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Manufacturer’'s Record Book

SALES OIL TANK HEATER

CUSTOMER: Jacobs Canada Inc.

FOR: Canadian Natural Resources Limited
LOCATION: Kirby North Phase 1 Project, Conklin, AB
PURCHASE ORDER: CE416040-CC088996

ITEM NO: 104-E-135, 104-E-136

DESCRIPTION: Sales Oil Tank Heater

SOW: Provide Equipment Sales Oil Tank Heater
C.R.N. NO: W3077.2

E.l. JOB NO: 13-3353

RECEIVED
NOV 06 2015
CANADIAN NATURAI

RESOURCES LTD
DOCUMENT CONTROL

VP088996-M004-00007



Manufacturer’'s Record Book
Shell & Tube Heat Exchanger

CUSTOMER: Jacobs Canada Inc.
FOR: Canadian Natural Resources Limited
LOCATION: Kirby North Phase 1 Project
PURCHASE ORDER: CE416040-CC088996-00
ITEM NO: 104-E-135, 104-E-136
C.R.N. NO: W3077.2
E.l. JOB NO: 13-3353
CONTENTS (M005)

Document Code
1. Inspection Release for Shipment (M008)
2. General Operating Instructions (E453)
3. U Forms (M0009 M800)
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6. Thermal Data Specification Sheet c/w HTRI

~

10.
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14.
15.
16.
17.
18.
19.
20.

Report

Stress Relief Chart
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Hydro Procedure

Sandblast & Paint Report

Insulation Report

N.D.T. Reports

Mill Test Report

Production Charpy Reports

Weld Map

Weld Procedure

Welder’s Qualification Records

Weld Repair Procedure

NDE Operator Certificates

NDE Procedures
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(M705)

(M712)
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Tube Rolling Record

Tube Rolling Procedure

Long Term Storage
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Boiler's Branch Registered Letter

Complete Set “CERTIFIED AS BUILT” Drawings

Quality Assurance Manual (Cover page, TOC
And U-Stamp Certificate)

Spare Parts List
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JACOBS

Project No.: CE4160

SHIPPING NOTIFICATION FORM

L8

Project: Kirby North Phase 1

» = q
SCN-KBN-STR-0507 SHIPPING TERM FCA
Supplier: | Exchanger Industries PO No.: | CE416040-CC088996
Estimated - "
PO Item e . . Estimated Ship
No. Description and Tag No. Quantity Sl-up Dimensions
Weight
Sales Oil Tank Heater
25 Tag 104-E-135 1 2,500 kgs 23Lx3Wx 4H
For Module PREM-104-02 -
Sales Oil Tank Heater
26 Tag 104-E-136 1 2,500 kgs 23Lx3Wx 4'H
For Module PREM-104-02
25 & 26 Ship Loose Crate of material for Tag 104-E-135 and 1 23 kgs &L x 4'W x 10°H
104-E-136
Issued Date: August 21, 2014 Shipping Date: | August 21, 2014
Issued By: lain Sewell Email: iain.sewell@jacobs.com

Shipping From:

Exchanger Industries

5505- 52 Street SE

Shipping
Address: Calgary, Alberta
Shipping Contact: | Tom Baker Title: | Project Manager Phone No.: 403-203-4591
Estimated Arrival: | August 21, 2014 Time: | TBD Carrier: Entrec
Deliver To: Strike Fabrication
Address: 262, 110 Range Road 281,
Kathryn, Alberta TOM 1EQ
Reference #:
Attention: Shipping / Receiving
Email: dcoughlin@strikeenergy.com Phone No.: (403) 946-2234
Attention: Darrell Coughlin
Email: Phone No.:
Project Name: Kirby North Phase 1 Project Project Number: CE416041

Comments and/or Additional Information:

Form No.: CE4160-A-08-04-00058 Rev G

Page 1 0of 2




JACOBS SHIPPING NOTIFICATION FORM Q
Canadiian Natural

Project No.: CE4160 Project: Kirby North Phase 1

To be emailed to the CNRL Transportation Coordinator or Logistics Manager PRIOR to delivery.

Inciude with shipment — packing slips and ensure all boxes, crates, etc.. are labelled with the proiect
name and number as detailed above.

Deliveries from Monday to Thursday
8:00am to 4:30pm Only

Form No.: CE4160-A-08-04-00058 Rev 0 Page 2 of 2




JACOBS

INSPECTION RELEASE CERTIFICATE

(IRC)

(Ref. CWI-408-03)

THE MATERIAL/EQUIPMENT LISTED BELOW |
SUPPLIER IS TO CONTACT JE PROJECT EXPEDI

S RELEASED BY JE INSPECTION.
TING FOR SHIPPING AUTHORIZATION.

JCI PROJECT NO.: PROJECT NAME: RELEASE NO:
CE415040 Kirby North Phase 1 10
JCI POISC No.: TYPE OF IRC: REF. INSPECTION REPORT No.:
X INTERIM [] FiNAL
CC088996 36
CONDITIONAL
JCI INSPECTOR: DATE: JCI OFFICE:
Ken Bates 20 Aug., 2014 Calgary, AB
SUPPLIER & LOCATION: CONTACT: TELEPHONE No:
Exchanger Ind. / Calgary Danette Korchinski 403-236-0166
SUB-SUPPLIER & LOCATION: CONTACT: TELEPHONE No.:
NA

CONDITIONAL RELEASE AUTHORIZATION BY:

CNRL / Soumyabrata Roychowdhury

CLOSE OUT ACCEPT / BACKCHARGE VENDOR BY:

PURCHASE ORDER DELIVERY DATE:
November 15, 2013 to September 30, 2014

PO/SC TAG, MARK OR
ITEM QTY EQUIPMENT DESCRIPTION EQUIPMENT NUMBER
7 1 Emulsion — Trim Cooler 101-E-120
8 1 Emulsion - Trim Cooler 101-E-121
25 1 Sales Oil Tank Heater 104-E-135
26 1 Sales Qil Tank Heater 104-E-136

RELEASED WITH THE FOLLOWING EXEPTIONS FROM DRAWINGS, PO/SC OR SPECTIFICATIONS: (STATE THE

EXCEPTION, JE PROJECT ENGINEER WHO AUTHORIZATION THE EXCEPTION AND THE DATE O

F SUCH AUTHORIZATION).

