, ONT.
1, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and/or the State or Province of
ONTARIO and employed by T.S.S.A. OF ONTARIO
have inspected the component described in this Manufacturer's Data Report on €@ 26 N 20\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 VIII, Division 1, By signing this certificate neither the Inspector nor his/her employer makes any warranty, expressed or implied, conceming the pressure
vessel described in this Manufacturer's Data Report. Furthermore, neither the 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 frorQ or con‘ﬁected with this inspection.

DateSeP ZQ‘\ZO\B Signed s Commissions N[ (X106 A4 & O =

(Authorizad Inspector) {National Board (incl. endorsements), State , Province and number}




juired b the Provisions of the ASM Boller and Pressure Vessel C odeRules Section VIil, Division 1 T ]J/ :

As Re

t Manufactured and certified by ALL-WELD COMPANY LIMITED,, 49 PASSMORE AVE SCARBOROUGH, ONTARIO, M1V 4Tt CANAUE
(Name and address of Manufacturer)
2 Manufactured for ULTRA FAB INDUSTRIES LTD., 261088 WAGON WHEEL CRES., ROCKY VIEW, ALBERTA, T4A 0E2 CANADA
{Name and address of Purchaser)
3.  Location of installation OFF THE COAST OF ANGOLA
(Name and address)
4 Type VERTICAL TANK 7473
{Horizontal, vertical, or sphere) {Tank, separator, heal exch. elc ) (Manufacturer's serial number)
M10135.5 1173-1-IN REV. 5 913 2013
{CRN) (Drawing number) (National Board number) (Year built)
DATA REPORT ITEM
NUMBER REMARKS
ITEM 10:
Purpose N Diameter of = Material T Atiachment Datatls Location
(inlet. Outlet, Drain etc.) o Size L Nozzle Flange Nom. Corr. Material Nozzle Flange (Insp. Open)
TEMPERATURE o Cl.900 | SA182 SA182 " "
INDICATOR (N6) 1]2"ID LWN F316 £316 1.06 0 N/A UW.16 1(e) N/A N/A
u Cl.900 SA182 SA182 " "
P1 (N5) LN 30 v i e 1.06 0 N/A | UW.16 1(e) N/A N/A
R Cl.900 SA182 SA182 " "
PURGE(N12) | 1 | 2"ID LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A
LEVEL
BRIDAL(SAFE | 1 | 2vip |C1900} SA182 | SA82 1 e | oo | A [ uwiete) | NA N/A
LWN F316 F316
TY)(N9A)
MANWAY C/W clooo| SA182 | sA182
BLIND 1|24l ona | Fsve 2 5.5 0 N/A | UW.16 1(e) N/A SHELL
EL ANGE
PDI LOW " C1.900 SA182 SA182 " "
(N7B) 112D LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A
LEVEL
BRIDAL(PROC| 1 | 2" ID CL'\'/?,? sg&a sg%a 106 | o | nva luwisie) | A N/A
ESS)(N8A)
PDI (HIGH) " C1.900 SA182 SA182 " "
(N7A) 112"ID LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A
LEVEL BRIDLE
(SAFETY) Low| 1 | 210 |C}S00| SAt82 | SA182 1 4 | oo | WA | UW.IB1(E) | WA N/A
LWN F316 F316
(N9B)
LEVEL GAUGE " C1.900 SA182 SA182 " "
HIGH (N10A) 112"ID LWN F316 F316 1.06 0 N/A UW.16 1(e) N/A N/A

Cl.900| SA182 SA182

INLET(N1) | 1] &nip [ Sa00 ] SAIE: 82 | 1ers | o | vA | uwasie) | A N/A
. |cisoo} sats2 | sate2 . .
sPARE (N11) | 1 | 211D |Sh300 | SA1S: A2 1 o | o | NA | uwdsie) | NA N/A
LEVEL GAUGE . lcieoo| sa1s2 | sats2 . )
Bt [ | N s A2 | 1oe | o | nA | uwasie) | NA N/A
. |cisoo| sata2 | sats2 . .
psv(Nay |1 [2nip |00 SATS: A2 1 1o | o0 | NA | uwtsie) | NA N/A
INGP. C/W
BUND | 1|8 ‘i'\'/f’,?f sl:/;%z sg%a 1875 | o | nA | uwaie1e) | NA | SHELL
FLANGE (N15)
BOTTOM NPS | C1900 | sA312TP | sAt82 | UW.16.1
pRAINN13) | 1] 20 | wN 316 Fatg | 0344 | 0" | NA | UW.1B1(e) | = p) AL
Certificate of Authorization:  Type: U No.: 21226 Expires MAY 07,2016

— ————————————————————————— - e - | F i |
Date: .26 M S0 13 Name: ALL-WELD COMPANY LIMITED Signed % géé!
! (Manufacturer) (Representativi

pate R UL ZONL  Name %___f Commission W& S\OGA | o K L

(Authm:‘yaﬂ'lnspector) { Board (incl. ). State, Province, and number]




ALL-WELD CO. LTD.

TRAVELLER

(SUMMARY REPORT) Pg. 1 of 2

AR

DATE WORK ORDER CUSTOMER PO REVlEWEDZ@/ BYAl z=
2013-02-06 |[1173PQ iy 2 DATE §13-02-06[SIGN T oy \D
ZRIAL NO. NATIONAL BOARD NO.
M[0135. S 913
CUSTOMER ULTIMATE OWNER
ULTRAFAB
FOR DRAWINGS & DOCUMENTS/REV.JDATE ISSUED TO Q.C.| ASME CODE 2010
SEE Q.C. DOCUMENT CONTROL FORM SECTION VIl DIV 1
VESSEL TYPE/JOB ADD 2011
DESCRIPTION H=HOLD R =REVIEW
60 " ID VERTICAL );jLET SEPERATOR
OPERATIONS, INSPECTIONS H H H
& TEST POINTS R AWC QC R CUSTOMER |R X Al
REVIEW APPVD DRWGS, CALCS, H d u\ (,c‘\‘ 13 2 A e 1R
REVIEW TRAVELLER AND REVIEW INSPECTION AND TEST TV ‘ fz
PLAN H 15, 03/[3 £ Py v
REVIEW MATERIAL LIST H 1533 L % Wep2. 3
REVIEW W.PS,P.QR SAw -7 ,3-%,4-4  |H C@M "‘lﬂ P K oy 2
¢ 21 c k .
INCOMING MATERIAL INSPECTION REPORT H 7:3}07, [% B frwzz
CHECK ROUNDNESS OF VESSEL H ﬂ) 7|/ 1115 /
FIT-UP INSPECTION H @%/Q,/ (}
“V
AG PARTICLE / LIQUID PEN TEST H ¥ i
APPROVAL OF RADIOGRAPH MAP BY Al H @ /5/ // % |74 ,%Mk{z g
§
RADIOGRAPHIC TESTS - FULL H o0 &zpﬂjg/f 3 € [Eeer D
ULTRASONIC TEST H WI ‘1//1//3
HARDNESS TESTS H @ l
(ﬂ Vi 1 e ¥
REVIEW WELDERS QUALIFICATION H 19 U €T AN
WELD MAP REPORT H 0)/ { l ¥ e . 2
FINAL INTERNAL INSPECTION H Sa'Hl /( H ﬁ@c PR
POST WELD HEAT TREATMENT NA | )
. )
FINAL (ALL NCR'S HAVE BEEN CLEARED) ho LB /‘l H & sfit-f 2CR
FINAL COMPLETED VESSEL INSPECTION H m H W’%%ﬂ"?-é‘(
FINAL HYDROSTATIC TEST H m lﬂ,] 7/ 1/5 1 H R =
FINAL HYDROSTATIC TEST JACKET NIA
FINAL HYDROSTATIC TEST TUBE SIDE NIA N
) / / e
APPLICATION OF CODE STAMP + ATTACH NAMEPLATE H ) 21 ‘I H Ry
\|
DATA REPORT SIGN OFF H 93/‘1 I 9 H ¥Kcerie .z
LLASS BEAD BLASTING nNa |
DATA PACKAGE SENT TO CUSTOMER H U l"/ | ’// (3

ANN -EXEL - QA-TRAVELLER




ALL-WELD CO. LTD. TRAVELLER

(SUMMARY REPORT) Pg. 2 of 2

i / (@
lDATE WORK ORDER SERIAL NO. REVIEWED W BY Al ¥
( 2013-02-06 [1173PQ 7473 DATE  2013-02-06|SIGN Tets ot 'S
REMARKS:

N N =021 - panlowed  gud c-Aa,}qZ\%Qr:wq,n
e Ny - 680 - e wed  owd dosed | &é, cae G, 3




ALL-WELD HYDROSTATIC TEST REPORT

JOB NUMBER DATE
1173PQ SEPTEMBER 24 , 2013

CUSTOMER SERIAL NO.
ULTRA FAB INDUSTRIES LTD 7473

VESSEL DESCRIPTION
48" OD VERTICAL OUTLET SEPARATOR TAG # 772-VESSE-201

TEST PRESSURE VESSEL TUBE JACKET

1792 PSIG

TEST METAL HOLDING TIME
TEMPERATURE 50F 1 HOUR MIN.

GAUGE # LAST CALI DATE GAUGE # LAST CALI. DATE
122 & 123 12 -Jun-13

REMARKS
1) HYDROSTATIC TESTING SHALL BE PERFORMED IN ACCORDANCE WITH
PARA UG-99 OF THE ASME CODE SECTION Viil, DIVISION 1.

2) THE METAL TEMPERATURE DURING HYDROSTATIC TEST IS RECOMMENDED
TO BE HELD AT LEAST 30°F ABOVE THE MINIMUM DESIGN METAL
TEMPERATURE TO A MAXIMUM OF 120°F BUT IN NO CASE LESS THAN THE MDMT.

COMMENTS: ACCEPTED

o~ [/

Q.A. SIGNATURE MIKE KAMYAB

REVIEWED
DATE: SEPTEMBER 24, 2013 WITNESSED
FOR: SR/Y DAJE: 7/257/ '3

Excel - QA - Hydrastatic Test Repol - .
o for aad on bebalf of
b name (A ANVESH SANY

::]
> AFP‘US
Signature: b VELOS!

my%ﬂfa 25113 vVelod 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! |8 1125 PSI{C 1500 PSI{D 2250 PSI REMARKS
12/12/2012 12/6/2013 750 PSI 1125 PSI |1500 PSt 2250 PSI ACC SM 12/12/12
w{loe/’a rv(ln/{i y3 1250 781 | pst | 1ceo Bs) o 1 fcc. SM 3 {/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-750PSI |B 1125 PSI|C 1500 PSi|D 2250 PSI REMARKS
12/12/2012| 12/6/2013|750 PSt 1125 PSI {1500 PSI |2250 PSI ACCSM 12/12/12
117101;,/'5 (v{/n/{/ Y3 {250 BS) | PSH Lo R [RRXO R hce M ‘13,/06,//\/
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Winters Instruments
121 Railside Road
Toronto, ON M3A 1B2

Tel 116 444 2345
Fax. 416-444-8979
1-800-WINTERS

Canda www wititers comi

I

CALIBRATION TEST CERTIFICATE

Calibration Date: JUNE/27/13

Interval: 1 Year

Expiration: JUNE 27, 2014

CUSTOMER: ALL WELD

PURCHASE ORDER: 13-0563

(Pressure)

DATE: JUNE 27, 2013

TEST NUMBER: G13-0776

(Pressure)

Customer Asset ID
Number

Gauge Part Number

MARSH GAUGE

(Vacuum)

Winters Asset

Winters Serial #

Asset Accuracy (% FS): +/- 0.1%
Winters Asset

Winters Serial #

ADT672

27312420003

G Serial Numb #45 (Vacuum)

a

Hge serar umber Asset Accuracy (% FS): +/-

Gauge Range: 0-3000 PSI I Gauge Accuracy (% FS): N/A I Gauge Tolerance: N/A

Upscale Downscale
Above Gauge Reading Reference Gauge Above Gauge Reading Reference Gauge
Reading Reading

505 500
1001 1000
1498 1500
2000 2000
2497 2500

Engineering Unit Used for Test: PSI

Ambient Temp at Test: 29°C Relative Humidity: 56% Barometric Pressure: 99.3 KPA

Register Your Certificate at www.winters.com/tc

Technician:

LY g =< Approved:

o

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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cum b’idge Product Development

6991 Millcreek Drive, Unit 13

mataerials testing limited Misaiaaguga, Ontario LSN 859
Tel: (905) 812-3868 Fax: (905) 812-3868
www.cambridgemateriale.com
1SO 17028 Accredited”
Report For: All-Weld Company Limited Laboratory #: 608838-12
49 Passmore Avenue,
SCARBOROUGH, Ontario Report Date: May 14, 2012
M1V 4T1 Received Date: May 9, 2012
Phone: 416-299-3311
Fax:  416-299-3387 Customer P.O. #: N860-9764Q
Email: mail@aliweld.com
Specimen: Water Sample
TEST REPORT
RE: ANALYSIS OF WATER SAMPLE FOR HALOGEN AND SULPHUR RADICALS

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

The submitted sample was analyzed using a DX-120 lon Chromatogram as per ASTM D4327-11 and the
following resuits were obtained:

HALOGEN RADICALS CONCENTRATION

(ppm)
Fluoride (F) 0.5
Chloride (CT) 274
Bromide (Br) : <0.5
SULPHUR RADICALS CONCENTRATION
(ppm)

Sulphate (SO.*) 27.7
mmbwmbmmmummmmmmwhmw P e1 Of1
mmumw—wummlqﬁsn.'ﬁmwﬂ&ﬂﬂ“mdmm ag
e e L e D -
Camaride amdals Tochg Linted 4 w03, . T ran Gt M Tasing Lok it s Cambyidge Materials Testing Limited
0 e et conment f Carmordre NAIA ToW LATGG. 4. Nodfver Camexidge gtorists Teatng Limiad
nor any of R eMpicyces shel be recponTd of heict letie for eny daims, loss or damages wieng in
cansequence of relance an this report or any defeult, eTor or omiseion i its PRGN Or e tests canducted, Per M

&anemum:‘muoﬁmmrmmmunuw QUALITY ASS.

end an dapcesd of. uniass INsiTucnd ahandsa in witg. R

* Cambridge Mateviais Testing Limhed is accvedited for tests sted on the scope of sacreditalion evailable for

T . ‘. - i . i pe’ ‘\

‘a5t Report Tomplate Rovision March 2010 TECHNICIAN







CERTIFIEU BY1

' ALL-WELD

i COMPANYILIMITEDY
. SCARBORGUGH, E}NTARIB '
ENG!NEERS SJNCE 1920, oy

et SHELL MAWP BREI0E kPa ATmoc
| SHELL MAEWPEERETFE kPa AT ESESSITH °C

 SHELL MDMT S IT ; R kPa §
il CHANNEL MAWPR '_ ANARGEWY T N/A ol |
il JACKET MAWP BEERENT kPa ATEREITNC §
R WAEWP IR Pa AT"C
| MDMT NN °C AT kPa &
| I SERIAL NO. I 7473 YEARBUILT N
{1 CRN.| Mmlosa oL 296008
B TAG# 772-VESE-201 G o




&

=WELD

COMPANY LIMI
Enginesrs Since 1920

49 Passmore Ave., Scarborough, ON M1V 4T1 ¢ 416-208-3311 Fax: 416-206-3387 E-Mall: mall@aliweld.ca

1)

2)

3)

4)

5)

RADIOGRAPH REVIEW FORM

W.O. NO. (113 PR
SERIAL NO. 1473

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

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

| SEP 09 2013

PREPARED BY: ROBERT C. BENTLEY DATE:

Q.A. MANAGER

h
CONTINENTAL PENN SERVICES c € @ 0 @ R;' g.%
Garmret iashining & Pasrissang Ragmesriog, Monalicring sed Hasey CHC Mixhing A U RO
CAISION OF ALLWELD n—nmumma—mh—n Tornkay Pechigm FI1LTE

Steinless, High Nicks] Alloyn, Tiasiom, Az, Coppes, Sieel - over 160 WPS's DIVISION OF ALL WELD COMPANY LIMITED

A Tradition of Quality



KV INSPECTION SERVICES LTD

Established 1980
1486 Wallace Road, Oakville, Ontario L6L 2Y2
Office: (905) 844-9448 Fax: (905) 844-6697
www.kvinspection.com Email: kvinspl@aol.com

EDWIN DUITSCHAEVER

' * I Natural Resources Ressources naturelies
Canada Canada

“ame Edwin Duitschacver
“om

Ree ™o 515
o mairicule
fwar Date 2011/11/28
Datr ' emivion
This card dors oot tormtly Our stated Iniiwidnal to br an AEpleres o
> of Netzwed Comly ¢ of T smada
[ ofir cortr 8 Mot pon Mimdividn € frv mn rmpdin ¢ on €0 Fepr camtend de
et .

= {orreclive bremsrs for |\ | near | | for vision
Verves corvectifs pour I vision de (A pres | | distance

R ." I Signatuse | [T RYE =
l * I Natural Resources Ressources naturelies

Canada Canada
XA o 4k 515

Methed Level Seclor C ert. Date Date recert Expires

Methode  Niveau Secteur  ate cert Date recert. Fxpiration
L33 7 EMC 19700601 20tan 2731
PT 7 ec 19807071 20141231
RT 7 BMC 19706701 oz

§e @iy AT LTI i M [ai e @ eI, WA webmste
I A rwean e/ Bou e > L cenik tos o les
e e e s (L rrani G




KV INSPECTION SERVICES LTD

Established 1980

1486 Wallace Road, Oakville, Ontario L6L 2Y2
Office: (905) 844-9448 Fax: (905) 844-6697
www.kvinspection.com Email: kvinspl1@aol.com

CHRIS VEENEMAN
l ol l Natural Resources Ressources naturelies
Canada Canada
Hiame. Chnstopher Veeneman
heewy
Ree Mo
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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

l ,‘ l Natural Resources Ressources naturelles
Canada Canada
Name Frank Marunde
Nown
Ree. Na ssas
~o. aratricol
lsor Dute: 2012/11/29
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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

JOHN MACDONALD

l * I Natural Resources Ressources naturelles
Canada Canada
Name John D.E. MacDonald
“som
Ree. Yo 10375
No. 2ty icule
Iwoe Dute. 2013/01/26
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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

Natural Resources Ressources naturelles
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KV Radiographic Examination Report
Inspection Services Ltd. RT
1486 Wallace Road Specification — Acceptance Criteria
: Oakville, Ontario L6L 2Y2
( Phone: 905-844-9448 (ASME_X UW-52 B311 B313NS CSA Oth
' Fax: 905-844-6697 IW-51 .
General Data
customer ' A, (Wgep Date (4 e 2eit3
Location ,<(’A{LBQQ¢QW P.O.# ’
Project (/Exsec ShopOrder#  (173P@R SN 7473
Procedure LFUES 25,_/ 3 Worksheet # R 645
Technician J MAC O ornAto CGSB Reg# (©378& |ASNTISNT-TC-1A Level [

Technical Data (C, o

Material Type | Carbon Isotope IR 192 Physical/Focal Size o+
Base Material Thickness [ A ! Exposure | - Double Wall | Film per Cassette /
| Weld Thickness | _’/(!. " View = Double Wall | PWHT ‘ Yes @

' Reinforcement qu" Number of Exposures 7
Film Mfg. KopAK. Minimum Source to Object Distance l Z‘f “
Film Type | KA Maximum Distance from Source Side of Object to Film i Z 'f ! |
UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ
<N 1473 L
2] © —| “
L) — -7 - —
2-> o B
-
3—¢ .
-5 ~ o]
5-¢ RN -
4 'é:b
S o - L/
ACCEPTED/REVIEWED/RELEASED , P46
for and on behalf ot: Y 7 -
i Primt Name v ”_—%‘A%
| W——, 2 Applust
; - M NG vals Ameria i

KV Inspection Technician

Customer Representative

14 maers 13
Mak 272013

Date




|
KVInspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y2

Radiographic Examination Report

RT

Specification — Acceptance Criteria

ASME ¢ UW-51 <~ UW-52

( Phone: 905-844-9448 B31.1 B31.3NS CSA  Other
' Fax: 905-844-6697
General Data 3
; |

Customer Ml LAZN Lo/ _ Date SNZY IV 51

I rd
Location SR LoforieCrl SAN . | P.O# -
Project Lo T 4473 Shop Order # TS8R - 7S
Procedure A) S5 %,‘1) 3 Worksheet # 7/ P4
Technician /G A CGSB Reg# /2 FS | ASNT/SNT-TC1ALevel /

K i SN e ) s . oot oy Technical Data_ /o _ sy
!VI_ateriall Typg | Carbon Alloys ‘/__lsotope - IR192._ Iﬂ'ny_sicall_lioc_al_Siie | —_/2}7 B
B_ase Materi_al Thic_kness | _/;;/ | Expos_u_re ggglelNall_‘(Po_ubleLWall Film per Cassette | 4
Weld Thickness g S View | single wall — Double Wall ] PWHT | Yes  No—

_ R_eir_lforcement _ J Num_ber o_f ExpoEyres B - : / _ B

 Film Mfg. OS5 Minimum Source to Object Distance ‘ NSO, s C

' Film Type 1 /74 Maximum Distance from Source Side of Object to Fim | » Zz2

L UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ

f Y

24 AP L

. -2 —

| Eey) /-Z —

[ Z-3 7

f_/y!’ e
| o~ -
6-7 -
- e
7- /0 recrmieEveor S ool |
/p - O fofmdonwor} I :\/f%'\” gﬁ}) @ e
Print Name: A o= VELOS!
| oo b
a7y .nll‘.-;- M—— ; i[ i ] Velosi Amm LIA
L A4 /'
KV Inspection Tecfmlcnan _Date &gAé//j

Customer Representative Date AUG 1 3/20]3




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-52 B311 B31.3NS CSA  Other

General Data

Customer ' %Wald ' Date M/Oq/ ’ﬁ)

Location P.O.# | .

Project {/M MMZ ﬂW Shop Order # ”73 PQ Mlh’aﬁwb 7&76
Procedure LV; MB Worksheet # 2&794

Technician n/m@y/()n CGSB Reg # [?3‘6 ASNT/SNT-TC-1A Level [

Material Type [
Ea_se Material Thickness
Weld Thickness
| Reinforcém_e}li

Carbon

D)
K
13"
g

A

Technical Data
T =

Number of Exposures

Lo o

Isotope _ Physical/Focal Size - ¥ 5
Exposure | Double Wall  Film per Cassette |
View { Double Wall |~ PWHT | Yes

Film IV_Ifg qL Minimum Source to O_bject Distance ‘ NanoviL mﬂ‘ , |
Film Type | Maximum Distance from Source Side of Objec?to Film f 4
UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ
‘ 45R
(L 0-1 (#3%%) Sifen —
p L
| ( [-& e
a'-b T
7-4 . —T
45 —
S-6 =1
(o-/ i et
7-@ —
8- —
9-10 ) _ —
0-0 _
R - ————— c D45 E—
ACCE TEDREVIEWEDBELBASED ,% , oe U7
Aoy sHEH ®
VELOS!
11 3 e HE
+
o |
— |

KV Inspection Technician

Customer Representative

Date

Date Oq/oMb

APR 0 82013




KVInspection Services Ltd.

1486 Wallace Road

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

Fax: 905-844-6697

' Radiographic Examination Rep_;'t

RT

Specification — Acceptance Criteria

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

General Data

customer £/ (eco Date 29 Apri 2013
Location -MOMUGJ-&- P.O.# |
Project UIE?;S - Shop Order # 1113PB — SN 7473
Procedure K\ ¥8 leu ¥3 Worksheet # 525
Technician . [}") A<l g,y AU CGSB Reg# [(Q375~ | ASNT/SNT-TC-ALevel ¢
[ B _ ‘Technical Data =6 S
Material Type Carbon Isotope | Physncal/Focal Size v ! 5
Base Material Thickness J 34{:_ Exposure | Double Wall ' Film per Casse_tte |
Weld Thickness [ " View | ( Double Wall | PWHT | Yes
Reinforcement Vr f Number of Exposures (
Film Mfg. e Minimum Source to Object Distance ‘ pgw e
Film Type . Maximum Distance from Source Side of Object to Film { / 7@»('
UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC | REJ
Q2
L |- el
Ao&:smmm}zwmmemsao CECUAL
for and o bekall of —| g -
PrintName: ‘(J N%/s H 9 H &0
B o Signature 4 e 'v LOS! B
Date: (// l\)\MJ! ng/? Velosi L&
{

KV Inspection Technician

Customer Representative

e 77 RpTd iz

Date MAY D 6 2013




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 |

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

General Data

Customer

A oD (407, Date ) 203
Location ' JcM&/<¢¢_¢J/(¢,¢/‘ P.O.# 7 7
Project | Lee FAATHS, shopOrder# /73 /°R — LS 3
Procedure | /éﬂ) o e 2 Worksheet # ‘ S7F5C )
Technician | A VR P CGSB Reg# & C S5 }ASNT!SNT-TC-1A Level Z ¢

Technical Data

Material Type Carbon Alioys «~ Isotope IR 192 ~ Other -P_hy;cal_fl_:ocal Size e 3
Base Material Thickness Sl Exposure  Single Wall Double Walle~Film per Cassette ’
Weld Thickness S View Single Wall Double Wal1-’r PWHT Yes - No -~
Reinforcement -3 Number of Exposures 3/0;/:2;0
Film Mfg. k‘,é#/c Minimum Source to Object Distance ‘ /g ad
Film Type P Maximum Distance from Source Side of Object to Film | ej)
UNIT No. SIZE/LOC i SLAG L.O.P. L.O.F. | CRACK POROSITY u.c. OTHERS | ACC ' REJ
e , !
/3 2 | ,
- 3 o |~
< I |
| ) == | |
I e . -
2 |
- e — i
_C Z; b _i S s 1 ‘C
SN ; s = e
c e
. . s '
S . o0 S ol &
e T
| VELOS!
' 17 Velosi America LLG
{
el

i
!
s
1
|

]' —{

KV Inspection Technician

Customer Representative

/S
AUG 20 2013




Radiographic Examination Report

Inspection Services Ltd. | RT
1486 Wallace Road Specification — Acceptance Criteria
Oakville, Ontario L6L 2Y2
Phone: 305-844-9448 ASME < UW.51 7~ UW-52 B31.1 B31.3NS CSA  Other

Fax: 905-844-6697 |
General Data

_Customer . ,4“ A/M é, /m . Date ,&__”_ Ll__

Location . J(/«&LWJ}( g~ P.O.# _
Project . //‘ Z rﬂm ) Shop Order # ?7 73 - / / Z_?
Procedure = 7 W 2 Worksheet # IT75¥ 2.

" Technician é /‘9,{4(“./ _____,,..,;CGSB Reg # 71 5; .__‘ﬁr!ls:rfr-rc-m Level _ 22

--------- Technical Data

Material Type Carbon Alloys «~ Isotope iR 192 «~Dther Physical/Focal Size 7
Base Material Thickness Yy > Exposure  Single Wall  Double Wall ~TFlim per Cassette Ve
Weld Thickness e View Single Wall  Double Wall’r PWHT Yes No="
Reinforcement r2>5 Number of Exposures 4?/“)(2-0
Film Mfg. o b Minimum Source to Object Distance /g ”
Film Type Maxumum Distance from Source Side of Object to Film od
UNITNo. | SIZEILOC SLAG | LOP. LOF. _ CRACK POROSITY | u.c. T OTHERS . ACC _ REJ
pos T
a3 A | L | : ., e
c3 . | e : e 4 A
-
‘ |
. C . . . — ! « Y S
. . s ; W LI -
-+ et - - - o e . +‘. 1
: - = . r
-+ e o .' . L ;. S —. e e e e
: ! i
P U I PR [P EEN AT e Rt :
: ACTEP{RIVREVIEWEDRELEASED: . i, % . '
- torand fo bebalf of: Sﬁ"'wW' B :
. - bre i o3 i} e !

]
_n,_,__w_.“.*_‘_..,_q;_m/{ 2L eleggs_u_ ; B
f 2 ;(.g"" I. Velog America LLC : | |
; bres a IJ"'U'"‘ _-_........._M = | | o

"ED DUITSCHAEVER

o RT/MT/PT |
; “re- EL IXX
_—y RY/MT/ I i

yau . }

R bttt s amaeea g eteevm—ann

KV inspection Technician : Date B '/¢4/( T f // 3

. Customer Representative Date SEP 0370




KVInspection Services Ltd.

1486 Wallace Road
F; 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 I A{Im 0(

Date 0‘7/5?’[5

P.O.#

Location G[a VWMOUQh
Project A ’ h’ b

Shop Order # :7475 -11'1%

Procedure m/b w;«

Worksheet # 37% /

Technician MWWO”

CGSB Reg# [}3f% | ASNTISNT-TC1A Level |

Technical Data

Mateﬁai Type | Carbon o All?ys_\-/ Isotope 1R 19&/ Other PhysncallFocal Size | [ 5 R
—— - — — | - —_—— - - —]
Base Materlal Thlckness ﬁ’w Exposure Smgle Wall Double Wall‘-/F||m per Cassette
Weld Thlckness Siv0 View J Single Wall  Double Wal.l/r PWHT T es
[ Remforcement . '3‘5 Number of Exp_ogres - f
| Film Mfg MQK. Minimum Source to Object Distance ‘ [9
Film Type m Maximum Distance from Source Side of Object to Film | Ob
UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ
/
N5 Yy 4 2053
( b o
| . C -./
|
|
v
ELEAS(BD,:;’_ SH“’i’é— 046
i fornndonbehﬂfifl_ 432! o
e |G NE SPH Sne
thm P2TNAN p\Fp\IFLOSI
N Datee V//Q('jl “4 l 4 Velosi Amenica| LLC

KV Inspection Technician

Customer Representative

e 0953

Date
SEP 0 92013




ULTRAFAB PROJECT

SC' PER VISIT BY HOSNEY SHETEIWY JULY 4, 2013

1 " CS VESSELS
StaAL#
REQUIREMINT
SCHEDULI

TEST CARRIED QUT BY
WITNESSED BY

1173 SS VESSELS
SERIAL #
REQUIREMENT

SCHEDULLI
TEST CARRIED OUT BY
WITNESSED BY:

SE H

SCHEDULE:
TEST CARRIED OUT BY
WITNESSED BY:

7468 & 7469

MAGNE TIC PARTICLE EXAMINATION (MT) (ONE BOTTOM/ ONE LOP HIEAD LOCATION)
WIDNESDAY, JULY 10, 2013

KVI

AWC INSPECTOR & ULTRAFAB INSPECTOR (HOSNY SHETHIWY|

7473 & 7474 (HEADS WELDED TO SHELL)

LIQUID PENETRANT EXAMINATION (PT)

POSITIVE MATFRIAL IDENTIFICATION (PMI)

UL TRASONIC EXAMINATION (UT)

NOTE Thickness reading, chemical analysis and LPLof external skle only i way of knuckles
WIDNESDAY, JULY L0, 2013

KVI

AWC INSPECTOR & ULTRAFAB INSPECTOR (HOSNY SHETFIWY)

7473 ( HEAD ONLY)

LIQUID PENETRANT EXAMINATION (PT)

POSITIVE MATERIAL IDENTIFICATION (PMI)

ULTRASONIC EXAMINATION (UT)

NOTE: Thickness reading, chemical analysis and LPI of external side only v way ot knuckles
WEDNESDAY, JULY 10, 2013

KVI

AWC INSPECTOR & ULTRAFAB INSPECTOR (HOSNY SHETEIWY)



Kv Inspection Services Ltd. Positive Material
1486 Wallace Road Identification Report
. Oakville, Ontario L6L 2Y6 PMI
Phone: 905-844-9448
( Fax: 905-844-6697 R - -
General Data
Customer | All-Weld Company Date July 10, 2013
Location Scarborough, ON P.O. #
Project 1173 PQ ULTRA FAB Shop Order #
Procedure | PMI # 5 Rev. 04 Worksheet # 37218
Technician | Frank Marunde PMI Certified CGSB Reg# 6651
Test Method & Equipment
Technique | O Full Analysis @ Maincomponents O Material Verfication
| Equipment | @ Niton XLP 818 Alloy Analyzer- Ser # 11512 [ sourconetais [ @ Amercum2et
Calibration @ To certified reference material
. 1 ARM . Cr% Mo%
CRM Used: 1% Cr %2 Mo Readings 1.16 052
. . 316 S Cr% Mo% Ni%
Like Sample: G392 Readings: 16.52 2.13 9.89 +0.44
Inspection Results
Eterial 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
. 9.7
. i/N_?t?z; o Bottom Head 316 16.82 £0.42 2.08
\/
046
LEASED
fACCEPTED/REVIEWED/RE A £PSH e
for and on bebalf Uﬁﬁ%gfﬁ 0l ™
. G A2 S @ A
Print Name: 249 Wi Am'u o PR Y
N - 2T = V435 L R
— 5P 2 vaos Amerip LLC
V Inspection Technician %""// Date July 10, 2013
. = , /"!"1?\
- . s
Sustomer Representative { } Date
- v e 11 2013




KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y6

Ultrasonic

lhickness
Report

lesting

Specification — Acceptance Criteria

> Phone: 905-844-9448 e ASME SectionV, Art. 5 ® ASTM SE 797
1 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 FAB Shop Order # S/N 7473 Bottom Head
Procedure ASTM SE 797 Worksheet # 37218
Technician | Frank Marunde CGSB Reg # 8885 SNE‘;IZ"A I
Technical Data
Material Type @ sStainless Steel O Carbon Steel O Other
o . "Test Equipment - -
Ultrasonic ° .
| Thickness Gauge Panametrics MG2-DL Ser# 060296910 O  Other
Probe _ ® standard _ 9_ Other
Couplant ® Krautkramer ultrasonic gel O Other
Calibration Test Specimen Micrometer Area of Head
- e e _Inspection ———— o
Description: Measurements at knuckle area of head, plus random @ A and B
. item # Point of iInspection Readings Interpretation
{ Knuckle Area 0° 1.781
90° 1.77
180° 1.788
270° 1.778
Random A 1.761
B 1.767
Wil
/RELEASED 046 o o
andem @ =
for and on behalf of: {SHM OFfSHeil. |
Priot Name: (AT} YE81L Sl L} D
u h-)\— A%t'
Date: [ 2, Velosi ica LLC

Note: Representatives from ABS and SBM Offshore were present at time of

inspection
] ——
KV Inspection Technician — _—— Date July 10, 2013
-’;’\
[ Customer Representative Date
: : TTTHRE B/ B




§220-€lL 'O'd

791€/91€4 281-VS "191€/9LE 0VC-VS TVIMILYIN

L "AIQ “llIA NOILD3S NSV

€102 ‘9 Yo4ei :31vd

19s3N'd A8 ARIVdId

NIFL-€LL 3 ONIMVYYA

L3INI TVOILLY3IA "A°0 .8¥:NOILLdINOS3A g0r

SLVLNS - DdeLL) # ¥AGHO0 HHOM
Suved OdELLL - dVIN LN gudvail LN 19
\\?us Ly 2N dVvIiN LN - 'dll1 02 A1amM-11Vv
Yo —F0 $h-€ :»V@W&z
KG"ZH . | Yo
\ % U ﬂ#ﬁv
: E.m,m :s.mmz,,
S~ oy \'E
\T:/x A

[




KV Inspection Services Ltd.

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

Ultrasoni

c Examination Report

Ut

General Data

Customer All-Weld Company

Date

April 5, 2013

Shop Order | 1173 PQ Serial # 7473

Project

Component

P.O. #

| Worksheet #: | 36762

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 | Stainless Steel

Technique

@ Pulse Echo-Contact

O Immersion O Dual

Material Thickness 134"

Instrument
Brand

@ Olympus Epoch 1000i

Serial #

T090054812

Weld Type O Butt ® TJoint O Fillet

Surface ® As

Rolled O Ground O Machined O ShotBlasted

Weld Thickness 134"

Couplant

® UT-X O Oit O Other ITemperature |

Heat Treated O YES O NO

Sensitivity (PRL)

49 dB /57 dB

Heat Treatment

Surface Conditions

Transducers/Calibration Blocks

Diameter

Size

Beam Angle

Frequency

Manufacturer

Blocks

o W o W

® 58" XY

® 45°

O 1.00 MHz

Techsonic

O Iw A2

O % |0 1

O ¥'x?V

e 60°

e 225MHz

Panametrics

O ASTME164 MAB

o W O 18"

o 1"x*V

e 70°

O 5.00 MHz

Krautkramer

O Back Reflection

0O

0]

O Normal

0]

0]
°
O
O

® ASME

Scope of Testing

1173 PQ-7473:

Examination of category D nozzle attachment welds

N2-W1 & N14-W1

Lt

! f"’?ZﬂB

ACCL 'l| DIREVlLNbD LLEASE
for and on behalf of:

Print Name:

Signature: < }'

Date:

"[L,M

046

ofF SHOMZ

(AP -Ib/SH S‘AH’}

ArRIS?,

|,!;; _— Vdonmml.w

v

Scanning

Test Area

Disposition

From

Length

Depth

Amplitude

Accepted

Evaluation — Acceptance

KV Inspection Services — Technician [
{

Date

April 05, 2013

O Rejected

CGSB No. 48.9712-2000 Reg. No.

Place

Scarborough, ON.




KV Inspection Services Ltd.

Ultrasonic Examination Report

uTt

1486 Wallace Road
Oakville, Ontario L6L 2Y2
Phone: 905-844-9448
Fax: 905-844-6697
General Data
Customer All-Weld Company Date April 30, 2013
Shop Order | 1173 PQ Serial # 7473 Project
Component P.O. # | Worksheet #: | 36888
Drawing | Rev. | Technician | Frank Marunde | SNT-TCALevel | I
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 %" IS rument ® Olympus Epoch 1000i | Serial # | 090054812
Weld Type | OButt ® TJoint O Filet | Surface ® AsRolled O Ground O Machined O Shot Blasted
Weld Thickness | 134" Couplant @ UTX O Ol O omerTTemperature I
Heat Treated | OYES 0 NO Sensitivity (PRL) 47 dB / 57 dB
Heat Treatment : Surface Conditions
| Transducers/Calibration Blocks
Diameter Size Beam Angle Frequency _Manufacturer Blocks |
o w O W O 58" x%’ ® 45° O 1.00MHz | O Techsonic |O lIW A2 e
O % |0 71 0 %'x1” o 60° @ 225 MHz e Panametrics | O ASTME164MAB
e V' O 1w 0O 1"x1t1" e 70° O 5.00 MHz O Krautkramer | O Back Reflection .
0] 0] O Normal 0 0] ® ASME
B N Scope of Testing - B
1173 PQ-7473: Examination of category D attachment weld
Nozzle: N14-W1
PR NeR N12-03]
ELEASED 046
R
oM (2 Ef S‘\H"'L& (r\?—‘\
. ] < _
pres) s#) cplus® N,
VELOS! P
Velos Americs LLC AUG 2 0 2013
- Scanning - )
| Test Area Disposition From Length ~ Depth __ Amplitude
Evaluation - Acceptance R
» Accepted | KVInspection Services - Technician fF ’ 7 Date April 30, 2013
O Rejected | cgsB No. 48.9712-2000 Reg. No. l 8885 Place Scarborough, ON.
S - e SR 1 _— —




KV Inspection Services Ltd.

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

Fax:

905-844-6697

ut

Ultrasonic Examination Report

General Data

Customer | All-Weld Company Date August 26, 2013

Shop Order | 1173 PQ Project

Component P.O. # | Worksheet #: | 37490
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 | Stainless Steel Technique ® Pulse Echo-Contact O Immersion O Dual
Material Thickness 13" '"sé:::’:"t e Olympus Epoch 1000i | Serial # | 090054812
Weld Type O Butt ® TJoint O Fillet | Surface ® AsRolled O Ground O Machined O Shot Blasted
Weld Thickness 13%" Couplant ® UTX O Ol O Other | Temperature
Heat Treated O YES O NO Sensitivity (PRL) 49 dB / 58 dB
Heat Treatment Surface Conditions
Transducers/Calibration Blocks - i g
Diameter Size Beam Angle Frequency Manufacturer Blocks
o W O % O 58" x%" @ 45° O 100MHz | O Techsonic |O IW A2 a
O % |0 1" O ¥'x1" O 60° ® 225MHz ® Panametrics | O ASTME164 MAB
o W O 1 s o 1"x71 e 70° O 5.00 MHz O Krautkramer | O Back Reflection
O O O Normal 0o O ® ASME
- - Scope of Testing
Ser# 7473: Examination of category D attachment welds
Nozzle N13-W1
g ED ? e
ACCEFTEDREVIBWEDRELEASED ., ooy 1)
of: S HM
. 1 Arplus
AT\ Pm.tNlmﬁ T A= pVELoSl
i<} 0CTo9 myemn 7T ol Ma Velosi America LLC
O Date: W A
Scanning
Test Area Disposition From Length Depth Amplitude
. S . o
Evaluation — Acceptance
| | T;J:;i'fw;;“”
e -
e Accepted | KV Inspection Services ~ Technician -~ — August 26, 2013
H |
O Rejected | ;5o No. 48.9712-2000 Reg. No. 8885 Place Scarborough, ON
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KVlnspection Services Ltd.

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

Radiographic Examination Report

RT

Specification — Acceptance Criteria

Asm/ UW-91/ UW-52

B31.1 B31.3NS CSA  Other

Gene(ral Data

Base Matenal Thlckness _
Weld Thlckness
Remforcement

(%
'l"'4

Customer | M’Jﬂ/ Date 09 /05’/) 3

Location S(_‘a’ vohg h P.O.# -

Project Lt VZZM% Shop Order # ”75 7476

Procedure ’[,/57 m ﬁ Worksheet # 37% [

Technician MVevvon CGSB Reg # ]}3‘8;‘7 ASNT/SNT-TC-1A Level |
~Technical Data (/) uf

iﬂat;ri_al Type | Carbon Alloys/ Isotope IR 192 Physicalllébcal Size @7 _

Exposure Double wall | Film per Cassette , N

j S_in_gle wair™ l?_c_)uble Wall l I_’EUHTZL @

Number of Exposures

Vlew Yes

i = o == =l
Film Mfg. Minimum Source to Object Dlstance i (;0
Film Type Maximum Distance from Source Side of Object to Film ;:

UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY u.c.

OTHERS REJ

Nl

5

¢

-3

l
¢
3_
-

KV Inspection Technician

Customer Representative

= (fos)3

Date

SEP 0 92013




KV

Inspection Services Ltd.
1486 Wallace Road

Oakville, Ontario L6L 2Y2

Phone: 905-844-9448

~ Fax: 905-844-6697

Radiographic Examination Report

RT

Specification — Acceptance Criteria

B31.1 B31.3NS CSA  Other

ASME UW-52

General Data

Customer | ‘ﬂnm,d Date %/ I?’ﬁ V)

Location Tovonlp P.O.#

Project ' Shop Order # Il T p& LA 7&

Procedure LVIST ﬂQ}/ 3 Worksheet # UM

Technician | MPOAIN cesB Reg# [ M) ASNT/SNT-TC-1A Level |
‘Technical Data E

‘Material Type Carbon Isotope @ PhysicallFocal Size J Iqq -

Base Material Thickness Exposure @ Double Wall | Film per Casseﬁé ]

‘Weld Thickness | z View ' Double Wall J PWHT [ B _\{es _@ |

Reinforcement

Number of Exposures

Y segle

Film ﬁfg_; ’(ﬂdlﬁ | Minimum Source to Object Dlstance | )
Film Type | M Maximum Distance from Source Side of Object to Film ] ) 7/9
UNIT No. SIZE/ILOC SLAG L.O.P. L.O.F. CRACK POROSITY u.C. OTHERS ACC REJ
N5 |- —
- }‘b i
|~ 44 P
NTA |- 3 — L
&3 —
34 - —
q" I —
3~ —
54 — —
NBA -+ ooy OfFSEr —
3-5 For and on betmfroft == _Sa_u ] use _—
. | + OS54
3-Y Signature: __,/o'(/[;m B2 veohiAneria LIC
i1 | ’ /
—

KV Inspection Technician

Customer Representative

Date OB/_ : .

Date AUG 1 4 70n




KVInspectlon Services Ltd.