LIST OF ALL CONDITIONS OF RELEASE REF. SPEC.

REC’D INSPECTOR VERIFICATION

101-E-120 & 121 — insufficient bolting in shipping blinds

101-E-120 & 121 — final verification of flange faces not completed.

104-E-135 & 136 - insufficient bolting in shipping blinds
104-E-135 & 136 — EHT and insulation not installed.

Copyright 2007, Jacobs Canada Inc.
File Name: Inspection Release 13-337-10.docx

Last printed 8/21/2014 8:01:00 AM
Page 1 of 2



INSPECTION RELEASE CERTIFICATE
JACOBS

(IRC)
(Ref. CWI-408-03)

104-E-135 & 136 — final verification of flange faces not completed.

INSPECTOR'S SIGNATURE: Ken Bates /@&
(Print Name)

(Signature)

Inspection Release Certificate (IRC)

Copyright 2007, Jacobs Canada Inc. Last printed 8/21/2014 8:01:00 AM
File Name: Inspection Release 13-337-10.docx Page 2 of 2



0’; Jacobs Engineering Canada

Canadian Natural

Jacobs Contract No. CE4160
Client: CNRL — Kirby North phase 1 Kirby North Plant

Supplier’'s Document Review Sheet
Equipment Numbers Comments

101-E-110, 101-E-111, 101-E-112, JPI REV 1 - COORDINATION
101-E-113, 101-E-114, 101-E-115,

101-E-120, 101-E-121, 101-E-210,

101-E-225, 101-E-226, 101-E-240,

101-E-241, 101-E-450, 101-E-451,

102-E-610, 102-E-613, 102-E-655,

103-E-080, 103-E-190, 103-E-290,

103-E-390; 103-E-490; 103-E590;

103-E-705; 103-E-707;

104-E-135; 104-E-136; 107-E305

Review Status Codes Project / Req Title CNRL - Kirby North phase 1
n 1 - Work May Proceed Supplier Exchanger Industries
2 - Revise and Resubmit: Work may DOC. Description ~ EXCHANGER - GENERAL OPERATING
proceed subject to incorporation of INSTRUCTIONS FOR SHELL ADN TUBE
changes indicated HEAT EXCHANGERS

3 - Revise and Resubmit: DO NOT
D Proceed with Manufacture

4 - STOP WORK per attached written

[C]  instructions Vendor Document SHELL AND TUBE OPERATION
. . No. INSTRUCTIONS
5 - Review Not Required: Work may
proceed Client Document

VP088996-E453-00001
No.

SUPPLIER PLEASE NOTE: Permission to proceed does not
constitute acceptance or approval of design details, calculations,

analyses, test methods or materials developed or selected by the Purchase Order No. Doc Cat. Issue
supplier and does not relieve supplier from full compliance with
contractual obligation

CE416040-CC088996-00 EA453 0

BY - \M Categories
DATE Date Received 04/29/2014



Revision 0

>

EXCHANGER
INDUSTRIES

engl B B.E.
PO. hnw.h J. Calpury, Aberm TPA 8AR
Tolaptens {403) 296-0188 Fax (402) 250002

General Operating Instructions

for Pagafof 2
SHELL and TUBE HEAT EXCHANGERS

L. DESIGN and OPERATING CONDITIONS
Equipment must not be operated at conditions that exceed those specified on the nameplate(s).
2. OPERATING PROCEDURES

Before placing eny exchanger in operation, reference should be made to the cxchanper drawings,
specification sheet, and nameplate for any special instructions. Improper stert-up or shutdown sequences,
particularly of fixed tubesheet units, may cause leaking of tube-to-tubeshect and/or bolted fianged joints.

¢

3 START-UP OPERATIONS

Most exchangers with removable tube bundles may be placed i service by first establishing circulation of
the cold medium, followed by the gradual introduction of the bot medivim, During start-up all vent valves
should be opened and left open until all passages have been purged of air and are completely filled with
fluid. For fixed wbesheet exchangers, fluids must be introduced in 2 menner to miniinize differentia)
expansion between the shell and tubes.

4. .  SBUTDOWN OPERATION

Far exchangers with removable bundles, the units may be shutdown by first gradually stopping the flow of
the hot medivm and then stopping the flow of the cold medium. If it is necessary to stop the flow of cold
medium, the circulation of hot medium through the exchanger should also be stopped. Far fixed tubeshest
exchangers, the unit must be shutdown in a manner to minimize differentin! expension between shell and
tubes.

s TEMPY¥RATURE SHOCKS .

Operation must be started gradually. Hot fluid must not be suddeniy introduced when the unit is cold nor
cold fluid suddenty introduced when the unit is hot.

6. BOLTED JOINTS
Heat exchangers are hydrostatically tested before leaving Exchanger Industries’ shop in accordanoe with
ASME Code requirements. However, normal yieldimg of gaskets will occur in the interval between
hydrostatic testing in the shop end installation at the jobsite. Therefore, all external bolted joints should bo

properly retightened after instalistion and, if necessary, after the exchanger has reached operating
temperature.

WSAMBATTEMPLATES\ApaMarie\Data\Code Data Books\Grd Oper Inst for Shall & Tube.dux

A member of the Preussag Group

\VPO&L 94 - EHE3- Do)



Revisian {

>

EXCHANGER
INDUSTRIES

5803 - 52na Brsed 8.E
£.0. Bay 1107, 3in, L Cogeny, Aberia T2ABAR
Tiaphwsna (402 2360108 Fay (403) 2798244

General Operating Instructions
for ' Page 2 of 2
SHELL and TUBE HEAT EXCHANGERS

RECOMMENDED BOLT TIGHTENING PROCEDURE

It is important that all bolted joints be tightened uniformly and in ¢ dismetrically staggered pattern as
illustrated below,

START
. . l >
6 il
9 8
14 3
4 13
7 10
12 5
I5 2 "
DRAINING UNIT

When shutting down the system, all units should be drained completely to minimize the possibility of
freezing and corrosion damage. To guard against water hammer, condensate should be drained from
gteam heaters and similar apparatus when starting up or when shutting down, To reduce water retention
after drainage, the tube side of water cooled exchangers should be blown out with air.