Radiographic Examination Report

RT

1486 Wallace Road
Oakville, Ontario L6L 2Y2

Specification — Acceptance Criteria

Phone: 905-844-9448

ASMEY” UW-51" UW-52

B31.1 B31.3NS CSA Other

Fax: 905-844-6697

General Data

Customer ol é !#  Date 4# g/ 3
Location T Botoe G#C o [P.o.#
Project el 7R3 Shop Order # [/ 73~PH~- 7¥/3
Procedure k‘) x -,5‘ Wj Worksheet # s 7;9 9
Technician 1 Sl S CGSB Reg# / & Z.53 | ASNTISNT-TC-1ALevel  /
Technical Data cZorgo
Material Type Carbon Alloys #~  Isotope IR192  Other<”PhysicallFocal Size oD ;
Base Material Thickness /7 ‘yy Exposure  Single Wall «**Double Wall  Filin per Cassette
Weld Thickness /S View Single Wall ~ Double Wall | PWHT | No =~
Reinforcemenf /g .o,-'/&_é..__c'r.- Number of Exposures f/ﬁ/é? ZLE
Film Mfg. kl’ 41%. Mlmmum Source to Object Distance l - /8
Film Type _ /4/? Maxnmum Distance from Source Side of Object to Fllm 7277 £
UNIT No. SIZEI/ILOC SLAG L.O.P. L.O.F. CRACK POROSITY u.C. OTHERS ACC REJ
NY | r-Z o
- - - P
Zg St Z2-73
Lol -9 “—
—
A/b /’ Z— P
Tomd 2-3 - l
st 7 — ¥ "
v ahetd —
JolU, =z -3 o ]
Ne2 ZelS fhred of /LSSEC  Silte
~ 046
ACCEPT LEASED
- &p for and on -« )
S8 ¢ C . ] % Lot/ T 1 ' 'vuésn
s~r~rg / 'y D‘m d ' ) - wwlﬂw
KV | tion Technici / L Dat
nspection Technician ate g /j,
Customer Representative £ B Date AUG 1312013




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

B31.1 B31.3NS CSA  Other

ASME  (OW-51D UW-52

Gene.ral Data

_Customer \?ﬂw;@lg‘v Date , fBﬁ 3/.’_5
Location 0 0 P.O. #
Project Shop Order # (I 73 pa 747 3
 Procedure m 5 M/B Worksheet # ?774
Technician | INPesvn CGSB Reg# | FM)P | ASNTISNT-TC-1A Level |

Technical Data

Material Type ' Carbon Isotope éther )Phys:callFocaI Slze | , H_q
Base Materlal Thickness sﬁi Exposgre : Double Wall Film per Cassette | o
Weld Thickness l‘/‘l View DoubleWall | PWHT |  ves @
Remforcement Number of Exposure_s_ 4- Fa/ mzl’@,
Film W Mfg. KQA“K Minimum Source to Object Distance \
Film Type ] M Maximum Distance from Source Side of Object to F||m | , 78
UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY u.C. OTHERS ACC REJ
.. 33 —
2y —
§-1 —1
: v
SEASED
for and on ol‘:l ?p’ft ork i
. N P
Print Name: WMH w AFP|}|§
sm L VE LIy
Date: > & _Li. Velosi Amefica LLC

KV Inspection Technician

Customer Representative

Date

08

Date AUG 1 4 2013




KVInspectnon Services Ltd.

RT

F{adlographic Examination Report

1486 Wallace Road Specification — Acceptance Criteria

Oakvilie, Ontario L6L 2Y2

Phone: 905-844-9448 @ UW-S2 B311 B31.3NS CSA  Other
Fax: 905-844-6697 i S— . :

costomer My (Ljgeo Date. F ,dwwrr 213

Location '\Sm,,““ P.O.#

Project . Uis,ﬂ - N Shop Order # (17 '_'5 PQ S/‘I 7473

Procedure KU P05 ey 03 Wo_!'ksheet # 374-{'57

Technican ), V] 2¢Ooppn CGSB Reg# /5375  ASNTSNT-TCAALevel [
Technical Data 0 6O

Material Type Carbon Isotope IR 192 @1@ Physical/Focal Size . 3 g
Base Material Thickness [ % Exposure @ Double Wall  Film per Cassette /
Weld Thickness [ 3¢ View CSingle Wall)  Double Wall — PWHT Yes
Reinforcement ',r Number of Exposures £7(
Fllm Mfg. CoDax Minimum Source to Object Distance 20"
Film Type ﬂA Maximum Distance from Source Side of Object to Film ( ‘s "
" UNIT No. SIZELOC SLAG L.O.P L.O.F.  CRACK POROSITY u.C. OTHERS  ACC REJ
NTPA
w | |- 2 v L
2-3 -
3-4 i _ O
-1 ) o -
N9B : : B .
uJ 1-2 ) =
2-3 ) -
3-4 L ) A -
4. S U
- - '!{ T —

, AGTE! nhm\svxswmuww -
R e e

e oo {Prom e - Cl
, CHRISVEENEMAN UM o
CGSB LEVEL II, Reg# 565 i e
RT}M‘HPTIU‘I‘“ -
' _S__NT-TC-IA, LEVEL 11
“RT/MT/PT/UT

KV Inspection Technician

Customer Representative

Date

AUG 7 32013




fo b3 NERderra” } e

— e —

Eadl;g rambhh.i:”E;a“min ation Regbft
. %‘KVlnspection Services Ltd. RT

1486 Wallace Road T SpPAeIfiCatiDn « ACCEpTaNCE GBI Wyt
Oakville, Ontario . L6L 2Y2 Spécl “‘A B h ‘d“i‘ At e

Phone: 905-844-3448 ASME ~ UW-5! 77 UW-52 B31.1 331.3NS CSA Other
rax 905-844-6697 B . 3 . i ;
.-i._ . ,\'{ _"('.“Z{.‘E:i,::"i F . :...‘: f '.'-" Fie :,IG e 'n 1-9- Fd__.l‘_i'D}';&?__-_ i ,-i\ -'.:-':_; “:.-' '--‘.;- T :L‘h—l}-" .r':‘",'f:ﬁ".' -:“
sustomer  ddge L)%l Lo é_F‘a JDate A%_‘?_/AZ_*_ P
Location SIS er ! RA%EH a.«"f P o.# -

Projoct s pRALALS _Snopordert S, P T— FHATS
Procedure ) 3 “fJ/C\/vg L Workshm’t# ; 3‘7_9 ‘ffa

m(.hmclan r- /@W (‘GSB Reg # ¢é2 ASNTISNT-TC 1A anol __Zé

R s R pee T ga e Dets TR 2 PR T
thenal Tvpn Carboa o Alloys a/_: Isotope | 1R 192 Othet/PhyslcallFocal Slze _*y_f—g
Rane Matenal Thlckness /)’7,/ _ ; Expoeur#l ' Single Wall .~ Doubla Wall Hlm per Cas<:ptte |/

Weld Thcckne« i 4 ,j’/,/ V«ew |L b!ngle Ngu/ Double WavI vPWHT o Yes Nq_ﬁ__
Remforcempnt A—__,«-/w Number af Exposures _ -?-:_ o _
Zim M1q /toM Mlmmum Source to Object Distance Co

Sitm Type . //_ ‘ Maxlmum Distance from Source Side of Ob]ect to Flim “ < -

UNITNo. _ SIZELOC | SLAG _LOF.  LOF. _ CRACK _ POROSITY ~ uC. OTHERS _ACC _ REJ

ALoh

| e _ . e
O DD~ A S S S . <
ey e~
-7 ' T
[EPIRTTI GO, S ?...n.. . Sl ; ot R X U - 1o =5~ S
v e +r — | o—— - om—— Jra—— — e
— e — e - -
-t ; SR 77 M e ey e - : ST -
, A S T
e i e et oo emmsir Jazoe i et e i RS BASED, oy 1 4] i
; «Cr“‘tv“":m il F e T T
_— -~ . . Jas : g‘: Y
[P B o e v——— R-— et 5
L CGSB SB LEVEL I!,_Bmu _ ~
: RT/MT/PT
OSSR M— —m-!m»m!t‘m”‘ I -
RTI"'I'/PT o - _ .

il

KV inspection Technician

S . e /ﬂi%:’__

. Customer Representative HC  Date SEP 0 372013

PR,
=y




KVInspection Services Ltd.

1486 Wallace Road
/ Oakyville, 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 23 4/4% Lo Date /4(—5 3/ //_j’
Location  ScAedod ot g~ |P.O# s 7
Project L LRARSATS Shop Order # /73 — 775
Procedure o # ﬂ‘l)g Worksheet # P75 #FZ—
Technician B Lo’ CGSB Reg # %39 ASNTISNT-TC-1A Level _Zz
] SR i ~__Technical Data L e
Material Type | Carbon «— Alloys Isotope IR 192 Other'/PhysmaIIFocaI Size /
| Base_Ma_te:aI Thlckness | / 5’/%/ Exposure 1 Smgle Wall /_'_Double Wall | Film per_ C;sette A
Weld Thickness | 224 View I Single Wall = Double Wall [ PWHT ]_ s No—
Relnforcement /,v fﬁ“&f _ Number of Exposures -
Film Mfg. A’M/C Minimum Source to Object Distance | Zo ”
Film Type _ ”’4 MaXImum-Dlstance from Source Side of Object to Film ] 'Z e/
UNIT No. SIZE/ILOC SLAG L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ
VLY
B /-z —
o1z —
[~ [5-¥ —
7=/ _ el
\//

A(fh,,-q)tabvmwmmsmsmc)) 70 < Mot

forandott g M
E\ﬁf\/ﬁ ))_SAH L

_Print Nam_a;
T ~N—

ngnamrﬁi T ddiaad
o2

]

KV Inspection Technician

Customer Representative

___Dste ﬁ%j

Date  SEP 0 3 114




KVInspection Services Ltd.

{

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

Radiographic Examination Report

RT

1486 Wallace Road Specification — Acceptance Criteria

ASME «”UW-51”" UW-52

B31.1 B31.3NS CSA Other
ki Fax: 905-844-6697
General Data B
Cosomer 4t Lo fom o] Do et Y3
Location | S frBof e G on/7 . |P-OF A
Project y/ra W Shop Order # //Zf/é - 7 7_?
Procedure o) x 5, /_,‘ /3 Worksheet # 7 %cp P
Technician ' 7 AL CGSB Reg# s 2 $°X | ASNTISNT-TC-1ALevel
i Technical Data CobLO _
Material Type _ Carbon Alioys & | Isotope IR 192 Other/ PhysncaIIFog_a_I _Slze | /y
Base Material Thlckness / 3 s _ Exposure Slngle Wall ~Double Wall  Film per Cassette
Weld Thlckness / ’/¢' View ‘ Single Wall <« Double Wall [ PWHT l Yes No
Reinforcement /fr > rzes Number of Exposures 4— /tjézz_'g‘_
| Film Mfg. W Minimum Source to Object Distance | S
Film Type W Maximum Distance from Source Side of Object to Film r/ /-2
UNIT No. SIZEILOC SLAG L.O.P. L.OF. CRACK POROSITY u.C. OTHERS ACC REJ
ANy | 2 —
- -
TJoMm Z-Z il
(, p / 7/f "
AMNIZ | sz —t
72 SHEH Z -3 - L et
[
L7 St ol . B
o 22 s SN | LG5 L 3, ‘
pd
\/ ool RACHED) 0'6
ACCEPTEDIREVIEWED/RELEAS Fo
formdonbehalfof:__g_&_ﬂ— ,."
Print Name: __.A_ﬂ.Z‘_{me—ﬁH usz B
Signature: M
R I}‘\zﬁ(u'_ Veloki America LLC
B l"—‘: “I ’,,’
oy

KV Inspection Technician

Customer Representative

Date

Date

AUG 13 2013




KVInspection Services Ltd.

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

Radiographic Examination Report

RT

Specification — Acceptance Criteria

ASMEL” UW-51 =~ UW-52

B31.1 B31.3NS CSA Other
Fax: 905-844-6697
General Data
Customer /ﬁf, m ' Date % f,%/ 3
Location | STl Bt 5¢e crC ond PO 77
Project e G 2 /5 Shop Order # /) 7 3 - 7¢ 7 Z
Procedure W ﬂ( f / / 3 Worksheet # 57 )‘7/
Technician ﬁ_ AL st CGSB Reg# =7, ‘7/ ASNTISNT-TC-1A Level __Z/,
i Technical Data e ik 1
Materlal Type Carbon - Alloys -/ | | Isotope IR 19 192 Ot_hiai ] Physucal_lfocal Slze B s /5/‘7_
Base Materlal Thickness _ L% Exposure Smgle Wall «~Double Wall = Film per Cassette 7
Weld Thickness Ve 3 g ol View [ Single Wall——" Double Wall I PWHT L Yes  No /' .
Remforcement ,/! > /r'/&céf- Number of Exposures - B - S
Film Mfg /&a-bﬂk Minimum Source to Object Distance | - 020 “
Film Type , /4,4 Maximum Distance from Source Side of Object to Film [ &/7 1
UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY u.C. OTHERS ACC REJ
NMN/S
w A o
| ( /-Z TR — —
z=> AT —
S>—¥ OS5 -
‘/—' / A A —_—
- . , I—
T for 858 o beball O(C —F%z;fﬁ-” ﬁAﬂp‘u
) Lot | VELOS! \
e Amre
Dae: 4
-

KV Inspection Technician

Customer Representative

Date /f/%?//é >

Date SEP 0 3 7013




KVInspection Services Ltd.

/ Oakville, Ontario L6L 2Y2

1486 Wallace Road

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

Radiographic Examination Report

RT

Specification — Acceptance Criteria

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

Gene_ral Data

Rel nforcement

_&_ﬂuef‘

Number of Exposures

Customer M[M Date 5@-{» 5’/!@
Location 6(M0y0uq h P.O.# ‘ " .
Project fm@ Shop Order # i 7'6 7475
Procedure ’a/ 5 ﬁm/& Worksheet # 67% l
Technician MWW/()V! CGSB Reg # [999& ASNT/SNT-TC-1A Level |
CRNER 1 Technical Data (= T
Material Type _ ~ Carbon Alloys v~ Isotope IR192 Ot_heZhys:_cziF_gEal Size | r [% B
Base Material Thlckness l Exposure Single WalI/ Double Wall | Film per Cassette |
_ Weld Thlckness _ - l /4- | View N énr_xgEY\_laLl_/TDouble Wall [ PWHT mes N

D

' Film Nifg. ZOJQ Minimum Source to Object Distance [
Film Type | Maximum Distance from Source Side of Object to Film ] }
UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. CRACK POROSITY uU.C. OTHERS ACC REJ
L q--l 2 r
_//
: s T3
= urroxmﬁazm;ff“‘ 22 St
half of. ek
for an i oo bl O{A;‘,.“/f%)’épﬂﬂ 'Isﬁ
[prane cvaines —-_/t AN ; VELOS!
ST T Liia . Veloq Americe il
(e lyldd
\ Date: 7
—
|

KV Inspection Technician

Customer Representative




KVInspection Services Ltd.

Radiographic Examination Report

RT

1486 Wallace Road
Oakville, Ontario L6L 2Y2

(

Specification — Acceptance Criteria

Phone: 905-844-9448 | ASME .~ UW-51~"UW-52 B31.1 B31.3NS CSA  Other
Fax: 905-844-6697 ’
| General Data
Customer jﬁ[ . [(/A"Ab Date __Zng/[;/;;/s
Location §a,ﬂ}olo—uqrf P.O. #

_Project Yy 2V /sz Shop Order # E)N A S - ) T 2 P@ A
Procedure "5%5@ Worksheet # A4 Bl
Technician /MMK-/ CGSB Reg# 9’;7 ASNT/SNT-TC-1A Level A{

Technical Data i _ e
Material Type Carbon Alloys & Isotope IR 192 - Othen”"F Phy5|ca|IFocaI Size | . /f .
Base Material Thickness /A/ Exposure Smgle Wall Aouble Wall | Film per (_Ba_s_s_et_te B _/ _
Weld Thickness View | single Wall;~"Double Wall | PWHT | No —|
Reinforcement ,«-Zy _—> Number of Exposures i _/‘;_
Film Mfg. (Lo DAL Minimum Source to Object Dlstance ‘ 2
Film Type o A7 Maximum Distance from Source Side of Object to Film =2 o
UNIT No. SIZE/LOC SLAG L.O.P. L.O.F. I CRACK POROSITY uU.C. OTHERS ACC REJ
Z (l 4&1'4//;}/ Ao22c 8,
o-/ A/5
/-2 ) 2/
2-3 L/s
3-% . —
/-5 — =
5-9 @9-2" r .
g -/ B v’
L9/ | 1 | v
//-/2 Ll
'/ 7 -/ ; Fm, v
/3 - /’( : - SED ;, 046 v
4 -0 e S BM pRESHale— Fe v
arime U eSS A plusTHRIS VEENEMAN
d“"f’,‘z 77k a3 veod Anena B Ty oy /mmuT ’
- L} 71 SNT-TC-1A LEVEL II
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Customer Representative
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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 B311 B31.3NS CSA  Other

General Data

Custorrjc_ar ‘,4%&./&%6" 470 | Date .%;e ‘?//Z/ S

Location Wa@@(d ‘9,1,/\ .| P.O.#

Project e AR ASB Shop Order # Va4 73 - 7%}3
Procedure AL HS /4’ /5 Worksheet # S7 O 2.
Technician 13 ALorHfT Al CGSB Reg# <£3 5 | ASNTSNT-TC-1A Level _&

Technical Data

Lo GO

Material Type Carbon Alloys &~ | Isotope IR 192 Other"’_f Physical/Focal Size /Yy
Base Material Thickness / 57 o Exposure  Single Wall /_" Double Wall = Film per Cassette _/
Weld Thickness / Zfe View | Singlewal”” DoubleWall | PWHT |  ves No =~
Reinforcement //’rr / Number of Exposures _§ B _
Film Mfg. Leedate Minimum Source to Object Distance ] Lo T
Film Type AL Maximum Distance from Source Side of Object to Film 2%
UNIT No. SIZE/ILOC SLAG L.O.P. L.O.F. CRACK POROSITY uU.C. OTHERS ACC REJ
Var 244
' L
>y o—4 | 772-F —
\ _ -
NS |/ Z
ol | 2-3 . et
Mw [/ -
ek | T-7 | ~ sl ]
[ o TEDREVIEWED[RELEASED - )2 ¢ HOM
| [{orsnd on behlf oft L= R0
for 30 NIV ®
pript Name: == : ‘VELOS!
ﬁwﬂ'—‘%@f : o LV} Velos Amerir EEE
{ DAl s £
t
/
( !

KV Inspection Technician

Customer Representative

Date I/@J_’/_(S__

Date SEP 0 3 2013




Radiographic Examination Report
KVInspection Services Ltd. RT
( Oak:;::g:tl;ar;:: ngszvz Specification - Acceptance Criteria
! Phone: 905-844-9448 ASME—" UW-51~" UW-52 B31.4 B31.3NS CSA  Other
Fax: 905-844-6697
; General Data .
Customer | {H’Wd Date m/DS— /[ 5
Location ﬁﬂlbﬂr OM'II - P.O.#
Project (/WTM/\../S, Shop Order # ” 75 7%
Procedure M la/ ? Worksheet # Y6 A
Technician mﬂmm cesB Reg# [gdBD | ASNTISNT-TC-1A Level |
| Technical Data B o ) R T
Material Type Carbon Alloys=" Isotope IR192  OthewT PhysicallFocal Size | I%
Ba;3 Material T?\icknég f’ﬁ - | _E_)_(posure . _Sing|;Wa|7" D_ouble W;II Filni per Cassett;a |
Weld Thickness | /¢ ' View | single Wal”" Double Wall _I—PWHT_ | Yes No—" ]
Reinforcement | fﬂ.l{d‘ ' Number of E_xpos_ures o . ! [ |
Film Mfg. ~ Minimum Source to Object Distance | M)~
Film TyH; N Maximum Distance from Source Side of Object to Film ] J/”
UNIT No. SIZE/LOC SLAG LOP. | LOF. | CRACK | POROSITY u.C. OTHERS | ACC | REJ
mw/l o~/ o V-2
__(" R el deitfoee -
_ - VA =
AGWWQMM EDQ t'rf’_.g_ﬂ—ﬂé-’.-'
forjand ?nbem of = n S S LA us®
72 T = ) g
e
| &2
S8 [ e, 1
S SNr,,wT/:';l_:Zis_kE#
\ ;r"l"' oy ; #315-
) 7Py
" KV Inspection Technician

Customer Representative |

= e 003

Date  SEp 0 9201




KV

nspection Services Ltd.

( 1486 Wallace Road
Oakville, Ontario L6L 2Y2

Radiographic Examination Report

RT

Specification — Acceptance Criteria

Phone: 905-844-9448 @W5) UWs52 B34 B3NS CSA  Other
- Fax: 905-844-6697
General Data o
Customer Azl vosz A Date S0P7. 7 Ag
Location Sc/rntscneve P.O.#
Project vertafAad Shop Order # /17 ? =74 73
Procedure /(ll 5’ K‘vg— Worksheet #
Technician | A, fogy aoven- CGSB Reg# 451 ASNT/SNT-TC-1A Level Z
% Technical Data |
_M_ateriallype Carbon Isotope Physical/Focal Size = /«?7 .
?ase Material Thickness 132‘? » Exposure I ~ Double Wall Film per Cassette _{
Weld Thickness M View | Double Wal [ PWHT | Yes (D
Reinforcement I_/ﬂ " Number of Exposures /
Film Mfg. W—g: Minimum Source to Object Distance I ) -
Film Type 1A Maximum Distance from Source Side of Object to Film | _2 v
UNIT No. SIZENLOC SLAG L.O.P. L.O.F. CRACK POROSITY u.c. OTHERS ACC REJ
T L Cl
SESLLES LV
for and on behalf of: " .
e S ﬁ’;*qu:—pms“’a
B o ~ VELOS!
, i America [LC
Date: [_z)_,é__ Velosi America I
CHRIS VEENEMAN
. € 1, ; 1
T/PT/RTYUT
SNT-TC- R L II
p MT/PT/RT/UT
{

KV Inspection Technician

Customer Representative

D ori7 /13
Date SEP 0 92013
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KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y2

Phone: 905-844-
Fax: 905-844-6

Liquid Dye Penetrant Inspection

Report

PT

Specification — Acceptance Criteria

9448
697

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

General Data

Customer All-Weld Company Date July 10, 2013

Location Scarborough, Ontario P.O. #

Project 1173PQ Uitra FAB Shop Order # Ser# 7473

Procedure | KV# 16 Rev. 03 Worksheet # 37218

Technician | Frank Marunde CGSB Level ll, Reg # 8885 ASNT/SNT-TC-1A Level I 11

Technical Data — Liquid Dye Penetrant (PT)

Material Type

O Carbon Steel

® Stainless Steel

O Other

Material Thickness

Equipment & Method

e Chemetall OakiFe 906 S Light meter
Penetrant O Chemetail Oakite 996 -
B O Chemetall Oakite 970p25 | O  Fluorescent - Type: EA31
Cleaner e Chemetall Oakite 9PRS50 ® \Water Washable  Serial #: 07076803
Developer ® Chemetall Oakite 9D1B O Solvent Removable Intensity: 1400 Lx

Lighting Equnpment Description: Flashlight

Inspection

Description:

item #

Description of Weld/Test Area

Defect Location

Iinterpretation

Knuckle area of
head (exterior)

top

Acceptable to specifications

L 046
1AOCE"E°"‘“W/J)M LEASED 2 ool
foundon f).
Sph
Print Name: ——L’j M?;\L AFp'u.om

Date:

v g

Sigaere =7 b )A))’L,_ Velosi Amesica LLC

Note: Representatives from ABS and SBM Offshore were present at time of inspection

@

KV Inspection Technician

e

==

/

Date

July 10, 2013

Customer Representative

Date

JuL 112013
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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

_Lighting Equipment Description: Flashlight

Customer | All-Weld Company Date ' March 14, 2013
Location Scarborough, ON. P.O. # i
Project Vessel Shop Order # | 1173 PQ
Procedure | KV# 16 Rev. 03 Worksheet # 36645
Technician | John MacDonald CGSB Level ll, Reg # I 10375 | ASNT/SNT-TC-1A Level |||
Technical Data — Liquid Dye Penetrant (PT) B
Material Type | O Carbon Steel @ Stainless Steel O Other Material Thickness | 1 %"
Equipment & Method
_ e Chemetall Oakite 906 o Visble Light meter
Penetrant O Chemetall Oakite 996 O Eluorescent _ —
- | O Chemetall Oakite 970P25E | — ) Type: EA31
| Cleaner ~ | @ Chemetall Oakite 9PR50 | e  Water Washable L§5erial#: 070706809
Developer l’_C_hemeta"_Pﬂ?_ 9D1B_ O  SolventRemovable | Intensity: 1200 Lx

Inspection

Description:

Long seam weld

Description of Weld/Test Area

Serial #
7473

Long seam weld - L1
Inside & out

Defect Location

interpretation

Acceptable to specification

046
8 GYL/
paresi) S @
L A,
ty 1”1"?\& iV’”b velosiAmcﬁca_l:l;C

KV Inspection Technician

i

Customer Representative

Date March 14, 2013

Date #MAR 1572013

(851



KV Inspection Services Ltd.

1486 Wallace Road

Liquid Dye Penetrant Inspection

Report
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 August 6, 2013
Location Scarborough, Ontario P.O. # ‘
Project 1173 PQ Shop Order# | 7473
Procedure | KV# 16 Rev. 03 Worksheet # 37169
Technician | Sherwin Suyom CGSB Level Il, 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
Equipment & Method
® Chemetall Oakite 906 o Vi - ~ Light meter |
Penetrant O Chemetall Oakite 996 . - B
- O Chemetall Oakite 970P25E | O  Fluorescent Type: EA3L
| Cleaner | ® Chemetall Oakite  9PRS0 @ \Water Washable Serial #: 80613518
Develope[ ) ® Chemetall Oakite 9D1B _0_ _ Solvent Removable In_ter_lsit!: 1_109 Lx

Lighting Equrip-m—en—t Description: Flashlight/Floodlight

Description:

tem #

Description of Weld/Test Area

Inspection

Defect Location

Interpretation

SN#
7473

C1 (external and internal)
100%

Skirt L1 (external and internal)
100%

Skirt W1 (external)

Skirt W1 (internal)

See photo

Acceptable to specification

Acceptable to specification

Acceptable to specification

Unacceptable to specification

’\/ =
AOCEPTEDREVIEWED/RELEASED
forandonln:lmlﬁ:l’:(;I SThMm O ;;CHH:JA&—
i fl~25)) : us®
P‘:‘ N:‘: o —— VELOS!
gﬂ”‘“‘t —lﬁlﬁ—uﬂ“;" . Velosi America LLC |

KV Inspection Technician
“_..,-“

Customer Representative

A

Date August 6, 2013

Date

AUG 0 7 2013

N
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KV Inspection Services Ltd.

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

Liguid Dye Penetrant Inspection
Report

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

General Data

Customer All-Weld Company Date August 26, 2013

Location Scarborough, ON P.O.# |

Project Vessel Shop Order# | 1173 PQ

Procedure KV# 16 Rev. 03 Worksheet # 37490

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

Technical Data — Liquid Dye Penetrant (PT)

Material Type O Carbon Steel @ Stai

nless Steel O Other Material Thickness

Chemetall Oakite 906 —— Light meter
Penetrant Chemetall Oakite 996 S
- Chemetall Oakite 970P25E | O  Fluorescent | Type:EASL
Cleaner Chemetall Oakite 9PR50 | @  \ater Washable ‘Serial #: 07076802 -
_ngc_aloper Chemetall Oakite 9D1B | (@] ~ Solvent Removable _lr_Itensity: EO_O Lx

Lighting Equipment Description: Flashlight

Inspection

b

Description:

item # Description of Weld/Test Area

Defect Location Interpretation

Ser#7473 N13-W1 attachment weld
(interior and exterior)

Skirt-w1 attachment weld
(interior)

Acceptable to specification.

Acceptable to specification.

A =

ACCE D."R_EVTEWMELEASED R
for aniiibchalfof: < bM___eid -Q otz

VELOS!
b e , b o] 1D Velod America LLC

KV Inspection Technician

Customer Representative

= - = Date August 26, 2013

53/ Date AU  § 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 X
Fax: 905-844-6697 As per ASME Sec. VIII Div. 1 Appx. 8
General Data
Customer | Ali-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 ll, Reg # I 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
® Chemetail Oakite 906 o \Visible Light meter
Penetrant O Chemetall Oakite 996 O  Fluorescent
- O  Chemetall Oakite 970P25E DB
| Cleaner | @ Chemetall Oakite  9PRS50 ® \Water Washable  Serial #: 80613518 -
Developer ® Chemetall Oakite 9D1B O Solvent Removaile Intensity: 2500 Lx

Lighting Equi&en?lﬁcription: Flashlight & Shop lighting

~Inspection

Description: 48" OD Vertical Inlet

Item # Description of Weld/Test Area Defect Location interpretation

Ser# 7473 C2 100% Acceptable to specification.
-external and internal

e

ACCEPTED/REVIEWED/RELEASED _ ‘ 036
for and on behalf of: SYAM _ Of-FSHoilz Gl
pAEsH SAMF
Print Name: (J ,\L Athjs@
Sig atures —Y .,
Date: —ﬂ—ed e 1€ L, Velosi America LLC

KV Inspection Technician Date April 04, 2013

=

Customer Representative

Date APR 0 52[”3
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Kv Inspection Services Ltd.

1486 Wallace Road
Qakville, 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

1

Customer | All-Weld Company Date | April 29, 2013
Location Scarborough, ON. P.O.# l
Project Vessel Shop Order # T 1173 PQ
Procedure | KV# 16 Rev. 03 Worksheet # 36928
Technician | Sherwin Suyom CGSB Level ll, Reg # I 15133 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
T ~ [e Chemetall Oakite 906 o viebe - Light meter
Penetrant O Chemetali Oakite 996 O  Fluorescent . - S
- O  Chemetall Oakite 970P25E St | TwpesBAL
| Cleaner | ® Chemetall Oakite 9PR50 | e  Water Washable  Serial #: 07076863 |
Developer ® Chemetall Oakite 9D1B o Sol_\ient Removable Intensity: 2000 o Lx |

Lighting Equipment Description: Headlamp & Shoplighting

|
| Description:

item # Description of Weld/Test Area Defect Location
Ser# 7473 Internal and external

inspection of C2R (0-1)

__Inspection

Acceptable to specification.

il

Interpretation

ACCE! [ £D/R EVIEWED/K ELEASED

046
SBM el G

for and on behalf of:
o e G ANESH SAWY us®
SN gl VELOS!
L Date: //‘;\w\n ‘:\'1;5 Velosi Americs LLC
{ 4=
KV Inspection Technician . }i ‘[w,‘f;i Date April 29, 2013
Customer Representative | A Date MAY 0 1 7013
|




Liquid Dye Penetrant Inspection
KV Inspection Services Ltd. Report

1486 Wallace Road PT
Oakville, Ontario  L6L 2Y2 Specification — Acceptance Criteria
Phone: 905-844-9448 R
Fax: 905-844-6697 As per ASME Sec. VIII Div. 1 Appx. 8
General Data
Customer All-Weld Company Date j August 19, 2013
Location Scarborough, ON P.O. # 1
Project Nozzles Shop Order# | 1173 PQ 7473
Procedure | KV# 16 Rev. 03 Worksheet # 37397
Technician | Frank Marunde CGSB Level ll, Reg # 8885 ASNT/SNT-TC-1A Level | ||
L Technical Data — Liquid Dye Penetrant (PT)
Material Type | O Carbon Steel ® Stainless Steel O Other Material Thickness
Equipment & Method
. T o a
Penetrant (.) CC:Z“;?Z":I%ZTS; %%% b ELE '— Hant mtite_r —
B | O Chemetall Oakite g70p25E | O Fluorescent | Type: EA31 -
Cleaner ® Chemetall Oakite ~ 9PR50 ® \Water Washable Serial #: 070706869
Developer . -o Chemetall Oakite 9D1B O  Solvent Removable ’_lntensity: 1300 o I:;( B

Lighting Equipm_ent Description: Shop & Exterior Lithing

Inspection

Description:
tem # Description of Weld/Test Area Defect Location Interpretation
SN# Nozzle attachment welds: Acceptable to specification
7473 N1-W1, N3-W1, N4-W1, N5-W1
N6-W1, N7A-W1, N7B-W1,
N8A-W1, N8B-W1, N9A-W1,
N9B-W1, N10A-W1, N10B-W1,
N11-W1,N12-W1 & N15-W1
(Interior & Exterior)
Wz
W’Bemsma Jodd
forandonbehalfof:-—é—(—yv‘ ‘in};
Sienature LA N VELOS!
oue L1 04 29115 vetosi America LLC
v {/
KV Inspection Technician /—__—;:;-77 Y Date August 19, 2013
CustomerRepresentative | [0y |pae G22u
ustomer Representati ) AUG 27 1013




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 April 05, 2013

Location Scarborough, ON. P.O.#

Project Vessel Shop Order # 1173 PQ

Procedure | KV# 16 Rev. 03 Worksheet # 36762

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

Technical Da

ta — Liquid Dye Penetrant (PT)

Material Type | O Carbon Steel @ Stainless Steel O Other Material Thickness
Equipment & Method
® Chemetall Oakite 906 o Visible Light meter

Penetrant O Chemetall Oakite 996 O  Fluorescent — =
. | O cChemetall Oakite 970P25E Type: EA31 o

Cleaner | ® Chemetall Oakite ~ 9PR50 ® Water Washable S_er_la_l_# _10613518

Developer ] ® Chemetall Oakite  9D1B O Solvent Removable Intensity: 1400  Lkx

Lighting Eqmpment Description: Flashllght

“inspection

Description:

tem # Descrlptlon of Weld/Test Area

Ser# 7473 N2-W1
-nozzle attachment weld

(exterior and interior)

Ni4-wi
-nozzle attachment weld
(exterior and interior)

Defect Location

Interpretatlon

Acceptable to specification.

Acceptable to specification.

/ T

ACT l H‘DIREV] IRELEASB
formdonbchalfof ?‘7}" SHolE O})L_J

A ﬁw’f’va L ®
Print N
sl;ma:: T AFB‘R%&

Dre: /1L VALY, Velosi America LLC

]

L

KV Inspection Technician

Customer Representative

- == —
A e Dat April 05, 2013
P ﬂr.. - o o o
@ Date APR 0 q2ﬂ13




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 30, 2013
Location Scarborough, ON. P.O. # [
Project Vessel Shop Order # I 1173 PQ
Procedure KV# 16 Rev. 03 Worksheet # 36888
Technician | Frank Marunde CGSB Level ll,Reg# | 8885 | ASNTISNT-TC-1A Level | II
Technical Data - Liquid Dye Penetrant (PT) —
Material Type | O Carbon Steel @ Stainless Steel O Other Material Thickness

Equipment & Method

® Chemetall Oakite 906 e Visible " Light meter
Penetrant O Chemetall Oakite 996 O  Fluorescent — —
| | O Chemetall Oakite 970P25E | " (TyeeBASL |
| Cleaner | ® Chemetall Oakite ~ 9PRS0 ® Water Washable _Serial_#_:_070_76863 -
Developer | ® Chemetall Oakite  9D1B O SolventRemovable |lintensity: 1400 Lx
Lighting Equipment Description: Flashlight
~ - _ = F ~Inspection B -
Description:
item # Description of Weld/Test Area Defect Location Interpretation
Ser# 7473 N14-W1 attachment weld Acceptable to specification.

(interior and exterior)

Por N NI3-037

ACCEN [ FDIREVIF WEDTG LEASED
for and vn behalf of: M o PS o)\l .
Prnt Name: (L AV Y SAKEY

Siguature oy B e Arplus®

Date: U VELOSI
o q!} Velosi America LLC

=S "7
KV Inspection Technician /fS““"”m/ Date April 30, 2013

Customer Representative Date
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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 August 13, 2013
Location @ KV Inspection, Oakville, ON P.O. # |
Project Ultrafab Shop Order# | 1173 PQ - 7473
Procedure | KV# 16 Rev. 03 Worksheet # 37436
Technician | Ed Duitschaever CGSB Level Il, Reg # | 515 ASNT/SNT-TC1A Level | (il
| Technical Data - Liquid Dye Penetrant (PT) ) -
Material Type | O Carbon Steel @ Stainless Steel O Other Material Thickness W

Equipment & Method

——; —ah—e;mgt;” aaAthe— N 906 ° Visi - : L|ght meter .
Penetrant O Chemetall Oakite 996 Isible — ]
| O cChemetall Oakite 970p25E | O Fluorescent | Type: EA31 ) .
Cleaner - e Chemetall Oakite 9PR50 | @  \water Washable  Serial #: 80613518 N
| Deve_IoB_er | ® Chemetall Oakite 9D1B O  Solvent Removable Intensity: 1100 Lx }
Lighting Equipment Description: Shop & Exterior Lighting
B - - Inspection B - I
Description: Nozzle 13
tem # Description of Weld/Test Area Defect Location Interpretation
SN# C1 - 2"@ Butt weld Acceptable to specification
7473
C2 - 2"@ Butt Weld Acceptable to specification

i

ACCEPTED/REVIEWED/RELEBASED | |
for and on bebalf oft S Ta M OfF S holt’e

A
SRR c%mwsn SHY Applus®

Signature: VELOSI

Date: (/ fn/:,j lé ! 15 Velosi Amencs LLC

KV Inspection Technician %/‘é coe —

- T y M’]_L 1, R —

Date August 13, 2013

Customer Representative

AUG 1 & 7013
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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 3, 2013

Location Scarborough, Ol—\J_ P.O.#

Project Vessel Shop Order # 1173 PQ S/N 7473

Procedure | KV# 16 Rev. 03 Worksheet # 37495

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

Technical Data — Liquid Dye Penetrant (PT)

Materlal Type

O Carbon Steel

@ Stainless Steel

O Other Material Thickness

Equipment & Method

e Chemetall Oakite 906 ® Visible Light meter
Penetrant O Chemetall Oakite 996
O Chemetall Oakite 970P25E | O  Fluorescent Wt el
Cleaner ® Chemetall Qakite 9PR50 ® \Water Washable Serial #: 07076803
| Developer e Chemetall Oakite 9D1B O  Solvent Removable | Intensity: 1400 Lx
Lighting Equipment Description: Flashlight
B o Inspect|on -
Description:
tem # Description of Weld/T est Area Defect Location

Interpretation

1) Nozzle N13
Weld C3
2) Vortex breaker assembly welds

Acceptable to specifications

Acceptable to specifications

(loose)
=
‘AOCW\ FDIRBVIEWED’M,\/’LEASEO ZF Sspo&
§ on behalf of: C
for and oD ans” S——NUA‘: USQ
e / S’Lh 1v]1)3 Velosi America LLC
KV Inspection Technician = o Date September 3, 2013
; Customer Representative ] “t 5 B Date SEP 0 97013




KV Inspection Services Ltd.

1486 Wallace Road
Oakyville, 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 [ August 22, 2013

Location Scarborough, ON P.O. # L

Project Shop Order # | 1173PQ-7473

Procedure | KV# 16 Rev. 03 Worksheet # 37488

Technician | Frank Marunde CGSB Level I, Reg# | 8885 | ASNTISNT-TC1A Level | ||

Technical Data — Liquid Dye Penetrant (PT)

Material Type | O Carbon Steel

® Stainless Steel

0o

ther

Material Thickness

Equipment & Method

® Chemetall Oakite 906 S Visible Light meter
Penetrant O Chemetall Oakite 996 1

O Chemetall Oakite 970p2sE | O  Fluorescent Type:EA3L
| Cleaner e Chemetall Oakite 9PR50 | @  water Washable  Serial #: 07076803
Developer ® Chemetall Oakite 9D1B O Soivent Removable Intensity: _liOB - Lx_

Lighting Equipment Description: Flashlight

(Interior & Exterior)

Interpretation

e

Inspection
I S P PR P SR =
Description:
item # Description of Weld/Test Area Defect Location
SN# Manway: MW1-W1
7473 Attachment weld

Acceptable to specification

va

06 |

mzvmWED'“
(otmdonbehalfO : =
Print Name: e

Signature:
Date:

E"l)(:a FES pols

(4 ()in’zQ\

| SHBY
AFRIUSC
ﬁ// ﬁ\M ) ,J_LD Velosi America LLC

KV Inspection Technician

Customer Representative

/—Z‘% Date August 22, 2013
A Date AUG 2 7 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 August 29, 2013
Location Scarborough, ON P.O. #
Project Vessel Shop Order # 1173 PQ
Procedure KV# 16 Rev. 03 Worksheet # 37493
Technician Frank Marunde CGSB Level ll, Reg # | 8885 | ASNT/SNT-TC-1A Level | II
Technical Data — Liquid Dye Penetrant (PT)
Material Type | O Carbon Steel @ Stainless Steel O Other Material Thickness
Equipment & Method
e Chemetall Oakite 906 o Ui Light meter
Penetrant O Chemetall Oakite 996 Vel —
O Chemetall Oakite 970p25e | O Fluorescent Type: EA31
(Cleaner | e Chemetall Oakite 9PR50 | ® \vater Washable | Serial #:07076803
Developer ® Chemetall Oakite 9D1B O SolventRemovable | Intensity: 1400 Lx

Lighting Equipment Description: Flashlight

~Inspection

Description:
f tem # Description of Weld/Test Area Defect Location Interpretation
A e — — —
|
| Ser#7473 MW1-W1 Acceptable to specification.
repair area (exterior)
ACCEFTED/REVIEWED/RELEASED 046
for and on behalf of: S ™M O FF S P
Print Name: (i N " .S H (M‘jAppIus‘*’
Signature: ’%1"/\_ VELOS!
Date: : SC-;}’) 201y Velosi Amenica LLC
' s =
KV Inspection Technician l s R /_,»"’ Date August 29, 2013
I Al _
I Customer Representative ‘ '. Date SEF 1 8 213




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 : September 06, 2013
Location Scarborough, ON P.O.# ',
Project Vessel Shop Order # l 1173 PQ S/N 7473
Procedure | KV# 16 Rev. 03 | Worksheet # 37498
Technician | Frank Marunde CGSB Level ll, Reg # | 8885 l ASNT/SNT-TC-1A Levei | II
Technical Data — Liquid Dye Penetrant (PT) "~ £
Material Type | O Carbon Steel @ Stainless Steel O Other Material Thickness
Equipment & Method
®  Chemetall Oakite 906 o Vbl o e
Penetrant O Chemetall Oakite 996
O Chemetall Oakite 970p25E | O  Fluorescent Type: EA31
Cleaner ® Chemetall Oakite  9PR50 ® \Water Washable Serial #: 07076802
Developer | e Chemetall Oakite 9D1B | O SolentRemovable | Intemsity: 1400 Lx

Lighting Equipment Description: Flashlight

Inspection

Description:
tem # Description of Weld/Test Area Defect Location Interpretation
Ser# 7473 MW1-W1 repair area Acceptable to specifications
(see RT report)
ACCEFI‘EDIREVIEWED:’R.ELEASED 046
for and on behalf of: S M ) F Sibsl8
Print Name: __Ui AR ) SA DA
Signawre: Wy M o l.lse
- VELOS!
Date: /,Pcqu}’};;\ Velosi Americs LLC
KV Inspection Technician G f.,_‘-/« Date September 06, 2013
2
Customer Representative Date SFFP 5 £ 7013
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KV Inspection Services Ltd.

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

1486 Wallace Road

Report
PT

Liquid Dye Penetrant Inspection

Specification — Acceptance Criteria

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

General Data

Customer All-Weld Company Date September 11, 2013
Location Scarborough, ON P.O.#
Project Ultrafab Shop Order # 1173 PQ S/N 7473
Procedure | KV# 16 Rev. 03 Worksheet # 37629
Technician | John MacDonald CGSB Level ll, Reg # 10375 | 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 Chemetall OakiFe 906 ST Light meter
Penetrant O Chemetall Oakite 996
| O Chemetall Oakite 970P25E | ©  Fluorescent Type: EA31
Cleaner e Chemetall Oakite 9PR50 | @ \Water Washable Serial #: 07076802
Developer ® Chemetall Oakite 9D1B O  Solvent Removable | Intensity: 1400 Lx

Lighting Equipment Description: Flashlight

Inspection

Description:

Nozzle Attachments/Brackets

em#

Description of Weld/Test Area

Defect Location

Interpretation

N3

N7A

N7B

N12

Bracket attachment welds
Bracket attachment welds
Bracket attachment welds

Bracket attachment welds

Acceptable to specification

Acceptable to specification

Acceptable to specification

Acceptable to specification

/

i
et

ACCEPTED/REVIEWED/RELEASED | o
for and on behalf of: G OfSHeall

Cnavisy SAKY

Print Name: @
S
Signature: . 2 VELOS!I
Drte [ bot Velosi America LLC

KV Inspection Technician / (] /_:., Date September 11, 2013

Z
) Lo FAON B - N N
Customer Representative Date SEP 13201
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KV Inspection Services Ltd.