A member of the Preussag Group



Rb323 o

FORM U-1 MANUFACTURER'S DATA REPORT FOR PRESSURE VESSELS
As Required by the Provisions of the ASME Code Rules, Section VIII, Division 1

1. Manufactured and ceriified by EXCHANGER INDUSTRIES LIMITED 5505 - 52 Street S.E., Calgary, AB T2C 2W8
{Name and address of Manufacturer)
2. Manufactured for Jacobs Canada Inc. 205 Quarry Park Blvd. S.E. Calgary, AB T2C 3E7 L o
(Name and address of Purchaser)
3. Location of installation . Canadian Natural Resources Limited, Kirby North Phase 1 Project, Conklin, AB LSD#21-73-7 W4
{Name and address)
4. Type Horizontal Heat Exchanger 13-3353A
(Horiz., vert., or sphers) (Tank,separatar, jkt. vessel, heat exh.,etc.) (Mfg's serial No.)
W3077.2 13-3353 A/B Rev.3 - 2014
(CRN) (Drawing No.) (Nat'l. Bd No.) (Year Built)
5. ASME Code, Section VIlI, Div. 1 2010 - 2011a - -
Edition and Addenda (date) . Code Case No. Special Service per UG-120(d)
items 6-11 incl. to be completed for single wall vessels, jackets of jacketed vessels, shell of heat exchangars, or chamber of multi-chamber vessels.
6. Shell (a)No. of Course(s): ~ 3 (b) Overall length (mm): 6094 mm
Course(s Material Thickness (mm) Long. Joint (Cat.A) Circum. Joint (Cat. A,B, & C) Heat Treatment
No. Diameter(mm) Length (mm.) Spec./Grade or Type Nom. Corr. Type | Full,SpotNone | Eff. | Type i Full,Spot,None Eff. Temp. Time
2 381 2500 SA516-70N 14 3.2 1 Full 1.0 1 Full 1.0 - -
381 1094 SA516-70N 14 3.2 1 Full 1.0 1 Full 1.0 - -
|
7. Heads: (a) (b) SA516-70N
(Mat'l Spec. No., Grade or Type) H.T. - Time & Temp. (Mat'| Spec. No., Grade or Type) H.T. - Time & Temp.
Location (Top, | Thickness(mm) Radius Elliptical Conical Hemispherical I Flat Side to Pressure Calegory A
Bottom, Ends) Min. | Corr. Crown Knuckle Ratio Apex Angle Radius Diameter | Convex |Concave| Type | Full.SpotNone | Eff, |
(a) S
®) End 12.4 | 3.2 211 X

If removable, bolts used (describe other fastening)

(el Spec. No., Grads, size, No.)

8. Type of jacket ; ) - Jacket closure -
(Describe as ogee & weld, bar, etc)
If bolted, describe or sketch.

If bar, give dimensions

8. MAWP 3585 103 «paatmax.temp. 150 148 °C M. design metal temp, 29 Cat 3585 pa.
(internat) {external) (internal) (external)
10. Impact test No, all shell material exempt per UG-20(f)(1-5). *

(Indicate yes or no and the component(s) impact tested)

11. Hydro.,pneu.,or comb.test press. 6151 kpa Proof test -
Items 12 and 13 to be completed for tube sections.
12. Tubesheet: SA516-70N 381 © 50 6.4 Bolted
Stationary (Mat'l Spec. No.) Dia., mm. (subject o press.) Nom. thk. mm. Corr. Allow., mm. Attachment (welded or bolted)
Floating (Mat'l Spec. No.) Dia., mm. Ko, { ] Corr. Allow,, mm, Attachment
13. Tubes: SA 179 19.05 14 BWG MW 51 ' e
Mat'l Spec. No., Grade or Type O.D., mm. Nom. thk., mm. or gauge o Number Type (Straight or U) o
Iteme 14-18 Incl. to be completed for Inner chambers of jacketed vessels or channels of heat exchangers.
14. Shell {a)No. of course(s) 1 (b) Overall length (mm.): 324 mm
Course(s Material ! Thickness (mm) Long. Joint (Cat.A Circum. Joint (Cat. AB, & C) i .. Heat Treatment |
No. Diameter, mm. Length (mm) Spec./Grade or Type Nom. Corr. Type | Full,Spot,None { Eff. | Type | Full,Spot,None Eff. Temp.. Time |
L1 381 ‘, 324 SA5168-70N 14 3.2 1 Full 10! 1 Full 1.0 - -
L ! | i k i
15. Heads: (a) SA516-70N ) (b) o e
(Mat'l Spec. No., Grade or Type) H.T. - Time & Temp. (Mat'l Spec. No., Grade or Type) H.T. - Time & Temp.
I ] Location (Top, | Thickness{mm) | Radius Elfipdcal Corical Hemispherical Flat Sida to Pressure Category 4
| __Botiom, Ends} Min, | Corr. | Crown | Knuckle Ratlo Apax Angle Radius Diameter | Convex | Concave; Type | Full,Spof,None | Ef.
@ |  End 124 32 | 2:4 ! X |
®_ | L

If removable, bolts used (describe other fastening).

(Mat Spec. No_, Grade, size, No.)




FORM U-1 (Back)

16. MAWP 3585 103 kpa at max. temp. 150 148 °c Min. design metal temp. =29 °Cat 3585 «pa.
(internat) (external) (internal) (external)
17. Impact test No, all channel material exempt per UG-20(f)(1-5)
(Indicate yes or no and the component(s) impact tested)
18. Hydro., pneu., or comb. test press. 5599 kPa Proof test -
19. Nozzles, inspection,-and safety valve openings:
Purpose Diameter Flange Material Nozzle Thickness (mm) Reinforcement How attached Location
(Inlet, Outlet, Drain, etc.) | No. or Size Type Nozzle Fiange Nom. Corr. Material Nozzle | Flange (Insp. Open.)
Channel inlet 1 4" C1.300 RFLWN - SA105-N 222 3.2 None UW16.1¢| - Top Channel
Channel Qutlet 1 4" C1.300 RFLWN - SA105-N 222 3.2 None UW1ié.1¢| - Bottom Channel
Shell Inlet 1 4" C1.300 RFLWN - SA105-N 22.2 3.2 None UW16.1c¢| - Bottom Shell
Shell Outlet 1 4" C1.300 RFLWN - SA105-N 222 3.2 None UwW16.1¢c - Top Shell
20. Supports: skt No ugs N/A Legs N/A Other Saddles Attached Welded to Sheli
({Yesino) (No.) (No.} (Describe) {Where and how)