1486 Wallace Road

Liquid Dye Penetrant Inspection

Report
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 17, 2013

Location Scarborough, ON P.O.#

Project Shop Order # 1176 S/N 7473

Procedure | KV# 16 Rev. 03 Worksheet # 37644

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

Technical Data — Liquid Dye Penetrant (PT)

Material Type

O Carbon Steel ® Stainless Steel

O Other Material Thickness

Equipment & Method

Description of Weld/Test Area

1) Lifting lug attachment welds (x4)
2) Tailing lug attachment weld
3) MW1 davit bracket attachment weld
4) Item 2/3 to skirt attachment weld
5) Item 6/4 attachment welds

N4 support attachment welds

6)

e Chemetall Oakite 906 o Vi " Light meter
Penetrant O Chemetall Oakite 996 isibie ==
| O ChemetallOakite 970p2sg | O Fluorescent | Type: EA31
Cleaner | ® Chemetall Oakite 9PR50 | @ \ater Washable  Serial #: 07076802 -
Developer - ¢ Chemetall Oakite 9D1B O  Solvent Removable Intensity: 1400 Lx
Lighting Equipment Description: Flashlight
u Inspection gy
Description:
Item # Defect Location

Interpretation

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

Acceptable to specifications

3 / =
E LEASED .
for and on beatf of: SbMA G PR S HulE
! Coith .
AFP us
Pn;t:‘“m“" V|Et.OS|
| D““. UL Velosi America LLC

KV Inspection Technician Date September 17, 2013
= \\‘(‘ L S |
Cust R tati {‘? ) Dat SEP 2
L ustomer Representative \ D% ate 0 2013




KV Inspection Services Ltd.

1486 Wallace Road

Liquid Dye Penetrant Inspection
Report

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 04, 2013
Location Scarborough, ON P.O.# {
Project Vessel Shop Order # 1173 PQ
Procedure | KV# 16 Rev. 03 Worksheet # 37560
Technician | John MacDonald CGSB Level ll, Reg # | 10375 | ASNT/SNT-TC-1A Level | II

Technical Data — Liquid Dye Penetrant (PT)

O Carbon Steel

Material Type

@ Stainless Steel

O Other Material Thickness

Equipment & Method

e Chemet;li);kifte 906 o Vbl Light meter
Penetrant O Chemetall Oakite 996 -
| | O Chemetall Oakite 970P25E | O Fluorescent Type: EA31 ]
| Cleaner ® Chemetall Oakite ~ 9PR50 @ \Water Washable  Serial #: 07076802 B
Developer ® Chemetall Oaklte aD1B O Solvent Removable _‘l_ntensitlz_ 1400_ - _Ll(
Lighting Eqmpment Description: Flashllg ht
Inspection

Description:

.tem #

Description of WeId/Test Area

Defect Location

Interpretation

Ser#7473 Nozzle bracket attachment welds
N5, N6, N8A, N8B & N9A

Acceptable to specification.

\/ 045 |
(o and on bebalf of “SIZA. C»Ff—S”Jﬂ'é’
. (x BreSH SABY
Pm.tNuna o~ AFPVELOSI
: e Velosi America LLC
KV Inspection Technician Date September 04, 2013
\
(S - I ,-A,T\}c S I i -
Customer Representative ) Date SEP 1 0 2013




KV Inspection Services Ltd.

1486 Wallace Road

Liqguid Dye Penetrant Inspection

Report
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

Nameplate bracket attachment
welds.

Nozzle support welds N9B, N10A,
N10B & N11

Customer All-Weld Company Date i September 11, 2013
Location Scarborough, ON P.O. # |
Project Shop Order# | 1173 PQ S/N 7473
Procedure | KV# 16 Rev. 03 Worksheet # 37591
Technician | Frank Marunde CGSBlLevelll, Reg# | 8885 | ASNT/SNT-TC1A Level | II
Technical Data — Liquid Dye Penetrant (PT)
Material Type | O Carbon Steel @ Stainless Steel O Other Material Thickness | Various
Equipment & Method
e Chemetall Oakite 906 o Vb a Light meter
Penetrant O Chemetall Oakite 996
O Chemetall Oakite 970p25E | O  Fluorescent Type: EA31
Cleaner ® Chemetall Oakite  9PR50 @ \Water Washable Serial #: 07076803
_Developer e Chemetall Oakite 9D1B O Solvent Removable —Intensity: 1400 Lx
Lighting Equipment Description: Flashlight o
Inspection
Description:
item # Description of Weld/Test Area Defect Location Interpretation

Acceptable to specification

Acceptable to specification

v

ACCEFTEDREVIEWEDRELBASED - ) ¢, ¢ /.

forandonbehalfo;: ;BM‘“D 3
Signature: - g e ¥ lVELOSI
piie —d Ly Velosi America LLC

KV Inspection Technician

| Customer Representative

Date September 11, 2013

Date SEP 13 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 N
Fax: 905-844-6697 As per ASME Sec. VIII Div. 1 Appx. 8
General Data
i
Customer All-Weld Company Date | September 04, 2013
Location | Scarborough, ON P.O.# [
Project Vessel Shop Order # | 1173 PQ
Procedure KV# 16 Rev. 03 Worksheet # 37496
Technician | Frank Marunde CGSBLevell,Reg# | 8885 | ASNT/SNT-TC1A 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 i | Light meter N
Penetrant O Chemetall Oakite 996 Ml —]
- O Chemetall Oakite 970p25E | O  Fluorescent Type: EA3L |
Cleaner | ® Chemetall Oakite 9PRS50 | @ \ater Washable Serial #: 07076802 |
Developer ® Chemetall Oakite 9D1B O SolventRemovable | Intensity: 1400  Lx |
Lighting Equipment Description: Flashlight - - - -
I Inspection . o .
Descnpnon
item # Descrlptlon of Weld/Test Area Defect Locatlon Interpretatlon
Ser#7473 N13 support welds Acceptable to specification.
MW1-W1 repair area Acceptable to specification.
(See RT reports)
v - Ty
AOCEVMM“M orpsncﬁb .
formdonbehl“
Pthame: /uh N\ VELOS!
KV Inspection Technician F f""“’_‘j‘."‘"’" ~F Date September 04, 2013

Customer Representative

-y

Date SEP 102013




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 12, 2013
Location Scarborough, ON P.O.# |
Project Shop Order # 1173 PQ S/N 7473
Procedure | KV# 16 Rev. 03 Worksheet # 37592
Technician | Frank Marunde CGSB Level ll, Reg # | 8885 | ASNT/SNT-TC-1A Level | II
Technical Data — Liquid Dye Penetrant (PT)
Material Type O Carbon Steel @ Stainless Steel O Other Material Thickness | Various
Equipment & Method
LJ Chemetall Oakite 906 P - Light meter
Penetrant O Chemetall Oakite 996 Visible —-
o O Chemetall Oakite 970p2sE | O Fluorescent | Type: EA31
Cleaner e Chemetall Oakite = 9PR50 ®  Water Washable | Serial #: 07076803
Developer @ Chemetall Oakite 9D1B ___(_)_ Solvent Removable _Iﬂtg_nsity: B E@Q - Lx
Lighting Equipment Description: Flashlight
- Inspection il
Description:
item # Description of Weld/Test Area Defect Location Interpretation
N14 Support attachment welds. Acceptable to specification
Vortex breaker attachment weld Acceptable to specification
Item 21/2 to N3 weld Acceptable to specification
Item 25/2 to shell attachment welds Acceptable to specification
v’
WBWEDWBD 20 5 Hes
for and on et of:  SY3AL ¢ FF };‘Lé—-
. St
Signature: VELO
fo. QUF2{1lh  Velosi America LLC
1z . ——
KV Inspection Technician %”7// Date September 12, 2013
. - /{RC . -
I Customer Representative < Date SEP 1 3 W13
T




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

Ser#7473

Customer All-Weld Company Date 1 September 13, 2013
Location Scarborough, ON P.O. # |
Project Vessel Shop Order# | 1173 PQ S/N 7473
Procedure | KV# 16 Rev. 03 Worksheet # 37593
Technician Frank Marunde CGSB Level Il, Reg # 8885 ' ASNT/SNT-TC-1A Level | II
Technical Data — Liquid Dye Penetrant (PT)
Material Type O Carbon Steel @ Stainless Steet O Other Material Thickness Various
Equipment & Method
o Chemetall Oakite 906 - - Light meter
Penetrant O Chemetall Oakite 996 Visible ——
O Chemetall Oakite 970p2s5e | O  Fluorescent | Type: EA31
 Cleaner | ® Chemetall Oakite 9PR50 | @  \ater Washable | Serial #: 07076802 -
Developer ® Chemetall Oakite 9D1B O Solvent Removable Intensity: 1400 Lx
Lighting Equipment Description: Flashlight o
B Inspection B
Description:
stem # Description of Weld/Test Area Defect Location Interpretation
- - . ]

Item 23/2 to shell weld
Item 26/2 to N1 weld
Item 1/7 attachment weld

Item 6/7 attachment weld

Acceptable to specification
Acceptable to specification
Acceptable to specification

Acceptable to specification

L

ACCEFTED/REVIEWED/RELEASED | 4
for and on behalf of: Syt o Sh{—:ﬂ'{

Print Name: a ANE S\{i_q 49 gAFplLIS@
Signature: { VELOSIH

- g 2415 Velosi America LLC
7 L]

KV Inspection Technician

Customer Representative

Date

September 13, 2013

0CT 02 2013

Date
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KV Inspection Services Ltd.

1486 Wallace Road

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

Fax: 905-844-6697

Hardness Testing Report

HT

Specification — Acceptance Criteria

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 v CGSB Reg # 10375

Technical Data — Hardness Testing (HT)
Material _Stéinless St_eel o
Test Method & Equipment

Jici"iqu_e“_ ® Uitrasonic Contact Impedance (UCI) | - ]
_Equipment ® GE Inspection Technologies MIC 10 DL Type # 34101  Ser# 8483

Description:

Readings Taken O Average of 5 readings O Average of 3 readings ® Other
Scale O Brinell Hardness ® Other
—— Inspection

Item #

= SESE— E————————

Serial # 7473 - L1

Description of Test Area Readings
Parent Material 217
H.A.Z 193
) NE— || FE— S
Weld 225
H.A.Z 237
Parent Material 219

. 046
CCE,vn:[)[REVIEWEI).’RﬁLEASED . N ,,
- B —Wcﬁ SPM O e /L_—__
¢4 SAHA
S Lo e L pASHoP Arplus®
Signature: — : R
4 € 10\ ) “Wetosi America LLC
B o I B ) Date: \_/ P("{_\ 73—031_ —
|
KV inspection Technician Date March 14, 2013
Customer Representative . ﬁ Date .
P | J50 1 5 901




KV Inspection Services Ltd.

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

248 Max

of

General Data

Readings Taken

O Average of 5 readings

® Average of 3 readings

Customer All-Weld Company Date August 12, 2013
Location Scarborough, ON P.O. # ] N .
Project Shop Order# | 1173 PQ Ser#7473
Procedure | KV HT# 35 Rev. 00 Worksheet # 37393
Technician | Frank Marunde HT Certified . CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
‘Material | Stainless Steel - -
Test Method & Equipment
Technique ® Impact Load — Digital Readout O  Impact Load ~ Ocular Viewing
| Equipment ® Equotip D impact Device

O Other

Scale O Brinell Hardness ® Other: HV Unit Setting: S.S.
B Inspection - -
Description: o’ '3
e [ S ]
. Parent Parent
. _I_tem # | Description of Test_Area | _VYeE M HAZ !—Iljz | Material | Material
Ser# 7473 C1 172 190 168 180 172
Cc2 180 169 170 167 171
- _— I | R |
-
o L I ] 046
- - Ammw 2 o (W»&
(s and on behalf of: | e 20 @F"mm
ey PSS ®
Print Name: (AN AWh'ls
. _4@1_\/_\__ VELOS!
- IEppr— Signature: 1T . |
o - Dater & ] '@\Nﬁ §=/ B R Velosi Amepica LEE
L =
KV Inspection Technician 7 i Date August 12, 2013
e
o . e~ I I S - S S
A
Customer Representative . Date AUG 147013
L
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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 August 22, 2013

Location Scarborough, ON P.O.#

Project Shop Order# | 1173 PQ Ser#7473 o

Procedure | KV HT# 35 Rev.00 Worksheet # 37488

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 - B

Readings Taken O Average of 5 readings ® Average of 3 readings O Other

Scale O Brinell Hardness ® Other: HV Unit Setting: S.S.

Inspection
Description:
Item # Description of Test Area Weld HAZ HAZ Pareqt Parer.lt
B - Material Material
Ser# 7473 MwW1 163 172 180 205 178
|
S \// ED| ) 046
o and on behalf of YR C - SHOitZ
- B o
B ngm::: —%T@ Velosi :1:_1;_15_1
KV Inspection Technician Date August 22, 2013
Customer Representative Date AUG 7 77013




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

for and

Customer | All-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 ® |mpact Load ~ Digital Readout
| . - fo o REm mEEE TEme e e i
Equipment ® Equotip D Impact Device -
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® HV
A Inspection - s i
Description:
S — ]
Item # Description of Test Area | Parent Mat'l HAZ Weld HAZ Parent Mat’l
Ser# 7473 N2-W1 186 171 143 178 172
N14-W1 191 190 173 182 189
Skirt-w1 196 177 162 164 169
Skirt-L1 171 162 125 169 173
VA
AL DR EVICWED/REEASED 3
M _oFE-SHol\l

behatf of: _C (%7

{ Aoy Ll —~Ahy

i = PrimTN %rr ST ”M I @
i ;_\/ N2 LPIUS
o T A I™ 5 RELOS'
L] 3 v clveey 11 : .
;/7 Velohi America LLC
l
KV Inspection Technician Date April 11, 2013
Customer Representative Date APR 1512013




KV Inspection Services Ltd. HT

Hardness Testing Report

1486 Wallace Road Specification — Acceptance Criteria

Oakville, Ontario L6L 2Y6
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 v 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
- S B _Inspection Do wraly
Description:
Item # Description of Test Area | Parent Mat'l HAZ Weld HAZ Parent Mat’l
Ser# 7473 N1i4-w1 189 197 169 188 183
|
|
—— -
{
) Dec Nl N2 - 03 -
/ 046
L ~Ceii) nO/REVIEWED/RELBASED 5, - Hea4d 4
AC BN o Sheite
for and koo behalf oft

| —

. —/'T’
KV Inspection Technician /E?M"/ Date April 30, 2013

Customer Representative Date




KV Inspection Services Ltd.

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

General Data

Customer | All-Weld Company Date August 19, 2013

Location Scarborough, ON P.O. #

Project Nozzles Shop Order # 1173 PQ Ser#7473

Procedure | KV HT# 35 Rev.00 Worksheet # 37397

Technician | Frank Marunde HT Certified = CGSB Reg # 8885

Technical Data — Hardness Testing (HT)
Material I Stainless Steel
Test Method & Equipment

Technique ® |mpact Load ~ Digital Readout O Iimpact Load — Ocular Viewing

Equipment ® Equotip D Impact Device - o -

Readings Taken O Average of 5 readings @® Average of 3 readings O Other

Scale ® Brinell Hardness O Other

_ B Inspection -
Description:
- Em# _ Description of Test Area Weld HAZ HAZ Parent | Parent |
) Material Material
Ser# 7473 N1 143 160 160 154 192

N3 136 177 164 202 190
N4 149 169 181 182 185
N5 155 197 192 188 208
N6 148 197 170 181 172
N7A 153 202 189 204 195
N7B 145 191 200 202 219
N8A 149 169 171 162 195
N8B 167 191 179 204 175

KV Inspection Technician %’w/-’// Date August 19, 2013

Customer Representative

ate | AlG 977013

Tor 0d o bebalf of S HOWS
Priot Name: __tA W W ¢hY -
ﬁ”‘m T ‘ 'lveut.gsu
R 2 Velosi America LLC




KV Inspection Services Ltd.

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

General Data

Customer All-Weld Company Date August 19, 2013

Location Scarborough, ON P.O. # o
Project Nozzles Shop Order # 1173 PQ Ser#7473
Procedure | KV HT# 35 Rev.00 Worksheet # 37397

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 O Impact Load — Ocular Viewing
Equipment | @ Equotip D Impact Device B - o
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale ® Brinell Hardness O Other
Inspection
Description:
C ltems# Description of Test Area | Weld HAZ HAZ UL L
e o - Material Material
Ser# 7473 NSA 157 208 198 217 207
N9B 167 165 202 185 202
N10A 157 188 197 170 190
e —————pp — - T i S ———f— +
N10B 143 207 186 210 172 I.
N11 166 191 219 204 215
N12 195 205 169 197 153
N15 137 189 173 206 173
KV Inspection Technician %f*’/"// Date August 19, 2013
? ) \) *—l
Customer Representative D : - A‘Jso%' 2013
wr 13
Print Name: LHQ/VQ/SH S A H% -
Signarre LYg us
4 ] VELOS! 2.
e Velosi America LLC




KV Inspection Services Ltd.

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

General Data

Customer All-Weld Company Date August 26, 2013
Location Scarborough, ON P.O. #
Project Vessel Shop Order # 1173 PQ
Procedure KV HT# 35 Rev.00 Worksheet # 37490
Technician | Frank Marunde HT Certified . CGSB Reg #8885
Technical Data — Hardness Testing (HT)
‘Material | Carbon Steel
Test Method & Equipment
Technique ® Impact Load — Digital Readout O Impact Load — Ocular Viewing
Equipment @ Equotip D Impact Device -
Readingslalin— O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® Hv
— ~ Inspection B B .
Description:
Item # Description of Test Area Parer.1t HAZ Weld HAZ Parer]t
Material Material
Ser# 7473 N13-\ri 167 179 161 183 169
= P | S SRS | S S = i ==}
v =
T ELBASED : A
- st [oE £SO
prunt Name: |4 B2 Q13 S”Aﬁ:lus@
] ) Signature: | A/\:____. VELOS!
Date: _jﬁ% VelosiAmerica LT
o7
KV Inspection Technician fr""""/“""”""/w/ Date August 26, 2013
B S < Yon o
Customer Representative D.‘\. Date AUG 2 8 2013




KV Inspection Services Ltd.

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

Hardness Testing Report

HT

1486 Wallace Road

Specification — Acceptance Criteria

Fax: 905-844-6697

248 Max

General Data

Customer All-Weld Company Date August 13, 2013
Location @ KVI, Oakville, ON P.O. #
Project Vessel Shop Order # 1176 PQ Ser#7473
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 ® |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
Scale @ Brinell Hardness O Other
B . Inspection o —
Description: ( P 4
a - Parent 7 o - m
Item # Description of Test Area Material HAZ Weld HAZ Material
- Flange - o ]
Ser# 7473 N13 - C1 137 152 159 160 153
N13 - C2 150 162 150 148 160
s EE— B ok
andonbehalfofl G CPF SHOAE-
T . e eul AU
t Name: AR~ Sy ST ®
. B s __L_oop/ 1 AFRIMS]
Date: ] Velosi Amefica LLC
KV Inspection Technician W Date August 13, 2013
) . AN -
Customer Representative i | Date AUG 1 42013
A S IS:’

1




KV Inspection Services Ltd.

Hardness Testing Report

1486 Wallace Road Specification — Acceptance Criteria
Oakville, Ontario L6L 2Y6
Phone: 905-844-9448 2uR Moxn
Fax: 905-844-6697
General Data

Customer | All-Weld Company Date August 30, 2013

Location Scarborough, ON P.O.#

Project Vessel Shop Order # 1173 PQ

Procedure KV HT# 35 Rev.00 Worksheet # 37494

Technician | Frank Marunde HT Certified L 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 B -

Readings Taken O Average of 5 readings ® Average of 3 readings O Other

Scale O Brinell Hardness ® HvV

- ~ _Inspection o ]
Description:
ltem # Description of Test Area Parer)t HAZ Weld HAZ Pareqt
B Material Material
Ser# 7473 N13-C3 143 147 158 169 163
[ . pa
- B I d iy B s SHo A%
fot and on bebalf ¢f: —= -
) C AvRSE _g_,‘i}l 'i\cp{us@
— — e — e - = JErost—+—
Signaturet = 55 ]2 Velosi Afuerics LLC
— . == Date: L QD’/') IL ?
= -/:_,7

KV Inspection Technician /5”4‘:""""'/“'/ Date August 30, 2013
== R _ DY | — = S ) |
Customer Representative iy Date SEP 0 4 2013
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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
General Data
Customer All-Weld Company Date September 13, 2013
Location Scarborough, ON P.O.#
Project Vessel Shop Order # 1173 PQ S/N 7473
Procedure | KV HT# 35 Rev.00 Worksheet # 37593
Technician | Frank Marunde HT Certified 4 CGSB Reg # 8885
L 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 -
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® Hv Unit Setting:
Inspection
Description:
Item # Description of Test Area | & arent HAZ Weld HAZ Parent
= = eseription © Material Material
Ser# 7473 N3 Support Welds
Weld #1 115 147 140 149 145
2 @54 Weld #2 109 146 140 144 143
]
:‘; Weld #3 122 142 132 149 174
3} Weld#4 198 148 165 145 164
<<
[Fa' =~
e
gol w |48
37 =| | & N7A Support Welds
é o S s
E A1 Weld #1 129 145 159 163 119
B Sl 6
T A
€U Weld #2 164 133 121 131 107
gb3 Weld#3 158 182 150 189 121
§ 2
TE2
5 E Weld#4 110 161 138 159 159
I T
KV Inspection Technician | Date September 13, 2013
- ! v AN S
| ¢ \
Customer Representative ‘ Y | Date SEP 1872013




KV Inspection Services Ltd.

1486 Wallace Road
Oakville, Ontario L6L 2Y$6
Phone: 905-844-9448

Hardness Testing Report

HT

Specification — Acceptance Criteria

Fax: 905-844-6697

General Data

Customer All-Weld Company Date September 4, 2013
Location Scarborough, ON P.O. #
Project Vessel Shop Order # 1173 PQ
Procedure KV HT# 35 Rev.00 Worksheet # 37560
Technician | John MacDonald HT Certified 4 CGSB Reg # 10375
Technical Data — Hardness Testing (HT)
Material Stainless Steel
Test Method & Equipment
Technique ® |mpact Load — Digital Readout O  Impact Load — Ocular Viewing
Equipm?nt ® Equotip D Impact Device . ]
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® HvV
o Inspection -
Description:
; - Item # Description of Test Area Parer?t HAZ Weld HAZ Parer}t
- - Material Material
Ser# 7473 N4
0° to shell 160 168 110 179 102
) "iz E 201 162 129 158 168
E 0° to nozzle 170 119 165 185 190
~— 8
> 185 161 147 132 117
RN LBl L I I | ]
oM R |e
-(;"?)1‘ 2 90° to shell 137 182 127 155 110
*:Q W IS 162 162 162 121 104
- N - -
= v .
- ? 90° to nozzle 162 213 179 190 173
E- <§ 185 189 183 174 131
e a
% 20,
—E2 _g -
KV Inspection Technician Date September 4, 2013
S \KE‘
Customer Representative < ‘\ Date SEP 10 2013
oY




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 Ali-Weld Company Date September 4, 2013
Location Scarborough, ON P.O.#
Project Vessel Shop Order # 1173 PQ
Procedure KV HT# 35 Rev.00 Worksheet # 37560
Technician | John MacDonald HT Certified e CGSB Reg# 10375
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 ® HvV
S Inspection - - - ]
Description:
item # Description of Test Area | Faront HAZ Weld | HAZ Parent |
i B P Material Material
Ser# 7473 N5
0° to shelt 130 146 173 170 138
w F 107 172 104 156 123
- Jiz
§ ek 0° to nozzle 108 111 160 172 190
- S
ka = 191 157 143 183 107
h & N o T e o A 1 -
RN IS 90° to shell 146 165 123 138 180
I o iV
~E
3+ | 172 155 117 171 174
I
NSIRE o
N Y 90° to nozzle 190 108 164 176 127
156 199 173 173 138
KV Inspection Technician Date September 4, 2013
Customer Representative (T\NC\ Date Skp i M3
S0
L



Hardness Testing Report
KV Inspection Services Ltd. HT

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

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

General Data

Customer All-Weld Company Date September 4, 2013
Location Scarborough, ON P.O.#
Project Vessel Shop Order # 1173 PQ
Procedure | KV HT# 35 Rev.00 Worksheet # 37560
Technician | John MacDonald HT Certified 4 CGSB Reg # 10375
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 - -
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® HvV
~ Inspection - B
Description:
tem# Description of Test Area | Farent HAZ | weld HAZ Parent
B Material Material
Ser# 7473 N6
' 0° to shell 147 185 128 161 119
o F 109 126 198 138 172
E % 0° to nozzle 175 178 132 129 183
1 j N 160 199 181 178 156
ST 4 = < . - N i S I
I 90° to shell 139 115 210 189 156
o \ % R 0 she
- CRVYE
(: o 172 137 171 190 167
— ~log
= NBA LY
A =3 WX 90° to nozzle 185 174 139 190 190
= v
=&
E‘ = 172 185 186 107 186
1 .-
<
R § -
[ ]
g2o 3
KV Inspection Technician Date September 4, 2013

- SC =
Customer Representative S ) Date
i o SEP 102013

e




KV Inspection Services Ltd.

Oakville, Ontario L6L 2Y6

1486 Wallace Road

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

General Data

Customer All-Weld Company Date September 13, 2013
Location Scarborough, ON P.O.#
Project Vessel Shop Order # 1173 PQ S/N 7473
Procedure | KV HT# 35 Rev.00 Worksheet # 37593
Technician | Frank Marunde HT Certified e CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
Material Stainless Steel - - ]
Test Method & Equipment
_Iechnique ® Impact Load - Digital Readout O Impact Load — Ocular Viewing
Equipment ® Equotip D Impact Device B
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® HV Unit Setting:
) Inspection o w8 % T
Description: .
L Item # Description of Test Area n::{:r?;l HAZ Weld HAZ I\Ap:tr:r?;l
Ser# 7473 N7B Support Welds
Weld #1 172 160 136 152 134
g %g Weld #2 160 145 132 141 115
%_;‘ E Weld#3 168 197 151 156 173
Aﬂh_‘% g Weld#4 157 126 134 149 139
1 =l=
g% 2 g ;‘\ N12 Support Welds
—é ‘g i B Weld #1 188 160 152 180 116
L\ s N
X & :5 ' Weld #2 178 179 150 175 132
s é é i Weld#3 160 194 130 175 138
g fE” Weld#4 158 156 136 137 154
| Item 2/3 to Skirt 143 160 157 127 118
KV Inspection Technician %’7/ Date September 13, 2013
Customer Representative m‘ j Date SEP 1 872013




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 4, 2013
Location Scarborough, ON P.O. #
Project Vessel Shop Order # 1173 PQ
Procedure | KV HT# 35 Rev.00 Worksheet # 37560
Technician | John MacDonald HT Certified 4 CGSB Reg# 10375
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 |
e —— Y smeae ~ Inspection O |
Description:
Item # Description of Test Area | Farent HAZ Weld HAZ G
o Material Material
Ser# 7473 N8A
0° to shell 116 172 180 152 192
o F 'g‘ 179 194 155 140 109
I e .._% B
gef 8 0° to nozzle 101 147 176 176 185
'__ L -
\% ~ 8 &[S 136 189 201 152 172
o B A Y 5 . T T I . B
S §. \2) 90° to shell 142 180 126 163 183
¥ =
- Y
= v
T~ / S iq 132 179 180 137 126
N5 vy
§ N 90° to nozzle 121 139 186 152 184
— e 1 \! N
g . 173 130 170 173 172
SR 2 <
. rE ™
E 20
KV Inspection Technician Date September 4, 2013
. ne
Customer Representative < Date SEP 10 7013
ﬂe.



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 4, 2013
Location Scarborough, ON P.O. #
Project Vessel Shop Order # 1173 PQ
Procedure KV HT# 35 Rev.00 Worksheet # 37560
Technician | John MacDonald HT Certified e CGSB Reg # 10375
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 - |
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® Hv
- Inspection -
Description:
T ] pParent | ae | v Parent
- _Itemi# - l Description of Test Area Material HAZ Weld HAZ Material
Ser# 7473 N8B
0° to shell 140 180 210 165 190
120 149 171 143 139
0° to nozzle 141 172 108 137 186
138 105 172 175 117
90° to shell 181 129 180 180 132
199 167 160 185 200
90° to nozzle 147 183 173 179 186
135 200 189 212 189
KV Inspection Technician Date September 4, 2013
Customer Representative m Date SEP 10 2013
| =




KV Inspection Services Ltd.

Hardness Testing Report

HT

1486 Wallace Road
Qakville, Ontario L6L 2Y6

Specification — Acceptance Criteria

Phone: 905-844-9448

|

Fax: 905-844-6697
General Data
Customer All-Weld Company Date September 4, 2013
Location Scarborough, ON P.O. #
Project Vessel Shop Order # 1173 PQ
Procedure | KV HT# 35 Rev.00 Worksheet # 37560
Technician | John MacDonald HT Certified 4 CGSB Reg # 10375
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
Readings Taken O Average of 5 readings @ Average of 3 readings O Other
Scale LO Brinell Hardness ® HV
- R Inspection =
Description:
ftem # Description of Test Area | L arent HAZ Weld HAZ LS
- Material Material
Ser# 7473 NOA
0° to shell 183 143 105 185 162
el = .
AL 201 170 147 184 185
g8 8
| e
g E E 0° to nozzle 213 148 185 176 190
-
14 = & - 165 105 170 148 172
CRE RN — 1
LN 5 90° to shell 145 143 167 166 186
\ el BE
— hS
- >I G 190 197 182 200 177
I ¥ =4 Il PN (<2 -
1 V' D
V‘; > ™ 90° to nozzle 171 149 199 170 187
f— . ol (Pl
=
£ 164 155 183 150 193
S < %
E. il
E20 g
KV Inspection Technician Date September 4, 2013
Customer Representative 4 ' Date SEP 10 2013

"
[
]




Hardness Testing Report
KV Inspection Services Ltd. HT

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

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

General Data

Customer | All-Weld Company Date September 11, 2013
Location Scarborough, ON P.O.#
Project Shop Order # 1173 PQ S/N 7473
Procedure | KV HT# 35 Rev.00 Worksheet # 37591
Technician | Frank Marunde HT Certified v CGSB Reg # 8885
R ~ Technical Data — Hardness Testing (HT)
_Méterial ] étainless Steel ]

Test Method & Equipment

—

30 nique ® Impact Load — Digital Readout O Impact Load — Ocular Viewing
Equipment @ Equotip D Impact Device - B -
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness e Hv Unit Setting:

Inspection

Description:  Ser# 7473

Item # Description of Test Area 7 Weld HAZ HAZ I\I;:tl:rti‘atll IVT:t':rri‘;l
N9B Support Weld # 1 170 163 141 165 116
: Support Weld # 2 186 139 139 156 135
- - Support Weld # 3 172 176 147 151 148
Support Weld # 4 167 148 - 146 —
Support Weld # 1 124 157 169 190 132
Support Weld # 2 132 171 167 163 122
Support Weld # 3 157 182 166 170 121
Support Weld # 4 154 133 139 153 158
Name plate bracket 139 169  [N° Access 164 155

KV Inspection Technician W LDate September 11, 2013
Pl - =

o . _Cw:._'_ | T SEP o
Customer Representative v O) . | Date | SEP 1317013




KV Inspection Services Ltd.

1486 Wallace Road

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

Fax: 905-844-6697

Hardness Testing Report

HT

Specification — Acceptance Criteria

General Data

Customer ! All-Weld Company Date September 11, 2013
Location Scarborough, ON P.O. #
Project Shop Order # 1173 PQ
Procedure | KV HT# 35 Rev.00 Worksheet # 37591
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 — 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
| ittt i 1 SRy WS = 2 o e = ANTUU LS = e —
Description:  Ser# 7473
h L ] - Parent Parent
Item # Description of Test Area Weld HAZ HAZ Material Material
N10B Support Weld # 1 141 191 178 171 154
Support Weld # 2 157 151 163 168 130
. 3 210
© B B Support Weld # 3 163 163 181 172 143
(g Z e =1
FEE 3 Support Weld # 4 154 173 167 176 121
5 -
<
Gﬁ% N1t ,% \ Support Weld # 1 127 190 149 203 135
i S
’__(T_.,,, Wy Support Weld # 2 126 124 163 124 110
<y -
NN
\IP g d Support Weld # 3 140 181 129 211 133
Zlo
g 53 - Support Weld # 4 143 173 144 171 136
- Bt e
S¥E SW
g. ag Y
18 o =
E28 &g
Davit Bracket 148 190 196 210 208
KV Inspection Technician %‘7/ Date September 11, 2013
. ~ B - _ -
Customer Representative (3 Né’ Date
\\&., / SFP 1 3 7019




KV Inspection Services Ltd.

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

Fax: 905-844-6697

Hardness Testing Report

HT

Specification — Acceptance Criteria

General Data

Customer All-Weld Company Date September 4, 2013
Location Scarborough, ON P.O.#
Project Vessel Shop Order # 1173 PQ
Procedure KV HT# 35 Rev.00 Worksheet # 37496
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 — Ocular Viewing
Equipment | @ Equotip D ImpactDevice - - B ]
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® Hv
Inspection -
Description:
ltem # Description of Test Area | - arent HAZ Weld HAZ Tl
Material Material
MW1-W1 repair
- Ser# 74f B (See RT report) 155 174 148 190 172
N13 support weld
#1 152 138 144 133 145
#2 120 156 136 150 153
#3 130 148 126 137 133
#4 129 152 143 141 136
. T Pl
L 046
PCEPTEDVREVIEWED ”
. M /'IEQELlEIASEDH Ciocnab o ]
fof and on behall off 222 W1 L 20 _&c
- B frint Name: A R Fe3H J) @D _
Sigrature: /; V= ° VELOS!
S Dae: Joiky 113 . Velod LLc
| e l
KV Inspection Technician i el Date September 4, 2013
Customer Representative Aq,. Date SEP 102013




KV Inspection Services Ltd.

1486 Wallace Road
Qakyville, 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 12, 2013
Location Scarborough, ON P.O.#
Project Shop Order # 1173 PQ S/N 7473
Procedure | KV HT# 35 Rev.00 Worksheet # 37592
Technician | Frank Marunde HT Certified 4 CGSB Reg # 8885
Technical Data — Hardness Testing (HT)
| Material - Stainless Steel 7 o
Test Method & Equipment
Technique ® Impact Load — Digital Readout O  impact Load — Ocular Viewing
Equipment ® Equotip D Impact Device

Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® HV Unit Setting:
rernaT SR ¥ i Inspection v T ™ s e gl
Description:
N - ) 1 a Parent Parent
It_em # Description of Test Area Weld HAZ HAZ Material Material
Ser# 7473
N14 Support Weld #1 160 106 135 132 102
Support Weld #2 149 152 157 179 128
Support Weld #3 147 149  [No Accese 130 144
Support Weld #4 156 146 156 135 154
. Avrmuamml,f.qsm
for and on of: S oL E Sdhitt
E— B PriptN (L a¥2Sid  SAN
Signaturg: A us®
. /A ) ey VELOS!
A Velbsi America LLC

KV Inspection Technician %‘“/"// Date September 12, 2013
, 7 <N : .
Customer Representative < =) Date SEP 132013
o L

s




KV Inspection Services Ltd.

1486 Wailace Road
Oakviile, Ontario L6L 2Y6
Phone: 905-844-9448

Hardness Testing Report

HT

Specification — Acceptance Criteria

Max 248 V
Fax: 905-844-6697
General Data
Customer All-Weld Company Date September 11, 2013
Location Scarborough, ON P.O.#
Project Ultrafab Shop Order # 1173 PQ S/N 7473
Procedure | KV HT# 35 Rev.00 Worksheet # 37629
Technician | John MacDonald HT Certified v CGSB Reg# 10375
Technical Data — Hardness Testing (HT)
Material 316 L
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 ® Vickers Unit Setting:
Inspection
Description:
| ltem # Description of Test Area | Farent HAZ Weld HAZ Sl
_ o Material Material
| Ser# 7473 MW1 Brechet 220 146 128 149 180
I — ey I S e —
Skirt Attachment Item |
— = S 2/3 — I SR L — |} L = —
Inside 112 141 137 132 136
B |
Outside 131 150 114 117 162 |
= V4 - |
SR . o PIH WED/RELBASED | 046 - |
or and o behalf off S 2N __C A/ SHolts |
. - I . g ANECH SAHA __4‘
Signature: <ZGE2 NN VELOS!
-~ — / e ’ l RN i e - = —
e
| |
KV Inspection Technician / )L_ / Date September 11, 2013
_ ?q-iia h .
Customer Representative _ Date SBT3 13




KV Inspection Services Ltd.

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

Hardness Testing Report

HT

Specification — Acceptance Criteria

General Data

Customer All-Weld Company Date September 17, 2013
Location Scarborough, ON P.O. #
Project Shop Order # 1173 PQ S/N 7473
Procedure | KV HT# 35 Rev.00 Worksheet # 37644
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 - B
Readings Taken O Average of 5 readings ® Average of 3 readings O Other
Scale O Brinell Hardness ® HvV Unit Setting:
Inspection
Description:
Item # Description of Test Area Parer}t HAZ Weld HAZ Pareqt
S - Material Material
Ser# 7473 Lifting Lug @ 0° 175 154 135 135 145
Lifting Lug @ 90° 141 181 112 143 142
Lifting Lug @ 180° 133 159 133 169 141
Lifting Lug @ 270° 172 135 169 197 172
Tailing Lug 103 142 157 134 113
Item 6/4 Attachment
Weld #1 189 171 158 196 176
Weld #2 205 191 149 191 168
Weld 3 189 163 133 211 182
Weld #4 218 175 142 203 164
KV Inspection Technician [ Date September 17, 2013
——
7/ C .
Customer Representative ..-Zt\ <) Date okF 702013
N e




KV Inspection Services Ltd.

1486 Wallace Road

Qakyville, 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 12, 2013
Location Scarborough, ON P.O.#
Project Shop Order # 1173 PQ S/N 7473
Procedure | KV HT# 35 Rev.00 Worksheet # 37592
Technician | Frank Marunde HT Certified & CGSB Reg # 8885
Technical Data - Hardness Testing (HT)
Material Stainless Steel
Test Method & Equipment
mTechnique @ |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:
item # Description of Test Area Weld ;lAZ — HAZ R s G
S P Material Material
Ser# 7473 Item 1/7 118 184 194 189 174
Item 6/7 154 166 138 161 179
2
[ g B Item 23/2 to shell 125 167 135 198 133
| 5B Item 22/2 to shell 135 152 145 207 203
] 1 & Item 25/2 to shell 131 138 137 183 197
LA Y
¢ B
< § 2 E Item 26/2 N1 133 147 149 148 165
L g AN ;g
1 Item 21/2 to N3 121 156 171 178 157
L B ER &
\g T,? Vortex breaker to shell 117 170 129 119 130
B =[E
- ™
i
26 g
|
KV Inspection Technician = Date September 12, 2013
— ¥ P P~ @ . - 1
Customer Representative < Q,}', Date SFP13T 3




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
I - General Data )
Customer All-Weld Company Date September 3, 2013
Location Scarborough, ON P.O. #
Project Vessel Shop Order # 1173 PQ S/N 7473
Procedure | KV HT# 35 Rev.00 Worksheet # 37495
Technician | Frank Marunde HT Certified v CGSB Reg # 8885
Technical Data — Hardness Testing (HT) B
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 ® HvV
- Inspection i
Description:
[ ' - .| Parent s T | Parent
._. Mem # ' Description ofTestarea | yilll | WAZ | Wed | HAZ Materia
g Ser# 7473 N13-C3 158 158 133 174 163
: | S L e -
Vortex breaker loose 104 131 110 143 111
L : B E— B I
= S E—— S — 4 @ _—— —_— e e
W
— S {CEPTELVY = - 5 =
for and on bebalf of| _S.122 QL S peIlf
B i = o Errv Sk S AHA
Print Namet  eeea} frme AFPIUS
. Signature: //L}L"L VELOS!
" - Date: I’/J‘»t’/ll/nlf/ii'x Velosi Amepica LLC
KV Inspection Technician ;‘7/ Date September 3, 2013
| )
Customer Representative \ oY Date SEP 0 92013




{ogueers Smee 1920
‘/

NCR No
rh Order Senal Number Customer NCR Author NCR Date
1173 /1473 & 7474 Ultrafab 6-Sep-13
DN
NCR Bagkgroung
Discovered JCustomer AWC Other
By DN
Nature of [Product x System Document Vendor Other
NCR
Description

SN 7373 Item 33/2 supports on conns N10A & N10B were coped. not as shown on dwg to avoid long seam.(welded)

SN 7474 item 33/2 supports on conns N9A, N9B, & N10 were coped, not as shown on dwg to avoid long seam.(fitted)

Immediate
Action
NCR Disposition
Decision [Scmp Il(uwovh F«opau IRalum 10 Supphor lUso asis X Emm [Assigned to
Description
. LS AR NS
\ i
2. VPN DRI~ TV AL - B T .
[
ISee suplimentary file for further Disposition File Name[
Contract Quote Extra Amount AWC R Rep [Notes Dates
Adjustment Submitied
(ECN Only) Approved
X |Approvais Required - (Sign and Date) NCR Approvais
Customer Engineer ISO
e ~
Sales QAZ E’ Z.?/}-\ \;D\» ()r/( 2 Other -
X [Proi Mg Al Other -
(Signsand Date) 6 Disposition Verification
| owgsiCais/bi i _y,ﬁQ/ ( 5 Prod-CPS 1SO
Purchasing Q@LE/)(A &JDL |2 / [ Other -
. Prod-AWC Al ! ! Other -
A_ Follow-UE Required
i No Follow-Up Required Corrective Action investigation Employee Review Other -
Exhibit 9-2 Rev. 3




! ngmeers Smwee 1920

NCRN
rk Qreder Senal Number Customet NCR Author NCR Date
1173PQ 7473 Ultrafab 6-Sep-13
‘ DN
\ NCR Background
Discoveraed [Cuslomer AWC Other
By DN KVI
Nature of [Product X Systemn Documenl Vendor Other
NCR
Description
RT repair in MW1-W1 film 0-1 ( hard edge / internal blending )
Immediate
Action
NCR Disposition
Decision ISran anwovk anpal X IRqum 10 Supplier Use As Is IOlher IAssigned to
Description
iGroove out hard e@e with grinder
=}
' * Weld with WPS 3-4
3) QA Inspect
4) PT / RT repair
ISee suplimentary file for further Disposition File Name|
Contract [Quote Extra Amount AWC Rep [Notes Dates
Adjustment Submitied
(ECN Only) Approved|
X |Approvais Required - (Sign and Date) NCR Approvais
Customer Engineer ISO
stes /) | oA e Sor Gz | fover
Y |Proj. Mgr Quitb / 13 Al Other -
(Sign and Date) - b Disposition Verification
Dwgs/Calcs Prod-CPS I1ISO
Purchasing QAD{L;,{)_\ _QQP s , 7,/ B Other -
Prod-AWC Al Other -
Follow-Up Required
No Follow-Up Required Corrective Action Investigation Employee Review Other -
Exhibit 9-2 Rev. 3



Foguieors Siiea 1920

Exhibit 9-2

NCR N
NON-CONFORMANCE REPORT S N13.080
rk Urder Senal Number Customer NCR Author NCR Date
1173PQ 7473 Ultratab 3-Sep-13
DN
NCR Background
Discovered [Customer AWC Other
By DN KVi
Nature of [Product X System Document Vendor Other
NCR
Description
1) MW1-W1 reshoot found RT repair @ 0-1 slag. Welder # 80
2) N13-C3 RT reparr @ "A" (L.O.F ) Welder # 16
Immediate
Action
NCR Disposition
Decision ISaap IRownvh IRopau IRnlum to Suppler IUso Asls IOlhov lAssigned to
Description
‘ Grind out repairs
‘) PT repair area
3) Weld with WPS 3-4 on MW1, WPS 9-4 on N13
4) QA Inspect
5) PT / HT / & RT repairs
ISee suplimentary file for further Disposition File Namel
Contract [Quote Extra Amount AWC Rep Notes Dates
Adjustment 5“”’“‘"""'
(ECN Only) Approvedl
X [Approvals Required - (Sign and Date) NCR Approvals
Customer, Engineer 1ISO
Sales[ Xlea 07! L \)T 5//-5 Other -
Xlpo ko A / T S PR I
(Sign and Déte) ! Disposition Verification
Dwgs/Calcs Prod-CPS I1ISO
Purchasing M%L R k\* [ /I "{ Other -
‘ Prod-AWC Al % <P {9. Other -
._‘ ' Follow-Uf Reguured
| No Follow-Up Required Corrective Action Investigation Employee Review Other -

Rev. 3



v w Lis 2} ™ T t I ™M t I

tainreers Sruee 1940

NCR Nn
NON-CONFORMANCE REPORT N,J_U,HE
tk Order Senal Number Customer NCR Author NCR Date |
1173PQ 7473 Ultralab 23 Aug-13 |
DN i
NCR Background
Discovered |Customer AWC Other N
By DN KVI
Nature of [Product x System Document Vendor Other
NCR
Description

RT repair in MW1 category 'D' weld, film 5-9 @ 9 minus 2" (L.O.F) welder # 90 & 83

Note: films 0-1, 1-2, & 2-3 are required re-shoots per KVInspection

immediate
Action

NCR Disposition
Decision lScmp Iumu lRepa' X IRolum 10 Suppher Use As Is IOlhev

JAssigned to

Description
‘ Grind out repair
‘. ..) PT repair area
3) Weld with WPS 3-4
4) QA inspect
5) PT, HT & RT repair
6) Re-shoot films 0-1, 1-2 & 2-3
[See suplimentary file for further Disposition File Name|
Contract [Quote Extra Amount AWC ﬁep Notes Dates
Adjustment Submitted
(ECN Only) Approved
X |Approvals Required - (Sig;\ and Date) NCR Approvais
Customer Engineer I1ISO
Sales 9 QA m A\‘&_)_é/rﬁ Other -
Y |Proj. Mgm-r) Ak 2§ Al o7 Other -
(Sign and Diate) : Disposition Verification
Dwgs/Calcs IProd-CPS ISO
Purchasing QAZ B ] —\@'X_,‘, S 5% | D) /’ 3 Other -
‘ Prod-AWC Al ) Other -
F Follow-U%geguired
No Follow-Up Required Corrective Action investigation Employee Review Other -
Exhibit 9-2 Rev. 3



COMPANTY LIMITED \ COD\./
Engineers Since 1920 i i

NCR No
NON'CONFORMANCE REPORT N13-037
rk Order Senal Number Customer NCR Author NCR Date
1173PQ 7473 Utrafab 12-Apr-13
DN

NCR Background

Discovered JCustomer AWC Other
By DN
Nature of ]Product x System Document Vendor Other
NCR
Description

N14 conn out of level 0.6 degrees max per ASME & SBM specis 0.5

Immediate
Action
NCR Disposition
Decision |se= ILmﬁ JReser fRetum to Suppiier iUnAl s Jomer- |Assigned to

Description

“’MP\\ Serenk1  r— 4 Tvice Tt o 205 T e~

o QAengp PT T \am}

- RQ\\\P \Q t (i' u\red
ISee supIiTentary file for further Disposition_ File Name[
Contract ]Quote Extra Amount AWC Rep [Notes Dates
Adjustment L
(ECN Only) Approved
X |Approvals Required - (Sign and Date) NCR Approvals
Customer Engineer I1ISO
Sales ) QA % Aor | 9//3 Other -
o |Proi. Mgr /(_/,L G /, 3 Al ' ’ Other -
(Sign and©fe) ' Disposition Verification
Dwgs/Calcs Prod-CPS 1ISO
Purchasing QA 08 //3 Other -
7t
. Prod-AWC Al Other -
- Follow-Uﬁ Required
L_- No Follow-Up Required Corrective Action Investigation Employee Review Other -

Exhibit 9-2

Rev. 3



L

ALL-WELD

Fvhihii QU0

COMPARNSY TED 8
Engineers S/nce 7920
JNCR No.
) NON-CONFORMANCE REPORT N13.007
Mork Order Serial Number Customer NCR Author NCR Date
1173PQ 7473 Ultrafab 5-Apr-13
DN
NCR Background
Discovered |Customer AWC Other
By DN KVInspection
Nature of {Product x System Document Vendor Other
NCR
Description
X-ray repairin C2 @ +3 to 4 1/4" slag inclusion.
Immediate
Action
NCR Disposition
_I Decision ISu‘ep lRework IRepair x IRslum to Supplier lUse As s lOthar B IAssigned to
. Description
T
Grind out repair area.
2) PT repair area.
3) Weld with WPS 3-4
4) QA Inspect
5) RT repair.
|See suplimentary file for further Disposition File Name|
Contract |Quote Extra Amount AWC Rep [Notes Dates
Adjustment ——
(ECN Only) Approved
X |Approvals Required - (Sign and Date) NCR Approvals
Customer ISO
Sales d{« & /7/// ; Other -
Proj. Mgr/__ugf_\li q12% NWQ"'( 1S Other -
{Sign and DatM\J Disgosition Verification
I Dwgs/Calcs Prod-CPS ISO
4 Purchasing D)/ z 27 N\g\{ 2'9/3 Other -
€ prosane A\ p)——" 17 | [ % Miey2q (> Other -
\j Follow-Up Required
No Follow-Up Required Corrective Action Investigation Employee Review Other -

Rev.