21. Manufacturer's Partial Data Reports properly identlfied and signed by Commissioned Inspectors have been furnished for the following items of the report:
(List the name of part, item number, mfg's. name and identifying number)

_______completa Heat Exchanger, Patel Airtemp (India) Limited, EXE-1352/1, EXE-1352/2, EXE-1352/3
22, Remarks: * U-Bends and 6" straight length is stress relieved by supplier for 1 Hr.
SAFETY VALVES: P.S.V. on piping per UG-125 (g) to be installed by owner CUBIC CAPACITY: 0.75 cu.m.
SURFACE AREA: 36.6 sq.m.
SERVICE: Sales Oil Tank Heater MK1 / MK2, SA105-N : 524 mm OD x 381 mm ID x 83 mm thk.
MK1 / MK2 Bolting: SA193-B7, 19.05 mm x 203 mm/222 mm Ig. (24 /8 pcs.), Nuts: SA194-2H UNC (64 pcs.)
ITEM #: 104-E-135 Constructed to Drawing #13-3353 A/B Rev.5

CERTIFICATE OF SHOP COMPLIANCE
We certify that the statements made in this report are corract and that all details of design, material, construction, and workmanship of this vessel conform to the
ASME BOILER AND PRESSURE VESSEL CODE, Section VIII, Division 1,
U Certificate of Authorization Number. 5983 Expires March 30 ,20 17

Date ﬂzm‘ Name Exct 1 ies Limited Signed _w
(Representative)

(Manufacturer)

CERTIFICATE OF SHOP INSPECTION
|, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and/or the State or Province of ALBERTA
and employed by ABSA A e 7 e CALGARY, ALBERTA have inspected
the pressure vessel described in this Manufacturer's Data Report on Al’K l 9 ﬂ"’ .20 , and state that, to the best of my knowledge and belief, the
Manufacturer has constructed this pressure vessel in accordance with ASME BOILER AND PRESSURE VESSEL CODE, Section VlII, Division 1. By signing this
certificate neither the Inspector nor hisfher employer makes any warranty, expressed gr impjed, concerning the pressure vessel described in this Manufacturer's Data Report.

ersonal injury or property damage or a loss of any kind arising from or connected with this

Commissions AB 40 NB 9644 A. B

"N, (Authorized | (Nat'l Board incl.endorsements, State,Prov.and

Furthermore, neither the Inspector nor his/her employer shall be lia

msvecion. APR 7 § 2014

Date

Signed

CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE
We certify that the statements in this report are correct and that the field assembly construction of all parts of this vessel conforms with the requirements of ASME BOILER AND

PRESSURE VESSEL CODE, Section VIII, Division 1.
U Certificate of Authorization Number Expires , 20

Date Name Signed
(Assembler) (Representative)

CERTIFICATE OF FIELD ASSEMBLY INSPECTION

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

and employad by of
have compared the statements in this Manufacturer's Data Report with the described pressure vessel and state that parts referred to as data items

not included in the certificate of shop inspection, have been inspected by me and to the best of my knowledge and belief, the Manufacturer has constructed and assembled this
pressure vessel in accardance with ASME BOILER AND PRESSURE VESSEL Code, Section ViIl, Division 1. The described vessel was inspected and subjected to a
hydrostatic test of . By signing this certificate nelther the Inspector nor his/her employer makes any warranty, expressed or implied, concerning the
pressure vessel described in this Manufacturer's Data Repart. Furthermore, neither the Inspector nor histher employer shall be liable in any manner for any personal Injury or
property damage or a loss of any kind arising from or connected with this inspection.

Date Signed Commissions
(Autharized Inspector) (Nat’l Board incl. endorsement, State, Province and No.)




FORM U-1 MANUFACTURER'S DATA REPORT FOR PRESSURE \!E&‘;SELSE 313' l
As Required by the Provisions of the ASME Code Rules, Section VIIl, Division 1

1. Manufactured and certified by EXCHANGER INDUSTRIES LIMITED 5505 - 52 Street S.E., Calgary, AB T2C 2W8
{Name and address of Manufacturer)
2. Manufactured for Jacobs Canada Inc. 205 Quarry Park Blvd. S.E. Calgary, AB T2C 3E7
(Name and address of Purchaser)
3. Location of installation Canadian Natural Resources Limited, Kirby North Phase 1 Project, Conkiin, AB LSD#21-73-7 W4
(Name and address)
4. Type Horizontal Heat Exchanger 13-3353B
(Horiz., vert., or sphere) (Tank,separator, jkt. vessel, heat exh..etc.) (Mfg's serial No.)
W3077.2 13-3353 A/B Rev.3 - 2014
(CRN) {Drawing No.) (Natl. Bd No.) (Year Built)
5. ASME Code, Section VIII, Div. 1 2010 - 2011a . .
Edition and Addenda (date) Code Case No. Special Service per UG-120(d)
Items 6-11 incl. to be completed for single wall vessels, jackets of jacketed vessels, shell of heat exchangers, or chamber of multi-chamber vessels.
6. Shell (a)No. of Course(s): 3 (b) Overall length (mm): 6094 mm
Course(s Material Thickness {mm) Long. Joint {Cat.A) Circum. Joint (Cat. A,B, & C) Heat Treatment

No. Diameter(mm)| Length (mm.) Spec./Grade or Type Norm, Corr. Type | Full,SpotNone | Eff. | Type | Full,Spot,None Eff. Temp. Time

2 381 2500 SA516-70N 14 3.2 1 Full 10! 1 Full 1.0 - -

1 381 1094 SA516-70N 14 3.2 1 Full 1.0 1 Full 1.0 - -
7. Heads: (a) (b) SA516-70N

(Mat'l Spec. No., Grade or Type) H.T. - Time & Temp. (Mat'l Spec. No., Grade or Type) H.T. - Time & Temp.
Location (Top, Thickness{mm) Radius Elliptical Conical Hemispherical Flat Side to Pressure Category A
Bottom, Ends)_ Min. { Corr. Crown Knuckle Ratio Apex Angle Radius Diameter Convex | Concave| Type Full,Spot,None | Eff.
(a)
(b) End 124 | 3.2 2:1 X

If removable, bolts used (describe other fastening)

(Mat Spec. No., Grade, size, No.)