3
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Welding Procedure Specification (WPS)

CARBON STEEL

©)

Company

@ Provincial Registration

WP D700.5
R2363.5 / R2060.5

~ame

ALL-WELD COMPANY LIMITED

8 Procedure ldentification
Adaress 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 Code ( PLANT 2) PQR No.

M1V-4T1 M1V-2R6 1,1A & 78

@ 1 SMAW Manuval | X Semi-auto. Auto.
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints (QwW-402)
Design S'NGLE & DOUBLE V GROOVE Backing Material WELD METAL
Backing ves o X NOTE  gMAW SHALL BE USED WITH BACKING ONLY
Sketch
“ﬁ_/t
w P o 75,

N S 1 \ - : o
S R e s \
e S i . N S
(32 + 439" o1 L " » "4 432" “ “ "

Iz *’l P 3132721132 zrEAEz —74 ‘-—3132 *1132 ALL FILLET WELDS
6 Base Metals  (QW-403) P.No. 1 GrNo. 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)

| AWS No E7018-1H4 RETURN LOW SFA 5.1 F-No 4 A-No 1 Dia. 3/32" & 1/8"
. awsno  Evotthg | HYOROGEN  fsPa 51 Fno 4 AN Dia.  5/32"
3 AWS No E7018-1H4 OVEN EVERY 4 HOURS | SFA 51 F-No 4 A-No. 1 Dia. 3/16" & 1/4"

Flux Tradename NONE Electrode Flux Classification NONE

fonsumable inse NONE Other MAX DEPOSITED METAL 1 1/2"
@ Positions (QW-405) @ Postweld Heat Treatment (QW-407)
Posilion(s) of Groove ALL Temperature Range NONE

wending Progression uP Time Range NONE

Position(s) of Fillet ALL Other NONE

e NONE gl




@ Gas  (QW-408)
@ Preheat (QW-406) Shielding Gas Composition NONE
Preheat Temperature Min. SEE 'OTHER' Gas Flow Rate NONE
Interpass Temperature Max. 350° F Backing Gas Compasition NONE {
Preheat Maintenance SEE 'OTHER' Trailing Shield Gas Composition NONE
Oflher NONE Other NONE
@ Electrical Characteristics and Technique (QW-409)-(QW-410)
\Weld Layer(s) Process - Filer Meta) Cate Travel Speed Range
Ciassification 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
et FEGouding GRINDING OR ARC AIR GOUGING AND GRINDING (
Inttial and Interpass Cleaning (Brushing. Grinding, elc ) 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) MULTIPLE
Multiple or Single Electrode SINGLE
Electrode Wire feed speed range NONE

otrer  Preheat Requwements When weldmg to or together for the th|ckness noted below the preheat requirements must be

f k nreheat to 50° F 1" thick and 10 200° F

Supplementary Comments

Q)

NONE

Company Representative Signature

Zzzf_» g
‘}Z_g 14 April, 07

Robert C. Bentley C P
Registration of this Welding Procedure (Specification plus Qualification Record) is requnred pursuant to the provisions of Section 36 (1) ( &
of the Boilers and Pressure Vessels Act of Ontario.

The registration becomes invalid when any essentiai variable changes, or any requirement of the ASME Code Section iX. affecting
this procedure, is altered

Date




e
J','."s- M
. S -

Ministry of Boilers and Tel. (416) 965-4121 o #go Utmv%rr.:,:tyAvenue
Consumer and  Pressure Vessels B gs T
: Commercial Branch o
Ontario  Relations Technical Standards Division |

COPY

PROCEDURE QUALIFICATION RECORD

y PQR =1 oats APR 23,1979

2/I5/50 49 PA SSMME AVE scansmaqm M1y
4T
ALL-WELD COMPANY LIMITED %m- 24 CARL AW AVENUE Tonon /
{Menufacturer) *
Weld Proc. Spec. No, ‘W-PS I" Weld Processles) <X oy Types
j G {Manual, Automatic)

JOINTS {Qw402) BASE METALS (QwW-403)

@
\( 75 y Material Spec. Carbon Steel

Type or Grade SA53 GR.B

; \ /-_—— P No. 1 to P No. 1
L } Thickness e432 "
%A ‘—.‘l L— f——‘ '/I‘ Diameter 6" PiDe
Groove Design Used Other (D
7/44’-;7372—(%‘07””’7/3/ i

FILLER METALS (Qw-404) POSITION (Qw-405)
Weld Metal Analysis A No, AR Position of Groove All
Size of ElsctrodeM_ l[_L Weld Progression up TRhi Downriin
Filler Metal F No. = F4
SFA Specification 5.1 Other N'/A
AWS Ciassification _ E7018 PREHEAT (QW-406) ,
Other N I A Preheat Temp. - ~NONE- ‘5_ 4 F d”‘}ﬁ?
i ' lnt;arpass Temp. N / A
| other ____N/A
POSTWELD HEAT TREATMENT (QW-407) GAS (Qw-408)
Temperature _____None Typeof GasorGases  N/A
Time_ __ N/A Composition of Gas Mixture N/ A
Other N/A Other ___ N/A
ELECTRICAL CHARACTEHISTICS (Qw-409) TECHNIQUE (QW-410)
Current . __DC _ S String or Weave Bead Stri_g_ S o
Polarity ___ = Rever S_e — Ogcillation __N/.A_ e e e e e
Amps. 121 -150 — Volts . 22-24 Mu!tipass or Single Pass ___M}! _1t_1pas S
—per side)
Travel Speed NA

3
Other N /A N - Single or Multiple Electrodes S ingle jgﬁ




TENSILE TEST (QW-150) /’41/?—'(

ULTIMATE ULTIMATE CHAHACTEF

S"Eﬁg"'EN WIDTH THICKNESS - AREA TOTAL LOAD UNIT STRESS FAILUF/
: LB, PSI Locat!
13-47-T1 0.759 0.367 0.279 18,950 | 67,900 Parept, .,
13-47-T2 0.773 0.359 0.278 18,600 66,900 P“e;‘,t! .

GUIDED BEND TESTS (QW-160)

=
[ J .
TYPE AND TYPE AND
FIGURE NO. RESULT FIGURE NO. e
FB 1 Satisfactory 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 i
: % SHEAR MILS BREAK NO BREAK
— — - - — ———— —— ——
— —_—t —— ——_—_———— — —— — —— —_ —— —_— .fl
Type of Test _ — ~ . B ==
Deposit Analysis___ T i e
Other _ e - s == =
Weld Test Witnessed By ___ Tensile Test Made By_Vern W. Jones C.E.T.
Authorized Inspector
H.L-P. l‘lght ) Lab-oratofvTestNo_ 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 BRanc with ASME Baller an Prevase Veteel Gorte ootion 1o
ACCEPTED

WP NI 200 5 . Bix i ol S O ey MLTED
Date........... A28, ‘ £ i j?" Cﬂﬁz‘ & st
Examiner.... F o cte s rrralons B B 9 i Z Me 1,
MINISIRY OF COSUMER & COMMERGIy: RELATIONS. S'AJ ' sﬁi;g\t/}l’gg;

PROVINCE OF ONTagjo




WINHOIYI O UY 1Ia

mMuusuy wvi riosouwoe

W " "Consumer and Consommation Vessels ° des spparelis ‘ ;,t;.ﬁ‘—'uﬂ.f de_ méthode de lOUdlﬂ‘ (_Rﬂ_s,
Commercial et du Safety sous pression . B T Y ST
.Ontario Relations Commerce Branch RS e
o (Reference: ASME Section IX/Référence: ASME, Section 1X)
s “Provincial Reglstration | wp
| /N - i @ Enregistrement provincial #92’2 23635
. «ame/ Nom ———

ALL-WELD COMPANY (/MITED _

Address/ Adresse
49 PASSMORE AUE

Record Identification/Désignation du résultat

®

SCARBOROCUGH ONTARIO

»

Postal Code/ Code postal
M WYL Ts

PQOR No.

AMS N° - A
No.

w1 A

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

[@

®

Type S °
N SMAW MANUAL 7 =
2 Type ;
3 Type 1
— -
@ Base Metals/Métaux de base (Qw-403) _L / “
P No. | GrNo. [ 72 tola PN | arn | 42 %z'!Z;z‘-. 3, L P
Spécincation/ Spécification Tensiie/ Tension - 52" = sz
SA-Slb -6R 70 70, 000
SA -Slb- GR 70 70,000 Groove Design usad/ Croquis du foint utilisé
Thick : Oiameter/ Diemdtre Posiwald Heat Tresiment/
Epgisrs‘:?l? '/ o Traitement thermique postsoudage (QW-407)
Other Temperalure
e MO SINGLE PASS T0 BE GREATER THAN ‘[z 7k] | Tempérare NONE
f(;\ Filler Metala/Métaux d’apport (Qw-404) {;;;;g,, — I —
\ Ctassification (AWS) SFA-No. F - No. A - No. s —l—
E72018 5.1 o [ @ Gas/Gaz (QW-408)
Shielding Gas Composition
Compt;szlon du gazp de prolaction NONE
Gas Flow Hate u
. Débit du gaz = et
h n Backing Gas Compositi
glu”eer MAX DEPOSITED METAL AQUALIFIED Vz Cogul;(l:ghlora!sdu gapzost;;ors‘aulien —
@ Positlons/Positions  (Qw-405) e gF!-aztla —
[ Position(s) of G h
Position{a) du foint I G e —'
Welding Pri gsion u
Prggr:‘sgsionocgi': s;udage Mgnlant D gg::endam D @ Twhmque! Tec'm'que (Qw-410
Other Stri W Bead
Autre C;;z%nozml??: osc?ﬂanl STRING
Preheat/ Préchauffage (Qw-406) e ttioie] N/a _
Preheat Temperall Muiti Single P { ide)
Temperature de p‘fr?cnauﬂage S0°F MIN, Passo ?:i:Je ol muma:l: (‘:Z'r %48) MULTIPLE
Interpass Temperature Singl Multipte Electrod
Température de I'interpasse 3so°F MAX Eiectode unlq:za ou fr‘i:urlllp?a SINGLE
Other Other
Autre Autre
@ Electrical Characteristics and Technique/Caractéristiques électriques et techniques  (Qw-409) + (QW-410)
Wl Filter Metal Courrent ’
eCouch?z{esr;(s, :"0‘:2’5 Ll Lol - - oo Trave! Speed
de soudure océdé Classitication Diameter Type Polarity Amp Vot Vitesse
| Diamétre Type Polarité Ampérage Voltage
2T SMAW E?018 Vg" Dc RP /0U-]50 22-2¢ 7-1/0
o .
FILL SMAW E7018 Yg De R P /ov-)s0 | zz-2¢4 | 7-/0

.,_




® Tansile Tests/Essals 3 la traction e <
Dimensions Character and Location
Specimen Dimensions Area Ultimate Total Load Ultimate Unit Stress of Failure
Eprouvetie width Thickness Surface Charge limite Contrainte limite Nature et endroit
Largeur Epaisseur de la rupture
T 0.74-8 0.-243 |o-1818 IS &40 86 o446 FRACTUORED i
T2 0.757 0:242 0-1832 15670 8s 538 BASE MET)
(D) Guided Bend Tests/Essais de pliage guidé T erencoy .
Epecimen Face Root | Side Result Specimen Face Root | Side Rasuit
prouvette Face |Racine | Cité Résuliat Eprouvette Face |Racine| Cé6té Résultat
Si V7 ACCEPTAELE S3 v ACCEPT ALELE
Sz vl Acc EPTARLE S Vv ACCEPTAELE
Toughness Tests/Essals de résilience i
Specimen Lateral Expansion Drop Weight
ecimen Noéch Location Notch Type Temperature lnErpacl.Valua Expansion latérale Essai en chule libre
prouvette ndroil de Forme de Tempéralure nergie de Shear Mills Break No Break
fentaille UG de I'dprouvette ers % cisaillsment |  Millidmes Cassé Non cassé
{.
@) Fillet Weld Test/Essai de soudure d’angle et daleds
Result - Satislactory Yes No Penetration Into Parent Metal Yes No
Résultat satisfaisant Oui O Non 0O Pénétration dans métal de base Oui O NonD
Macro - Resulls
Rdsultals macroscopiques
Relerence:
Other Tests/Autres essais Roleroneel
Welder s Name St No.
@ Nom du soudeur (SSA BKAYLE H Ma:;g syr?vbale / éj

@

B oede oy CAMBRIDECE MATERIALS TEST (NG ¢TD Z?ZI*’&Z’”&?L,?;;"«' t2s) 24 - 179

Essais effectués par

We cerlify Ihat the statements in this record are correct and that the lest welds were prepared, welded and tested i }1 apr.urdmce with the
requiremenis of section {X of the ASME Code /

Nous certifions que les renseignements concernant ce résuftat sont exacts el que les essais de soudage ont 6!‘ lgr‘parés
soudéds af exécutés conlormément aux exigences de la section 1X du Code ASME.

§
¥

- [zf |
(S;iogT‘glir:é Representative s % %‘Y’ﬂu# g::g 27 JU{VE 95

Signature du représentant de
AL

@)

e i Tup.2 7/ inspoctay {{/%4_
> [ 3 |

T'entreprise 4 Vi W P-R 23l ..".'}-4"_—

Department Use Only/Réservé au ministére
% C. 0g63

Record venlied on
Résultals vérifiés le MY / 7/ ﬂ'— Inspecreur
£ o et

|n5peclor

) NG
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!‘67 I Ccnsumer and  Consommation Vessels - des apparslis . : rndsuﬂat dae m‘ﬂmde de soudage (Rﬂ'
Y%/ Commercial el du Safety sous pression _
Ontario _Relations Commerce Branch . .4 gy ,-.%,j\‘v';.\,___-
v (Reference: ASME Section IX/Référence: ASME, Section IX)
p Conipany/ i i Provinclal Reglstration R 2060:5
% L] s ﬁ"“” fize : @ Enreglstrement provinclal ’15 z
lr Nom T—
L ALL - ; WELD PANY LTD s ] @ Record Mulllﬂcallonfbéslgnatlon du résuna!
Address/ Adresse ; :
*® 1.9 PASSMORE Ave POR No. '
- A 2 78
SCARBOR.OC{JC-':H ONTARIO WPS No. ‘78 -)
! Postal Code/ Code postal DMS N°
i CANADA My LY IAT ﬁ"gp-
® Welding Prmsl(ﬁu)]Procédé(s) de soudage
" Type
.-; SMAW MANUA L.
# Type
2 ] | /
3 _‘j . Type
L " S
@ Bagy Flietals/Métaux de base (Qw-403) ) f
R o o l [ l
PNo. | or M) ¢2 tla P.N 1 &N |[¢g2 u_'/m“jléz”
Spécification/ Spécific:gtion Tensite/ Tension
SA-SIG-GR 76 To 79000
SA - é /6 GR 70 7 0,00 o Groove Design used/ Croquis du Joint’ utilisé
Thick '3 - Diameter/ Dlamatre Postweld Heat Treatment,
pZIs’;ii? | '/ 2 Y — Traitoment :narm'l%u:“ ;.:oa/lsoudage {aw.407)
Other ‘ Temperature
Autre: Np s Mg.E PASS 7D BE 6 REATER THAM l/z"m Tempérarure NDN E
Ty Flller Metals/Métaux d'apport (Qw-404) Time —_—
{( Classification (AWS) SFA-No. F - No. A - No. Shbjor _—
EJ018 5. o | @ Gas/Gaz (aw-08)
Shielding Gas Compositi
Conarpogigrlona;u gazp%se |gnmfecrion NONE
Gas Flow Rate u
Débit du gaz —
Other Backing Gas Composition .
Autre Composition du gaz de soulien —
Posltions/Positions  (Qw-405) Betit e ga —— e
Pasition(s) of Groave Other ——
Position(s) du joint |l 6 Autre
Walding P i & U
Prggr:sgsio;togr:ssst;zgage Mgmam D gg::endant D @ Technlque/ Tec'm'que @w-410
Oth st Weave Bead
Aufreer C;rggno:imi?ac;l: oscillant STRIN &
® Preheat/ Préchauffage (Qw-406) 8:2;;;:,';3,',' N/A
Preheat Ti Multipass or Single Pass (per side)
Tgfn:graluerguzieem:;réechauﬂage S0 ‘ F AMIN Pa%s'gasniqotra o’t‘lg;un;:slz &?arr i&t%} MULTIPLE
fnt T o — -
Température de Fiierpasse 350° MAX BoMsils Ui ou euitipls SINGLE

Other
Autre

Other
Autre

®

Electrical Characteristics and Technlque/Caractéristiques électriques et techniques

(QW-409) + (QW-410)

Filler Melal Courrent
nggu é_:ggr)(s) Process Mélal d'apport : Courant Travel Speed
de soudure Procédéd Classification g;%g:’ea' '1':;3: z.‘:’;:r','g Am:’;."gg’ Vo‘ﬁ)al;u Vitesse
A | smaw | & 70/8 g+ | De RP 70-120 20-22
JiL —t— —i e " | —r— | —¥— 200-275 | 22-24

n =




D) Tansile Tests/Essais 3 la traction b b L .
Dimensions Character and Location
Specimen Qs Area Uttimate Total Load Uttimae Unit Stress CRE Lol
Eprouvette Width Thickness Surface Charge limite Contraite limite Nature et endroit
) Largeur Epaisseur . de la rupwre
' ' FRACTUREDT '
T 0.715 | 1.487 |1.0632 | 84%700 79 661 e mED | .
- P o FRACTUCED |
T2 0.726 | 1:+84 |1.0774 gcz80 - | ©8008% ° " |gase merac
D) Guided Bend Tests/Essais de pllage guidé Polerencez +s J k '
ecimen Face Root | Side, {. . Result Specimen ;| Face--| Raot 'si% 5 Resuit
prouvelte Face |Racine| coté| > . Résultat Eprouvetie Face |Racine| Citi Rdsultat
sl V' | AcceeTaBLE 83 V| | Accerrasee
S2 1.4/| ACCEPTABLE s4 - l/( ACCEPTABLE
- Tolfghness Tests/Essais de résilience o | Ryl 1 R
i Lateral Expansiian Drop Weight
ecimen Notch Location | Notch Type ~ | 1 ngnf;::;ﬁ, Impact Value Expa’mion %w)gg Essal en chule libre
g‘;muveﬂa E;,'d""".”d’ . F,?""e.i‘f-‘-’. % Tempéralure Energie de Shear Mihis Break No Break
' LIUELCE e EnteLies dé I'éprouvette rupture o, cisaillement |  Millidm'es Cassé Non cassé
- < ;
: . N ) N
N \ ' \ \
. e ‘ Y\
—
i 4 i
e ) [ S
[ RN 7
‘ b ?
— g
\
Fillet Weld Test/Essai de soudure d'angle oy ki v ot
Resuft - Satistatlo Y N P i to P Metal Yes No [
Résultal 33"5’3"sa:"y O?I? Ngn O P:'::’gg;;m g:;s lav:glne;l d: ilasa Oui O NonD
Macro - Resulls
Résultats macroscopiques .
' " Other Tests/Autres essais reersncl
Weld Name ' Stamp No.
@ N:rn ed'r: soudeur __E_EA'V (N RAM N A TH Ne dgsy:lbole
Labor: NG

Tests conducted by CAMBRIDGE M ATERJALS TESTING LTD Essai

Essais effectués par

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

requirements of section 1X of the ASME Code.

Nous cerlifions que ies renseignements concernant ce rdsuitat sont exacts et que les essais de soudage ont Pf
soudés et exéculds conlormement aux exigences de ia section IX du Code ASME.

@ Company Representative’'s W

Signature
Signature du représentani de
f'entreprise

Department Use Only/ Réservé au ministére *
_gamples Weided on ! Inspector
Pidces soudées le . s A)A/ %/ %_ lnsgecle%g%/
Record verified on il Inspector
Résultats vérifids le m\_ / / 75” Inspecleur%/ i /4/
L3 > Ld r4

ance vg!h W,

atory Tgs
r ]

—o i

e



Welding Procedure Specification (WPS)

DIAINLEODD 1V

CARBON STEEL
Customer
Work Order # @ Provincial Registration (WP G186.5
“O Company
Nama/ ALL-WELD COMPANY LIMITED Procedure Identification
adaress/ 49 PASSMORE AVE. | 14 PASSMORE AVE. WPS NO. 2.1 Revision No. 4
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Section IX Date 14 April, 07
Postal Code ( PLANT 1) Postal Code ( PLANT 2) PQR No. 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 Materiei WELD METAL
Backing Yes No X Other NONE
Sketch
S o 75 ]
\< o +5°—15
- ™
i— L T T —— 1
' 332" £ 132" al I(—anz":mz" 3327 214132" —4' L—araz“ 132" ALL FILLET WELDS
Base Metals  (QW-403) P.No. 8  GrNo. 1 to P,. No. 1 Gr.No. 1&2
or Specifications type and grade
SA-240, 304, 304L, 316, 316L & 310 + 321 to SA-36, 53, 105, 106, 181, 234WPB, 285 & 516
or Chemical Analysis and Mech. Prop. NONE
Thickness Range Quaiified 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 A-No. Dia. 3/32"8& 1/8"
2 AWS No. E309-16 TO THE OVEN EVERY 4 | SFA 54 F-No 5 A-No. 8 Dia. 5/32" & 3/167
3. AWS No. HOURS SFA F-No A-No. Dia.
Flux Tradename NONE Electrode Flux Classification NONE
el Tk JIE NONE Sl MAX DEPOSITED METAL 1 1/2"
Positions (QW-405) \1@ Postweld Heat Treatment (QW-407)
Fasition(s) of Groove ALL ‘Temperature Range NONE
Welding Progression UP Time Range NONE
Position(s) of Fillet ALL Other NONE
Other NONE



QD 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
12) Electrical Characteristics and Technique  (QW-409)-(QW-410)
Filier Metal Current
Weld Layer(s) Process Classification Diameter Type Polarity Amp. Range Volt Range Tirve) Speéd Rangs
ROOT SMAW E309-16 3/32" DC RP 65-95 N/A N/A
ROOT SMAW E309-16 1/8" DC RP 90-120 N/A N/A
FILL SMAW E309-16 5/32" DC RP 120-160 N/A N/A
FILL SMAW E309-16 3/16" DC RP 155-195 N/A N/A
Tungsten Electrode Size and Type NONE
Mode of Metal Transfer for GMAW NONE
String or Weave Bead STRING
Method of Back Gouging GRINDING OR ARC AIR GOUGING AND GRINDING TO SOUND METAL ( A
initiai and Interpass Cleaning (Brushing, Grinding, etc.) WIRE BRUSH OR GRINDING
Orifice or Gas Cup Size NONE
Osciliation NONE Width NONE Frequency NONE
Contact Tube to Work Distance - NONE
Muitipie or Single Pass (per side) SINGLE AND OR MULTIPLE
Multipie or Single Electrode SINGLE
Electrode Wire feed speed range NONE
omer Freneat Requirements: When welding to or together for the thickness noted below the preheat requirements must be
followed. For P1 -Thickness and minimum temperature 0 to 3/4" thick preheat to 50° F, 1" thick and up 200° F.
@ Supplementary Comments
NONE

Company Representative Signature W‘Lf\ Date 14 April, 07
Stephen White Q.I.T -~y
Registration of this Welding Procedure (Specification plus Qualification Record) is required pursuant to the provisions of Section 36 (1)
of the Boilers and Pressure Vesseis Act of Ontario.

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




Ministry of

Boilers and

Tol (416) 965-4121

400 Universily Avenue

_ W Consumer and  Pressure Vessels IAOsrgn;%'son'a”O
t\.‘ Commercial Branch . C 5

ontario  Relations Technical Standards Division ' '

. PROCEDURE QUALIFICATION RECORD
T
PQR-2
Date_Decembey 1,1981
All-Weld Company Limited ... __ 49
{Manufacturer) _(AQd{m o
Weld Proc. Spec. No. P8XP1xF5 . Type;__wuﬁ_____
S . anual, Automatic)

Weld Processles)__ _SMAW

JOINTS (QW-402)

\/75"3/

BASE METALS (Qw-403)
Material Spec. ___SA240 & SA 285C

\"\\
U\

Tyoe or Grade 304 & C.S.
\ P No. 8 to P No. 1
- L i Thickness 3/4"
¢ %2_ _._’I l‘__ ¢—— 3/3 2 Diameter___FLAT
Groove Design Used Other NFA
HCK—- PoLd LY3YL
FILLER METALS (QW-404) POSITION (QW-405)
Weld Metal Analysis A No. __- A8 ' Position of Groove ___ FLAT
Size of Elecrrode ___ }/8 X 5/32 Weld Progression N/A
{Uphilt, Downhill)
Filler Metal F No. F5
SFA Specification SFA 5.4 Other
AWS Classification E308-16 o PRE'HEAT (Qwos) | .
LUl N/A Preheat Temp.____ oy O° L. ™M1 w
Interpass Temp. ASO0°F. ™MMax
Other N/A
POSTWELD HEAT TREATMENT (QW-407) GAS (Qw-408) )
Tempersturs ________IN QN&E Type of Ges o;:G;.a N/A
Time N/A Composftion’ot Gas Mixturs _N/A -
Other N/A Other“ - N/A
ELECTRICAL CHARACTERISTICS (QW-409) TECHNIQUE (QW-410)
f Current D.C String or Weave Béad § i STRING
' Polarity REVERSE : o.cmmoq'_"j N/A -
Amps. 120 Volts 25 Multipass or Singla Pass MULTIPASS
Travel Spasd 7-10 1PM . N (per side) -
Other N/A Single or Muitipte Electrodes SINGLE ___ A

e A e T e ocemhy dtf

G €S




TENSILE TEST (QW-150)

. L LTIMATE CHARACTER OF
SPECIMEN WIDTH THICKNESS AREA TOTRL LOAD UNiT STRESS FAILORE & I ,
: LB. PSt LOCATION | !
_AW-7-5_ .| 7585, __.370_ __ . .280 _ 1 64,000 'PARENT MET
 AW=7-6_ | 755 | _.350___ | .264. 61,000 _|PARENT Mmii:

GUIDED BEND TESTS (QW-160)

TYPE AND TYPE AND
FIGURE NO. RESULT FIGURE NO. RESULT
AW=7-1 SATISFACTORY AW=7=3 SATISFACTORY.
| AW=7-2 SATISFACTORY ' == | SATISPACTORY

TOUGHNESS TESTS (QW-170)

SPECIMEN NOTCH NOTCH |  TEST tMPACT LATERAL EXP. DROPWEIGHT
NO. LOCATION- | - TYPE" TEMP, VALUES

% SHEAR | MILS BREAK NO BREAK

DU [ S

Type of Test

Deposit Analysis

Other _ __ __

Weld Test Witnessed By_Mr, J, Clark Tensile Test Made By The Warnock-Hersey Co.-
Authorized tnspector 8 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 I X.

Ontario

REGISTERED

UNDER THE AUTHORITY OF THE BOILERS
AND PRESSURE VESSELS ACT

WP.S.: 16865

SIGNED! ‘4%
DATEr /). 1 Q- 8/

3

Signed D

anutacturer

Zdﬁm @)

ZMCINTYRE 7
Q A. supnmsoa/
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STEEL
Customer
Work Order # @ Provincial Registration |WP T4628.5
:D Company
el ALL-WELD COMPANY LIMITED @ Procedure |dentification
naress/ 49 PASSMORE AVE. | 14 PASSMORE AVE. WPS NO. 3.4 Revision No. 1
PLANT 1 PLANT 2 B
SCARBOROUGH, ONTARIO Code Section IX Date 27 March, 2013
Postal Code ( PLANT 1) Postal Code ( PLANT 2) PQR No. 3.3X
M1V-4T1 M1V-2R6 -
4 1 SMAW Manual | X Semi-auto. Auto.
Welding Process(es) 2 Manual Semi-auto. Auto
3 Manual Semi-auto. Auto
5 Joints (QW-402)
Desion SINGLE & DOUBLE V GROOVE Backing Matert! WELD METAL
Backi Y N Oth
acking es [s] x er NONE
Sketch
0 o
75 s 1D
\< v +5°—15°
1
_J,__
40
| — T > 1
3327 11132° al |(-3r32"_+_1r32-- 3@2 432" Hl '(—332"+1r32"
ALL FILLET WELDS
@ Base Metals  (QW-403) P.No. 8  Gr.No. 1 toP.No. 8  GrNo. 1
or Specifications type and grade
SA-479, 312, 240 & 182 - 316L to  SA-479, 312,240 & 182 - 304, 304L, 316 & 3161,
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 |57 54 F-No 5 A-No. 8 Dia.  3/32"

2 AWS No. E316L-16 | TO THE OVEN EVERY 4 | SFa 54  F-No 5 A-No. 8 Dia. 1/8" 5/32"
5 AwWSNo.  E316L-16 HOURS SFA 54 FNo 5  ANo. 8 Dia.  3/16"

Flux Tradename NONE Electrode Flux Classification NONE
Consumable Insert NONE Other MAX DEPOSITED METAL 8 " & SEE SECTION # 12
-
8 Positions (QW-405) \QCD Postweld Heat Treatment (QW-407)

Josition(s) of Groove

emperature Range

For Impact use 1G & 2G Only / Non impact use all NONE

— - nge
felding Progression Horiz and Flat for impact Use / Up non impact use LT NONE
Position(s) of Fifiet ALL Other NONE

Other

NONE




AN Gas (QW-408)
Preheat (QW-406) Shielding Gas Compasition NONE
Preheat Temperature Min. 50°F Gas Flow Rate NONE
terpass Temperature Max. 350° F Backing Gas Composition NONE
Preheat Maintenance 50° F Trailing Shield Gas Composition NONE ;-
f/nﬁ NONE Other NONE
\19 Electrical Characteristics and Technique (QW-409)-(QW-410)
Filler Metal Current
Weild Layer(s) Process — - - Travel Speed Range
Classification Diameter Type Polarity Amp. Range Voit 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
| | l
Per QW 409.1 only 3/32 ' and 1/8 " Electrode used for Impact welding
| I | | l

Tungsten Electrode Size and Type

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

fethod of Back Gouging

GRINDING OR ARC AIR GOUGING AND GRINDING TO SOUND METAL

initiai and interpass Cleaning (Brushing, Grinding, efc.)

WIRE BRUSH OR GRINDING

Orifice or Gas Cup Size NONE

Oscillation NONE Width NONE At NONE
Contact Tube to Work Distance NONE

Muitiple 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

Robert C. Bentley C.E.M
Registration of this Welding Procedure {Specification plus Qualification Record) is required p ant to the provisions of Section 36 (1)
of the Boilers and Pressure Vessels Act of Ontario.

Eollod Bt

Date 27 March, 2013

(

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

this procedure, is altered.



PROCEDURE QUALIFICATION RECORD (PQR)

(Reference: ASME Section 1X)

1 ) Company
O Y ALL-WELD COMPANY LIMITED
o G 49 PASSMORE AVENUE

SCARBOROUGH, ONTARIO

Postal Code
Ml1]V]4]T]|1

(+)

Welding Process(es)

@ Provincial Registration wp
3 Record Identification
WPS No.
° 3-3B

©)

Groove Design used

1 SMAW Type MANUAL .
2 Type 75
3 Type *5° -15
(s) Base Metals (QW-403) ; %
P No. 8 Gr No. 1 to P. No. 8 GrNo. 1 T~
Specification Tensile 3132°+ 132" . .
SA 240 316 75000 *l I‘_a’z‘2 21732
Thickness 13/4" Diameter Postweld Heat Treatment /
Other NONE Temperature NONE
@) Filler Metals (Qwaos) | [Tme NONE
Classification (AWS) SFA-No. F - No. A - No. Other NONE
E316-16 5.4 5 8 (1) Gas (Qw-408)
Shielding Gas Composition NONE
Gas Flow Rate NONE
Other NONE Backing Gas composition NONE
@ Positions  aQw-os 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) Oscilafiiin NONE
Preheat Temperature 50°F unltipass or Single Pass (per side) MULTIPLE
Interpass Temperature 350°F Single or Multiple Electrode SINGLE
Other No single pass greater than 1/2 " Other NONE
@ Electrical Characteristics and Technique (QW-409) + (QW-410)
Filler Metal Current
WL e Classification Diameter Type Palanty Amp Vot U
ROOT SMAW E316-16 3/32" DC RP 65 - 95 20-25 4"T08"
FiLL SMAW E316-16 1/8" DC RP 90-120 | 20-25 4"T08"™




@ Tensile Tests Reference: l
Specimen Dimensions in Inches Area Ultimate Total Load Ultimate Unit Stress | Character and Locatio".._
Width Thickness. in Inches? in Foot Pounds in PSI of Failure
T2A 0.756 " 0.865 " 0.654 " 55,409 84,500 T28 FRACTURED IN
T2B 0.765" 0.905" 0.683 " 57,283 84,000 :“SEBL::‘ZOSE:SW-;’
T5A 0.753" 0.842" 0.634 " 52,974 83,500 i haoveme Y
T6B 0.755" 0.790" 0.596 " 50,353 84,500 |MANNER
@ Guided Bend Tests Reference:
Specimen | Face | Root | Side Result Specimen | Face | Root | Side Result
S1 X ACCEPTED S3 X ACCEPTED
S2 X ACCEPTED S4 X ACCEPTED
Toughness Tests Reference;
Specimen Notch Location Notch Type TSpecimen Impact Value Cateo) Expansion:u pcpleipht
emperature Shear Mills Break No Break
1 Weld ( 1/6" below ) V Notch -50F 49 ft -Ibf 100 36
2 Weld ( 1/6" below ) V Notch -50 F 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 -bf 100 66
3 HAZ V Notch 50 F 114 ft -Ibf 100 50
1 Weld ( 1/4" below ) V Notch -50 F 44 ft -lbf 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 Refersnce;
Result - Satisfactory Yes D No D Penetration into Parent Metal Yes D No IL_...J
Macro - Passed , Nace 228 HV 10 Max and Heat Input (j/in ) = 45,000
Other Tests References
MACROETCH EXAMINATION PER LAB REPORT 634805-13 ( REVISED )
VICKERS HARDNESS TEST PER LAB REPORT 634805-13

Welder's Name

Tests conducted by

STEVE LIEW

Stamp No.

CAMBRIDGE MATERIAL TESTING LTD.

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 1X of the ASME Code.

@ fechnlcal Boilers and l
Company Representative’s Signature ngaaf';dt; Date _ HBMAREGEQ013
BERT C. BENTLEY,CET | R
21 Department Use only DLATOTED T
Samples Welded on Inspector x\"_"""l '_E “"?‘E:f
WP-T%428-5
Record veriﬁEd on 'nspedor ] WOPOS.: .-m-mamm-cnmuonilmnn_ohnc“.l I
Pz 3-3x g > lag,
WpS ™ 3-38 P9 26, 2013
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STEEL
Customer
Work Order # @ Provincial Registration (WP R3578.5,6 R4056.5
| @ Company R7674.5, D852.5
¢ ALL-WELD COMPANY LIMITED @ Procedure ldentification
address/ 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.
M1V-4T1 M1V-2R6 9, 9AB, 54 &105
@ 1 GTAW Manual | X Semi-auto. Auto.
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints  (QW-402)
S SINGLE V GROOVE Sl WELD METAL
Backing Yes No X Other NONE
Sketch
75° 7y
\< s Y
S :/ ™
<,
[
| 332" +1!’32" 4,‘ i_3,'32"+1f32--
ALL FILLET WELDS
@ R e ) P.No. 8  GrNo 1 to P, No. 8 Gr.No. 1

or Specifications type and grade

SA-182, 240, 312, 403, 479-316L

to

SA-182, 240, 312, 403, 479, 304, 304L, 316 & 316L

or Chemical Analysis and Mech. Prop.

NONE

Thickness Range Qualified

Total

1) 0.035"TO 1 1/2" NON IMPACT

2) 1/16" TO 1/2" IMPACT TESTED

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

7 Filler Metals (QW-404)

1 AWS No ER316L SFA 59 F-No 6 A-No. 8 Dia 1/16"
2 AWS No. ER316L Product Form - Solid SFA 5.9 F-No 6 A-No. 8 Dia. 3/32"
3 AWS No. SFA F-No A-No. Dia.

Flux Tradename NONE Electrode Flux Classification NONE

Consumable Insert NONE Other  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

omner NONE




U 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% \
Other NONE Other NONE
@ Electrical Characteristics and Technique (QW-409)-(QW-410)
Filler Metal Current
Weld Layer(s) Process e - - Travel Speed Range
Classification Diameter Type Polarity Amp. Range Volt Range
ROOT GTAW ER316L 1/16" DC SP 80-110 8-11 7-8 IPM
FILL GTAW ER316L 3/32" DC SP 130-200 11-18 7-8 IPM
For - 200 F IMPACT TEST APPLICATION SEE BELOW per PQR 105 WP-R4056.5
Heat Input ( Per QW-409.1 )= 16,800 j/in
ROOT GTAW ER316L 1/16" DC SP 80 - 110 8-11 7 -8IPM
FILL GTAW ER316L 1/16" DC SP 110 - 140 8-14 7-8IPM

Tungsten Electrode Size and Type 1/8" & 3/32" 2% THORIATED TUNGSTEN ( ZIRCONIUM TUNGSTEN )

Maode of Metal Transfer for GMAW NONE

String or Weave Bead

STRING

Hiethod of Back Govaing 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

12 TO 5/8
Oscillation NONE Width NONE Frequency NONE
Contact Tube lo Work Distance 12 TO 3/4
Multiple or Single Pass (per side) MULTIPLE
Multipie or Single Electrode SINGLE
Electrode Wire feed speed range NONE

&,

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

NONE

Company Representative Signature m 09-Apr(
~  Robett C. Benttley C.ET. '

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

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




Ministry of Boilers and Tel. (416) 965-41BL i ;oo U:\ivgrsl:ty Avenue
** -/ Toronto, Ontario
Consumerand  Pressure Vessels PRESSUE: wer 1439 15
Commercial Branch SACTEY gty
Relations;-: Technical Signdards Division I
¥ pe! !g% _ N80T 6y 307
ik P 3
£ RI10492
PROCEDURE QUALIFICATION RECORD
PAR 2
Date._October 10, 19°
~ 2./!5'/70 49 PASSMORE AVE., SCARBOROUGH, ONTAHIO M1V 4T1
. {Menutacturer} . |Address) ;7 - :
Weld Proc. Spec. No. i WPS 9 I Weld F(ocess(es) GTAW TypesJAANllAl
D be ‘2 5’ . {Manual, Automatic)
JOINTS (QW-402) BASE METALS (QW-403}
Material Spec. SA 312
Y.Zf—\?/ Type or Grade N4 Stainless Steel
P No. 8 to P No. R
{“ Thickness - 218
" // —>—H—:—- S y/‘ Diamater 2" Pipe
( Groove Design Used Other N/A
t « ' - B
FILLER METALS lOVlV-404) POSITION (QW-405)
Wald Metal Analysis A‘*lo. §,| Position of Groove ALL POSITIONS
Size of Electrode 3/32 Weld Progression UPHILL
{Uphitl, Downhiii)
Filler Metal F No. é
SFA Specification 5.9 Other N/A
: AWS Classification ER316 PP -
Other N/A Prehest Temp. N/A
tnterpass Temp. N/A
} [\ ‘ Other N/A
-_POSTWELD HEAT TREI\TMENT (QW-407)V- o o GAS.(;JGTM)B) B
: I N/N -
Temperature Type of Gas or Gases__ AR(}{]N
Time N/A Composition of Gas Mixture . - NJA*
Other N/A Other N/A
-_E_&;H|CAL CHARACTERIST!CS (QW-409) - TECHNIO—U_E {Qw-410)
T Current D.C. String or Weave Bead - STRING
Q‘olarity STR.A‘I GHT Qscitlation N/A -
{ Amps. 110-140 V.ohs Multipass ar Single Pass MULTIPASS
, . {per side)
Travel Speed _ 7'~ g" I.P .M. L ;
. Other N/A ; Single or Multiple Electrodes S1 N_G LE . A




TENSILE TEST (Qw-150)  ~@A-9
SPECIMEN ULTIMATE ULTIMATE CHARACTER OF
No WIDTH THICKNESS AREA TOTAL LOAD UNIT STRESS FAILURE &
: LB, Psi LOCATION _
TS-1 494 192 0948 7830 82600 WE13
_TS-2 818 211 109 84990 82500 WEID
Yol
GUIDED BEND TESTS (QW-160) -
TYPE AND TYPE AND
FIGURE NO. RESULT FIGURE NO. RESULT
[ NO_ 1 RB | SATISEACTORY NO.2 EB SATISEACTORY
NO. 3 RB SATISEACTORY NO.4 EB %AnggAcTnuv
TOUGHNESS TESTS (QW-170)
SPECIMEN NOTCH NOTCH TEST IMPACT LATERAL EXP. OROFWEIGHT
NO. LOCATION TYPE TEMP, VALUES
% SHEAR MILS BREAK NO BREAK

Type of Test

Deposit Analysis

Other

Weld Test Witnessed By

Authorized 1nspector

G.EWING

BOILERS AND PRESSURE VESSELS BRANCH
ACCEPTED

WP N D.BSA:.S....C0XT .02
Date... 17’.’?'.7.9.
e lrlettonnd

MiNiSIRY OF CONSUMER & COMMERCIAL RELATIONS
PROVINCE OF ONTARIO

Warnock Hersey
Tensile Test Made 8y__PTOfessional Service Lt

Laboratory Test No.__282-3288

We certify that the Statemengs 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 ALL-WELD_ COMPANY 1.IMITEDN

{Manufacturer)

2 7 (%’7‘—/ ",
A1 . . / 7 f}" Lo TN
" ﬁj.tfél)mﬁmﬁ = ®
Q. A. SUPERVISOR |




W,
PROCEDURE\ QUALIFICATION RECORD ( PQR)
= RESULTAT DE METHODE DE SOUDAGE ( RMS)

{Relerence: ASME Ssction IX/Ratérence: ASME, Section IX)

—~

Provinclal Reglstration .