8. Type of jacket Jacket closure
(Describe as ogee & weld, bar, etc)
If bar, give dimensions If bolted, describe or sketch.
9. MAWP 3585 103 kpa at max. temp. 150 148 °C  Min. design metal temp. -29 °C at 3585 pa.
(internal) {extemal) (internal) (external)
10, Impact test No, all shell material exempt per UG-20(f)(1-5).

(Indicate yes or no and the component(s) impact tested)

11. Hydro.,pneu.,or comb.test press. 6151 kpa Proof test -
Items 12 and 13 to be completed for tube sections.
12. Tubesheet: SA516-70N 381 50 6.4 Bolted
Stationary (Mat'l Spec. No.) Dia., mm. (subject to press.) Nom. thk. mm. Corr. Allow., mm. Attachment (welded or boited)
Floating (Mat'l Spec. No.) Dia., mm. Nom. thk., mm. Corr. Allow., e, Aftachment
13. Tubes: SA 179 19.05 14 BWG M/W 51 U
Mat'l Spec. No., Grade or Type 0.D., mm. Nom. thk., mm. or gauge Number Type (Straight or U)
Items 14-18 incl. to be completed for inner chambers of Jacketed vessels or channels of heat exchangers.
14. Shell (a)No. of course(s) 1 () Overall length (mm.): 324 mm
Course(s Material ThicknT§§§ (mm}) Long. Joint (Cat.A) Circum. Joint (Cat. A,B, & C) Heat Treatment
No. Diameter, mm. Length (mm) Spec./Grade or Type Nom. Corr. Type | Full,SpotNone | Eff. | Type | Full,Spot,None Eff. Temp. Time
1 381 324 SA516-70N 14 3.2 1 Full 10 1 Full 1.0 - -
15. Heads: (a) SA516-70N ®)
(Mat'l Spec. No., Grade or Typa) H.T. - Time & Temp. {Mat'l Spec. No., Grade or Type) H.T. - Time & Temp.
Location (Top, Thicknass(mm) Radius Ellipticel Conleal Hemispharical Flet Sids to Prassure Category A
Boitom, Ends) Min, | Corr. | Crown | Knuckle Ratio Apex Angle Radius Diemeter | Convex |Concava| Type | FullSpoiiNone | Ef. |
(a) End 124 | 3.2 2:1 X
(b)
If removable, bolts used (describe other fastening). //DA

(Mat'l Spec. No., Grade, size, No.)




FORM U-1 (Back)

16. MAWP 3585 103  kpa at max. temp. 150 148 °C Min. design metal temp. -29 °cat . 3585 kpa.
(internal) (external) (internal) (external)
17. Impact test No, all channel material exempt per UG-20(f){1-5)

(Indicate yes or no and the component(s} impact tested)

18. Hydro., pneu., or comb. test press. 5599 kpa Proof test 2
19. Nozzles, inspection, and safety valve openings:
Purpose Diameter Flange Material Nozzle Thickness (mm) Reinforcement How attached Location
(Inlet, Outlet, Drain, etc.) | No-. or Size Type Nozzle Flange Nom. Corr. Material Nozzle | Flange {Insp. Open.)
Channel Inlet 1 4" C1.300 RFLWN - SA105-N 222 3.2 None UW16.1¢ - Top Channel
Channel Outlet 1 4" C1.300 RFLWN - SA105-N 22.2 3.2 None UW16.1c¢| - Bottom Channel
Shell Infet 1 4" CL.300 RFLWN - SA105-N 22.2 3.2 None UW16.1¢| - Bottom Shell
Shell Outlet 1 4" C1.300 RFLWN - SA105-N 22.2 3.2 None UW16.1¢| - Top Shell
20. Supports: skt _No Lugs _ N/A Legs N/A_ other Saddles Attached Welded to Shell
(Yes/no) (No.) {No.) (Describe) {Where and how)

21. Manufacturer's Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following items of the report:
(List the name of part, item number, mfg's. name and identifying number)

i - 2 - 3
22. Remarks: * U-Bends and 6" straight length is stress relieved by supplier for 1 Hr.
SAFETY VALVES: P.S.V. on piping per UG-125 (g) to be installed by owner CUBIC CAPACITY: 0.75 cu.m.
SURFACE AREA: 36.6 sq.m.
SERVICE: Sales Oil Tank Heater MK1 / MK2, SA105-N : 524 mm OD x 381 mm ID x 83 mm thk.
MK1 / MK2 Bolting: SA193-B7, 19.05 mm x 203 mm/222 mm lg. (24 /8 pcs.), Nuts: SA194-2H UNC (64 pcs.)
ITEM #: 104-E-136 Constructed to Drawing #13-3353 A/B Rev.5

CERTIFICATE OF SHOP COMPLIANCE
We certify that the statements made in this report are correct and that all details of design, material, constructlon, and workmanship of this vessel conform to the
ASME BOILER AND PRESSURE VESSEL CODE, Section VIII, Division 1.
U Certificate of Authorization Number. 5983 Expires March 30 ,20 17

Date APR 29201‘ Name Exchanger Industries Limited Signed w
(Manufacturer) (Representative)

CERTIFICATE OF SHOP INSPECTION
1, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and/or the State or Pravince of ALBERTA
and employed by ABSA of CALGARY, ALBERTA have inspected
the pressure vessel described in this Manufacturer's Data Report on APR 2 9 20"} .20 , and state that, to the best of my knowledge and belief, the
Manufacturer has constructed this pressure vessel in accordance with ASME BOILER AND PRESSURE VESSEL CODE, Section VIII, Division 1. By signing this
amplied, concerning the pressure vessel described in this Manufacturer’s Data Report.