- wp
.N Comp lny/ Enlroprlu @ Enregistrement provinclal{Ms WP-R7674.5
ALL-WELD COMPANY LIMITED (®  Record entification/Désignation du résulat
Address/ Adresse o : - - -
49 PASS_QEE_AMUE S N* 9AB
SCARBOROUGH WPS No.
- Tal Codw/ Code postal | |-OMS W 94
. ' ONTARIO Mil,V{4T,1 @
® Waelding Process(es)/ Procédé(s) de soudage _ 1320
! GTAW P UANUAL ' -l -0,035"
2 . Type ! \ l l y \ i
3 e 1 /
@ Base Metais/Métaux de base (Qw403) 7
PNa. § GNo. ] toia PN 8 arn 1 '
Epécit cation/ Sp dcification Tensite/ Temion \
SA-213-316L 70,000
Groove Design used/ Croquls du joint ttikeé
s Cipmetsr) Dlamete : stweld Trast
ET?:W 0.035" TK 1/4 C ndmr.ﬂ:mmmg’llmw:” (Qw-407)
o iy d NONE
) Filler Metals/Métaux d"apport (aw-s04) o , —
’ Ciassitication (AWS) SFA NG, F - No. A-no || Lo —
ER316L 5.9 6 8 @ Gas/Gaz (@wce)
[ Shieiding Gas Compaattion
du gaz de protection 99,97 ARGON
fal
gla:th:’gn 20 CFH
23"5' mam du gar de souten  99.9Z ARGON
@® Positions/Positions  (Qw-4os) g::nn::::w 10 CFH
Position(s) of Groove Other
Position(s} du joint 16 Autre
Noqression T sedage P e O Do e |10 Technlque/ Technique  (aw410
Sther Siring or Weave Bead
wire Cordon droit ou osciliant STRING
@ Prehest/Préchaufiage (Qw-«os) Poerersol N/A
Singie P
mm%mmm- 50°F Pasit urique o mutiple o eit)  MULTIPASS
emperaiurs " acied
m&um de Finierpasse 350°F MAX. g:cg‘l'owo: ug:&ba? muﬂip?a SINGLE
Nther
wis . Autra
@ Electricai Characterisiics and Technique/Caractéristiques électriguas st tochnlquu {QW-409) + (Qw410)
Fitlar Matai Courrent
Weclng:ay(esr)(s) Médial d'apport Courant Travel Speed
Procdad Di Potari Am v vi
de soudise Classificktion Dl:nng:: ;335 Polarlz Amplr':ga Valtoal:;e e
."OT GTAW ER316L 1/16" DC STR 100 20 8 IPM
= LLL GTAW ER316L 1/16" DC STR 100 20 8§ IPM




@ Tansiie Tests/Essals 3 Ia traction A rarce: ~ .
Dimsnsions 1 : ;
acimen Dimensions Area Uitimata Tota! Load Uilimate Unlt Stress e o
rouveits Width ickness Surface Charge Hmile Contrainte limila Nature et androit
Largaur yalsseur de la ruplure
T1 0.250 0.0350" {0.0236 1987 1bf 84000 PSI g‘gg g%%g{‘
T2 -0.249" 0.0350" |0.,0235" 1975 1bf 84000 pSI " "o
IT@ Guided Bond Tests/Essals de pllage guldé RS orance:
. scimen Face Root | Side Ressult ecimen Face Roct | Side Rasutt
rouvette Face | Racine| CAié Adsunat rowvelts | Face |Recine| Caié Adsultat
Bl X ACCEPTED B3 X ACCEPTED
B2 X ACCEPTED B4 X ACCEPTED
- Toughness Tests/Essais de réslilence Poteence:
: Lesral Expans)
ecimen Notch Location Notch Type Tomram impact Vahe Expansion fatérale Exa op chus Hiore
rouveile Endrolt de Forme de Tem ergie de Ghear - Mills Brosk o Bro
Fentaliie Fentaiite do Féprouvette rupturo % cizailioment |  Milldmes Cazsd No cas
@) Fillet Weld Test/Essal de soudure d'angle Jiv b
Rasull - Batis!
o Sy = = T B0 mr
Macro - Resulis
Rdsuliats mecroacopiques
Other Tests/Autres essals Patorarce:
(D) Jewers Neres __ROBIN GREER ot 5

Tests conducted by
Essals effectuds par

CAMBRIDGE MATERIALS TESTING LTD.

Laboratory Test No.
:_Esszi de laboratoire n

We cariiy that the stalements in this record ara correct and that the tast welds were prepared, weided and tasted in eccomftice with the

raquiremants of section 1X of the ASME Code.

Nous certifions que les renselgnemems concernant ce rdaunal sont exacts el que las essals de soudage onf &é |

souddés et sxdcutds conformémant aux exigences de In saction (X du Code ASME.

@ g%:ggg Repraseniative’s gg}g 18, APRE” ol
Si ré
ra%n"a’l:;e“du représeniant de ROBERT C. BENTLEY

-

. 305809-2002

v v
(]

m“ ' ='r.'.-'.w.
préparks, R'EGISTERED
wes... WRRZ6.74.5..

Signed.......,

M. @

]

Department Use Only/ Réservé au ministire

Date: ... 1,08 T......

Samples Welded on

[T |

9-a

inspeactor
Pidces souddes le Inspecteur
Racord verified on inspector

Résultals vérifids le

inspecteur




. ... Proceaure Quaiilication Record {FQH)

« ::lésultat de: méthode de soudage (RMS
L Fe
(Reference: ASME Sectlon IX/Référence: ASME, Sacfloh_ Ii(_)

Company/Entraprise

Provincial Registration

»-

2

wp
Enregistrement provincial|¥S WFP- R3578-5

ALL -~ WWELD. co, ¢TD ® Record identification/Désignation du résultat
de“"_"' 49 PASSMORE AVE PoA No. S '
SCAREBOROUGH onNTARLO WPS No. -
Tal Codel Gode bMs N S
CANADA ML VI Ty @
@ Welding Process(es)/Procédé(s) de soudage
T 60°
1 T AW " MANUAL
2 Type
3 . Type ! L
@ Base Metals/Métaux de bass (aw-03)
Pho. 8 GrNo. tol'a PN & arn | l D
Speécitcaton/ Spdcification Tenallal Tormion ?b -
Go-°
SA-240- 316 (L TO 70000
SA-240-3/6L 70,000 Groove Design usad/ Croquis du foint wtitisé
. Diametar/ Disme Po Heat Trestment
'"ﬁ'f.':’.; 3/ “ " -_ nmlgnl :hom;mmpoc/tuwngn (Qw407)
: T
e NO SINGLE PASS To BE GREATER THan V2| | Templanire NONE
™ Fllisr Metals/Métaux d'apport (Qw-04) bl -
’ Classification (AWS) 8FANG, F - No. A-Na. i —
'ER 3L S 97 2 8 @ Gas/Gaz (awos)
Shiakiing Gas Composition
Gavmma:lu gaz de proisction AR Gan 99,9 70
Gas Flow Rats
u‘ﬂn du gaz 25 cFH
Backing Gaa Composition
m | Canpla‘gltlm du gar de soutien -
D Posltions/Positions  (Qw-os) g:;n%g':m -
8l G
wiionts) au . 1 G ALAT Pl
\’"‘“"0 ,P'°g':"‘°'l o e o Down ot @ Technique/Technique (aw-to
he ] Bead
'mr co':?m%m :le osciliant STRING
D) Preheat/Préchautfage (aw-0s) Oecilaton /A
Single P id
mpersting e prihautage S0°F min || Passe wgoe on manims oon Y98 i OLT I PASS
T Muttiple &1
mibdrature de Tirterpesse 350 °F MAX Eloctods e o0 mamate SINGLE
or Other
re Autre

)

Electrical Characteristics and Technique/ Caractéristiques électriques ot techniques

(Qw-409) + (Qw-410)

@ Livarss MF"gle'dMelal Courrent '
2 s Process otal d'apport Courant Travel Speed
e e T - R -
‘ GTAW | Er316L g Dc SP |80 17 " q

- GTAW ER3IGL Yg* | Dc | sp [ 80 (7 9




Ralerance:

SEcT IX ASME CODE

@ Tansile Tests/Essais & la traction Pdtérance:
Dimenslons Character and anu;m
~~acimen Dimensions Area Ultimate Tolsl Load Ulumale Unit Stress of Faliure
uvette Width lckness Surface Charge Himite Contrainte limite Nature et endrolt
Largeur alsseur de la rupiure
T2 0.746 | 0,750 |0.559S 49 340 881849 FRACTURED 1N WE gy
T3 0,151 | 61751 |o15640 49 630 §11a90 FRACTURED L
D) Guided Bend Tests/Essais de pllage guldé Pelerce:  SECT IX &-W. H62:2
eclmen Face Root | Side Rasult scimen Face Roct | Side Result
prouvsite Face |Racina| COld Résuhat rouvette | Face |Racine| C&d Adsultat
Sl v ACCEPTED 53 V| Accerreo
S2 —_— S v T
18) . Toughness Tests/Essals de résiilence v}y biood
Lataral Exponsl Drop Welght
ecimen Notch Location Notch Type Tx;ﬂ,’:m impact Vaiue Exp;:tlm‘;;?r:; Essal :‘r’a chut% libre
rouvelte Endrolt de peineRdo Tempéralure Energie de Shear Milis Bragk No Break
L — ULl de I'dprowvata ) % clasliloment | _ Millibmes Cassé Non cass
' Raference: I .
@) Fillet Weld Test/Essal de soudure d'angle Ratgrance: (
‘asunl - Satisfactory Yes No ] Panatration Into Pargnt Melal Yes [ No [] i
¥sulat satisfaisant Oul Non Pénétration das métal de base Oul Non
\Vacro - Resulls
Adsultats macroscoplques
Other Tests/Autres essals Relcrance:
ders N
19) Nom Gy soudaur RoBIN _GREER ame N e 9

Tests conducled by

CAMBRIDGE MATERIALS TESTING LTD

Laboratory Tést No.
€128 do laboratoire n* 152211-1996

Essais effsciuds par

We cerllfy tha! the stalaments In this record
requirements of section {X ol the ASME Code

Nous cenifions que las ronseignements concem

c .
ars correct and thal the lest weids wers prepared, weided and tested ‘n scpordance with the

ant ce rdsultal sont exacts el que les essals de soudage ol i préparés,
soudés el exdcutds conformément aux exigances de la section IX du Code ASME. .

¢ Oct1a9s

@ Company Reprasentatve S %}L Oﬂ“’%/ Date
Signsture Date
Signalure du représentant de
fentraprise

-

Department Use Only/ Résorvé au mlnll\féro

- . WP-R35
S ®

ag.lo-t/ (

Snmypies Welded on inspeclor
Pidces soudées le Inspecleur
Record verilied on inspector
Résulals vérifids te tnspecleur

54 -




.RésuRtat de méthode de aoudm (RMS

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

Company/Entreprise

Nom
AlL-WELD ComMmPANY LTD

®

Adresse

49 PASSMORE AVE

Provincial Registration | wp
Enregistrement provincial |Ms WF- R4057 'ﬁ_

Record identification/Désignation du ricdn-t

®

SCARBOROUVUGH

PQR No.

Postal Code/ Code postal

AMS N° OS5
N 105~ |

| ONTARIO _ MmOvIaT L ITE
@ Welding Process(es)/Procédé(s) de soudage
1 Type
! O TA W MANUAL
2 Type @0°
’ . S Yoz 2t
- — l/ " ‘ T ——
@ Base Metals/Métaux de base (Qw-03) 4
PNo. g GrNo. | wia PN 8  arN | Yz2* 2" \
Specification/ Spécification Tensile/ Tension
SA-240- 3Bl L 0 70,000
SA-2%0- 316 L 20 6006 Groove Design used/ Croquis du joint utlisé
Thickness o Diameter/ Diamétre Post T
Epaisseur '/ oy — rmﬁ".’..f'M&?-’"&'.’:mm (Qw-407)
oher N0 SimeLE PASS D> M Tempéature NOOE
_ Fliler Metals/Métaux d’apport (QW-404) i —
' Jassification (AWS) SFANo. F - No. A - No. Qe y -
ER 316 L 5.9 % 8 @ Gas/Gaz (Qwos)
Shielding Gas Compoeition
Compo:?(lm.;u gaz de protection ARGON 182 + 0"?’2‘
Gas Flow Rawe
D‘a‘sm du gaz 28 cFH
e MAX DEPOSITED METAL Yo g.;::gm?dugn o soutien No~E
® ' Positions/Positions  (Qw-405) g:z'mn;:;'x. —-—
Position(s) of G
Positions) du foint & THROVOGH GG . —
:,V;:"‘ﬂ ,w:mq. - & Down o 3 @ Technique/ Technique (Qw-410
Other S Weave Bead
Autre Cordan dralt ou cecillant STRING
@ Preheat/ Préchautfage (aw-0e) Gacifation ra
“Preheoat Tompersture Muiti Single Pi id
Tenpersars ds préchautage So°F L | | Parat ique o mutiple (ow odth) M ULTI PASS
Iriorpass J or Multiple Electrod
Jor 2330 300°F MAX ngfﬁqﬁwmnpi S/NGLE
2:".' Other
tre Autre
@ Electrical Characteristics and Technique/Caractéristiques électriques et bchnlqun (QW-409) + (QW410)
Fitler Metal 5 Courrent
Weid - Courant
,,‘3“,‘:,'-",'5‘.""“) Prockdé g...: = dwmmmm Ty Polart Am vor e
ure L] 8l
logtion Dismbtre m‘;o Polam'z Amp‘rgpo Vol?cgo ‘
‘v - GTAW ER 36l e Dec SP 8o- 110 n 7-8 x|
FILL GTAW ER3leL | Y1e" | De s, 1o — |40 L, 72-8 IrPm




Tanslle Tests/Essals 3 Ia traction

Reference’

-

Rétérence:
g“!mensipns Characu'arled Location
" ) mensions i Ultimate Unit Stress of Failure
Sp;c‘:lnvr::: Width ickness s:rfl‘:go Umg:algglo;;:vi:-eo > é’:r:riimgl Ilrnlrle Ni;lur? ot e?c:;on
Largeur paisseur e la ruptu
= FRACTURED /A .
= 0748 | 0.249 |o0-1863 16560 88 924 BAre M,mf_-\)
—_ FRACTURED '
16 0.154 |o0.247 |o-1862 lb 840 Q20 440 BASE METAL e
@s) Guided Bend Tests/Essals de pliage guidé Paferance: :
= Re i F Root | Sid Result
m:: ::cc: R:‘g?r:c (s:.g: Résrl‘tﬁr pr%cc:v'::: F:: Racine Cé(ée Résultat
S| vV ACCEPTED s3 V9o ACCEPTED
Sz v ACCEPTED S V ACCEPTED
" Toughness Tests/Essals de résllience Pelerance:
Specimen Laterai Expansion Drop Welght
ecimen NoEtcr:’ Lg;c:llon NF%l::h T‘y’pe Temperature Ins\npaclvVaJ:e Expansion latérale Essai en chute libre
nNarol (-] me de argie
rouvens rentaitle Fentaille d:e;n Pf!'::\"l:w ’"’g"”’ % clssa'ﬁl‘:morx Mlmg":es ges:'; NNo% acr::ské
CHARPY
l WELD V- NOTCH -200°F qu 100 8o
2 WELD q6 86
3 WELD Q24+ 78
4 HAZ 81 78
s HAZ 70 70
(A HAZ 82 72
7 BASE &9 74
g BASE 100 75
BASE | ey 75
D) Fillet Weld Test/Essal de soudure d'angle poterance:
Result - Satis!, Yi N Pe jion P Metal Yes No
Résunter satistaisant ou O Non 11 néiration das mélal de base ou Non =
Macro - Results
Résultats macroscopiques
Other Tests/Autres essals R rancy;
N
. Nw:':'ldg; ao;’;:ur R,O B/N GREER m::;‘:bola c,
Ti d .
Essuis etoctuds :Zr _CAMBRIDGE MATERIALS TESTING | &TD ot M 212- /99
We certify that the statements in this record are correct and that the test weids were pm‘aind. weided and tested fin accorgance With 18— -
requirements of section IX of the ASME Code. (- Boilers and
. . oy Pressure
Nous certifions que les renseignements concernant ce résultat sont exacts ef que les egeais de soudage ont été Vessels
soudés ef exdcutés conformément aux exigences de ia section iX du Code ASME. ) Saf ety
: Division
sy rorarss. I A CL S ] 3
0 Slon:m preseniative's L Do I3 JON ]QqREGISTERED
wwore du représentant de U [ 7
_|  eprse
9 Department Use Only/ Réservé au mmﬂf WPS\NP‘_‘{DSG .
K J
iamples Welded ot .
Waces souddes lo inspacor Signed:..... .2 ...
e cord (verified [
sunain vérinds fe inspectocr Date: q70417

H



SIEEL
Customer
Work Order # @ Provincial Registration [WP T4646.5
@ Company
. T8 ALL-WELD COMPANY LIMITED (3) Procedure Identification
adress/ 49 PASSMORE AVE. : 14 PASSMORE AVE. WPS NO. 50-3A Revision No. 0
PLANT 1 PLANT 2
SCARBOROUGH, ONTARIO Code Section IX bate 23 March, 13
Postal Code { PLANT 1) Postal Code ( PLANT 2) PQR No. 50X
M1V-4T1 M1V-2R6
@ 1 FCAW Manual Semi-auto. | X | Auto.
Welding Process(es) 2 Manual Semi-auto. Auto.
3 Manual Semi-auto. Auto.
5 Joints (QwW-402)
e DOUBLE V GROOVE & FILLETS Backing Materal WELD METAL
Backing Yes No X Other NONE
Sketch
v 19 N
\ +5° —15° /
\ &
= Gk
“ 3132+ 1/32" ‘_)l |(——3I32"11!32"
(- ALL FILLET WELDS
@ Base Metals  (QW-403) PNo. 8  GrNo 1 to P, No 8 GrNo. 1
or Specifications type and grade
SA-240, 316L to SA-240, 316L, 316, 304L & 304
or Chemical Analysis and Mech. Prop.
Thickness Range 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-50F
7 Filler Metals (QwW-404)
1. AWS No E316LTO-1 SFA 522  FNo 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 m
—

Positions (QW-405)

70)

Postweld Heat Treatment

(QW-407)

. Position(s) of Groove

emperature Range

(

A 1G TO 6G NONE
*Welding Progression UP ime Range NONE
Pasition(s) of Fillet ALL ther NONE

Other

NONE




@ 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 (/—"
Preheat Maintenance 50° F Trailing Shield Gas Composition NONE :
Other NONE Other NONE
(12) Electrical Characteristics and Technique  (QW-409)-(QW-410)
Filler Metal Current
Weld Layer(s) Process — - - Travel Speed Range
Classification Diameter Type Palarity 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

|Methad of Back Gouging

GRINDING OR ARC AIR GOUGING AND GRINDING

|initial and Interpass Cleaning (Brushing, Grinding, etc.)

WIRE BRUSH OR GRINDING

Orifice or Gas Cup Size 1/2"
Oscillation NONE Width NONE Frequency NONE
Contact Tube to Work Distance 3/4"

Multiple or Single Pass (per side) MULTIPLE
IMuttipte or Singte Electrode SINGLE

Electrode Wire feed speed range 400 IPM

e 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) ( _

A

Date 23 March, 2013

Robejt C. Bentley C.E.T.

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




PROCEDURE QUALIFICATION RECORD (PQR)

(Reference. ASME Section 1X)

1 ) Company @ Provincial Registration P T ]
Name / 4' 6 46 '5
ALL-WELD COMPANY LIMITED
Address / = Record Identification
ress 49 PASSMORE AVENUE SORT
o 50-X
SCARBOROUGH, ONTARIO WES
Postal Coda e 50-3A
Mi1]Vv]4|T|1 @
@ Welding Process(es) Groove Design used
1 FCAW Type MANUAL
2 Type 75°
3 Type +5° —15
@ Base Metals (QW-403) T =
PNo. 8 GrNo. 1 to P.No. 8 GrNo. 1 ﬁl T
Specification Tensile 3732+ 432"
SA-240-316L 70,000 psi l‘—3’32"*"32" ALLFLLETELDS
Thickness " Diameter Postweld Heat Treatment /
s N/A
Other NONE Temperature NONE
@) Filler Metals w-os) | [T NONE
Classification (AWS) SFA-No. F - No. A -No. Other NONE
E316LTO-1 5.22 6 8 (11) Gas (Qw-408)
Product Form - Flux Core Shielding Gas Composition Cco2
Gas Flow Rate
No Supplementary filler metal is allowed to be used _ _ 45 CFH
Other No Single Pass Greater than 1/2 " [Backing Gas compasition NONE
Positions  Qu-405 Gas Flow Rate NONE
Paosition(s) of Groove 3G Other NONE
'Welding Progression Up D Down D @ Technique (QW-410)
Other NONE String or Weave Bead STRING
@ Preheat (Qw-406) Oscillason NONE
Preheat Temperature 50°F Multipass or Single Pass (per side) MULTIPLE
Interpass Temperature 350°F Single or Multiple Electrode SINGLE
Other NONE Other Transfer : Spray
@ Electrical Characteristics and Technique (QW-409) + (QW-410)
Filler Metal Current
e io-ligyecs — Classification Diameter Type Polarity Amp Voit e he=d
ROOT FCAW E316LTO-1 0.045" DC RP 330 30 10
FILL FCAW E316LTO-1 0.045" DC RP 330 30 10




Tensile Tests Referenca.

@

Specimen Dimensions in inches Area Ultimate Total Load Ultimate Unit Stress | Character and Location
P Width Thickness. in Inches? in Foot Pounds in PSI of Failure
T2A 0.754" 0.810" 0.611" 49,863 81,500
T28 0.756" 0.820" 0.620" 51,004 82,500 Al coupons falled
T5A 0.754" 0.885" 0.667" 57,278 86,000 ducte maonarin o
5B 0.756" 0.908" 0.686" 56,013 81500 base metal
@ Guided Bend Tests R
Specimen | Face | Root | Side Result Specimen | Face | Root | Side Result
S1 X ACCEPTED 83 X ACCEPTED
S§2 X ACCEPTED S4 X ACCEPTED
Toughness Tests Reference:
Specimen Notch Location Notch Type TSpecimen Impact Value Satersl Expansior.\ Smp Jeh;
emperature Shear Mills Break No Breal: |
1 | Weld (116" below) | V NCTCH -50F 26 fi-Ibf 100 22 |
2 Weld ( 1/16" below } V NOTCH -50F 26 ft-bf 100 24
3 Weld ( 1/16" 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-lbf 100 28
3 HAZ V NOTCH -50F 63 ft-Ibf 100 30
1 Weld ( 1/4 t opposite) | V NOTCH -50F 25 ft-bf 100 20
2 Weld ( 1/4 t opposite ) | V NOTCH -50F 25 ft-bf 100 19
3 Weld ( 1/4 t opposite) | V NOTCH -50F 27 ft-lbf 100 23
@ Fillet Weld Test rstarence;

Yes

we-Teedels V(]
-
A;bf?_'/ 2013

1) MACROETCH EXAMINATION PER LAB REPORT 636455-13 ( Report A )
2} NACE MR0175/ISO 15156-2:2009/CIR..2011{E} VICKERS HARDNESS PER LAB REPORT 636455-13 ( Report B )
WS4 Sz 3A90v/g

Result - Satisfactory Yes Penetration into Parent Metal

I

HEAT INPUT = 59,400 j / in Maximum

Reference:

Other Tests

®

Welder's Name Steve Liew Stamp No.
636448-2013,636450-2013, 636452-2013,
636453-2013, 636454-2013, 836455-13(Report A)
Tests conducted by CAMBRIDGE MATERIAL TESTING LTD. Laboratory Test No 636455-13(Report B)

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

Company Representative's Signature | ZV(Z Z ' Date 23 March, 2013

ROBERT C. BENTLEY, CE.T.
21

Samples Welded on

Department Use only

Inspector

Record verified on Inspector




Welding Procedure Specification (WPS) sTAIC ES
Customer B
Work Order # |@ Provincial Registration |WP R4428.5
e |
; G) Company
1““" ALL-WELD COMPANY LIMITED Procedure Identification
Address | WPS NO. Revision No.
PLANT 1 ' SLANT 2 SAW-W-2-4 - 0
SCARBOROUGH, ONTARIO LD IX Date  24-Mar-13
Postal Code ( PLANT 1) "Postal Code ( PLANT 2 ) PQR No.
M1V-4T1 M1V-2R6 SAW-2A1
@ 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
\05° -15 /
= m"‘m‘ _4 L_m-..1ﬂz-
FLAT POSITION FILLET WELDS
q Base Motals  (QW-403) P.No. 8  GrNo. 1 toP,No. 8  Gr.No. 1
or Specifications type and grade
SA-240, 316L to SA-240, 304, 304L, 316 & 316L

or Chemical Analysis and Mech. Prop.

NONE

Thickness Range Quaiified Total

BB "TO 8" for Impact Test and 3/16 ' (0 8 for Non Impact test

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. B 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 aeiiie
Gt NONE Other MAX DEPOSITED METAL 8"
' Positions (QW-405) 7:1 0 ) Postweld Heat Treatment (QW-407)
Position(s) of Groove 1G emperature Range NONE
Poaition(s) of Filet 1F quT NONE
bl NONE




1) Gas  (QW-408)
@ Preheat (QW-406) Shielding Gas Composition NONE
Prehsat Temperature mn. 600 F Gas Flow Rate NONE
’m Temperature Max. 350°F FBadth Gas Composition NONE t
[Preheat Maintenance 350 ° F Tralling Shield Gas Composition NONE -
Other NONE Other NONE
/12 ) Electrical Charactsristics and Technique (QW-409)-(QW-410)
Filler Metal Cument
Weid Layer(s) F Wﬁon Diameter Type Polarity Amp. Range Volt Range Travai Spead 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 IPM
Heat input { Per QW-408.1 )= 60;800 ) /in Maxin:um
Tungsten Electrode Size and Type NONE
Mode of Metal Transfer for GMAW NONE
String or Weave Bead STRING
r""""“""" S GRINDING OR ARC AIR GOUGING AND GRINDING
|lnhial and interpass Cleaning (Brushing, Grinding, atc.) WIRE BRUSH OR GRINDING -
lom or Gas Cup Size 3/4"
{Fieton NONE et NONE Frequency NONE
lcunmt Tube to Work Distance 1"
'Multipla of Single Pass (per side) MULTIPLE
lMulliple or Single Electrode SINGLE
|Elewuda Wire feed speed range 55 IPM
|°"‘°' NONE

G

Supplementary Comments

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

2) NACE MR0175 /1SO 1516-2:2009 / Cir.1:2011 ( E) per Laboratory No 63654613 ( Report B )

3) Macroetch per ASTM E3-11 per Laboratory

0,636546-13 ( Report A )

14

Company Representative Signature

Date 21 March, 13

v/
Robert Bentiey QCM

Registration of this Welding Procedure (Spacification plus Qualification Record) is required pursuant to the provisions of Section 36 (1i'-

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.



RESULTAT DE METHODE DE SOUDAGE ( RMS)

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

F Provincial Registration W —
(‘ Nom Company/ Entreprise @ Enregistrement provincial | MS p 44‘2—8 .S
1\ ALL-WELD COMPANY LTD. (®  Record identification/Désignation du résultat
Address/ Adresse
) 49 PASSMORE AVE, m 2‘0 SAW-2A1 :
SCARBOROUGH WPS e SAW-2A
ONTARIO Postal Code/ Code postal
MLV 14,70 B
® Welding Process(es)/Procédé(s) de soudage 6o
Type g
K . SAW AUTOMATIC e
2 Type
3 Type
@ Base Metais/Métaux de base (Qw-403)
PNo. 8 Gr No. —— Iola 8 PN -— GrN°
Spécification/ Spécification Tensile/ Tension
SA-240-304 -75000
SA-240-304 75000 Groove Deslgn used/Croquis du joint utilisé
. Diametsr/ Diamdtre P
g:,":."; 1 1/2" - ranament therm Trz't:m pro“l,uoudlgt (Qw-407)
. Temperature
mf Tempéralure NONE
Filler Metals/Métaux d'apport (QW-404) Teng. —
( Classification (AWS) SFA-No. F - No. A - No. et —
_ER 308 5.9 6 8 @ Gas/Gaz (aw-ice)
Shieiding Gas Composition
Ca:poanglma:lu gup?t protection NONE
Gas Flow Rate -
Déblt du gaz
Other Backing Gas Composition
Autre Composition du gaz de soulien -
® ' Positions/Positions  (Qw-405) Donit 60 ger -—
Positonta) du jare® V"' GROOVE Other
w&;ﬁ':?m age G o e T Down e @ Technique/ Technique  (Qw-410
Other Stri Weave Bead
Autre Casgmozimlt .:: osciliant STRING
(@) Prshoat/ Préchautfage (Qw-4ce) Sacilaton N/A
frsheat T _ Multi Single P id
Taprsrng%ﬂ;';%’chwﬂagi 50°F P:sl;g ?:iqo;l cr:‘g mult?;lso ((‘::e.rf sca‘e‘), MULTIPASS
iy 3 T Stu . "
T aturs da Fimarpass 350°F MAX. Eloimd uhigue o6 mumpie SINGLE
r:’l_lrc"ygf Other
ey Aulre
@ Electrical Characteristics and Technique/Caractéristiques électriques el techniques (QW-409) + (QW-410)
Filler Metal Courrent ’
Weclng:.y{a’r)(s) Process Métal d'apport CW',‘:" Travel Speed
de soudure Procédé Classification Diameter Type Polarity Amp Volt Vitesse
Diamadtre Type Polerité Ampérage Voltage

?{. . SAW ER308 5/32" DC POS 600 28 28" /M
I__" L SAW ER308 5/32" DC POS 600 28 : 28" /M




o sri—ee— s ——s— me—mre = e e | remerTe.
\ 3':::.'::'3‘: s ChunmfrF:"?Lm
Uitimate Unit Stress ol ure
gm Width Ickness S::f::o Umé"rﬁ'gﬁm“ C':rlrdmo Hmite Nature et endmoi
Largeur olssour de la rupiure
me 0.755" |1.504" [1.1355 99,440 87,573 AT R
) 0.750" 11.507" 1,1302 99,950 88,433 FRACTURED Bg
Quided Bend Tests/Essais de pliage guldé Ralerence: :
~Fo eci F: Foot | Sid Resuit
Sorvene | Face | Recine | Coté Adsutat rowvete | Face |Racine| Citd Adsunat
- Bl X ACCEPTED B3 ACCEPTED
B2 X ACCEPTED B4_ ACCEPTED
" Toughness Tests/Essals de résillence oo
Lateral Expans! W
ecimen Notch Location Notch Type Tf.-‘,',:,c.l,":ﬁ?. Impact Value Expmlmplulrs; Eum clnz" Kbre
rouveite Endroit de Forme de Energie de Shew Mifts Brask No Break
N e — domﬁmﬂo L % cisailloment |  Mildmes Cassé Nen casst
\ i
Fillet Weld Test/Essai de soudure d’angle vk bt '
Rasull - Satislaciory Y No Pe M Y No
N:ﬂu uﬂ:fdum 07; O Non O m g?n @ d:tgm O:l’ O NlnD
Macro - &sunl
Rdsultats macroscopiques
@ Other Tests/Autres essais Petrnce:
/45y Waider's Na
(B oy somdeur VITTORIO VITRANO A a8 syrmcle 38

Tan1s conductsd by
Zasalo par

CAMBRIDGE MATERIALS TESTING LTD.

Laboratory Test No.
Essal de isborstoire n*

iz certdy thel the statemonis in this record sre corract erd that the tesl walds ware propared, weided and naénd 19

wQarements of saction iX of the ASME Coda.

Nous certifions que les ranseignemenis concemant ce résuftat sont exacts el que les essals de soudege ont éff
soudés et exdcutda conformémant aux exigences de /a section IX du Code ASME.

DAL Cfttr

Company Respresentativa’s
Signature

1835061998

“angture du reprédsentart de
wprise

ROBERT C. BENTLEY /. /

Department Use Onlymlurvm ministére

Samples Weided on
Pidcos soudéss o

Inspector
inspecteur

pigned:

cs with the B0ilers and

Pressure
Vessels
Safety
Division

{ Pacord verified on
i Fsumts vérifds lo

Inspector
inspecteur

 Date:

.



HOBART BROTHERS

W ps z2-| PO 135
Lu-o- (1773 P&

McKay

CERTIFICATE OF ANALYSIS

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

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

DATE: 57772013 2:14:08 PM
WORK ORDER:

PRODUCT TYPE: STERL AP 309/308L 1/8 10 CAN
LOT NO: 23R058
SPECIFICATION: AWS A5.4/ASME SFA 54

STOCK NUMBER: $483944-033
HEAT NQ: 743678
CLASS: E309/309L.-16

ACTUAL CHEMICAL ANALYSIS (%)

c
Mn
]
S
s1
Cu
Cr
Ni
Mo

0.028
1.060
0.034
0.007
0.534 ~
0.114 <
22.859
12.983
0.120

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

Measured FN: 9
Delong FN; 13
Schaeffler: 9

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

Filler Metals Quality Assurance

Hobart Brothers
400 Trade Square
Troy, Ohio 45373

Authorized Signature :

oo

Brian Simpson, Q.A. Technician

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




VSR RES) /17}/9@w

HOBART BROTHERS MeKay
CERTIFICATE OF ANALYSIS
CUSTOMER: EXOCOR % USF HOLLAND BUFFALO  P.O. #: 021768 |
MARKED FOR: DATE: 52412013 7:33:39 AM |
PACK SLIPORDER #: A7841/00 WORK ORDER:
LBS SHIPPED: 60
PRODUCT TYPE:  STERL AP 300/300L 1/8 10 CAN STOCK NUMBER:  S483944.033 .
LOT NO: 24R048 HEAT NO: 744973
SPECIFICATION: AWR'AS5.4,/ASME SFA 5.4/ CLASS: E308/300L-16 /
ACTUAL CHEMICAL ANALYSIS (%)
c 0032/
Mn  1.066 /
P 0.020/
8 0.008;
St 0574/
Cu 00704
Cr 227224
NI 12736/
Mo 0.147 /

This meterial has not come In contact with mercury or mercury containing compounds,

Mensured 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 Square
Tray, Ohio 43373

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

Autharized Signature ;
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HOBART BROTHERS .

CERTIFICATE OF ANALYSIS

L ()3 F -

s 2o~

MeKay

JSTOMER: CPG PO # 59751
MARKED FOR: DATE: 7/24/2012 8:42:12 AM
PACK SLIP\ORDER # 44941/01 WORK ORDER.

LBS SHIPPED: 180
PRODUCT TYPE: STERL AP 309/309L. 5/32 10 CAN STOCK NUMBL R S483951-033
LOT NO: 26P006 HEAT NO 740749
SPECIFICATION: AWS A5.4,/ASME SFA 5.4 CLASS: E308/309L-16
NCTUNT CHENITCAL ANALYSIS (%)
C 0.028
Mn  1.102
P 0.021
S 0.005
St 0.647
Cu 0.048
Cr 22.454
Ni 12.309
Mo 0.070

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

Measurad FN: 9
Delong FN: 14
Schaeffler: 10

FYPICAL MECHANICAL PROPERTIES
Tensile  83.000 psi ( 573 Mpa)
Yicld 06,000 psi (455 Mpa
longaton 40
taller Metads Guality Assurnnee

okt Brathers
0 Trade Square
Pron, Chio 43373

ﬂ.ﬁ&f’_ .

Authorized Signature

Briun Simpson. (Q.A. Technician

Gertificanon and Lunded Warranty - Data lor the ahave suppkied product ars thase ehisined whon vwolded sod tesied i accordance with the akove spacilication. Al tests far
the above classification were sabshed. Cther (ests and procedures may produce different resulls. Hobart Binthers praduces walding consumables under cantinnarig anality
IBUHNCE proqrams audited and cpproved by e Amuncan Burnau of Shippiag (4887
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P HOBART BROTHERS

CERTIFICATE OF ANALYSIS

CUSTOMER.
MARKED FOR

PACK SLIP\ORDER #
£.8S SHIPPED:

PRODUCT TYPE.

SPECIFICATION

STERL AP 316/316L 1/8 10 CAN
LOT NO 21R006
AWS A5.4, ASME SFA 5.4 EN10204 3.1 CLASS!

P.O. #
DATE:
WORK ORDER:

HEAT NO:

ACTUAL CHEMICAL ANALYSIS (%)

c 0.04
Mn 1.08
P 0.028
S 0.009
Si 0.88
Cu 0.28
Cr 17.30
Ni  13.41
Mo 227

STOCK NUMBER:

SM Ao

oS 3 ’"’%
McKay
1/49/2013 5:26:19 AM
$482944-033
741891 ,
E316L-16 E316-16

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

Certfication and Lunted Warranty - Data for the a
\he abova classrication were satisfied. Other tests and procadures may
assurance programs audited and appro

Hobart Brothers
400 Trade Square
Troy, Ohio 45373

Authorized Signature :

o

Brian Simpson, Q.A. Technician

lssisd in accordance with the abave speciication. AHlidata for

bove supplied product are those obtained when welded and
produces welding consumables under continuing quailly

produce different resulis. Hobart Brothers
ved by the American Bureau of Shipping ("A8S").




i S
¢ HOBART BROTHERS ey
CERTIFICATE OF ANALYSIS
CUSTOMER PO.#
MARKED FOR DATE. 12/5/2012 12:57:15 PM
PACK SLIPAORDER # WORK ORDER:
i_.BS SHIPPED
PRODUCT TYPE STERL. AP 316/316L 5/32 10 CAN STOCK NUMBER: $482951-033
LOT NO 31P050 HEAT NO: 741891
SPECIFICATION AWS AS5.4, ASME SFA 5.4 EN10204 3.1CLASS: E316L-16 E316-16
ACTUAL CHEMICAL ANALYSIS (%)
c 003
Mn 1.02
P 0.022
S 0009
Si 0.44 "X\
Cu 025
Cr 17.68
Ni  12.87
Mo 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, Chio 45373

oo

Brian Simpson, Q.A. Technician

Certificaton and Limdad Wacranty - Data for the above supplied product are those obtained when weided and tested in accordance with the above specification. Al lests for
the above classification ware satisfied. Other tests and procedures may produca different resufts. Hobart Brothers produces weiding consumables under continuing qualty
assurance programs audded and approved by the American Bureau of Shipping ("ABS").

Authorized Signature :
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he Lincoln Electrie Company
22801 St Clair Avenue
Cleveland, Ohio 44117-1199

Product: Lincolnweld® 316/316L
“lassification: ER318, ER316L

ecification: AWS A8.9:2008, ASME SFA-5.9
~ate March 08, 2012

[ WL AR A

L/~ "\

3

P 4

CERTIFICATE OF CONFORMANCE
(APPLIES ONLY TO U.S. PRODUCTS)

T e
[} T

g cizctric

THE WELDING EXPERTS"®

N

[3Year}

This is to certify that the product named above and supplied on the reterenced order number is of the same classitication, manufacturing process, and materiaol
requirements ns the material which was used for the test that was concluded on the date shown, the results of which are shawn below, All tests required by the
specifications shown lor classification were performed at that time and the material tested met all requirements. It was manufoctured and supplied according to
the Quality System Program of the Lincoln Electric Company, Cleveland, Ohio, U.S.A.. which meets the requirements ot ISO%001, NCA3800, AWS AS.01, and
other specification and Military requirements, as applicable. The Quality System Program has been approved by ASME, ABS, and VJTUV.

Electrode composition (welght %) ER318 ER316L 332 EIactrode
C 0.08 max. 0.03 max. 0.02
Mn 10-25 10-25 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 11.0-140 11.0-14.0 123
Mo 20-3.0 20-30 24
Cu 0.75 max. 0.75 max. 0.08
N Not Required Not Required 0.04
Nb Not Required Not Reqguired 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 detaction limits of the instrument or lower than the precision required by the specification are reported as zero.

Deocer PP March07, 2012

_Z::ann_z‘é W March 06, 2012

Toronto Cunningham, Certification Supervisor

Date

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

Date

Page 10of 1

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

W'Ol/\). [[73F4*
LINCOLN!

22801 St Clalr Avenue
Clavaiand, Ohlo 44117-1199 U.8.A.
{216) 481-3100

THE LINCOLN ELECTRIC COMPANY

PRODUCT CERTIFICATE
ST-100 FLUX

“Calculated using Boniszewski formula shown below

B.1. =0.5 (FeO + MNO) + CaQ + MaO + NasQ + K0 + CaF,
8I0; + 05 (TIO; + Zr0, + AlOy

. 8 igtri ®
+20 MESH 32% Maximum
-20 +100 MESH 64% Minimum
-100 MESH 4% Maximum

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

Density (g/cm®): 1.4
* Elux Clagsification: EN 760 -S A AS 2

EN760-SAZS2

F-380

Cert No. FST-100

¢ e = e s



14th Floor - Centre Tower

Technical 3300 Bloor Street West

Standards and

Welder/Welding Operator Certificate

Toronto, Ontaric MBX 2X4 Technical Standards and Safety Act
Safety Authorlty  \yop site: www.tssa org Boilers and Pressure Vessels Regulation No. 258822
Welder's Last Name Initial First Name Si re . Stamp No
GREER ROBIN gAA,u;—L 9
Res. Address stal Code Provincial Registration No
835 MOUNTAIN ASH ROAD , PETERBOROUGH , ONTARIO kK o9, J]8 K 2
R3578.5, D852.5 & R764.5
Employer Name Company PQR No
ALL - WELD COMPANY LIMITED
Strest Address 54,9 ,9AB
49 PASSMORE AVE Company WPS No used
Postal Code
SCARBOROUGH , ONT Mot Ve T 93
Welding Process(es)Used GTAW Type(s) v | hi I {
BaseMaterial(s) SA-312-316 Thickness(es) 0.188" ¥ | TestCoupon Production Wetd

Variables for All Processes

Actual Values

Range Qualified

Backing material (withwithout)

WITHOUT WITH OR WITHOUT
Base Metal P-Number to P-Number 8 ta 8 P{ THRU P15F, P34, & PAX PLATE AND PIPE 12" OD AND UP
{ ) Plate ( X ) Pipe (enter diameter if pipe) 112" SCH 160
Filler Metal Speclfication {SFA) Class (QW-404) (Informational Only) 59 ER316
Consumabte Insertfor GTAW or PAW (QW-404) NONE
Welding Position (1G, 5G, etc ) (QW-405) 66 G
Manual or Semi-automatic Variables (QW-350) Actual Values Range Qualified
FillerMatal F-No (QW-404) F6 F6
Filler Metal Product Form for GTAW, PAW (QW-404) SOLID SOLID
Weld deposit thickness for each welding process (QW-404) 0.488" 0.376 " MAX PLATE GROOVE +PIPE 1/2" 0D + UP
Process 1. 3 layers minimum [7 Yes [~ No 3 + ALL FILLETS
Process 2: 3 layers minimum [~ Yes [~ No NONE NONE
Vertical progression (uphill/downhili) (QW-405) UPHILL NONE
GTAW, PAW or GMAW backing gas; or OFW fuel gas (QW-408) ARGON 99.9 % ARGON 99.9%
GMAW transfer mode (spray/globular or pulse to short circuit) (QW-408) NONE NONE
GTAW welding current type & potarity (AC, DCEP, DCEN)(QW-4089) DC/SP DC ISP
Machine Welding Varlables (QW-361.2) Actual Values Range Qualitied
Direct or remote visual control NONE
Automatic arc voltage control (GTAW) NONE
Automatic joint tracking NONE
Multiple or single pass per side NONE

Automatic Welding Variables (QW-361.1)

Actual Values

Range Qualified

Filler Metal {EBW or LBW)

NONE

Laser type for LBW (CO3 to YAG elc.) NONE
Continuous drive or inertia welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE
Note: Values in “Range Qualified” are valid only when used with a Qualitied W g Pr d|
RESULTS
Visual Examination of Completed Weld (QW-302.4) ACCEPTED

Y| Transverse root and face [QW-462.3(a)

i:] Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)]:
Pipe specimen, macro test for fusion |QW-462 5(b)j

-

___Type

Longitudinal roo

nd face {QW-462.3(b)];
late bend specimen, corrosion-resistant overlay [QW-462.5(d)]
late specimen, macro lest for fusion [QW-462.5(e)]

Side (QW-462.2),

Resuit Type Result = Type ! Result Type Result
| QW-462.3 () ACCEPTED QW-462.3{a) ACCEPTED | QW-462.3(a) i ACCEPTED QW-462.3(a) ACCEPTED
| (Face] ! (ROOT) (Face { _(ROOT)

Alternative radiographic examination results (QW-191)_NONE

Fillet weld — fracture test (QW-181.2) _NONE

Length and percent of defects NONE

Fillet welds in plate [QW-462.4(b)]

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

Macro examination (QW-184) NONE 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
Welding supervised by (Print name] ANDREW LEWIS

Laboratory test no. _NONE

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 gccgrdance with the requirements
of Section IX of the ASME Boiler and Pressure Vessel Code (ﬁ.———
Organization _ALL - WELD COMPANY LIMITED Signature Ly Date 03-06-2012

(mm-dd-yyyy)
FOR TSSA INSPECTOR USE ONLY
The Welder named above has passed the welding test required under Ontario's Technical Standards and Salety Act, Boilers and Pressure Vessels
Regulation and is hereby authorized, subject to the limitations of this certificate
Check (v') applicable box below

Y| To weld for the Employer named above only expires: _PER ASME SECTION IX

(mm dd yyyy)

WAL O°F. 20|72

Inspector Signature and Date

For seeking employment only.

COSTIcA Qed N $

Inspactor Name and Number {Print)

PV 092397 (08/10)



14th Floor - Centre Tower

@ Technical T B S Welder/Welding Operator Certificate
S/ swees auarty e et Boras nd Preseurs Vassals Reguigion No. 258823
“Wolders LasiName Tnifial _ Firet Name e Stamp No.
PARKIN LAUGHTON 18
Res. Address ostal Provificial Registration No.

38 MUSCAT CRESCENT, AJAX , ONTARIO L, 1,2]0 8 9 A3STAS. DBS2S & ATELS

Employer Name Company PQR No.

ALL - WELD COMPANY LIMITED

Streel Address

49 PASSMORE AVE Cormpan WP tad

Postal Code

SCARBOROUGH , ONT M1 Ve T %3
Weiding Process(es)Used  GTAW Typets) [ (1 [Jsem tl
BaseMaterialls) SA-32318 Thickness(es) 0.182° | (7] Testcoupon [T ProdustionWeld
Variables for All Processes Actus! Values Range Qualified

Backing material (withawithout) WITHOUT WITH OR WITHOUT

Base Metal P-Number to P-Numbet ] to [} P1 THRU P15F, P34, & P4X_PLATE AND PIPE 172 = 0D AND UP
( ) Plate { X __) Pipe (entar diametar f pipe) 1/12° SCH180

Filer Metal (SFA)Class (QW-404) Only) 59 ERME

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

Waekiing Position (1G, 5G, etc.) (QW-405) 86 86

Manusi L (QW-350) Actual Values Range Qualified

Fillar Metal F- No. (QW-404) F8 F§

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

Weld deposit for each 0 (QW-404) 0.488" 0.378 * MAX PLATE GROOVE + PIPE 1/2" 0D + UP
Process 1: 3 layers [Z] Yes [ No 3 + ALL FILLETS

Process 2: 3 layers [J Yes [ No NONE NONE

Vertical progression (uphiilidownhill) (QW-405) UPHILL _NONE

GTAW, PAW or GMAW baciing gas; or OFW tuel gas (QW-408) ARGON 99.9 % ARGON 99.9 %

GMAW transter mode (spray/globutar or pulse lo short circuit (QW-408)  NONE NONE

GTAW welding current type & polarity (AC, DCEP, DCEN)(QW-409) DC/SP Dcise
Machine Weiding Varisbles (QW-381.2) Actusi Values Range Qualified

Direct or remote visual control NONE

Automatic arc voltage control (GTAW) NONE

Automatic joint tracking NONE

Muttiple of single pass per side NONE
Automatic Weiding Variables (QW-381.1) Actual Values Range Qualified

Filler Metal (EBW or LBW) NONE

Lasar type for LBW (COg to YAG elc.) NONE

Continuous drive or inertia walding (FW) NONE

Vacuum of out of vacuum (EBW) NONE

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

Visual Examination of Completed Weid (QW-302.4)

ACCEPTED

RESULTS

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

D Plpe bend specimen, corrosion-resistant overlay (QW-482.5(c)};

[ Longitudinal root and face [QW-462.3(b)};
D Plate bend specimen, corrosion-resistant overiay (QW-462.5(d));

[ side (aw-482.2);

7] Pipe specimen, macro test for fusion [QW-462.5(b)}; [] Piate specimen, macro test for tusion [QW-462.5(e))
Type Result Type Result Type Result Type Result
| QW-4623(a) | ACCEPTED aW-482.3(a) ACCEPTED Qw4623 (a) ACCEPTED QW-482.3(a) ACCEPTED
| (Face} (ROOT) (Face) {ROOT}

Altemative radiographic examination resuits (Qw-191)_NONE

Fillet weld — fracture test (QW-181.2) _NONE

[] Filtet welds in plate (QW-462.4(b)]
Macro examination (QW-184) NONE
Other tests _NONE

Length and percent of defects NONE

[ Fittet welds in pipe (QW-462.4(c)]

Fillet size (in.) NONE

x NONE

Concavity/convexity (in.) _NONE

Flim or specimens evaluated by _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 PASSHORE AVE, SCARBOROUGH , ONT

We certify that the statements In this record are cotrect and that the test coupons were prepared, weldgd, and tested In gccordance with the requirements

of Section IX of the ASME Boller and Pressure Vessal Code.
Organization _ALL - WELD COMPANY LIMITED

¥

Signature

Date _03-08-2012

-

FOR TSSA INSPECTOR USE ONLY

/

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

Check (v) applicable box below:

To weld for the Employer named above only.
[ For seeking empioyment oniy.

Lo 1CA  osu

oVt (S

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

This wms; PER ASME SECT!O:'LX -
i MR O3, Zol\2-

=

Inspector Signature and Dats



@ Technical e e Welder/Welding Operator Certificate

Sttty i Gt X o Techidhtandid nd somr At No. 262465
"Welders LastName infial _ First Name Signaturs [Siamp No.
GABBIDON ALPHONSO 23
Res. Address Postal Code Provinclat Ragistration No.
48 HAVAGAL CRES MARKHAM , ONT L 3, P|7 G ¢ RuUBS
Employer Name Company PQR No.
ALL - WELD COMPANY LIMITED SAW - W-2:A1
Streat Address
49 PASSMORE AVE c WPSNo.used
Postal Cods SAW-W-2-4
SCARBOROUGH , ONT -l1le‘ITl1
Waiding Process{es)Used SAW mypets) (] i [_Imachine [ Jeem:
Base Materiai(s) SA- 240 - 316L ]mumu(-) 134 I [/] Testcoupon ] Productionwetd
Variables for All Processes ActualValues Range Gualified
Backing material (withwithout) BASE & WELD METAL BASE & WELD METAL
Base Metal P-Number to P-Number P8 to Pe P4 THRU P15F, P34 8 PAX PLATE AND PIPE 2 7/8" 0D AND UP
(X ) Plate ( ) Plpe (enter diamatar i pipe) 134",
Filler Metal Spacification (SFA) Class (QW-404) (Informational Ondy) 59 ER316L
Consumnabie Insert for GTAW or PAW (QW-404) NONE
Woekiing Poslion (1G, 5G, etc.) (QW-405) 1G 16
Msanuai or Sem} sti (QW-350) Actual Values Range Quaiified
Flller Matal F- No. (QW-404) 3 8
Fifler Metal Product Form for GTAW, PAW (QW-404) NONE
Weld deposh thickness for each weiding process (QW-404) 134° MAX TO BE WELDED
Process 1: 3 layers 7 Yes [~ No 1
Process 2: 3 layers [ Yes [~ No NONE
Vertica! progression (uphiil/downhill) (QW-405) NONE
GTAW, PAW or GMAW backing gas; or OFW fuel gas (QW-408) NONE
GMAW transfer mode (spray/globular or puise to short circuit) (QW-409) NONE
GTAW welding current type & polarity (AC, DCEP, DCEN)(QW-408) NONE
Machine Weiding Variables (QW-361.2) Actusi Values Range Qualified
Direct or remots visual control NONE
Automatic arc volage control (GTAW) NONE
Automatic joint tracking NONE
Muttiple or single pass per side NONE
A Welding (QW-381.1) Actusl Valuss Range Qualified
Fiiler Metal (EBW or LBW) NONE
Laser type for LBW (COg to YAG ete.) . NONE
Continuous drive or Inertla welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE

Note: Values In “Range Quaiified” are valid only when used with s Qualified Welding Procedure.
RESULTS

Visual Examination of Completed Weld (QW-302.4) _ACCEPTED
[Z] Transverse root and face [QW-462.3(a); |_] Longltudinal roct and face [QW-462.3(b)); [ ] Side (Qw-462.2);
D Plpe bend specimen, corroslon-resistant overlay (QW-462.5(c)]. I:I Plate bend specimen, corrosion-resistant overlay (QW-462.5(d)];

D Plpe specimen, macro test for fusion (QW-462.5(b)]; D Plate specimen, macro test for fusion [QW-482.5(s)]
Type Result Type Result Type Result Type Resuit
Ow-4622.2 ACCEPTED Qw-4622 .2 ACCEPTED

Alternative radiographic examination results (QW-191)_NONE

Flilet weld — fracture test (QW-181.2) _NONE Length and percent of defects NONE
[J Fitet welds in plate [QW-462.4(b)] (0] Fillet weids In pipe [QW-462.4(c)]
Macro examination (QW-184) NONE __ Filiet size (In) NONE _ x NONE __ Concavity/convexity (in.) _NONE
Other tests _NONE
Flim or specimens evaluated by _NONE Company NONE
Mechanical tests conducted by _ALL - WELD COMPANY LIMITED Laboratory tast no, _NONE
Welding supervised by (Print name) ANDREW LEWIS
Test requested by (Print nama) _RGBERT BENTLEY Tested at (Print address) 49 PASSMORE AVE, SCARBOROUGH , ONY

W certify that the statements In this record are correct and that the test coupans were prepared, welded, and tested in accordance with the requirements
of Section IX of the ASME Boller and Pressure Vessel Code.

Organization _ALL - WELD COMPANY LIMITED Signature

Date _03-04-2013

| FOR TSSA INSPECTOR USE ONLY

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

Check (v) applicable box below:

iZ] To weld for the Employer named above only. This Certificate expires; _PER ASME SECTION IX
[] For seeking employment only. -G
(o QO AR S S Mk (9 .10\
Inspactor Neme and Number (Print) ~ Inspector Signature and Date

PV 08397 (08N0)



—
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Standards and Toronto, Ontario MBX 2X4
Safety Authority  yyop e v issa org

Technical Standards and §alerj;Act
Boilers and Pressure Vessels Regulation

No. 164471

Welder's Last Mame Inital First Name Signature J/ 1 Stamp No
YANG FAN Fhon Y ! 83

Res Address Postal Code Provincial Régistration No

39 - 1050 BRISTOL RD., W., MISSISSAUGA, ONT. L 5 WV [2E8 OW2142.5R & R2180.5
Company Name Company POR No

ALL-WELD COMPANY LIMITED

Strest Address 3

49 PASSMORE AVE. | Company WPSNo used

Postal Code 3-1
SCARBOROUGH, ONT. Ml v 4Ty

Welding Process(es) Used SMAW

Typels) [ I [Jmachine [ semi [ ti

Base Materialis)  SA 516-70 / SA 516-70

Thickness(es) 5/16"

Variables for All Processes Actual Values Range Qualified

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

WITH OR WITHQUT

ASME P or S No to ASME P or S No Pl o Pl Pl THRU P11l & P4X PLATE &
( X ) Pate ( ) Pipe (enler diameter if pipe) 5/16" PIPE 2 7/8" 0.D. & UP
Filler Metal Specification (SFA) Class (QW-404) (Informational Only) ( 5. 4 ) E308-16
Consumable Insert for GTAW or PAW (QW-404) —

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

Manual or Semi-automatic Variables (QW-350) Actual Valuas Range Qualified
Filler Metal F-No (QW-404) F5 F5

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

Weld deposit thickness for sach weiding process (QW-404) 5/ 16" 5/8 " MAX.

Progression (uphil/downhill) (QW-405) - —

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

GMAW transfer mode (QW 109) — —

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

Machine Welding Variables (QW-361-2) Actual Values Range Qualified
Direct or remote visual control —— ——

o Automatic voliage control (GTAW) - ——

% Automatic jomnt tracking J—— —_—

3) Multiple or single pass per side - -

:‘5-’ Automatic Welding Variables (QW-361-1) Actual Values Range Qualified

Z"“;' Filer metal (EBW or LBW) — —

E Laser type for LBW (COj to YAG etc.) - -

g Continuous dnive or inertia welding (FW) — ——

Vacuum or out of vacuum (EBW) - -
Note: Values in "Range Qualified" are valid only when used with a Qualified ing Pr d
RESULTS
Visual Examination of Completed Weld (QW-302.4) ACCEPTED

X_ Bend test; @ Transverse root and face [QW-462 3(a)); D Longitudinat root and face [QW-462.3(b)); |:] Side (QW-462.2);
D Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)]. D Plate bend specimen, corrosion-resistant overlay [QW-462.5(d)};
D Macro test for fusion [QW-462.5(b)); D Macrao test for fusion [QW-462.5(e))

Type Result Type Result Type Result
QW462,3(a) ACCEPTED QW462.3(a) ACCEPTED
ROOT FACE
Alternative radiographic examination results (QW-191) —
Fillet weld — fracture test (QW-180) h— Length and percent of defects et
Macro examination (QW-184) - Fillet size (in.) el X _ == Concavity/convexity (in.) _—=
Other tests —
Film or specimens evaluated by - Company -

Mechanical tests conducted by __ALL-WELD COMPANY LIMITED

Laboratory test no. __==

Welding supervised by ANDREW LEWIS

We certly that the statements in this record are correct and that the test coupons were prepared. weldad, and test

Oiganrzation __ALL-WELD COMPANY LIMITED Signature

Issued under Onltario’s Technical Standards and Safety Act
Boilers and Pressure Vessels Regulation

PER ASME
Expiry Date SECT. IX
FAN YANG _ . _. 83
Weider Symbol

Has passed ihe welding test required under Ontano's Technical Standards and
Saferr Acl, Boilers and Pressure Vessels Regulation and 1s hereby authorized to
weld lor:

_ALL-WELD COMPANY LIMITED

Subject to thelimitations is cartificate

Directar

Authorized Examiner

th the requirements of Section IX of the ASME Code

pate _ FEB. 23, 2006 _

.

Office Use Only

Test Requested By ROBERT BENTLEY

(Print Person’s Name)

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

(Print Address)

District # / I Inspector # _a_V{_—:”_sz Fee lﬂg’( -

Tasted At

PV09397(09/04)



@ Standerds and Totonto Ontano MBX 2X4
NS

Safety Authority  1yp sie  www 1ssa org

Technical Standards and Satety Act
Botlers and Pressure Vessels Regulation
bl

No. 189441

TR Ladl Rame el Fuai Name Signature - Stamp No
TANG FAN N \40 I 83
Postat Code ¥ Prov Regisiration No
. - 1050 BRISTOL RD.W.MISSISSAUGA, ONTARIO 1L 5 VR |E,8 D8S2.5 + N3eras3
Compeny Neme Company PQR No
ALL-WELD COMPANY LIMITED 9
Strest Address
49 PASSMORE AVENUE | Company WPSHG used
Postal Code
SCARBOROUGH, ONTARIO M ll WV |6 T } 9-1
WeidingPressasies)Used s Typslo)  [x] [_jmachine [ _| semt L .
Bessiemriatie) SA 312-304 / SA 312-304 Thickneesa(es) 0.218"
Veriables for All Processes Actusi Valuse Range Qualified
Baoking meteria! (metal, weid matal, weided from both sides. flux. etc) YT THOUT WITH OR WITHOUT
ASME P or 8 No. 1o ASME P or S No P8 w P8
{ ) Plam (X ) Pme (entsr dameter i pips} - PIPE 1" 0.D. & UP
Filer Motal Speciication (SFA} Class (QW-404) {Informational Only) (5.9) ER308
Coneumails Insert for GTAW or PAW (QW-404) NONE
Weiding Posiion (1G, 5G, sic ) (QW-405) 6G 6G
Maswsi o Semi-sutomatic Varisbies (QW-350) Actual Vaiuss Range Qualified
Fillpr Moted F- No. (QW-404) F6 F6
Fiter Metal Product Form for GTAW, PAW (QW-404) SOLID SOLID
Weid depost thi for each 0P (QW-404) 0.218" 1/16* TO 0.436" MAX
Progeession (uphdldownhill) (QW-405) UPHILL
QTAW, PAW or GMAW backing gas; of OFW fuel gas (QW-408) ARGON 99% ARGON 99%
G “traneler mods (QW-408) N/A N/A
_ETAW welding current type & polanty (QW-409) DC/SP DC/SP
Meshine Weiging Verisbles (QW-381-2) Actusl Values Range Qualiified
Direct or remate visual control — —
o Autometic volege control (GTAW) — —
:3; Automatic jont iracking -— -—
n Mulipie or -va pass per side -— -—
g Autematis Wekiing Variables (QW-381-1) Actuai Vaiues Range Qualified
g Filer metal (EBW or LBW) _ -
3 Laser type for LBW (CO3 to YAG efc.) — —
§ Continuous drive or inertia welding (FW) - -
Vacuum or out of vacuum (EBW) — -

Nota: Valuss in “Range Qualified™ are vaiid only when used with a Quaiified Welding Procedure.
RESULTS

Visual Examination of Completed Weld (QW-3024) _____ ACCEPTED =
X]Bend test;  [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, corrosion-resistant overlay [QW-462.5(c)]: E] Plate bend specimen, corrosion-resistant overlay (QW-462.5(d)l
[] Macro test for tusion [QW-462.5()); [ ] Macro test for fusion (QW-462.5(e)]

Type Result Type Result Type Resuit
{ROOT) ACCEPTED (F.
-~ (ROOT) ACCEPTED (FACE) ACCEPTED
Aw..native radiographic examination results (QW-191) -
Fillet weld — fracture test (QW-180) - Length and percent of defects -
Macro examination (QW-184) -— Fillet size (in.) - x - Concavity/convenxity (in.) -
Other tests -
Fitm or specimens evaluated by - Company -
Mechanice tests conducted by __ ALL~WELD COMPANY LIMITED Laboratory test no. —
Welding supervised by ANDREW LEWIS

We certily that the statements in this record are correct and that the lest coupons were prepared, wel ind 1n accol with the requiremnents of Secton IX of the ASME Code
Organizsion __ALL=WELD COMPANY LIMITED Signature pate _JANUARY 26, 2006

Issued under Ontario's Technical Standards and Safety Act Office Use Only

, Boilers and Prassure Vessals Regulabon

=2  PER ASME

Expiry Date:§ Test Requesied8y _ROBERT BENTLEY
FAN YANG 83 (Prim Person’s Name)
Weider R Symbol ALL-WELD COMPANY LIMITED
Has passed the welding lest required under Ontario's Technical Standards and Tested Al 49 PASSMORE AVE., SCARBOROUGH, ONT.
SUhLAa. Boilers and Pressure Vessals Regulation and is hereby authonzed to (Print Address)
weid for:
- IMITED . au - e -
Subject to JTLE%L" Distnct # S Inspector @ M Fee (S
Diractor

/
Authorized Examiner  / PVOSIF7 (0/04)
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staldacs | ast Maa bl Feat Mame T&yrature / Stamn No
TANG FAN ! ’ﬁ:ﬂy’ 11 o 83
Hus Address Pnatal Code ‘mwn Ragisiration No
76 LUCIENT ST., MARKHAM, ONT, L3R SEI WPR 3432.5
Fmplaver Nama gy BOR KN -
ALL-WELD COMPANY LIMITED 50
Streel Address
49 PASSMORE AVENUE mpany WPS No usad -
Postat Code l
SCARBOROUGH, ONTARIO 1viaT1! 3071 -
Weiding Process(es) Used FCAY Typq.) ine X C k
BeseMateriais) SA 240-316 / SA 240-316 Thicknesstesy  3/87
Veriabiea for All Processes - Actusi Veluss Range Qualified
Backing matenal (metal, weid maial, weided from both sides. flus, etc ) WITHOUT WITH OR WITHOUT
ASME P or S No. 1o ASME P or S No P8 w P8 Pl THRU P11l & PAX PLATE & ALL
{ X ) Pae ( ) Pipe (enter damater It pipe) 3/8" PIPES 2 7/8" 0.D. & UP
Fillar Metal Specificabon (SFA) Class (QW-404) (informational Onty) (5.22) E316LTO-1
Consumabie Insert for GTAW or PAW (QW-404) -—
"Walding Position (1G. 5G. eic.) (QW-405) 2¢ 2G
Semt (QW-350) Actuat Veives Renge Ouailfied
Filler Motal F- No. {QW-404) EL F6
Fillar Metal Product Form for GTAW, PAW (QW-404) -
Waeld deposd thickness for aach welding process (QW-404) ~ 3/8" 3/4%
Process v _ _ . .. 3 layers nunimum Yas No -— —
Process 2. __ ______ Jlayers mimmum Tas No — - -
Prograssion (uphill/downhil) (QW- 405} — —
I3TAW. PAW of GMAW baching gas, or OFW fuel gas (QW- 408) COa co2
GMAW transter mode (spray/globutar or pulse 1o short ctreuit) (OW-409)  SPRAY SPRAY, GLOBULAR & PULSE
GTAW welding current type & polanty (AC, DCEP. DCEN)QW-409) _— -—
Machine Welding Verisbiea (QW-381-2) Actusl Velues Range Qualified
Diract or ramote visual conlrol — —
_Au!omnnc a_rc_vonaqo control (GTAW) N o - - —
Automanc joint iracking —— -—
Muitipia or sirkjle pass per side i o ——— —
Auvtiomstic Weiding Variables (QW-381-1) Actual Values Range Qualified
Filler metal (EBW or LBW) — —
Laser type for LBW (CO3 lo YAG etc.) — -
Continuaus drive o inerha weiding (FW) — -
Vacuum or out ol vacuum (EBW) o . — -
Note: Vaiues In “Rangs Qualified" are vaild only when used with s Qualified Weiding Procedure.
RESULTS
Visual Examination of Complated Weld (QW-302.4) ACCEPTED
X Bend test: X, Transverse root and face (QW-462 3(a)): Longitudinal root and face [QW-462.3(b)}; Side (QW-462.2);
Pipe bend sp corrosiol overlay [QW-462.5(c)]; | ' Plate bend specimen, corrosion-resistant overlay (QW-462.5(d)]:
"" Macro test lor tusion [QW-462.5(b)]; i Macro test for fusion [QW-462.5(e)]
Type Result Type Resuit Type Result
Ow462,3(a) ACCEPTED QW462.3(a) ACCEPTED
(ROOT) (FACE)
Alternative radiographic examination resulis (QW-191) - .
Fillot weld — (racture test (QW-180) - ______Length and p of defects _——
Macro examination (QW-184) __ == Fillet size (in.) _~— x - Cor ity ity (in.) h—
Other tests -
Film or specimens evaluated by — Company __ ==
Mechanical tests conducted by __ ALL=WFLD COMPANY LIMITED Laboratory test no. __ ==
Welding supervised by ANDREW LEWIS
Test requested by (Print name) _ ROBERT C. BENTLEY Tested at (Print acaress) 49 PASSMORE AVE., SCARBOROUGH, O!

We certify that the statements in thia record are correct and that the test coupons were prepared, welded, and test
of Section X of the ASME Boiler and Pressure Vessal Code.

Organization ALL-WELD COMPANY LIMITED Signature

in accordance with the requirements

JAN. 14, 2008

tmm-dd-yyyyi

————— e 5

Date

FOH TSSA INSPECTOH R USE ONLY

The Welder namod above has passed the welding test required under Ontario’s Technical Standards and Safety Act. Bo:lers and Pressure Vessols
Regulation and is hereby authorized, subject to the limitations of this certificate.

Check (v) applicabla box below:
>{ To weld for the Employer named above only. Thig Certificate expires: _ A

_ For seeking empby ent

lnspectof Name and Number (Print) Inspector Sign:

PV 09387 (0407
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u Satety Authorty v Gin i 1554 org

1OCIVNICE DISNUSIUS BNT SETOTY AGT
Boilers and Pregsure Vessels Ragulation
4

No. 164457

Valdae & 1 ast Ngaia TRl st Nama Tqignature T5tamp Ko
HUYNH _ VAN LY | W 87
ias Adoiass Pastal Cods Provincial Regstration No
134 GOLDEN GATE CIR. WOODBRIDGE, ONTARIO LL“_E ]1 IF P D700.5 & R2363 5
¢« mpany Name Company PQR No
ALL-WELD COMPANY LIMITED 1
Straat Address
49_PASSMORE AVENIE | Company WPSNa uead

Poslal Code 1-1
St ARIO MLy AT}
Welding Procass(ss) Used SMAW Types) X i [ Jmechine [ semt e |
BasaMaterialis) SA 516-GR 70 / SA 516-GR 70 Thickness(es) 5/16"
Variables for All Processes Actual Vaiues Range Quatitied
Backing matenal (melal, weld metal, weided from both sides, flux. etc) WITHOUT WITH OR WITHOUT
ASME Por S No 1o ASME P or S No Pl 0 Pl Pl THRU P11l & P4X PLATE & ALL
¢ X ) P q } Pipe (anter diameter Il pipe) 5716" PIPE 2 7/8" 0.D. & UP

Filler Matal Spacitication (SFA) Class (QW 404) (Informational Only)

(5.1) E7018

Consumable Insert for GTAW or PAW (QW-404)

Walding Position {1G, 5G, atc ) (QW 405)

2G

2G

Manus! or Semi-sutomatic Variables (QW-360)

Actusi Values

Range Qualified

Filler Melal F- No (QW-404)

F4

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

Wald deposit i for each

(QW-404)

5/8" MAX

Prograssion (uphdl/downhl) (QW-406)

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

_PLATE GROOVE & PYPE 2 7/8” Q.D.
& UP & ALL FILLETS

GMAW transter mode (QW-409)

GTAW waiding currant type & polarity (QW-409)

Machine Weiding Variables (QW-361-2)

Actusl Valuee

Range Qualified

Direct or remote visual control

Automatic voltage control (GTAW)

Automalic joint tracking

Muitiple or single pass per side

A a9 (QW-381-1)

Actual Values

Range Quaslified

Filler metal (EBW or LBW)

Lasar type for LBW (CO2 to YAG etc.}

MANLIBCIUIS! D wupy

Conlinuous drive or inertia welding (FW)

Vacuum or out of vacuum (EBW)

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

Visual Examination of Completed Weid (QW-302.4)
|E Bend test;

@ Transverse root and face (QW-462.3(a));

ACCEPTED

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

[J side (Qw-462.2);

E] Pipe bend specimen, corrosion-resistant overlay [QW-482.5(c)]; D Plate bend specimen, comosion-resistant overiay {QW-462.5(d));

[T] Macro test for tusion [QW-482.5(b)};

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

Type Result Type Result Type Result
QW 462.3(a) ACCEPTED QW _462.3 (a) ACCEPTED
|__(ROOT) (FACE)
Altemative radlographic examination results (QW-191) -
Fillet weld — fracture test (QW-180) - Length and percent of defects _—
Macro examination (QW-184) - Fillet size (in.) = x = Concavity/convexity (in.) —
Other tests -
Film or specimens evaluated by - Company ~—
Mechanical tests conducted by _ ALL-WELD COMPANY LIMITED Laboratory test no.

Walding supervised by_ ANDREW LEWIS

We certify that the statements in this record ars commect and that the test coupons were prepa

ALL-WELD COMPANY LIMITED

red, weided, in acco with the requirements of Section IX of the ASME Code
oae FEBRUARY 17, 2006
N

U office Use Only

Organization Sigt
Issued under Ontaric’s Technical Standards and Safety Act
Boilers and P Vessais Reg
PER ASME
Expiry Date: _S&_.IL ——
VAR LY HUYNH 87
‘Walder Symbol

Has passad the weldi

lsst mquuod under Ontario's Technical Standarde and

Test Requested By _ ROBERT BENTLEY

(Print Person's Name)

ALL-HEI.D COMPANY LIMITED
49 PASSMORE AVE., SCARBOROUGH, ONT.

VS:Ik: Act, Boilers a Vessels R and is heraby authorized to Tested At Print Address)
~WE IMITED i
ALL-WELD <°°"me‘m.f viovicts 1S , 2037 RS
Director
Authonzed Examindr  / PV 03397 (0/04)




@ Standards and Totonto, Un.;.'.o"ahh'i'zm Tochnical Standards and Safety Act No. 1 6 9 4 9 2

MAI RGO @ wwpey

=/ Setety Authority oL sse org Boilers and Press'ne Vassals Ragulation

Naldar's | ast Nama imitial Firat Nama Signature T Stamg No
HUYNH VAN-LY 87
Res. Addrass Postal Code Provincial Ragisiration No

134 GOLDEN GATE CIR. WOODBRIDGE, ONTARIO, L ¢4 K ! 1 N6 OW2142.5R & R2180.5
Company Name Company PQR No
_ALL-WELD COMPANY LIMITED

Streat Address 3

49 PASSMORE AVENUE Company WPSRG used

Postal Code 3-1

SCARBOROUGH, ONTARIO M1y 4T

Welding Processies) Used Typels) [y 1 [_]mschine [_| semi |

SMAW

BaseMaterialis) SA 240-304 / SA 240-304 Thickness(es) 3/8"

Varisbies for All Processes Actusi Valuss Range Qualified
Backing maienal (metal, weid metal, waided (rom both sides, flux, 8ic.) WITHOUT WITH OR WITHOUT
ASME P or S No to ASME P or S No. P8 _ . P8

( X ) Pale { ) Pipe (enier diamater if pipe) 3/8" PIPE 2 7/8" 0,D, & UP
Filler Matal Specification (SFA) Class (QW-404) (InformalionsiOnly)  (5.4) E308-16

Consumabie insart tor GTAW or PAW (QW-404)

Welding Position (18, 56, etc ) (QW-405) 26 2G

Manuaior Semt " (QW-350) Actual Vslues Range Qualified
Filler Metal F- No. (QW-404) F5 F3

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

Weld deposit for each welding p (QW-404) 3/8" 3/4" MAX

Progression (uphilldownhill) (QW-405) — —

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

GMAW transfer mode (QW-409) — -

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

Machine Weiding Variables (QW-381-2) Actusl Values Range Qualified
Direct or remote visual control — -—

Automatic voitage control (GTAW) -— —-—

Automatic joint tracking — -

Muitiple or single pass per side — -

Automatic Welding Varisbles (QW-361-1) Actual Values Range Qualified
Fillar metal (EBW or LBW) - -

Laser type for LBW (CO; to YAG etc.) - -

Continuous drive or inertia weiding (FW) — ' —

Vacuum or out of vacuum (EBW)

Nots: Valuss in “Range Quailfied™ are valid onty when used with a Quaiified Weiding Procedurs.
RESULTS

Visual Examination of Completed Weld (QW-302.4) ACCEPTED
[Rsendtest; [ X Transverse root and face [QW-482.3(a); [_] Longitudinal root and face (QW-462.3(b); [ ] Skl (QW-462.2);
D Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)]: E] Plate bend specimen, comrosion-resistant overiay JQW-462.5(d)):
(] Macro test for fusion (QW-462.5();;  [_] Macro test lor fusion [QW-482.5(e)]

Type Result Type Result Type Result
Qw462,3(a) _ACCEPTED 1 QW462.3(a) |ACCEPTED
RQOT FACE
Altemative radiographic examination results (QW-191) —
Fillet weid — fracture test (QW-180) - Length and percent of defects -
Macro examination (QW-184) — Fillet size (in.) - X et Concavity/convexity (in.) et
Other tests —
Film or specimens evaluated by - Company —
Mechanical tests conducted by ALL-WELD COMPANY LIMITED Laboratory testno. ___ "= _

Welding supervised by___ ANDREW LEWIS

Wa cartify thai the staternents in this record are correct and that the test coupons were prapared, fe: acco! ith the requiremants of Section IX of the ASME Code
Organization ALL-WELD COMPANY LIMITED _ Sigt Date _ Y 5/06
lssued under Ontario's Technical Standerds and Safety Act Office Use Only
Boilers and Prassure Vessels Regulation
PER ASME
Expiry Date: SECT, IX Tous gy ROBERT BENTLEY
VAN=-LY HUYNH ~ 87 (Prit Person's Name)
Welder ‘ ‘ Symbol ALL-WELD COMPANY LIMITED
g";;ﬁgr::;gg e waidig 9 roniiria isvies Oriaeok Tachniont Stmpceicl oid Tested At 43“ PAssyou AVENUE, SCARBOROUGH, ONT.
ALL-WELD COMPANY, RIMITED - ~ _
Subject 1o 6 limitationg OTY¥ cartificate Disticts __{ Z Inspector # o8 ? Fos _/0—5/_'
Director

<

Authorized Examiner /  / PVS097 (02/04)



142h Floot - Cendre Tower
3300 Bloor Stroet West
Toronto, Omntarlo MBX 2X4
Web site: www.lesa.orp

Welder/Welding Operator Certificate

Teochinical Standards and Safety Act
Boilera and Pressure Vessels Rogulation No.

262466

el Firel Mama — — [ SampHo.
uew STEVE < m'"’”/’—- i w

as. Address
11 INDIAN SIOUND CRESCENT , ONTARID

Fostal Code V/

'I 1, Hlllwll

Provincial Regiatration No.

P42 €S

Employer Name
ALL - WELD COMPANY LIMTED

Company POR No.

Street Addrees
&3 PASSISORE AVE

3-
Company WPS No.used

SCARBOROUGH , ONV

I| 1IV|4 Jll‘

3.38

Wolding Processies)Used  SHAW

Typsis)

+ Crentin Clomravorste [

Bossiateriai(s) SA-240-318 TO BA-268-318

18

[

| [7) restcoupen (] Production weid

Variables for AR Processes

]
i

Backing materis) (withAuthout)

El

witH

Base Metal P-Number to P-Number

(X )Pais ( ) Pips (wnter d ¥ pipe)

§

Filer Meta! Specification (SFA) Class (QW-404) (informationsi Only)

o
-~
g -
z
-

Consumabie trmert for GTAW or PAW (QW-404)

Pt 8 PaX 27/8" 0D AND

—ANDALL FRIETS

Weiding Poskion (1G. 50, sto.) (QW-405)

16826

opyn) {QW-358)

E
t

Fifler Matal F-No. (QW-404)

F3

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

Wald depost for sach QP (QW-404)

Process 1. Jlayee minimum 7] Yes [ No

HAX TO BE WELDED

Prooses 2. Skysaminirom [ Yes [ No

Vertioal progression (uphidownhill) (QW-405)

GTAW, PAW o GMAW becking gas; or OFW fusl gas (QW-408)

GMAW traneler mode (spray/globutar of puise to short ciroult) (QW-409)

GTAW weiding current typs A polasity (AG, DCEP, DCEN)QW-409)

REEERE| BEP| R

Machine Waiding Varisbise (QW-381.2)

E
z

Direct o remots visusi cordrol

Automatio s voktege control (GTAW)

i

Automatia joint tracking

Multipia O single pass per side

Automatie Weiding Verlables (QW-201.1)

i
]

Fiiler Matsl (EBW or LBW)

WWMWMDYAB&)

Continuots drive of Insrtia walding (FW)

Vacuum or out of vacttsm (EBW)

uomvdu-hmw-uummmm-mwmm

RESULTS

Visual Examination of Completad Weld (QW-302.4) _ACCEPTED
[ Transverss root and tace [QW-462.3(a); [ Longitsdinal root and face [QW-462.3(b)); (Y] Side (QW-482.2);
[:l Fipe bend specimen, corosion-resistant overlay (QW-482.5(c)i; E] Plate bend specimen, comosion-resistant overlay (QW-482.5(d));

[] Pips specimen, macro test for fusion [QW-4825(b);; [ ] Plate specimen, macro test for fusion [QW-482.5(e))

Type Result Type Result Type Result Type Resuft
| QW-422 ACCEPTED Q4822 ACCEPTED oW-462.2 ACCEPTED QW-462.2 ACCEPTED
| { Sda) {Side) (Side) {Side )

Altemnative radiographic axamination resutis (QW-191)_NONE
Fillst weld — fracture test (QW-181.2) _NONE Length and parcent of defects

{T] Fiitet weids in piats [QW-462.4(b)) (] Fillst weids In pipe (QW-462.4(c)}
Macro examination (QW-184) NONE Fiflet size (in) NONE____x NONE _ Concavitylonvexity (in.) NONE
Cther tosis HONE
Fim or specimens evaluated by _NONE
Mschanical tests conducted by _GANBRIDGE MATERIAL TETING LISITED
Welding supervised by, (Print nama) ANOREW LEWIS
Test requesisd by (Print name) ROBERT BENTLEY Testad st (Print acdrees) 40 PASSHORE AVE . SCARBOROUGH , ONT

mmmmwmmm«mwunmmmmmwwm with the requirements
of Section 1X of the ASME Boiier and Pressure Vessei Code.

Organization _ALL - WELD COMPANY LISITED

Company NONE
Laboratory tst no. _E34§H3-2013 & 634051-2013

Signature

| 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
nmmmummmmwnmuummmm,
Check (v) applicable box below:
To for the Employer named above only. r]
Or employment only.
OUTAS

inspector Nama and Number (Print)

Oats _03-13.2013
TS vy

expires; _PER ASME SECTION 1X

= WA IS, 20\%

tnepector Signature and Date

PV 08397 (0BN0}



/@ Tochnical ey woat” Waelder/ivvelding Uperator Leruncauvs

. Standards and Toromo, Ortario MBX 2X4 Technical Standards and Safety Act
X WeD she. www feea o9 orers and Pressus e Vessels Aeguiabon No. 262464

“Welder's LasiNeme niial  Firsi Neme [ T Stamp No.
T ] STEVE </ o %
Rea Addwss Poswai Code ¥ Provincial Registration No.

11 MDA BOUND CRESCENT , ONTARIO w1 HjY W2

Employsr Nems Company POR No.
ALL - WELD COMPANY LINTED

Stresl Address 59X
8 PASSHONE AVE ) [~ WPS No used
T Postai Code

SCARBOROUGH , ONT w Ve T %A

Weling Presuseies)Vssd  FCAW CYY (I | |oommt | |
Beseimariaite) SA-240318 TO 8A-248-318 — | i || e
YA (52 AN PreosmsD Astunl Veluss Renge Quaitfied

Becking material (walVeshou) W WITH

Bane Mot P-Nusmber 10 P-Number [ ] to ] [l [l PAX PLATE AND PPE 2 173" 0D AND
(x Pam ( } Pioe (snter diameter 8 pipe) 13", _+ ALLFRLETS

Filer Matal Speciiostion (SFA) Class (QW-404) (wiormationsl Orly) 522 EMMOLTOM
Conmsmabile insert lor GTAW or PAW (QW-404)

NONE

Weiing Poaiion (10, 50. eiz.) (QW-405) %

Voo or St o] -

Filler Matel F- No. (QW-404) 5]

Filer Motal Product Form (or GTAW, PAW (QW-404) NONE

Weld daposd thichness for each welding process (QW-404) 196 MAX TO BE WELDED
nowe
NONE
coa
SPRA

Process 1: 3 loyore @1 Yea [ No

Procsse2_______ Jeyeumnimum (] Yes [ No

Vestial progression (uphilkiounhif) (OW-406)

GTAW, PAW or GMAW basting ges; or OFW fust gas (QW-408) cm

GMAW rmnafer mods (spryiginbuler of Gulse t shart clroull) OW-40%) \4 SPRAY, GLOBULAR & PULSE
GTAW weiiing cursent typs & polarily (AC, OCEP, DCENYQW-408) nont

Msshing Weiding Verishins (QW-381.2) Actmi Veheee Range Quaittied
Direct 0f remote visusd control

Automaiio avc volinge contrel (GTAW)

Automatio joint tracking

NOME
_NONE
NONE
Muliiple or single pase per side NONE
@ Autcrmstie Welding Variabies (QW-381.1) Actual Veluse Rangs Quaiified
.‘.' m
NONE
NONE
NONE

Filler Mot (EBW or LBW)
Laser typs for LEW (COy b YAG efz.)
Conlimmus drive or inertia waiding (FW)

Vaouum or out of vacwsn (EBW)

Note: Valuss in “Renge Gusifisd” ere veild only whan used with & Qualified Welding Precedure.
RESULTS

Visual Examination of Compisted Weld (QW-302.4) ACCEPTED
[ Transverse root and face (QW-482.3(s); [_] Longiudinel root and tace (QW-462.3(b): {#] side (Qw-482.2);
C] Pipe bend specimen, corrosion-resistant overiay (QW-482.5(c)]; D Plate bend specimen, cormosion-resistant overiay (QW-482 5(d)};

0 specimen, macro test for fusion {QW-462 5(); ] Piate macro test for fusion [QW-482 5(e
Type Resull Type Result Type Result Type Result
QU822 ACCEPTED aw-22 ACCEPTED T ACCERTED | qw-ae22 ACCEPTED
(SIDE) {S0E) { SIDE) SIDE }

Altemative radiographic examingtion results (QW-191)_ NONE

Fillet weid — frachure test (QW-181.2) _NONE Length and percent of defects
(] Finet weids in plate (QW-482 4(b)) [[] Filet weids in pips [QW-482.4(c)]
Macro examination (QW-184) NOME _ Fiiet size (in) NONE __ x NOME  Concawitykonvexity (in) NOKE
Other tests _NONE
Fiim or specimens evalusted by _NONE Company NONE
Mechanical tests conductsd by _CANBRIDGE BATERIAL TESTING LINTED Laborstory tast no. _§38448-2013 &2 §38438-2013
Waelding supervised by (Print name) ANOREWLEWS
Test requesiad by (Print name) _ROBERT BENTLEY Tested at (Print address) 49 PASSIORE AVE, SCARBOROUGH , ONT
mmmmwmmrmmmmmmummmmw itad in accordance with the raquirements
of Section IX of the ASME Boller and Pressure Vesssl Code. P
Organization ALL - WELD COMPANY LISNTED Signature -n-m:m
{
FOR TSSA INSPECTOR USE ONLY

The w;ld.'—n;n-nd above has puudmo_w;dm test required under Ovm‘._:r—o;uiicd Standerds and Safety Act, Boilers and Pressure Vessels
Reguiation and Is heraby authorized, subject 10 the limitations of this cestificate.
Check (v} applicable box below:

¥} To weid for the Employer named above only. This expires; PER ASME SECTION X
| | For employment only. —
Coxx1oé— ONTID > Mk 1€ 20\
- Inspecior Name sna Numoer (Print) ﬁw Signature and Date

7V 05007 (0AN0)



Technlcal o e e Welder/Welding Operator Certificate
Safety AUSRTEY Lo v wntsen g etersant Prossure vesaots roglation No. 258828

Welder's Last Name Initia) First Name Signature ‘ Stamp No

ALROUBAYI A RAZZAK - é 108

Res. Address Postal Code Provincial Registration No.