o
14

certificate nelther the Inspector nor his/her employer makes any warranty, expres

Furthermore, neither the Inspector nor his/her em er shall be liable in any mal
nspecion.  ADR 2.9 2014 w\

Date Signed
v

r fpriany personal injury or property damage or a loss of any kind arising from or connected with this

Commissions AB 40 NB 9644 A' B

rized Inspector) (Nat'l Board incl.endorsements,State,Prov.and

CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE
Wae certify that the statements in this report are carrect and that the field assembly construction of all parts of this vessei conforms with the requirements of ASME BOILER AND

PRESSURE VESSEL CODE, Section VIII, Division 1.
U Certificate of Autharization Number Expires , 20

Date Name Signed
{Assembler) (Representative}

CERTIFICATE OF FIELD ASSEMBLY INSPECTION

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
and employsd by of
have compared the statements in this Manufacturer's Data Report with the described pressure vessel and state that parts referred to as data items —
not included in the certificate of shop inspection; have been inspected by me and to the best of my knowledge and belief, the Manufacturer has constructed and assembled this
pressure vessel in accordance with ASME BOILER AND PRESSURE VESSEL Code, Section VIII, Division 1. The described vessel was inspected and subjected to a

hydrostatic test of . By signing this certificate nelther the Inspector nor his/her employer makes any warranty, expressed or implied, concerning the

pressure vessel described in this Manufacturer's Data Report. Furthermore, neither the Inspector nor histher employer shall be liable in any manner for any personal injury or

property damage or a loss of any kind arising from or connected with this inspection.

Date Signed Commissions
{Authorized Inspector) (Nat'l Board inct. endorsement, State, Province and No.)




FORM U.2 MANUFACTURER'S PARTIAL DATA REPORT
A Part of Pressure Vessel Fabricated by One Manufacturer for Another Manufacturer
As Required by the Provisions of the ASME Boller and Pressure Vessel Code Rules, Section VIII, Division 1

1. Manufactured and certified by Palols Airlamp (ladia) Limitod, Plol No. 805, 806, 807, 810, Rakenpur, Dislrict Gandhinagar, Taluka Kalol, Gujerat 382721, India
. (Name and address of manulecturad)
2 Manulaclured for EXCHANGER INDUSTRIES LIMITED, CALGARY, ALBERTA
{Memé and addross of pivchasar)
3. Location of installalion UNKNOWN
g — (Name ondoddioss)
4. Type: SHELL ASSEMBLY, CHANNEL ASSEMBLY & TUBE BUNDLE ASSEMBLY = SN
[Deecription of vessal pari{shell,two plece head,luba bundie)] MIg's serial No)
- AS PER ATTACHED U4 EXCHANGER INDUSTRIES LIMITED 204
(National board number) {Orawing No.} (Ocawing propared by)  * (Yonr bul)
5. ASME Code, Seclion Vill, Div. 1 ED. 2010 - AD. 2011a - -
(Edilon and Addends (dale)) (Code Caze No.) (Spocial Servico pec UG-120 {d))
Hems 6-11 incl. to be compioted for single wall vessels, jackels of jackelad vessels, shell of heal exchengers, or chamber of mullichamber vegsels.
6. Shell {a) No, of course(s): 'THREE {b) Owvarell Langth (mm) 6094
Courga(s) Malerial Thicknass (mm) Long. Joint {Cal. A) Clreum, Joint {Cat. AB & C Heet Treatmenl

No. | Diameter {mm) Length (mm)  |Spec./Grage or Typa Nom [Corr | Type|  Fuf, Spol, None Efl, Type  |Full, Spot,None Efl. | Temp | Time

2 381 2500 SA 518 GR TON 14 32| 1 FULL 1.0 1 FULL 1.0 - -

i

i e 1094 SA 516 GR 70N 14 32| 1 FULL 1.0 1 FULL 10 - -

7. Heads: (a) - SA 516 GR 70N ® :
(MalT Spec. Number. Grade or Type) (H.T. - Time & Temp) (Met Spec. Number. Grade of Type) (H.T. - Time & Temp,)
Location top, Bollom, | _Thickness Sedte Elptica) | Conlesl | Hemispherial | | SidoloPressure | Catagory A
Ends} Min. [ Com. | Crown | Knuckie | Relo [ApexAngle| Radius Convex |Concave|Type| Fus, Spot, None Eff.
(o) SHELLHEAD [124] 32 - - 21 - - - - v - - -
) o - - B - hd i ) - - - - - - -

If removable, bolls used (describe other fastening)

(Mat1 $pec. No., Grade, size, No.)

8.  Typeofjacket - Jacket closure -
{Dascribs as ogee & weid, bAr, eic.)
If bar, give dimensions - ) - f boliad, dascribe or sketch
9. MAWP 3585 kPeG 103 kPaG atmax. temp.  150°C 148°C Min.design metal temp (-)'29'c al 3588 kPaG
(intornal) (Extomnal)y (Onlaman (External
10. Impac test — Remank-7 &t lesl temparature of B
{indicala yos of o and the componeni(e) knpacl osled) -
11, Hydro, pneu,or ¢omb.Tes| pressure Remark-2 Proof tesl - -
Hems 12 and 13 fo be complaied fer (ube seclions, ’ K
2. Tubesheet; SA-516 Gr. TON 381 mm 50 mm 8.4 mm 3 BOLTED
[Statlonary (Material Spec. No.)} [Digmeler {subjoct to prossure)t (Nom. Thickness) {Cor. Aliow.) [Allschment {welded or bolled))
[Floating (Melarist Spelp Mo.j} (Diameter) (Mom, Thicknosg) (Corr, Allow. ) (Allachment)
13. Tubes: SA-179 , 19.05 mm 211 mm 51 U {(Remark - 8)
(Material Spoc. Ma., Grade of Type) ©.0.) (Nom, Thickness) . {Number) (Typs (Straight or Uy)
llems 14-1B incl. to be compieted for inner chambers of jacketed orchennels of heal exchangers,
’ ONE {b) Over all length 324 mm

14. $hel (a) Ne. of courss(s)

Course(s) Material Thickness (mm) Long. Joint (Cat. A) Clrcurn, Joint (Cat. AB & ) Hest Treatment
No. |- Diametar (mm) Length {mm) Spec/Grade or Typs | Nom  |Corr | Type Full, Spot, None Efl. Typa Full, Spot, None Ef. | Tomp. | Yime
1 381 224 $A 516 GR7ON 14 az| 1]’ FULL 1.0 1 FULL 1.0

..."»."A' , 2




FORM L2 (Back)

15. Heads: (a} SA 516 GR 700 ) .
(M1 Spet. Number., Grade of Type) (H.T. - Tiens 8 Temp.) ] {Mal) Spec. Numbar., Grade of Typs) {H.T. - Time & Temp)
Localion (iop, Thickness (mm) Radius (mm) Elfpiical ’ Conscal Homispherial| Fiat Diemoter Side o Progyure Category A
Bottom, Ends) Rello onical Apex Angle Radis {mm)
Min. Corr, Crown Knuckia Convex | Cancave |Type | Full, Spot, None | EN,
(¢) | Chennel Head | 124 3.2 - - 24 . - - - \ - -

I removeable, bolls used {describe oiher (aslening)

{Matt Spec, No., Graca, size, No.)

46, MAWP 3585 kPaG 103kPeG . al mex. temp 150°C 148°C Min, design metal termg {-)20°C Bt 3585 kPG
(ifomaly " {Eaoman (Internal) {Extermal) ’
17. impacliast Remark-7 al teal lemp of .
{Indicale yo9 of no and (he componantis) impaci lested)
18. Hydvro, pnev, or comb. Test preas. Remark-2 Proof lest
18, Nozzles, Inspeciion, and safely valve openings:
_Purpose Mo | olemetororSize| Flange  Type L] Hony Relnlorcement Malsial | 0% Altached Locatlon
(inlat, Ouliet, Drain, sle, Nozzie Flange Nom, Corr. . Nozzle Flangs
SHELL INLET {S1) 1 ON 100 CL 300 LWNRF . SA 105N 22 3.2 .. uvieat) | | e et
SHELL OUTLET (82} 1 ON 100 CL 300 LWNRF s $A 105N 22| 32 . m) - | sHewvop
CHANNEL INLET (T1) 1} onto | cLaooLwnRF B SA10SN | 222 a2 ) "g;m_‘:’ - lcHanneL ToR
CHANNELOUTLET(TZ) | 1 DN 100 CL 300 LWNRF . sa10sN | 222 22 .o m:" { - Jerae sl
20  wieniifiaetion of parts{s) ’
Neme of pert Quaniity Line No. Mir's idenlification No. MEr's Drawing No. CRN Nalional Board No. | Year Bulll
SHELL ASSEMBLY 1 6.7.8.9,10,14,19,2¢| EXE-138211 ° 13-3353A/B (3 of 13) - . 2013
CHANNEL ASSEMBLY ] 14,15,16,17,18,19 EXE-1352/2 _ 13-3353/B (3 of 13) - - 2013
TUBE BUNDLE ASSEMELY 1 4212 EXE-1352/3 13-3353M/B (6 8.7 of 13} - - 2013
21 . WELDED TO SHELL
Supports: Skin NO Lugs - Legs - Olhers SADDLE Alleched SUPPORT PAD
, (Yes brNoj {No} {No) {Oascride)} (Whoces and how)
22 Remerks:
1) DESIGN & ORAWINGS ARE NOT IN PATELS AIRTEMP{INDIA} LIMITED SCOPE.
2) ALl PARTS SUPPLIED WITHOUT HYDROTEST,
3) N-NORMALIZED
4) TUBE TO TUBESHEET JOINT EXPANDED IN TWO GROOVES,
5) ALL OTHER PARTS WHICH ARE NOT SHOWN IN PDR ARE SUPPLIED AS PER FORM U-8 SUPPLEMENTRY SHEET. ‘
8) CATEGORY-D JOINT, TYPE-7 NO RADIOGRAPHY JOINT EFFICIENCY-NOT APPLICABLE. 7 P
7) IMPACT TESTING EXEMPTED ON SHELL SIDE 8 TUBESIDE AS PER UG-20()(1 to 5), TUBES EXEMPT ASPER UICS-86(d). '
8) U-BENDS & 152 mm OF STRAIGHT LENGTH HEAT TREATED AT 635°C FOR 1 HOUR,
; CERTIFICATE OF SHOP COMPLIANCE
We cerlity thal the atslements in thi report 8rs coimect and thal all delalls of design, melerial, conslruciion, end workmenship of s p
|vessel pari conform lo the ASME BOILER AND PRESSURE VESSEL CODE, Section \Ill, Division 1, -
U Cartilicate of Autiorizalion Number. 33711 Exnplres Decamber, 192014 ‘
pae &P OL-205 Neme PATELS AIRTEMP (INDIA) LMITED Signed { @ P gaTE!L
+ ciurer - W 3
CERTIFICATE OF SHOP INSPECTION
1, the undersigned, holding e valid commission issued by the Nalional Boerd of Boler and Prasswe Vassol inspacolres endior hs Siate of Province .
of OHIO and empioyod by LR INSURANCE INC . of DELWARE
have Inspecied Ihe prossure vessel dascribed In fhis Menulecturer's Oala Report on 'y O 2BTY
and slale that, lo (he best of my knowiedge and bsliel, the Manufaciurer has construcied this pressure vessel parl in accordance wilth
ASME BOILER AND PRESSURE VESSEL CODE, Saction V1), Division 1. By signing this cerilicale neither the Inspector nor histher employer )
makes any warranty, expressed or implied, conceraing the pressure vessel parl described in (his Manufaclurer's Data Report. Furthermors,
neither the Inspecior nor his/her employer shall be liable in any manney fqr any nal injury or properly damage or a loss of any kind arising
from or connacied with this inspeclion. /
Deie &G cDR.75¢ .q Sighed  TAPASH K GUHA LA \ Commissions NB 12694A, OHIO 833
‘ R {Authorized b (Nl Boasd Incl. endorsgmenis, Slalo, Provinca, and No)