140 QUANTRELL TRIAL SCARBOROUGH . ONT mo1, 8|1 L B RUBS

Emplayer Name Company PQR No

ALL - WELD COMPANY LIMITED SAW -2A1

Street Address

49 PASSMORE AVE Company WPS No.used

Postal Code SAW-W-2-1

SCARBOROUGH , ONT Moy v T
Welding Process(es)Used SAW Type(s) 1 i f ic v .
BaseMaterial(s) SA-240-304 Thickness(es) 1" v | TestCoupon Praduction Weld
Varlables for All Processes Actual Values Range Qualified

Backing material (withAwithout) BASE & WELD METAL BASE & WELD METAL

Base Matal P-Number to P-Number P8 to P8 P1 THRU P15F, P34 & P4X PLATE AND PIPE 2 7/8" OD AND UP
(X ) Plate ( ) Pipe (enter diameter if pipe) 1",

Filler Meta! Specilication (SFA) Class (OW-404) (Informational Only) 59 ER308

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

Walding Position (1G, 5G, etc ) (QW-405) 16 16
Manual or Semi-automatic Variables (QW-350) Actual Values Range Qualified

Filler Metal F-No. (QW-404) 6 [

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

Waeld deposit thickness lor each welding process (QW-404) " MAX TO BE WELDED

Process 1 3 layers minimum  [7 Yes [~ No 12

Process2.______________3layersminimum [~ Yes [~ No NONE

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

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

GMAW transler mode (spray/globular or pulse 1o short circuit) (QW-409) NONE

GTAW welding current type & polarity (AC, DCEP, DCEN){QW-409) NONE
Machine Welding Variables (QW-361.2) Actual Values Range Qualitied

Direct or remote visual control NONE

Automnatic arc voltage control (GTAW) NONE

Automatic joint tracking NONE

Multiple or single pass per side NONE
A /elding V (Qw-361.1) Actual Values Range Qualified

Filtar Matal (EBW or LBW) NONE

Laser type for LBW (CO3 to YAG elc.) NONE

Continuous drive or inertia welding (FW) NONE

Vacuum or out of vacuum (EBW) NONE

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

Visual Examination of Completed Weld (QW-302.4) _ACCEPTED
Transverse root and face [QW-462 3(a). D Longitudinal root and face [QW-462.3(b)]. ¥ Side (QW-462.2)

:] Pipe bend specimen, corrosion-resistant overlay [QW-462.5(c)[ Plate bend specimen, corrosion-resistant overlay [QW-462.5(d)]
R Pipe specimen, macro test for fusion [QW-462 5(b)]. Plate specimen, macro test for fusion [QW-462.5(e)]
N Type Result Type | Result Type Result Type Result
LQW-ASZ.Z .2 ACCEPTED Qw-462.2.2 _I ACCEPTED
[ i
Alternative radiographic examination results (QW-191)_NONE
Fillet weld — fracture test (QW-181.2) _NONE Length and percent of defects NONE
Fillet welds in plate [QW-462 4(b)] [___: Fillet welds in pipe [QW-462.4(c)]
Macro examination (QW-184) NONE 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 tgsjed in accordance with the requirements
of Section 1X of the ASME Boiler and Pressure Vessel Code

Organization _ALL - WELD COMPANY LIMITED Signature

Date _03-06-201
bl %4 (mm-od-yyyy)

FOR TSSA INSPECTOR USE ONLY

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

Check (v) applicable box below.

Y| To weld for the Employer named above only. This C
. {mm-3d-yyyy)
For seeking employment only

COST U o OIS - Mk 00, 2o\

Inspector Name and Number (Print) Inspector Signature and Dale

te expires; _PER ASME SECTION IX

PV 09397 (08/10)



7z ::. Technical ?i?&??%’ﬁ:i,; A":};i';;m Welder/Welding Operator Certificate
ST M Lo Stondardsandsaiyact © o 257501
Welder's Last Name Initial First Name Sigatur] Stamp No
INNIS ANDREW # Wj [ i L
Res Address Postal Cofle Provincial Registration No
21 BORNHOLM DRIVE TORONTO , ONTARIO M 1 CL4 P 8 ) waresren. redilis
Employer Name o Compan-y PQR No
ALL - WELD COMPANY LIMITED
Street Address 3&3A
49 PASSMORE AVE N G WPS Na used S
Postal Code
SCARBOROUGH , ONT M o1 Ve T 1] 3 _
Welding Process{es)Used SMAW ype(s) manual D _D.... Fautc D
BasoMateriai(s) SA-240-304 TO SA-240-304 Thickness{es) 38" | [¥] Testcoupon ] Productionweld
Variables for All Processes Actusl Values Range Qualified
Backing material {withAwithout) WITHOUT WITH OR WITHOUT
Basa Metal P-Number to P-Number ] to 8 _P1.THRU P15F, P34 & P4X PLATE AND PIPE 2 7/8 D AND UP-
(x ) Plate ( ) Pipe (enter diameter if pipe) 0.375",
Filler Metal Specification (SFA) Class (vaﬂf) {Informational Onty) 54 E308-16 S
Consumable Insert for GTAW or PAW {(QW-404) NONE
Welding Position (1G, 5G, etc ) (QW-405) 26 26 )
Manual or Semi-automatic Variables (QW-350) Actual Values Range Qualifled
Filler Metal F-No {QW-404) F5 E5
" Filler Metal Product Form for GTAW, PAW (QW-404) NONE )
Weld deposit thickness for each welding process (QW-404) 318" 314" MAX o
Process 1 _______ 3layersmimmum '/ Yes No 4 PLATE GROOVE + PIPE 27/8" OD + UP + ALL FILLETS
Process 2 _____ 3iayers minimum Yes No NONE
Verticat progression {uphill/downhili) {QW-405) NONE
GTAW PAW or GMAW backing gas, or OFW tuel gas (QW-408) NONE
GMAW transfer mode (spraylglounra;;v;ulse to short circuit) {QW-409) NONE
GTAW welding current type & polatity (AC, DCEP, DCEN)(QW-409) NONE
Machine Welding Variables (QW-361.2) Actual Values Range Qualified
Direct or remote visuat control NONE
Automatic arc voltage control (GTAW) - o NONE
Automatic joint tracking NONE
Multiple or single pass per side NONE
A felding V. (QW-361.1) Actual Values Range Qualitied
Filler Metal (EBW or LBW) NONE
Laser type lor LBW (COg to YAG etc ) EE“_ -
Continuous drive or inertia welding (FW) NONE
Vacuum or out of vacuum (EBW) NONE

Note: Values In “Range Qualified” are valid only when used with a Qualified Welding Procedure,
RESULTS

Visua! Examination of Completed Weld (QwW-302 4) _ACCEPTED _
[v] Transverse root and face [QW-462 3(a) I”—J Longitudinal root and face [QW-2623(b)] || Side (QwW-462 2)
D Pipe bend specimen, corrosion-resistant overtay [QW-462 5(c|] [_—] Plate bend specimen, corrosion-resistant overlay [QW-462 5(d)]

= _D_P_ige specimen.macro test for fusion [QW-462 5{b)} [| Prate specimen, macro test for fusion [QW-4625(e)]
Type | Result _ Type Result _ Type | Result __i Type | Resuit
| QW-1523 (a) ACCEPTED | Qw-4623(a) | ACCEPTED | o ] R _' o
Face ROOT) | |
rx_}_ e (R S 5 — .
e S 1 S E— B — e

Altemnative radiographic exammallon resulls (QW-191) NONE

Fillet weld — fracture test (QW-181.2) NONE Length and percent of detects
D Fillet welds in plate (QW-462 4(b)[ D 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 S B Company NONE

Mechanical tests conducted by ALL - WELD COMPANY LIMITED R _ Laboratory test no _NONE

Welding supervised by (Print name) ANDREW LEWIS 2 P = B B o] R — == SEe
Test requested by (Print name) ROBERT BENTLEY _ Tested at (Print add,ess) 49 PASSMORE AVE, SCARBOROUGH om

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

Organization ALL-WELDCOMPANYLIMITED

cordance with the requirements

_Date 01-09-2012
_(mm d¢-yyyy)

Signature

] FOR TSSA INSPECTOR USE ONLY '|

i’he Welder named above_rgpgedﬁe welm te? required under Ontaro's Tech?llcal S-landart; ana Safety Act,_Bc;ller; and Pressure V;sels
Regulation and is hereby authorized, subject to the imitations of this certificate
Check (v) applicable box below

To weld for the Employer named above only This Certificate exfires, PER ASME SECTION IX
D For seeking employment only

OSTIca. oS OuTas —

Inspeclor Name and N_u;ﬁ)er {Print) Inspeclor(&g'ﬁalure and Date

PV 09397 (08/10)



@ ;:::::: 1300 Bioor Strest West I tr v ety — - — -
. s and Toronto, Orisrio MBX 2X4 Technical Standards and Safely Act
\/ Safety AutherllY 1oy e www fros o Aoilers and Pressure Vessals Regulation No. 2624 52
“Welders [ast Name intial  Firt Name Soretue p3 Asmg No

i TAE Po, 121
Res. Address Postal Code Registration No

733 OSENGTON AVE TORONTO , ONTARIO | Ll llXiIlE 1

SR_& R2190.
Employer Nams %&. :
ALL - WELD COMPANY LANTED
Streat Address )

4 PASSNORE AVE ] T WP No used

SCARBOROUGH . ONT w1 vje T 31

Welding Prossssies) Used  SMAW Typote) |V |manuet | ] [ oomi otio | |

Bose tateriai(s) SA-20-384 TO 5A-240-304 [ Tricknaseten 38° | 14 || Production weid
Variahies for All Precesess Actus Velvas Range Ouniified

Backing materiel (wAtvaEnout) _ WMoY WITH OR WITHOUT

Base Metal P-Nurmber 1o P-Nurmber [ 10 [ Pt THRY PiSF, P34 § POUPLATE AND PPE 7 118" 0O AND UP.
(x ) Plale [{ ) Pipe (enter diameter ¥ pipe) 0.315".

Filler Matal Specification (SFA) Class (QW-404) ( Onty) 34 EMNS-18
Consurmabls insert 101 GTAW of PAW (OW-404) NOME
26

Weiding Postiion (13, 50. etc.) (QW-405) 168 26

== (QW-380) T Actusl Valuss — Range Qualiied
Filler Motal F-No. (QW-404) )

Filler Matal Product Form jor GTAW, PAW (QW-404)

Weld deposit for esch ] (OW-404)

Process 1 3 ayers 7 Yes [ No
Process 2 3 wyens — Yes [~ No
Vertical progression (uphilidownhll) (QW-405)
OTAN.PANCMMp:CWI‘-m“)
wwwummmuamummymm
GTAW wekiing curvent typs & polartty (AC, DCEP, DCENNQW409)
Machine Weiding Veriahies (QW-281.2)

Direct of remoie visusl control

Automatic arc voltage control (GTAW)

Ausomatic joinl Facking

MuRtipls or singis pass per sids

(Qw-381.1)

-«
©l

34" MAX
PLATE GROOVE ¢ PIPE2 1/5° 0D ¢ UP + ALL FILLETS

Actusl Values Range Qualified

Filer Matad (EBW or LBW)
Laser typs for LBW (CO2 1o YAG ekc.)

FEGRE| REGE| RARRE PR

Vacuum or out of vacuum (EBW)

mvmnmmnmmmmm-mmm

RESULTS
Visual Examination of Completed Weid (QW-302.4) _ACCEPTED
'/} Transverse root and face [QW-462.3(a), | !Longrtudnal root and face [QW-462.3(b)). | iSide (QW-462.2),
| | Pipe bend specxmen, corrosion-fesistant overiay [QW-462.5(c)l. | | Ptate bend specimen, corrosion-fesistant overisy [QW-462 S(d)|.
" | Pips spscimen, macro test for tusion [QW-462 S(b)[: | | Piate specimen, macro tes! for fusion [QW-462.5(e)]
| Type | Resur Type Result Type | Resun | Type | Resun |
Qw4823 (a) ACCEPTED aw-42.3(s) ACCEPTED | i 1 . '
(Facs) (ROOT) % ; [ I
Altemnative radiographic examnation results (QW-191) NONE
Fillet weld ~ fracture test (QW-181 2) _NONE Length and percent of defects
| | Fitlet woids in plate |OW-462 4(b}) Fillet weids in prpe (QW-462.4(c)}
Macro examenation (QW-184) NONE Fitlet size (in.) NONE x NONE _ Concavity/convexiy (in.) _NONE
Other tesis _NONE
Fim or specimens evaluated by _NONE Company NONE
Mechanical tests conducted by _ALL - WELD COMPANY LINTED Laboratory test no. _MONE
Welding supervised by (Print neme) ANDREW LEWS
Test requested by (Print name) ROBERT BENTLEY Tested st (Print address) 49 PASSMORE AVE . SCARBOROUGH . ONT
w.mummwmuium“meawmmmwwow and in with the requirements
of Section 1X of the ASME Boiler and Pressure Vessel Code. ‘
Organizaton _ALL - WELD COMPANY LIMITED Signature ___ Date 08-12-2812

{mm-dad-yyyY)
| FOR TSSA INSPECTOR USE ONLY
The Weider named above has passed the weiding test required under Ontano's Technicsl Standards and Safety Act, Boilers and Pressure Vessels
Regulation and is hereby authonzed, subject 10 the limitations of this certhcate.
Check (v) applicable box below
i} To weid for the Employer named abave only Tris Certificate expues: PERASMESECTIONN ______ . __.
' | For seeking employment only ) TS Yy
Cosnca oW  ONTAS ) - cwolol\

inspector Name and Nusnber (Print) T - {nspectos Slgnn;n and Date

PV 09297{08/10)
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TRINITY HEADS, INC

FEBRUARY 15, 2013

ALL WELD CO LIMITED
49 PASSMORE AVE
TORONTO ON CANADA

M1V 4TI

Attention:

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

Gentlemen:

Tag# [173-1

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 MELT SLAB GRADE
CSMYTTTTTTT Ty Yigse T CRASTTTTTTTTT UDsES T PR T SA240-31673 161
Y1 Cy T 7 R 7 T B . " SA0-31673T6L

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 V111, Div. I,

Heads comply with UG-79, UG-80 and UG-81.

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

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

800-392-3594.

VERY TRULY YOURS R
/ A} ACCEFTED/REVIEW z—u I 45@:30 046
jQ{“{/ for and on behalf of; .._b_. i
CHARLES brRAUS 1o
QUALITY MANAGER Print Hie C"ﬁ“ﬂﬁ’u&"“ lus®
7 - VELOSH
) D:nr__ . 76//3 Velosi America LLC
FEB 05 2013

ad[

....................................................................................................................



KOMPD

OUR ORDER 0282469 01

SOLD TO: ROLLED ALLOYS CANADA

2283 ARGENTIA ROAD, UNIT 6

0032037ME 11/16/12
HEAT & PIECE 855555 - 3A
WEIGHT 7564
FINISH 1

GRADE 316L / 316
DIMENSIONS 1.750 ¥ 96.000

*** MFG IN NEW CASTLE, IN,
AMS 5507F WITH EXCEPTIONS
ASTM A240-12A ASMESA240-11ED
ROLLED, ALLOYS SPECS 316L/316
MEETS/ EU ELECTRICAL ROHS
NACE "MR0O175-2009/IS0 15156
NO WELD REPAIRS
ASTM A262 02A PRACTICE A

USA

PLATES & TEST PCS SOLUTION ANNEALED G

X 154.000

Outokumpu Stainless Plate, Inc.

Certificate of Analpsis and Tests

LA A S SRS RS ERERSERES RS

* RE-CERTIFICATION *

hkkhkhkddkh ko kkkkdoxkk

el
(=]
"

HEAT & PIECE 855555-34 0

ALL-WELD

CUSTOMER PICK UP

CONTACT ANDYCHTSIMNTL.COM
SCARBOROUGH O

SHIP TO:

00qE

00000

YOUR ORDER & DATE

Arpl

ITEM DESCRIPTION

us®
VELOS!
Velosi America LLC

UNS-S31603 / UNS-S316010
EXACT

Sl Y

!

SPECIFICATIONS
FROM SLABS IMPORTED FROM BRITATIL
AMS 5524L WITH EXCEPTION
ASTM A480-12 ASMESA480 11ED
NAFTA CTRY ORIGIN= SLAB CTRY
LIST HEAT/PCE/SIZE ON INVCE
NO GRIPPER MARKS

!

EAS

AS—

’FIZME;IE WED,
un behalf of: __5

VEX
A

ASTM A262 02A PRACTICF E

Date:

1900 DEGREES FAHRENHETIT MTHNIMUM,

THEN WATER COOLED OR RAPIDLY COOLED BY AIR
FREE FROM MERCURY CONTAMINATION AT CURRENT
HOT ROLLED, ANNEALED & PICKLED (HRAP)

Prmt Name: Q_ A
SIgnmum:

DETECTION LIMITS

ACCE
for ang

MECHANICAL & OTHER TESTS ----

( HARDNESS HRBW
GRAIN SIZE 6

W.0. # T kY%

YIELD STRENGTH (PST) 46390
TENSILE STRENGTH (PSI) 80510 M.L. # 1?;: ]
INTERGRANULAR CORROSTION OK ’
ELONGATION % IN 2" 57.9 THK. # ' /\f’
REDUCTION OF AREA % 593 P.O. #[l'{é{l’//??
e CHEMICAL COMPOSITION
CARBON (c) .015
MANGANESE (M) 1.70
PHOSPHORUS (P ) 031
SULFUR (s ) .001
SILICON (SI) .29
CHROMTUM (CP) 16.33 Certification of Material - Per AS
NICKEL (NT) 10.06 HT# i e
COBALT (CO) .27 . -
COPPER (cu) .35 Qua}éfﬁwﬂl "-‘g“%‘ ? fSLT
MOLY (MO) 2. 04 S O- 51 - :’
NMITROGEN (N ) .08 A Edition ”g enda _
COLUMBIUM CB) 015 Seot. TT_{43
TITANIUM (TI) 007 FEB 05 2013
ALUMINUM (AL) 006
TIN (SN) .007
TANTALUM (TR) .002

WE HEREBY CERTIFY THAT THE MATERIAL HEREIN HAS BEEN MADE AND TESTED IN

ACCORDANCE WITH THE LISTED SPECIFICATION(S) AND THAT THE RESUITS OF ALI

TESTS APE ACCEPTARLE.

JAMES DOUBMAN, QUALITY ASSURANCE LIANAGER 7

CEPTIFTCATE IN CONFORMANCE WITH EM10204-95

{ T
\\">§$§;?5 L—)5;>ih\0m'
Outol pu Stainless Plate, Inc.
PO Bo~ 370

Hews Cactle |nchara 47570

.B EN10204-2004 3.1



KV Inspection Services Ltd.

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

Ultrasonic Examination Rebort

uT

General Data
Customer All-Weld Company Date _February 26, 2013
Shop Order | 1173 PQ Serial # 7473 Project
Component P.O.# " Worksheet #: = 36451
Drawing | Rev. | ' Technician | Frank Marunde | SNT-TC-1ALevel |  III
| 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
. . Instrument ) .
Material Thickness Brand ® Olympus Epoch 1000i Serial # | 090054812
Weld Type O Butt O TJoint O Fillet Surface ® AsRolied O Ground O Machined O Shot Blasted
Weld Thickness N/A Couplant @ UT-X O Ol O Other ‘ Temperature I
Heat Treated O YES O NO | Sensitivity (PRL) 75 dB
Heat Treatment Surface Conditions
Transducers/Calibration Blocks
Diameter Size Beam Angle Frequency Manufacturer Blocks
o VA 0O %% O 58" x5/8" O 45° O 1.00 MHz O Techsonic O Iiw A2
0 %" o1 0O %x1" O e60° O 225MHz ® Panametrics | O ASTM E164 MAB
o o 1w o 1"x1" O 70° e 5.00MHz O Krautkramer | O Back Reflection
‘ 0 ® Normal 0 0 | ® Micrometer Shell
| Scope of Testing
Thickness Examinations
A 8
a Shell Head to C1 | Head to C2 A L1 C
A 1.756 1.778 1.797 C
B 1.774 1.736 1.737 1 c2
C 1.770 1.751 1.754 B
All Dimensions are in inches B
VA——y Y
Ia) », -r
~ FE8 7 872013
o nning
vaodfAMaic||  Length | Depth Amplitude
D S EimRaEEe
1
. B _Evaluation — Acceptance . -
!
| o Accepted | KV Inspection Services - Technician ; ’ Y Date February 26, 2013
> Rejected  cgsB No. ¢8.9712-2000 Reg. No. 8885 Place Scarborough, ON.




Page 1 of 1

14527 Smith Rd. REPORT NUMBER 72424
m"g'm Humble, Texas 77396
E’ INC- 2417 TEL: (281) 441-4088 DATE 3/5/2013
FCI ORDER NUMBER 59176

FAX: (281) 441-8899 -
Processed | AW, EN10204 3 1

{ USTOMER ORDER NUMBER 13-0074 .LAW. NACE MRO175
SOLD/SHIPPED TO ALL-WELD CO., LTD.
49 PASSMORE AVE.
SC_AB_B_OHOUGH ONT MIV 4T1 CANADA
ltem Quantity Description
1 3 247X900X26.50' LG ATY I-2, 35" OD REINFORCEMENT ITEM 1173-4
HEAT NUMBER: MATERIAL TYPE: Manufactured in
N470 SA182F316/L USA
LA.W. ASME 2010 ED 11AD.
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
C 018
Mn 1.830 * ) -
=] 0260 Yield PSI 49,300
S 0010 / Tensile PSI 85,000 ~
Si 390 / Elongation 50
Cr 16.600 7 Reduction of Area 75
Mo 2030 7 Hardness 170 HBW 7

Ni 10170 <
G 0800 @

Certificatipn of aterial - Per ASME | Ww.0
HT# ; IVI ) 3/\3
to al nents i JE
T
sect ition enda 0

Heat Treatment SOLUTION ANNEALED

Temperature 1925 °F MA 21 )
Time at Temperature R 2013
Cooling Media WATER

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

records of the company. \/

Prepared by | / ’W
l N IAC(.EV[-EDIREVWW)__—_EQ_
Name Rene ‘hrdorer Title QA Representatiffor and on bebalf of:
Print Name: —&-MH_L AFpI D
VELOS'

( -
. Date: __M_JA}_\; Velosi America LLC

Date printed 3/9/2013 B 18 456 AM

Page 1 oi 1



CUSTOMER ORDER NUMBER

SOLD/SHIPPED TO

LVAaLr sumr FRALE

Wz

Page 1 of 1
14527 Smith Rd REPORT NUMBER 72426
£ Humble, Texas 77398 DATE 3/5/2013

TEL: (2681) 441-4088
FAX: (281) 441-8899

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

SCARBOROUGH

ONT MIV 4TH1

FC! ORDER NUMBER 59176

Processed |.AW. EN10204 3.1
LAW,. NACE MR0O175

CANADA

item duantity Description

2 4
3 4

8" X900 X 14" LG RTJ LWN
8" X900 X 13.25" LG ATJY LWN

7

MTR REVISED 3/27/13
ITEM 1173-5
ITEM 1173-6

HEAT NUMBER:

MATERIAL TYPE:

Manufactured in

N464 SA182F316/LL USA
IAW. ASME 2010 ED 11AD.
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
C 028
v
Mn 1.740 ) —
P 0450 ~~ YlEld. PSI 35.1 00 _
S 0090 v Tensile PSI 80300
Si 380~ Elongation 602
Cr 16.610 «~ Reduction of Area 785
Mo 2030~ Hardness 149, 163 HBW
Ni 10040 <
N 0757 Certificatipn of Material - Per ASM
HT# !\IC %(hap - 8
lhe; to '1’1 requxrem
SBOBIZESE LB ..
Sect. 11 Z Ea mon 7] Addends
I'M
(%
Mﬁ/"‘ g)
14\
Heat Treatment SOLUTION ANNEALED
Temperature 1925 °F
Time at Temperature
Cooling Media WATER

7]

\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 cotrect and true as contained in the
records of the company

QA Representative

Page 1 of 1 Date printed: 3/27/2013 12:53:17 PM



(

- 14527 Smith Rd.
I’ MMED Humble, Texas 77396
TR, TEL: (281} 441-4088
24” FAX: (281) 441-8839
13-0074
ALL-WELD CO., LTD.
49 PASSMORE AVE.

‘USTOMER ORDER NUMBER
SOLD/SHIPPED TO

- SCAHBOHOUGH__
Item Quantity Description

ONT MIV 4T

5 Cdid 2' X 900 X 12.50" LG RTJ LWN
HEAT NUMBER: MATERIAL TYPE:
N375 SA182F316/L
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
o 018
] 1.720
=] " 0290 Yield PSI
S 0280 7 Tensile PSi
Si 360~ Elongation
Cr 16.990 . Reduction of Area
Mo 2.030 ~ Hardness
Ni 10.000 ~
.0800

N 14

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

Processed I.AW. EN10204 3.1
|LAW. NACE MRO175 ~

CANADA

ITEM 1173-7

Manufactured in
USA

LAW. ASME 2010 ED 11AD.

37,000

83,000 7
62 7
71

158 HBW 7

Certification of Materigh - Per ASME r’\ 0. # [ ‘ "k%
HT# Ml-— 2 !lM' #7
{ies to all reg hircmgn
?E@}_&‘éi %h (6L v | THK. # | 0‘74 @
Sec' II ) Edltlon _'_ Addend" P.O' # :—B.‘ cc;}q)
Heat Treatment SOLUTION ANNEALED
Temperature 1925 °F o 4 872013
Time at Temperature MAR 0 2013 WAR 1
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

xkﬂ\@(/&

P

Name: Rene Ordo}wc{z Title QA Representative

Page 1 of 1

nmmnmmﬁﬁw 0AS
for and on behalf of: A
Print Name: 51 use
Signature: VEL.OS‘
s M AARE[15  vetosi America LLC
Mm— i Dale printed 3/5/2013 3 20 14 PM




NEC G ED
CCDSH POMNERTS

g

14527 Smith Rd.
Humble, Texas 77396

24/‘7 TEL: (281) 441-4088

FAX: (281) 441-8899

(. JSTOMER ORDER NUMBER 13-0074
SOLD/SHIPPED TO

4

CHEMICAL ANALYSIS

ltem Quantity Description

ALL-WELD CO., LTD
49 PASSMORE AVE

2 2" X800 X 11" LG ATJ LWN

HEAT NUMBER:

N252

C
Mn
p

S
Si
Cr
Mo

Mi

Heat Treatment

MATERIAL TYPE:
SA182F316/L

Page 1 of 1
REPORT NUMBER 72775
DATE 3/14/2013
FCI ORDER NUMBER 591/8

Processed LAW. EN10204 3.1
ILAW. NACE MR0175

SCARBOROUGH ONT MIV 4T1 CANADA

ITEM 1173-7

Manufactured in
USA
IAW ASME 2040 E0 144D

PHYSICAL PROPERTIES

Yield PSI

Tensile PSI
Elongation
Reduction of Area
Hardness

Certification of Material - Per ASME
HT# 1\? P

valifies to all rgquirements of
SRUESEBIETS60 oo
Sect. 11 __f© Edition _¢ J Addenda

43,700
gz.800 7

s6 <
77
154 HEW 27 _

W.0. # HZ‘/B@._

M.L.# 7] €
THK. # |- ]
P.O. # /\5-50}3{—

MAR 7 62013 g

SOLUTION ANNEALED

Temperature 1900°F
Time at Temperature
Cooling Media WATER
We hereby ceriify that all tast resulls and process irformation contained herein ars o
rennrds of the company. "

L

Prepared by d
i P,wf& -
Nam# Title QA Representalive
‘/ 046
ELEASED , _
for and on behalf of: Qi o SL{DQ

- Y
Print Name: Q N pvidli 2P us®
Signature: o la N VELOS!
pate 30 L)Y Velosi America LLC
Vi - 1z




(

oo

TOMER ORDER NUMBER

SOLD/SHIPPED TO

INC.

14527 Smith Rd.

M;m Humble, Texas 77396
2 4 ﬂ TEL: (281) 441-4088
FAX: (281) 441-8899

13-0074

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

Page 1 of 1
REPORT NUMBER 72783

DATE 3/14/2013
FCI ORDER NUMBER 59176

Processed |. AW. EN10204 3.1
LAW. NACE MR0175/

S B - o SCARBORO_UGH ONT MIV 4T1 CANADA
ltem Quantity Description
HEAT NUMBER: MATERIAL TYPE: Material Origin:  Manufactured in
N443 SA182F316/L ITALY USA
I.A.W. ASME 2010 ED 11AD.
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
C 023~
Mn 1.830 )
P 0290 ~ Yield PSI 42,000
S 0260~ Tensile PSI 85,000 —
Si 350 ~ Elongation 589 _
Cr 16.580 ~ Reduction of Area 61.4
Mo 2030~ Hardness 175 HBW /
Ni 10.150 = Ff i\,74A, 1% S/A,S{BCM ‘f};JIOAJIOZB o
I ' ‘t/lC'\ n ofMaterxal Per A SME ' ( ?) !
{ 0740 I hhex to all eqyin enaof -1 Lbl)\ 1/))
24k 4% C e L oay
Sect, 11 l,u Editioy _{ l Addenda . _
(B~ CLFL |
lE MAR 2 6 2013
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

Vsl

v

e ————————]

Name

Rene Ordonez

Title: QA Representative

ACCEP [ED/REVIEWED/RE H b
for and on behalf of: 0_

Print Name: (4 AMCH 5&9” us®
Signature: At = VELOS!

e Dt OIS Vetosi America LLC

Page 1 of 1

Date printed: 3/14/2013 3:35:21 PM




(

Ry ==y;

-USTOMER ORDER NUMBER
SOLD/SHIPPED TO

13-0074

14527 Smith Rd.
Humble, Texas 77396
TEL: (261) 441-4088
FAX: (281) 441-8899

ALL-WELD CO., LTD.

49 PASSMORE AVE.

Certxﬁcatl'&n of Mﬁﬂal - Per ASMLE
HT# e s

yualifigs to al euuxrcu nts of
éua 1% t: ( o

Sect. 1170 hdmon ]_f ‘Addends

Heat Treatment SOLUTION ANNEALED

Temperature 1925 °F
Time at Temperature
Cooling Media WATER

['w.0. #’"‘l (1
i M.L

Page 1 of 1
REPORT NUMBER 72485

DATE 3/7/2013
FCI ORDER NUMBER 59176

Processed |.AW. EN10204 3.1 ~
I.LA.W. NACE MR0175 ~

_ SCARBOROUGH ONT MIV 4T1 CANADA
Item Quantity Description
1 1 24" X900 X 26.50" LG RTJ -2, 35' OD REINFORCEMENT ITEM 1173-4
7 4 24" X900 RTJ BLIND ITEM 1173-9
HEAT NUMBER: MATERIAL TYPE: Manufactured in
N471 SA182F316/L USA
LAW. ASME 2010 ED 11AD.
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
c 019 v/
M 1.410
b 030 Yield PSI 19600
s 0003 Tensile PSI 80,100 ~
Si 500 .~ Elongation 528 o
Cr 16430 — Reduction of Area 761
Mo 2.050 ~ Hardness 1701179 HBW ~
Nij 10100 -~
<N 0710

3Q
I‘I—TK# -9/4' ‘

{Po 8 (3~ocf{LP

MAR 1 87003

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 // M//M

vl

[ A= W §

Name Rene Ordonez

Tllle

QA Representalive

Page 1 of 1

mmmmmm-u-ﬁe 046
for and on behalf of: .S 13
Print Name: _ (U AVE SH SA NS o
Signature: Epn/ vggm
D 00 Y6[I3 o America L1

Date printed. 3/8/2013 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 ]
Works: SURVEY No- 114,119 & 120,VILL. Mahagaon,Tal: Palgar,Dist:Thane-401501, MAHARASTRA, INDIA, vielqc@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 NO :
5182915,5182916 ,5182918 ,5182917 ,
DESCRIPTION Certific; fMalerml Per AS ‘ t —l P Q .
STAINLESS STEEL BRIGHT BARS HT# 351 — . | l
§Aaligs to f‘,l requh ;wntsboi. | g"
bL L per f ' "
ROUGH & PEELED Sect. II_,[_Edmo | Addend L '___.’fr’néz_d'_.%_g_é—_
SIZE-  SHAPE ~ TOLFRANCE LENGTH  PIECES WEICHT
& ROUND DIN 1013 17-15 r 5,008,000 LB
CHEMICAL ANALYSIS
%C_.f '/-Mn‘/ %Si v %S 3 %P / %Cr \/ %Ni /‘/.Cu %Mov/ %Co N2 .
00230 1.880 0350 0.0210 00360 16700 10090 0.540 2020 0.180  0.0730 @ Ci
reirde
TEST RESULTS \‘\V
0.2% yleld Tensile Strength Elongation Reduction Of Area Hardness Grain Size
ksl % % BHN NOS 5
:‘:ﬂ‘ﬁ“‘/ P 7/ MARG 7 2013
370 840 60.0 720 168.0 7 6.0
SPECIFICATION:

MATERIAL CONFIRMS TO DIN EN 10088-3:2005: 1.4401/1 4404, EN 10222-5 AND EN 10272 COND-A & ASTM AIBZ/A-182M-09, A276-10 COND A,
A479/A479M-068 COND A A193/A193M-10a B8M CL-1,A320/A320M-05aB8M CL-1,A484-10, A388/A388M-05. ASME SA182-04,SA479-04, SA 19304 B8M CL-J,
SA320-04 B8M Cb-l,‘er A314-2002.1GC SATISFACTORY AS PER ASTM A 262-02a PRACTICE E. AMS 56481 / AMS S653F(EXCEFT MARKING)
QQ-S-763F NACE-MRG{ 75-2002.SAE-AMS-S-T720A, MIL-S-862 B.AISI 316/316L & UNS#S31600/531603. CERTIFICATION AS PER EN 10204-3,1.

REMARKS

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

We hercby certify that the material described above has been test i s of order/contract,

By
Print Name: (;pxl/\\jgﬁ s#

Sigpiiure: == paV \\&\‘J_‘7Vdoai

Date:

™
£
i b 2 e
ED
e (L A SR R @
W
~J




k.
MT424 EN 10204:2004 Type 3.1 Mill Test Report Page: 1
= Date: 4/05/13
From: Alloy Piping Products, LLC To: PINACLE STAINLESS STEEL
Corporate OIfices 455 AMBASSADOR DR
P O Box 7368 MISSISSAUGA
Shreveport ON LST 2J3
LA 71137-7368
Cust Ordft: 70696-1
, APP Invi#: = 1253406 ,
Heat Number Commodity Size 1 Schd 1 X Size 2 Schd 2
51378 B/W LR 90° ELBOW 2.0000 160
Alloy WP316/316L Oty 4.0000

2}
Short PN 00005393

Oord Spec SA403 WP S SEAMLESS MEg Dt 12/12

Itm Spec ASTM Spec-A403 YR-2012 Made 1in USA

Itm Spec ASME Spec-SA403 ED-2010

Raw Matl--Pipe Seamless

Chemical Composition:
Elem - Content , Elem - Content ,Elem - Content Elem - Content _-
Cc - .01800" , MN - 1.45000/ - .028007 S " .00100
SI - .50000 ¥ CR - 16.80000 4 NI - 11.10000~ MO - 2,10000 —

TEST RESULTS:

W/O#: 69333 LOAD: TEST SET: 1

Tensile Test 1
Specimen Tyge: . . }
Size 1 Belore in After in
Size 2 Before in. After in
Area Before .0000 sg in Red % .00 3%
Gauge_Lnth .00 1in Elng % 52.60 % ¥ )
Tengile Load 0 Tensile Strength 81,700 1b/sq in v
Yield Load 0 Yield Strength 61,800 1b/sq in¢

Hardnegs Test
Hardnessgs 183.00

Heat Treat Statement 1
SOLUTION ANMNEALED AT

Expressed as BHN unless stated otherwise

1950°F +/- 25°F FOR 1 HOUR

PER INCH OF THICKNESS, BUT NOT LESS THAN 15 MIN.

AND WATER QUENCHED.

——

TEDME?

Certificgdipn ¢ }\f%d-l’er ASME l“ y on helalf o
N K

i ifies to all irements of

%1 \ &eoé""-%ql t’i% lpr ;g@nn}% a1

b o | ¢ ASIY  Velosi America LLC
Sect. 11 !gg Edition “Addend Date: 4

SHM OF ! %
'\'} SPF &
o _(p o P Tapplus®

£ S e

’ HARDNESS 1S ACCEPTABLE /

LA.W. NACE MRO-175/1S80 15156

. fi.’;l (0[5 @ __
| ;##/ 5':“'“* APR 0 87011 |

gp is free from_contamination by mercury, radium algha
source and,K low mel Jng elements, Welds 100% Radiographed and acceptable to
(ASME Section VIII - Para UW-51) when applicable. "We Hereby Certify that the
materials_listed above have been manufactured in accordance with, and meet the
above applicable specifications and grades.

Material, when shipped,

’/43-" fa gy s
wosar; 4/05/13
UA/QC/MTR Specialist Date



INSPECTION CERTIFICATE
EN 10204 3.1

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

Created on: Madified on:
Date: 09.05.2011

TUBACEX

TTI - TUBACEX TUBOS INOXIDABLES

Registro Mercantil de Alava, Tomo 587, Folio 189, Hoja VI 2885 - NI.F. A-01140227

Tres cruces, 8

TL. +34 946719300

01400 Llodio (Alava) FAX: +34 946725062

SPAIN E-MAIL' qualitytti@tubacex es
CUSTOMER DESCRIPTION

CLIENT SOLD TO CLIENT SHIP TO

PINACLE STAINLESS STEEL INC.

455 AMBASSADOR DRIVE
MISSISSAUGA, ONTARIO ON L5T 2J3
CANADA

PINACLE STAINLESS STEEL INC.

455 AMB

ASSADOR DRIVE

MISSISSAUGA, ONTARIO ON LST 2J3
CANADA

STANDARD: ASTM A312M-08 / ASME
TOLERANCES: ASTM A999/R312
PLAIN ENDS,

DIMENSIONS: 2" SCH 160

COLD FINISHED

! b S o S 1) g ey ﬂfr“
CLIENT ORDER: 57733 [ 7T Ty '

|
SALES ORDER: 101551 i. M.L.# (¢ I/Q\
MATERIAL: SEAML. STAINL. STEEL TUBES/PIPES, | THK, # 5'7‘— 7
PICKLED-PASSIVATED

P —

GRADE: TP316/316L, l:o #'3 C « ’ZQ/:Q

SA312M ED.10

§ Rhées to algec( ir ments czf per

Certification of Material - Per ASME
HT#

Regsitaca
AR Y]

Amblenlal

o el

) ) ddenda
NACE MRO103-10 / NACE HRO175 / IS0 15156-3 : 2009 Sect. 11_LO Edmon -—L A
Sales Item Client Item Delivery Nr Prod, Order  Insp. Lot Heat Nr Pieces  Weight Tot Lgth Un Lgth

170 8110007615 100323631 200040492 37015 1 82 KG 731 M 5791-7315 MM

170 8110007615 100323631 200040493~ 43773 15 1050 KG 9432 M 3791-7315 MM
RAW MATERIAL

Heat Nr: Supplier Method

37015 ACERALAVA Flectric furnace+AOD AP 9 B'zm?}

43773 ACERALAVA Electric furnace+AQD DA |
CHEMICAL COMPOSITION (%) *1.: Ladle C:Products P

. Heat Sqq €  Ma Vv Si P~ s” Ni < Cr Mo
L 37015 f 0,025 1,33 0,480 0.028 0.0010 11,60 16,90 2.10
L 43773 1 0.015 1,55 0,500 0.028 0.0010 11,20 16,90 2,20
HEAT TREATMENT
SOLUT.ANNEALED 1100 °C HOLDING TIME >= 1.5 MIN / MM WATER COOLING

AENOR AENOR

TUBACEX TUBOS
E INOXIDABLES
ING| OE
Empresa




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

Page: 2/3
Created on: Modified on:
Date: 09.05.2011
TUBACEX
TENSILE TEST / Vs
Prod. Order Ians. Lot Sample T Rp0.2 'Rpl0 Rm‘’ A2" AS
°C Nmm2  Nmm2 N'mm2 % %
100323631 200040492 1 20 291 347 566 53 50
200040493 1 20 296 354 578 54 5t
2 20
HARDNESS TEST
Prod. Order Ins. Lot Sample HRB1  HRB2
100323631 200040492 | 78 79
200040493 1 77 78
e
METALURGICAL TESTS

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

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

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

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

FLATTENING TEST: SATISFACTORY

MARKING

TUBACEX 2" SCH 160 ASME SA312 ASTM A312 TP31€ TP316L CD SMLS NH ET
HEAT/ PMI 1.OT NO/ SPAIN TX2Z TX1

REMARKS

NOQ MERCURY, MERCURY COMPOUNDS OR MERCURY BEARING INSTRUMENTS ANIY/OR EQUIPMENT HAVE BEEN USED ALONG
MANUFACTURING AND INSPECTION PROCESS.

NO WELD RLPAIR WAS PERFORMED

MATERIAL MANUFACTURER APPROVED WITH CERTIFICATE NR. 07/2001/MUC BY TUV SUDDEUTSCHLLAND (NOTIFIED BODY 0036)10
ISSUE CERTIFICATES OF SPECIFIC PRODUCT CONTROL. IN ACCORDING TO PRESSURL LQUIPMENT DIRECTIVE 97/23/EC ANNEX |
POINT 4.3

MATERIAL CHARACTERIS I'1CS COMPLY WITH POINT 7.5 OF ANNEX | TO PED BY HAVING AN ELONGATION AFTER RUPTURE AT

AENOR | AENOR

| TUBACEX TUBOS
E? j GD INOXIDABLES
! i INGENIERA DE
immesa : Gesuén

Registrace Ambiental

AR S0 s Wl [N1SS ]




INSPECTION CERTIFICATE Nu - 519285 |Rev: 00
EN 10204 3.1 Page 373
Created on: Modified on:
Date: 09.05.2011
TUBACEX
REMARKS
TENSILE TEST NO LESS THAN 14% AND A BENDING RUPTURE ENERGY AT IMPACT TEST NO LESS THAN 27) AT 20°C.
MATERIAL 1S FREE OF RADIATION CONTAMINATION
AENOR AENOR
TUBACEX TUBOS
EQ 69 INOXIDABLES
ING pe

Ervpresa Gestion
Regisiraca Ambienty!
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INSPECTION CERTIFI
EN 10204 3.1

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 V1 2885 - N.LF. A-01140227
Tres cruces, 8

01400 Llodio (Alava)

SPAIN

CUSTOMER DESCRIPTION

TL. +34 946719300
FAX: +34 946725062
E-MAIliL.. qualitytti‘@tubacex.es

CLIENT SOLD TO

PINACLE STAINLESS STEEL INC.

455 AMBASSADOR DRIVE
MISSISSAUGA, ONTARIO ON L5T 2J3
CANADA

CLIENT SHIP TO

PINACLE STAINLESS STEEL INC.

455 AMBASSADOR DRIVE
MISSISSAUGA, ONTARIO ON L5T 2)3
CANADA

CLIENT ORDER: 57733
SALES ORDER: 101551

3,

MATERIAL: SEAML. STAINL. STEEL TUBES/PIPES,
PICKLED-PASSIVATED

GRADE: TP316/316L,

STANDARD: ASTM A312M-09 / ASME SA312M ED.10
TOLERANCES: ASTM A999/A312Z

PLAIN ENDS,
DIMENSIONS:
HOT FIN4LSHED

4" SCH 10

NACE MR0O103-10 / MRO17S5 / ISQ 15156-3 : 2009

L:’/' :

#‘l 3')‘}5*’29/ |

t‘i{i'% Per ASME
ok fi stoallre re nlsof
SAS-AEJSTEL .
Sect. 11_f€/ Edi

ition _| Adde

Cerhificati n

Sales Item Client Item Delivery Nr
130 8110006752

Prod. Order
100323274

Heat Nr
43633

Insp. Lot
200038013

Pieces
15

Weight
1.718 KG

Tot Lgth
100,01 M

Un Lgth
5791-7315 MM

RAW MATERIAL
Heat Nr:
43633

Supplier
ACERALAVA

Method
Electric furnace+AQD

CHEMICAL COMPOSITION (%)
) Heat Seq C
L 43633 I 0.013

*L: Ladle C:Products
V4 Si P
0,510 0,021

-

<

Mu
1.43

0.0090

s’ Ni

11.20

Cr
16,70

HEAT TREATMENT
SOLUT.ANNEALED 1040 °C RAPIDLY COOLED

P

Rpl.0
Nimm2
418

TENSILE TEST V)
Prod. Order Ins. Lot Rp0.2
Nmm2
385

Sample T
ﬂ('
2}

Rm
Nemm2

100323274 200038013 |

AR 267013

AENOR

ER

Empresa
Regisirada

HE [0 7 00|

AENOR

@

Gestian
Ambiental

o I 1SC 2201

TUBACEX TUBOS
INOXIDABLES




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 | 88 89
[METALURGICAL TESTS

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

NON-DESTRUCTIVE TESTS
100 ¥ HYDROSTATIC PRESSURE TESTED AT 1400 PSI, DURING 5 SEC, GOOD.

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

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

FLATTENING TEST: SATISFACTORY

MARKING
TUBACEX 4" SCH 40 ASME SA312 ASTM A312 TP316 TP316L HF SMLS HEAT/
PMI LOT NO/ SPAIN TX3 TXl

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 CERTIFICATE NR. 07/2001/MUC BY TUV SUDBDEUTSCHLAND (NOTIFIED BODY 0036)TO
ISSUF CERTIFICATES OF SPECIFIC PRODUCT CONTROI. IN ACCORDING TO PRESSURE EQUIPMENT DIRECTIVE 97/23/EC ANNEX 1
POINT 4.3

MATERIAL CHARACTERISTICS COMPLY WITH POINT 7.5 OF ANNEX | TO PED BY 1IAVING AN ELONGATION AFTER RUPTURE AT
TENSILE TEST NO LESS THAN 14% AND A BENDING RUPTURE ENERGY AT IMPACT TEST NO LESS THAN 27J AT 20C.

MATERIAL 1S FREE OF RADIATION CONTAMINATION

[ AENOR | AENOR
: TUBACEX TUBOS
E?'- GD INOXIDABLES
! ING! DE
Empresa Gestén
Registraca Ambiental
LIS LR A S LM LY B0 )




. . “ 1 F: L * gt » L ] .
# . < - . i

f ' s ALZGIT:TEF-? . ( Sa!zglllurr.iannesmannSIaIt'\IosaTub"" wce SAS  (fofy ’
N 1 MANNESMANN B.P.10- F 21501 Montband Cedox - F1aNCE
STAINLESS TUBES vvewsmstdubes.com Paga/Salle
: AL a Tt i oo INSPECTION CERTIFICATE .
Homiar, ) : Gorinot erhsopion | :
24546300937484 EN10204: 2004 TYPE 3.1 (A02)

Stzghar Mannasmmann Suinitss Tubas Prance SAS - BP.10 - F21601 Voabaid Cedes | Gustomer order no/Kunde Auftzagsnri*Commando client {A07)
SHAW ALLOY PIPING PRODUCTS POR51684

740 MARKET SMST-Tubes order nofAuftragenr./N*Commande {A08)

71107 SHREVEPORT 0000246463

Elals-Unls SMST-Tubes llom

Purchasor/Besteller/Acheteur 0000246483-000008

Product Descriplion/Predukt Baschrelbung/Dascription du prodult {B01) (802) {804)

Seamless slalnlass hol finished pipe pickied snd passivated /Tubes finls 4 chaud sana soudure, décapéa el passlvés

SpeclfoatonsiSpoxtslonenSpbaitcations ASMESAS1Z 118/ ASME SAI76 1 2/ ASTMAS12 1 1 ASTM A 376 08 / NACE MR0103 2007 / NACE

Grade/WarkslaffiNuancs TP 318/ TP 316L
Tolorances/Toleranzen/Tolérances A 312

Marking of the productKennzelchnung des Produktes/Marguage du prodult (808-D01)
WO : 324546300801 - DMV-F « ASTM A 376/ ASTM A 312/ ASME SA 3768/ ASME SA 312 - TP 316/ TP 316L. - NP 4 X SCH 120 - 23.43FT - SML .

449090 - QLI0037484 - FRANCE
Quantlty/Menge/Quantité Dimenaions Abmessungen
Healno Qualltylot | oy Plecas | Tolal welght Totallength Tube length
Schmelze Nr. | Qualtdlalos i Si0ck | Gessmilgewicht | Gesemllinge a)s] WT Rohiliinge
N°de Coutde | Loiqusiila oM | piacas | Massstotsle | Longueuriolale Longueue tube
©08) (813) {B08) (810) mia  (Bif)  mex o
449050 QL30037484 | 0600009 7 445400 Kg 49370 m 144,90 mm| 1413 mm| 8098 mm] 7316 mm
L 3208 Lbs 16198 Ft NPS 4 SCH 120 20,00 ft 24,00 Ft
. ._ Ghemloal Analysis / Chemische Zusammenselzung / Analyse chimique (071-692) -
© U< Heatnd/Gctimelzan Nr./N*de coulde 349830 2 e T e R T A e T - T S ST R .
Maelling Procass/ErschmelzungsarV/Elaboration (C70} VOD
Heat Origin/Ursp. dar Schmelze/Orgine de la Coule Germany Certi .
ertification of Material - Per AS
Hoat Analysls / Anslyse de coulés s & ME
o quw » § a7 oj] me wo Qugli es to all fequiraments,o
Minl 000 | coo | 000 | 000 | 000 | 1800 | 1100 | 200 | . Qﬁ{ g ?é 2 6{_ per
Mex| 000 | 078 | 200 | 0045 § 00%0 | 1800 ) 1400 § 99 Sect. 11 Editios Addenda

0018 | 037 181 | 0025 | 0008 | 1078 | 1144 | 214

- wos 1T :

PR 4207 @ vz #23 Cly 2
S TR N THE. # « 443 .

P.O. #(3-C3 43-ReV

rivoale 1o fasued cormpatadzed grslemand s vabd Dlesas Zaugns bIA: Dissy Paschelrigang mude il 10¥s der £0V Ca cartBeat éat regd A Nesde dun eleaun] Eackeriue do donnder
Sl A o/;lulwl‘ nisas e |entfiuad stohns Unl.mddlgu..\hqln:lwn s a1 032 ppplicadle sans sigasiure, Tout changamenl o wpplicaton pove 1
5 Aerha corrrront fated S d 8

\' copy! fﬁ?&"’"{m“nm«mé;ﬂwu A sibia f Varwerdung Bt andeta Erzsugrisse warde davives prachils
o Tl o or 0g
-ny'w'mrmubndm.w-mm orfalikcatonafl | Urkundenlsisehung und Beinag sralrechtion veroigt llhtﬂnlum«lnmlhpmuy
be subect lofad.
3

Salzgiltor Mannosmann Stalnless Tubes Franco SAS lfOEOM -LROA N*9284
. ) ]




MI

» ] . ] . )
' ( I ! ( T ' )
f SALZGITFER Salzgllter Mannesmenn Slalnfoss Tubes France SAS (A0t}
ﬂ MANNESMANN B.P.10+ F 21501 Monlbard Cedex - FRANCE
STAINLESS TUBES vawi.smel-lubes.com Page/Selle
A By 3t Inp R s INSPECTION CERTIFICATE o4
NoNiUN®  (A09) AbnahmeprBtzaugnls
Certificat ds réceplion
24548300937484 EN 10204: 2004 TYPE 3.1 {A02)
Machanlcal testing
Quality Lot s QL30037484 -—
Tensllc tost at room temporature/Zugversiich hel Raumlemporatur/Essal de Iraction & lempérature amblante (C10)
ASTM AJ70
Pchs( ng{ Pol;crumog\ Al S Tonsl!o ctlnn th .
wobent. | Probornt ViésinobiDologarce | Zumltleal] | engaionmchsebmunptergement | SHLESE
d'échantfton| Ofreclion / l.racuon V4 '
- {coD) {c02) (C11) {C12) (C13)
02% 0.8% 1% S| 2t 50mm 8§D 686VSc| 4D
ksl ] ! kel % ! ! 1 / !
Min 30 ! / 76 35 ! { ! ! !
Mex / ! ! ] / ! 1 ! / !
30128250 [LONOIMUOWAL|  47.67 I / 87.20 4075 | 1 ! ! I ! y
Hardnoss testyHirteprifimg/Essal de duraté (CI0}
NACE MR0175130 16156-3 NACE MRO103
Loed I
Testno
Proban Nr.
N° HB HRC HY HRB HR 46T HR 30T
d'échantl] °
on
Min}) 1 l ! ! ! ! ] / ! [} / / / ) ! 1
Msx! / ! J 22 22 22 ! [} 1 { / ) ! 1 ] ! ! I
e ~_lmn max evg | min mox avg | mn max evg | min~-max _ avg min__max _ evg_|.min __max avg
-lan128250] 1777 T 7 | <187 "<18 <id ! ry i+ r T B A i f"‘ "‘I*-—‘*'I el - %
Flaltening hgilFaltvmucNEssal d'oplatiasemaent {C60)
ASTM A 999
Test Number Result
30126248 oK
301282560 OK
APR 7 & 7013
Dther testing
Quallty Lot : QLSQOSH“
Thbwﬂuulnuwdb/lwm‘tus sanendlovatd | Dleses mmrdcmlibdwEDV Ca carthicat ast redigh & Tatde dun ba
| Emu‘ :n v:fr'u Ve cm«#:: ':’eddulzt':: ) :laldlund nhl‘- umv:mn:‘mnwm ol:‘::ntum 3845 tonstore. J’mwulua“ m
:"ﬁﬂu?m:mm use. Anyskersdony uHs’ac-hn wil  Udundantsl mum seafredrichvefdgl st hludcaumlwu 1a jurddiefion plazle.
buub.omolm. -
. M 046
Salzgltlar )hlunnosmlnnn Sla'!nlns Tub,u Frohce SAS 1308001 - LRQA .N' 9 e WMW&ELEASED, IS ’}CD
. for and 00 AN
- ¥ —Mﬂ AFP SO
' ' Prnt ' ymes e LOS‘

Sy e
Date:



1) ] ’ 1] v ? 1
( i
e SALZGITTER Salzgllier Nannesmann s'lulnlcsa Tubes Fra.nco SAS  (Aof)
‘ﬁ MANNESMANN B.P.10- F 21501 Montbard Cedex - FRANCE
BSTAINLESS TUBES vansmst-lubes.com Pege/Selle
. Aot al the ungries e INSPECTION CERTIFICATE W
J Abnahmeprifzeugnis
NoNi® - (ha3) Cartificat de récaplion
24546300037484 EN 10204: 2004 TYPE 3.1 {A02)

Intergranulsr corroxlon tastPriifung Interkeisiallinen Koraslon/Essal de corrosion Inlergranulolrs
MIL-P-24891/3 Feb, 1881 Ad 1 ASTAM A282 PRACTICEE

Tost Number [Resun . -
30126249 . |setsfaciory -
30128260 9stistaciory
oy TR TRIE T s - e L AT T
compats, d Is vaSd Disses 2evpals brw, Dixts Baschetal wirde xi Hifs dur EDV | Co carsécat sl radigd 4 FaZo Son sttawant £ ) ¥a denndas

MK yirded h:“‘ k{h: ""‘:«W&n‘:‘mma u:::l;vndhlw: Unlmd\dﬁ uig.m:mqm sl nmunﬁnﬂsmdpua.wndtmv o spglicaten paw

ewyullﬁ-mmumlu conforly and will ba fesponsa for sevendueg 10r and rsawesdensls o Savbag prod s seront contiddedy flecaten da documants

eny Ul md'.l znol sTaneduse, Ay skirstoos o fds¥icaton w®  [Udamdeaftischung Lnd Ie'.mg stratrecth varddgl stfravde vlserond nﬁlihp{muu

ba adtolsa. B

» »
Salzgltter Mandasmann #‘;lalnloésTuhns Francs SAS 308001 - LROA N* 826478 : ,
1] . . . . i .
' ¥ ) ¥ ¥
] » ) ]




S ALZG‘TTEH : Salzgitler Mannesmenn Stalnless 'I“unu Erance SAS  (A0f)
ﬁ ‘7 MANNESMANN B.P.10 - F 24501 Monlbard Cedox - FRANCE
& STAINLESS TUSES wearanistlubes.com Paga/Sallo
ANgwtar od Bap Shyita flowy , mSAPEc-{IIoN GSRTIFICIATE m
J bnehmeprifzeugnis
No/NuN®  (A0%) Cortlfleat da récaption
24546300937484 EN 10204; 2004 TYPE 3.4 (A02)
Other Testa and Daclarations [ Andars Prifungen und Priffeststellungen { Autres 1;511 ef déalaralions
QL300IT484 .
Visual end dimenslanst Inspeclion{VT)/ Beslchligung und MassKontrolle / Bxamen vt : Sallsfactory/Bastanden/Satsfalsant

Heal Trealment / Wimmbshondiung / Tretteinent Themlque/ Annaslsd : Temphralure > fodo‘c 1'8’6'2‘F Raphd cooling
Hydroslallo Tast/ Wassssinnendruckversuch / Essal Hydraullqus: 190 BARS/ bseo

Anlimlxing check (PAll) of ol {ubes by apsclrographio analysis VerwechsalungsprOfung an slion Rohren mitlols Spekiralprifung / Conirdle enll-mélange par
PMI100%: SollsfuctoryBastondenS sfalsont

No Weld repdir / Kelne Reparaturschwelssung / Aucune téparstion par soudure

The materlel s conforming to dlreclive 2000/63/EC, 2002/85/EC end CD 2005/818/EG. I Das Material entapricht den Anfardarungen der Richiiinlon
5000/53/EC, 2002/05/EC und CO 2005/618/EC. /Lo motérieu ost conforms sux direciivas 2000/53/EC, 2002/95/EC et CO 2005/818JEC.

Tubas are {rea from mercury conlamlinston and from radlosctve contemination/ Dio Rohre sind fral van Quecksibarverunrelnigungen und frel vom
radloakiiver Verunrelnigung ! Les lubes sont exempls do contamination parls mercure e do contamination radioactive

Confirmation vith reference lo Pressure Equipment Dlrective, 8712%EC B . . P
Thea \Vorks oparalas & quelily management systemthéthas undergone & spacific sasessment for materials for pressure squipment and Is cotiod by 8. cae [ I
competent body (TOV-S0D CERT.N0:05/2011/MAN)

BestBligung In Bezug sul Druckgerdlorchiinle B7/23IEC:

Das Watk wendel oln Quaatsman emenisystem sn, desin Bezug auf Warkslofle {0r Druckgeréta elner spezlfischen Bewarung unterzogen wurde und
von elnes 2ustandlgen Slalls 0V-S0D GERT.Noi05/201 1MAN) zel Nalert lst.

Confimaticn concemant 1a active Equipsments sous Presslon 97/23/EC : Lusia applique un systdme demanagemeni dela 81::!!!6 qul @ fat I'objet duna
évaluation spéciiqua pour les maléraux peur dquipemenis sous presston el qui est cerlit4 par un orgenlsme compélent (TOV-S00 CERT,N0:05/201 /MAN)

. . - e T YR - T Y B — =

SMST i:e‘rtlm {Fat fhe delivered p‘ro-dﬁ;;(s' c‘o-mpl— wih l-h:e'.u bi?ime'n‘ls-'sil'ptdi\ed'ln tha order. I'Dla'Efiédgn—Issa wurden bestafingsgainan gcprﬁn'u'ﬁd forte -
Ordnung an,  SMST-Tubes alleste queles produlls%vrta sont confotmas ouxsfpulations de la commande.
Validatlon by manufaclurer’s veprasonlaiive/ Velidlerung durch Verielerdes Harslellers

ATif's Inspecior
\Warksachvarstandlger T POMMERY
Le conlrdleur usine

Dule of edlion
Ausgebedatum 1410/2012
Dale d"édhlon

m-mthW\Wmummdhm uuuznum«.amw“aamueav To caritost a3l 1ed gb  Pade S 2% T g2 da donnlss
witheud hxs, b1 cate he sanu ol s o wcidd telessan | esalell chn\lruu)llgﬂ;vumldo dnlwlaﬁoumaﬂ‘\'cdmmw pew

copy ol I .ruuammwwndwn. stisfor | Verwsndong e ordore Eqavge odan sis Lavims prodeits sesond i b3 comeon (elsScaton de doweesis ¥
umi;nM ?rmq afewsd osa. Any lteratons or il yicasnwd Urkvaderfllichung und Bairug svakedOchvirldgl. attrauda ol seronl sedel d 1s rddicten plaale.

be subjectiolam.

Salzgitter h.lannei‘mamg Stalnless Tubes Franca SAS 1509001 - LRQA N® 928478
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INSPECTION CERTIFISRTE
EN 10204 3.1

Number: 516297 |Rev: 00
Page: 1/2

Created on: Modified on:
Date: 01.04.2011

TUBACEX

TTI - TUBACEX TUBOS INOXIDABLES

Registro Mercantil de Alava, Tomo 587, Folio 189, Hoja V1 2885 - N | F. A-01140227

Tres cruces, 8
01400 Llodia (Alava)

TL: +34 946719300
IFAX: +34 946725062

SPAIN E-MAIL: qualityttif@/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 L35T 2J3 MISSISSAUGA, ONTARIO ON L5T 213

CANADA CANADA
CLIENT ORDER: 57733

SALES ORDER: 101551

Al '“f%‘">.;§<

MATERIAL: SEAML. STAINL. STEEL TUBES/PIPES,
PICKLED-PASSIVATED

GRADE: TP316/316L,

STANDARD: ASTM A312M-09 / ASME SA312M ED.10
TOLERANCES: ASTM A99%/A312

PLAIN ENDS,

DIMENSIONS: 3" SCH 160

ro0. #/3,-o;>n,ia e/
c r;;f“c#-%;é —%%ﬂ Per ASME

H
HOT FINISHED 7 6 7013 to al reL inewents oL
e MARZEI SRR BRTSIET .
NACE MRO103-10 / MR0175 / 1SO 15156-3 : 2009 Sect. I1 LCJ Edition || Addends
Sales Item Client Item Delivery Nr Prod. Order Insp. Lot ; HeatNr Pieces Weight Tot Lgth Un Lgth
180 8110006752 100323250 200037778 43633 8 1.091 KG 4795 M 5791-7315 MM
RAW MATERIAL
Heat Nr: Supplier Method
43633 ACERALAVA Electric furmacc+AOD
CHEMICAL COMPOSITION (%) /‘L: Ladie C:Products Vs
* Heat Seq¢g € 7 Mo Si P S Ni 7 Cr < Mo -
L 43633 I 0,013 1.43 0.510 0.021 0.0090 11,20 16.70 2.12
HEAT TREATMENT
SOLUT.ANNEALED 1040 °C RAPIDLY COOLED
2

TENSILE TEST J =
Prod. Order Ins. Lot Sample T Rp0.2 Rpl0l Rm A2" AS

o Nmm2  Nmm2 Nwmm2 % %
100323250 200037778 | 20 432 472 625 54 48
AENOR AENOR

TUBACEX TUBOS
E INOXIDABLES
ING DE

L presa Gestion
chlslvada Amiental
LA G AL




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 HRB1 HRB2

100323250 200037778 1 88 89

METALURGICAL TESTS

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

NON-DESTRUCTIVE TESTS
100 % HYDROSTATIC PRESSURE TESTED AT 2500 PSI, DURING 5 SEC, GOOD.

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

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

FLATTENING TEST: SATISFACTORY

MARKING

TUBACEX 3" SCH 160 ASME SA312 ASTM A312 TP316 TP316L HF SMLS HEAT/
PMI LOT NO/ SPAIN TX3 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 CERTIFICATE NR. 07/2001/MUC BY TUV SUDDEUTSCHLAND (NOTIFIED BODY 0036)T0

ISSUE CERTIFICATES OF SPECIFIC PRODUCT CONTROI, IN ACCORDING TO PRESSURE EQUIPMENT DIRECTIVE 97/23/EC ANNEX |
POINT 4.3,

MATERIAL CHARACTERISTICS COMPLY WITH POINT 7.5 OF ANNEX 1 TO PED BY HAVING AN ELONGATION AFTER RUPTURE AT
TENSILE TEST NO LESS THAN 14% AND A BENDING RUPTURE ENERGY AT IMPACT TEST NO LESS THAN 27] AT 20°C

MATERIAL IS FREE OF RADIATION CONTAMINATION

AENDR | AENOR
TUBACEX TUBOS
E INOXIDABLES
INGEN DE
Empresa Gestion
Registrava Ambiental
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LD COMPANY LIMIOITED P.O. - B604-110411 S.0O. - 511525

e S—

VIRAI IMPOEXPO LIMITED

10, IMPERIAL CHAMBERS, 18T FLOOR

WILSON ROAD, BALLARD ESTATE
MURBAI - 400 038 INDIA

TEST CERTIFICATE
PACKING
CUSTOMER ; ORDER NO . LIST NO. INSPECTION NO DATE
FIDEUTY STAINLESS LTD. P-573 MP/13802 IMP/13802/8 10/12/2004
2213 NORTH SHERIDAN WAY
MISSISSAUGA, ON LSK 1A3 BUNDLE NO . GRADE
CANADA 130987 31673100
DESCRIPTION :
STAINLESS STEEL BRIGHT BARS
SMOOTH TURNED
sIZE SHAPE TOLERANCE LENGTH WEIGHT
anc) ) FIECES (ss)
172 ROUND ASTM A484 12 - 14 226 1850
CHEMICAL ANALYSIS
HEAT NO. 878624
[ Mn 4 st S [ 4 M Cr uol Cu N Co
4 Cd P ) T o rd L 4
0.024 1.58 0.44 0020 0037 10.16 16.21 205 0.50 0.078 0.18
TEST RESULY
+49% YIELD STRENGTH TENSILE STRENGTH ELONGATION REDUCTION OF HARDNESS GRAIN
% AREA % BHN sze
¥4l [“}] 47 75 187 [}
- - < ~
Specification ; :

MATERIAL CONFIRMS TO ASTM AZ70-000.A, 478-01,A404-00,A202-00 PRACTICE E, MD%D‘IGJM“EO. A182-01a AlS BB4BLUSOSIE, ASME SA-
102-G8ED, EAATI-88ED SA-1 BaM C L1, QQ-S-TE0F, MILL-8-T720A AMY., NACEMR-01-75-83, 16 DOMS31803, ASTM € 112-08{GRAIN SUZE). CERTIFICATION
AS PER EN 10204-3.1B

“Remarks ;

MATERIAL IS FREE MERCURY CONTAMINATION, FREE FROM WELD OR WELD REPARRS, MiC RO:FREE FROM CONTINUOUS CARBIDE NETWORK ON GRAIN
BOUNDARIES, MACRO:GOOD, MINIMUM SOLUTION ANNEALING TEMPERATURE 1060C, WATER QUENCHED.

We hereby certifiad that the material described above has been tested and complies with the terms of order/contract.

w.o.#é\i’éé% w@
ML. # . (K. R. K FORTHY ) @

THK.# + 49

P.
ACCE! « IVREVIEWED W ELEASED == APR 7 .
) znunlu o SN O RZL720M3 _
b ane. _AAMECH SO o @
Siprire: AN VELOS!
| Do Lok m,lj i




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

RS

13-0266
ALL-WELD CO., LTD.
49 PASSMORE AVE.

R =

(  JTOMER ORDER NUMBER
SULD/SHIPPED TO

B SC_AR_BOROL{GH
iltem Quantity Description

~ ONT MIV 4T1

Page 1 of 1
REPORT NUMBER 74244

DATE 4/23/2013
FCI ORDER NUMBER 60030

Processed LAW. EN10204 3.1
I.LAW. NACE MR0175

CANADA

1 4 8' X 900 X 13.25" LG RTJ LWN ITEM# 1173-40
2 4 8 X900XRTJBLIND ITEM# 1173-41
HEAT NUMBER: MATERIAL TYPE: Manufactured in
N434 SA182F316/L USA
.A.W. ASME 2010 ED 11AD.

CHEMICAL ANALYSIS PHYSICAL PROPERTIES

C 027 v

M 1.160 v

pn 0290 v Yield PSI 47,000 ¢

S .0250 v Tensile PSI 86,000

Si .350/ Elongation 77.1

Cr 17.450 7 Reduction of Area 79.6

Mo 2.030 s/ Hardness 176 HBW

- 10310 / e
(. Certificatio &aterial - Per ASME {VV O.# | ‘ (? ) ¢
HT# \
N 0380 ifies to all requiremgnts o { Iﬂ - q—L(iﬁl l Q I
SR B E | T # f-qe2
Scet. I lg ) Edmon i _L Addenda P.O. # | 3534 L
5 046
ACCEFFBWRMBWED‘REIEP;\S‘\E Jr Fgm , )
:mandonbehﬂlf Of! o S Wi MAY A (Lt
o JW)IY__S.’Q AFP“"‘SQ
e ey LA vt

Heat Treatment SOLUTION ANNEALED i

Temperature 1900 °F

Time at Temperature

Cooling Media WATER

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

records of the company.
Prepared b i / ,, Z
Name Helen Flelder Title: QA Representative
Page 1 of 1 Date printed: 4/23/2013 12:54.08 PM



14527 Smith Rd.

™,
E’ mp Humble, Texas 77396
INC. TEL: (281) 441-4088
24” FAX: (281) 441-8899

( 3TOMER ORDER NUMBER 13-0279

SuULD/SHIPPED TO ALL-WELD CO., LTD.

49 PASSMORE AVE.
SQAI?E_SQROU@H

ltem Quantlty Descnptlon

1 4 2" X 900 RTJ WN S/160
HEAT NUMBER: MATERIAL TYPE:
N432 SA182F316/L

CHEMICAL ANALYSIS

ONT MIV 4T1

Page 1 of 1
REPORT NUMBER 74420

DATE 4/26/2013
FCI ORDER NUMBER 60028

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

CANADA

ITEM# 1173-46

Manufactured in
USA
I.A.W. ASME 2010 ED 11AD.

PHYSICAL PROPERTIES

C 017 -//
1.730
I\Plln 0280 “ Yield PSI 47,100 =
S 0220 -~ Tensile PSI 87,500 —
Si 450~ Elongation 602 ~
Cr 16.300~ Reduction of Area 781
Mo 2.090~ Hardness 156 HBW
Ni 10120 “O#l‘ ‘
| M.L. < }) Ni3
{I_ 0720 THK # lb_o 3 g?;nfcatlwr oi;\]}ilagn%l - Per ASME
P O # ' ?) C 9. Qu'ﬂxﬂ ss to allnqmreme tj’of T
o r}AhB:) ?)“-(xer
Sect. 11_(C ramon | [ Addends
‘® MAY 2 7 2013
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 \ /
// AL s ™
O/ > rlo ot
Name: Helen Fielder Title: QA Representative for and on behalf of: LY. [ ’/ 7
Print Name: __G AANE L4 SAHAAFPI ®
( Signature: A e
Date: : Velosi America LLC
Page 1 of 1 Date printed: 4/26/2013 2:111:53 PM
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METALLURGICAL TEST REPORT mﬂgm :

i .
P 2.0 7.

']

;/

Dates @/13/2012 Pages 1

gteels J16/336L

—

~==Ealp To:1

Ceztificate: 720046 15

custemesxs 007030 001

ms oxéex: D 0000209 02

50966
Iﬂb.
m
m
X ms
1351356-3
.I-III.'-

§ii§i
TR

Your Oxder:

tark Pieces Cosmodity Code
] [}

164.00

ANALYSI

CEEMICAL

<G>

w.0. # |

V4

MECEANICAL PROPERTIES

AIE 1 67013

oL S huts

AV
IACCEFTED/REVIEWED/R ELEASED

for and on behalf of: S5M

Pnnt Name:
Signal




5
SOMPANY LIMITED P.O. - DS45-110411 S.O. - 540114 |

Outockumpu Stainless Plate, Inc.

I&lm Certificate of Analpgis and Wests :

OUR ORDER 0252379 - 13 HEAT & PIECE 836433-1E 06/23/06

SOLD TO: INTEGRIS METALS LTD. - EtobicokSHIP TO: INTEGRIS METALS LTD.

161 WEST M 161 THE WEST MALL

ETOBICOKE, ON #9C 4v8 ETOBICOKE, ON MSC 4v8
-------------------------------- YOUR ORDER & DATE -~-==--=-=c--mmmmmmecommee o
539197 4/12/06 TAGE 7581-2043

-------------------------------- ITEM DESCRIPTION ~===-----=cocmammmmamamano-
HEAT & PIECE 836433 - 1E
WEIGHT 2782 COUNTRY OF ORIGIN B

FINISH 1 _ =
GRADE 316L _ / 316 UNS-531603 / UNS-S31600 [ :
DIMENSIONS .875 X 96.000 X 253.000 CT I
- et L CE T E LT T SPECIFICATIONS ---=-----~cceccccccacccaccan- .
ok IMEC I8 NEW CASTLE, IN, USA FROM SLABS INPORTED FROM BRITAIN

ASHE SA240 04 EDITION 05 ADD

ASTM A262-~02A PRACTICE E
N0 WELD REPAIRS

ASTH A240-06

. PLATES & TEST PCS SOLUTION ANNEALED @'} '#mmmmrr MINIMUN.
. THEN WATER COOLED OR RAPIDLY COOLED B¥
P * EREE_FROM MERCURY CONTAMINATION AT “LINITS
HOT ROLLED, ANNEALED & PICKLED ( J

--------------------- =~m===== MECHANIC
HARDNESS RB a1
YIELD STRRNGTH (PSI) 4816,
TENSTLE STRENGTH (r&r) 85640 503 q;,n! g
INTERGRANULAR CORROSION oK T Sy
ELONGATION 2 IN 2" 52.8 T L
REDUCTION OF AREA 7% 65.8 SRIL
-------------------- m--u--c---- CHEMICAL COMFOSITION
c .018
_ MEARGANBSE (N 1.69 -
= U T
. P
SILICON SI 38~ W.0.# (|7
CHROMIUN CR} 16.27-
NICKEL NI} 10.11- ML.# & "’? 3
coeEr  tew 36 'rmg#._gg(o N AUG 6 2013
fiom B |
COLUMBIUN (CB 1022 { PO. #D5ys- | 6
TITANIUN TI .003 [ g
ALUMINUN AL :006 / 2
71N SN 2007
VE HEREBY CERTIFY THAT THE MATERIAL HEREIN HAS BEEN MADE AND TESTED IN
ACCORDANCE WITH THE LISTRD SPECIFICATION(S) AND THAT THE RESULTS OF ALL
TESTS ARE ACCEPTABLE.
JAMES DOUEMAN,QUALITY ASSURANCE NANAGER _
0 CERTIFICATE IN CONFORMANCE WITH EN10204-95 3.1.B/EN10204-2004 3.1
Muwb
Stainless Piats, Inc.

PO. Bax 370
New CTastie, Indana §/402



g @az13
0no
2§
3 IHWA CORPORATI 4
wusin WALSIN L ON YENSHUI PLANT o & 3
150-9001,150-14001 CERTIF1ED = 4
MILL TEST / INSPECTION CERTIFICATE i
Custsmer ENERGY STEEL PRODUCTS, INC. Date 20080627 | File | 2008070925 LU=| |-
Steel Grade AlSt 3161 Commodiy | Austenitic Stalnless Stevl Round Bar Onler No, 289681 P.O.NO 22804 Dr.._} .AU. =
Iierm Uenl No. Shape Size Quantity{i*) _Weighe(ibs) Condlitlon Waorknanship 9 Q Y \ ~
1 K469 R | 1008 129 an L Materialis froe from mercary confamination M =l <
2 2X919 R s a1 2048 PL No welding repuir o n.m .w, &J
k] 2X471 R 38,10 32 2292 PL Solulien treatment g9 10407 + 12 hour - vinter qienched wn &
r3in siee (est by ASTM E142-96e1 : Nae . -
Maero and mieso structur ok / s
Mstertal : V.01 gnd hot rolled ,anpealed, w L
Certs to EN 10204/3.1.B. Counlry of Origin Taiwan » Meltin Taiwag g m W M
Chemical Compasition (WT%) Mechsnioa! Properties v %
Kind . Fardness| Tenside | Yield Elangation] Redaciton d m a
LMl e s N o M| | Co ) [ Steength | Strength [ (%) | of Area $
Test (Nmm2) | Nnm (%)
0.03 0.040 | 0.02 | 10.00 1600 | 200 | 0.75 0.10 0.75 .
Soee | A MAX | 003 | 1200 | 1800 | 300 | MAX | MaX | max v | v 7
1 0.2V 0.029 1 0.028 V1000 .‘—a.qac 2039 0.87 006 v 020 149 360.0 | 2480 §5.0 74.0
2 0.02 0.028 | 0.028 | 10.02 16.93 | 2,04 | 0.57 0.06 0.19 140 | 565.0 | 264.0 59.0 72.0
3 0.02 | 637 | 1.80 | 0.030 0.028 | 10.02 | 16.70 202 | 0.60 | 008 0.20 142 | 5200 2420 | 62.0 75.0
' L
Condlion : Tavoice No. 08JUN-L196226/TOR L/C N, Shape: Mfere wa certify thas the nuierial
S-Solutioa Trcaled A-Annealed|Ace.To ASTM A133-94b BEM Clns(,A276.04s toad.A , A479-04 cond.A R :Round deseribed herein bns been
HR-Hot Kolled P-Polished | ASTM A397(REAPFHOVED 2002), A182-02a ,A484-032,4320.01 BEA Chassl | H : Hesagona monihetnred and tested wigl,
Cold Orawn PL-Peeling| ASTM 4262-02 Practico E,ASME SA475.504 cond A +SAIBLEM 403 S : Square sathfaciory resils id secordance %.
ST-Snioufh Turned SA153-E0) A02 BEM Clussi ,5A320-01u BEAT Classt ST : Square-Round Witk {2 reqeiremant of the uheve
CG-Conteriess Griplng NACE MR 017S, MIL 17284 , SAE-AMS QS 7635 cond.A , AMS SGI3K , S653F | F Ellipss muterial specification. ‘
UNS 3166031503 Fur 3163161 _ Fli : Rectanpular *
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. c_),D’IPANY LIMITED P.O.-DS45-110411 S.0O. - S40114

. Outokumpu Stainless Plate, Inc.

OUR ORDER 0246237 -

- Certificate of Analpsis and Tests

01 HEAT & PIECK 831846-2B  05/27/05

SOLD TO: METAUK INTEGRIS LTEE
3399 FRANCIS HUGHES
LAVAL, 0C H7L5a5

SHIP T0: METAUX INTEGRIS LTEE
3399 FRANCIS HUGHES
LAVAL, QC H7L5A5

-------------------------------- YOUR ORDER & DATE ~===-==mcmmoc oo oo oo cocae
453513 5/23/05 TAG# 7581-2543
-------------------------------- ITEM DESCRIPTION =--===-==mmmmeacacocooooo oo
HEAT & PIECE 831846 - 2B

WEIGHT 5654 COUNTRY OF ORIGIN BRT
GRADE 316L__ / 316 UNS-531603 e NS -531600

DIMENSIONS .750° X 96.000 X 264.000 cT

*%* MEC IN NEW CASTLE, IN, USA
ASME SA240 04 EDITION
ASTM A480/A480M-03C

SPECIFICATIONS
FROM SLABS IMFORTED FROM BRITAIN
ASTHM A240-05

e R e b Tk P ——

ASTM A262-02A PRACT
NO WELD REPAIRS

PLATES & TEST PCS
THEN WATER COOLED
FREE FROM MERCURY

ICE E

SOLUTION ANNEALED @[:19"
OR RAPIDLY COOLED BY
CONTANINATION AT Ci

2=022 PgACTICE Y

IT MINIKUM.

0 I‘L.L"‘
~— __l\_. h./‘.-‘

~’

HOT ROLLED, ANNEALED & PICKLED (I-!Rﬁ!%.'—f"f‘ ' y
T n e e sssessasee - n e -—e - M.cﬂ&mc‘iiﬂ " T I o o e

GRATN SIZB. B e Certifl

: TR P 9

fIELD STRENCTH (PSI) =~ 52882 7 bk HT# fiatarial - Por

TENSILE STRENGTH (PSI) 85940 G P

BEND OK e 2 s TR Qualifies to all

E e e s DT .

REDUCTION OF AREA % 68.5 B Sect. 1./ C Bd; ; Addeada

------------------------------- CHEMICAL COMPOSITION —---======-=moo—cocamaomanona

ﬁxlﬁggﬁxsg fi 1 3355 4

meggons (2] gz | WO-# JUTBE) < ———

SILICON S1 .31~ ML.#5S ACCEFTEDIREVIEWED/RELEASED ex

CHROMIUM CR 16.31~ ' Winebe 2000 _gem Tl aris

NICKEL NI) 10.17- THK'#':H:B' e (aRd

CoPPER co) % P.O. #] LA 22 A pnlys

MOLY MO)  2.09~ 0. #D545-\swiy P 10T TVELOF

NITROGEN N .03~ e p %)L Americs JLC

COLUMBIUM CB 014 ]‘ : { — i e e A il S

TITANIUM TI 003 P Co L —_—

ALUMINUM AL 007 i

TIN SN 015 —

WE HEREBY CERTIFY THAT THE

ACCORDANCE WITH
TESTS ARE ACCEP?T

§

{ WS\EW.\W&

Dute @ Stainleon Plaxte, ne.
PO. Box 370
Mew Ceatly, lndiana 47382

THEELISTED SPECIFICATION(S)

MATERIAL HEREIN

JAMES DOUBMAN,QUALITY ASSURANCE MANAGER
CERTIFICATE IN CONEORMANCE WITH DIN50049 3.1.B/EN10204 3.1.B

HAS BEEN MADE AND TESTED IN
AND THAT THE RESULTS OF ALL
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6870 MIGHIWAY 42 LAST

P L e LT L VP X PN S P

- A am s e -

GHNT, Ry 4Tbas ™

Hall To:

Sh ip_?o 3

Cortificaten: 794815 12714 :
1 ROLARK SraTnnESS STEEL, INC. ROLARK STAINLESS STZEL, IHC, Datos 12/14/3012 enggt i}
Cust. : 007050 001 71 CONAIR PARKHAY 71 COMAXR PARKWAY ;
ptomen 1 JooopRIDGE, ON L&HOSE WOODBRIDGE, ON LAHDSA Sten e DL
Finicgh: ItRap
“our Orderi 533185 NAB Oxdur: DS 0002247 0% Corxogiont ASTM A282/02a2;180Bend-0K

RODUCT DESCRIPTION;:
STAINLESS STEEL CONT,MILL FLATE, WRAP; UNS 31600/31603
ASTM A240/11b,AdB0/11b,AG66/10; ASHE SA240/11a, SALBO/11a, 5A666/11a
CHEM ONLY ON FOLLOWXNG ASTM: A276/10,A479/11,A404/11,A312/11
CHEM ONLY ON FOLLOWING ASMF: SA312/11,HA379/1%
AMS 5507F/5524L X MRK;
tACE MRO175/I60 15156-3:2003 A,
MIN. SOLUTION ANNEAY. TEMP 1800F,

MR0103/07; QQ5766D-A X MAG PERM
WATER QUEMNCHED

REMARKS :

Mat’l is Free of Morxcury Contasination, No weld repairs,
BN 10204:2004 3.3; RoliS Compliant

Haterial is Frue of Radioacti{ve Contamination

NAS Steel Making Process: EAF, AOD, & Cont. Casting
Product Mfg.by a Quality Mgt.Sys. in Conf. w/IS0 9001
*Molted & Manufacturod in tho USA; Mat’l 35 DFARS Corpliant
EN 1020¢8 3.1.B

Product Id Coil & Skid # Thickness  Width Woight — --—-—--- Longth------ Mark Pieces Comuodity Codo
pD4383 O2ETKE A 3744 60,0000 ¢,750 SHEERTS 230.00 9 3
. A
CHEMICAL ANALYSIS CM{Country of Mclt)  ES(Spain) US{Unlted States) ZA(South Africa) JP{Japan) Chomical Analysis por ASTM A751/08
HEAT M € %/ CR%~- CU% mwx 7~ MO A T KL x © P % & %
vIrG ug .0205 16.6005 .4100 1.5245 2,0550 .0394 10,0400 0330 -0010
S1 % S o =
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ALL-WELD COMPANY LIMITED P.O. - 13-0889 S.0. - 644142
PHOENIX TUBE COMPANY,INC.
Manufacturer of Stainless Ornamental and Structural Tubing
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CAN CAN
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SIZE: 2" X 3/8" HRAP ‘1 GRADE: 316L NO WELD: BAR
SOURCE: USA D | I HEAT#. D5F9
VENDOR: NAS l e /"’ TEST REPORT#: TR010548
I :
Specificatlon: T # < % Report Dale: 08/27/12

-

-

LPO T ID-089

ASTM A262 PRACTICEE
CORROSION OK, HRAP
ASTM A484-13

ASME SA484-13

NO WELD REPAIR

EN 10204 2.2

CHEMISTRY THIS COLUMN: g

ASTMA276-13

ASME SA276-08 COND. A
ASTMA479-13

ASME SA479-13 521

ASTM A240-13

ASME SA240-13

MILS 5059D AMEND 3
AMS 6648L & AMS 5653G
ASTM A480-13

ASME SA480-13

TYPE 316U/316 DUAL CERTIFIED
UNS# 31600/ 31603

ASTM AG66-10

NACE MR0175/01 / MR0O103

QQ-S-766D, COND. A
Certification of Majerial - Per ASME
HT# j) Cf

1ifi 11 s of
nges toa re\g a;n[ ‘aper
Sect. 11 {&" Edition _[L Addenda

MERCURY IS 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 19800 DEG. F AND IS SUBSEQUENTLY COOLED
RAPIDLY TO PREVENT CARBIDE PRECIP|TATION

SEP 197013

Chemical Analyslis
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PHYSICAL PROPERTIES ARE DETERMINED WHILE MATERIAL IS IN STRIP FORM

Melted & Manufactured In the USA FAR BAA complies, DFARS BAA complles, FAR TAA complles
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48" OD Vertical Stainless Steel Inlet Separator
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Ultrafab Industries Limited
Todd Clark, P. Eng.
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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
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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
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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
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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
1173 Rev. 6 19/249



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.
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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
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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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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)

Rev. 6

32/249



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
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= 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

Rev. 6

35/249



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

1173 Rev. 6 42/249



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

1173 Rev. 6 43/249



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

+0

Rev. 6

63/249



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

1173 Rev. 6

89/249



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.

1173 Rev. 6

94/249



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

95/249



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

1173 Rev. 6 97/249



Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary | Thickness
(in?) Summary
For P = 1,378 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/

]
|
|
|
|

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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e
>

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
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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

119/249



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

1173 Rev. 6

128/249



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)
1,378.1588*12 / (20,000*1 - 0.6*1,378.1588)
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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
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1-7(b)(1)(c) R,/R=12/22.25=0.5393<0.7 True

The opening is not within the size range defined by 1-7(b)(1)(a) and (b) so it is exempt from the requirements of
1-7(b)(2),(3) and (4).

R,/ R =0.5393 does not exceed 0.7 so a U-2(g) analysis is not required per 1-7(b)(1)(c).
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Reinforcement Calculations for MAEP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (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.

1173 Rev. 6

142/249



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
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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

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.

1173 Rev. 6

172/249



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
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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)
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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
= 1,378.3574*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.

1173 Rev. 6

188/249



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.
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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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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%

1173 Rev. 6

213/249



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)
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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
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46-3/4" OD Skirt

Material: SA-240 316 (II-D p. 70, In. 26)
Design temperature, operating: 140 °F

Design temperature, vacuum: 140 °F

Inner diameter at top, new: 45.75in

Inner diameter at 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
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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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