&
» B

FORM U-§ MANUFACTURER'S DATA REPORT SUPPLEMENTARY SHEET
As Regirad l_}_xmerisbnsofheASME Boller and Pressurs Vesste Code Rules, Sation Viil, Division 1
1. Manwfachwed end cerlfiedby Palals Altemp (1ndla) Limliod, Piot No, 805, 806, 807, 810, Rekanpur, Dishict , Tokuka Kaiol, 302721, s
B {fame o0d o Macleoiorsi)
|2 Monotacturedtor EXCHANGER INDUSTRIES LIMITED, GALGARY,ALBERTA CANADA
e et ¢ Poiennr)
3 Looathon of slallalon UNKNOWN
o oad sdthen)
EXE-1352¢1 10 9)
4. Type HORIZONTAL HEAT EXCHANGER ELDRG.NO:13-3353A8
(Horizontal, Verbosl. or sphwse) (Tomk, soparalor, st anch, € Dlarvlacturat's Godl tymber)
- AS PER BELOW - 2014
(] T — T Tarsia)
liam Nueber Rematks
1) 13-3363A/B SHEET 01 of 13 REV-4 Shell & Tube Exchanger Oulline Drawing
2) 13-3353A/8 SHEET 01A of 13 REV-3  Malerials & Design Condilicns
3) 13-3353A/B SHEET 01B of 13 REV-1  API860 Notes & Customer Speciication
4) 13-3353A/B SHEET 020f 13REV-2  Name Plale Detail
5) 13-3353A/B SHEET 03 of 13 REV-2 Shell & Channel Detall i
8) 13-3353A/B SHEET 04 of 13 REV-2 Shell & Channel Sections |
7) 13-3353A/B SHEET 05 of 13 REV-1 Flange Delall )
§) 13-3353A/B SHEET 08 of 13 REV-1 Tube Hole Layout
8) 13-3353A/8 SHEET 07 of 13 REV-2 Bundie Datall
10} 13-3353A/8 SHEET 08 of 13 REV-1 U-Befid Schedule
11) 13-3353A/B SHEET 08 of 13REV-4  BoK Schedule
12} 13-3353A/B SHEET 10 of 13REV-1  QGasket Delail
13) 13-3353A/B SHEET 11 of 13 REV-2  Nozzle Delail
14) 13-3353A/B SHEET 12 0f13 REV-2  Lift Lug Détail
15) 13-3363A/B SHEET 136f 13 REV-2  Support Detail
"l'
{
Cortiicale of Aulhortzaton Typo 7] No 33711 Exphes December 19, 2014
ots &34 e 2207 Nama ' Palels Alrtemp (Indig} Lid. Sigosd _ﬁﬂfjﬁ ]
Popracaniaivdy )
o N 2000 Nome TAPAGH K GUHA , Commisdons NE 129944, OHIO 633 ’
| : = t TRuborioed Inspecior) {ational Board oL 15), 51k, Proviyes, ad nombed]




FORM U-2 MANUFACTURER'S PARTIAL DATA REPORT
A Part of Pressure Vessel Fabricated by One Manufacturer for Another Manufacturer
As Required by the Provislons of the ASME Bollerand Pressure Vessel Code Rules, Section VIl Division 1

1. Manulgelured and coriied by Palols Airiemp (India) Limilad, mmmmw 510, Rekanpw, District Gandhinager, Takuka Kaloh, Gularal 382721, Wndia
{Harhe snd &ddoee of menwischwer) -
2 Manufactured for EXGHANGER INDUSTRIES LIIHTEO. OALGARY, ALBERTA
(e and sadrons of purchaser)
3. Location of mstallation UNKNOWN
— e ondwidreet)
4. Type: SHELL ASSEMBLY, GHANNEL ASSEMBLY & TUBE BUNDLE ASSEMBLY - DE:E':J“WS' lo3) . .
—ELORGNQ;13-33530/8
[Descriplion of vassel peri(shall,two pisce head,lube bundie)] (Mig's serial No.) (CRN)
- AS PER ATTACHED U-4 EXCHANGER INDUSTRIES LIMITED 2014
(Nalional bogrd numbar) . (Drawing No.) (Drawing prapared by) . (Year bui)
5. ASME Code, Seclion Vill, Div. § ED. 2010 - AD. 2011a - N
[Edilon and Addenda {doie)) (Code Caoe No) (Specinl Service per LG-120 (a))
{tems 6-11 Inch. lo b comploted for single wall veasels, Jockefs of fackeled vessels, shefl of heaf excliangors, or chember of mulichamber vessels.
8. Shall [E)] No, of coursa(s): THREE (b} Overeli Lenglh (mm) 5094
Course(s) Material Thickness (mm); Long. Joinl {Cat. A) Circum. Joint (Cat. A,B & C) Hoal Treatment
No. | Diemeter {mm) Length (mm) Spec./Grade or Type Nom [Corr | Type Full, Spot, None Efl. Type |Full, Spol,None Ef. | Temp | Time
2 381 2500 SA 518 GR 70N 14 32| 1 s FuLL 1.0 1 FULL 1.0 .- N
4 381 1094 8A 516 GR 70N 14 32| 1 FULL 1.0 1 FULL 10 I - -
7. Hewds: () SA 516 GR 70N (v - .
|M=l1 spoc. Number. Grade or Typs) (H.T. - Time & Temp)) (Mat1 Spec. Numbey, Grade o Type) (H.T. - Time & Temp.}
Localion {lop, Botiom, Thickness Redius Elliptical | Conical | Hemispherial — Side o Prassure Category A
€Ends) Min. | Corr. | Crown | #nuckle | Rall ' |ApaxAngle|  Redius Convex |Concave|Typa|  Full, Spol, None Eff.
{e) |  SHELL HEAD 124 32 - - 2:1 - - - - ¥ - -
(b) - il . - - - - - - o . -
1l ramoveble, bolis used (descrive other I ing) s

(Mar'l Spec. No., Grade, slxe, No.)

8. Type of jacket = Jackel closure -
(Desciibe 84 Ofe® & weld, bar, elc)
iI bex, pive dimensions ) - It boltes, describe or sketch'
9. MAWP 3565 kPeG 103 kPeG ot mex temp. 150°C 148°C Mindesign malal lemp {-)29°c o 3685 kPl
(niemal {Extemnal) (Intemal) {Extomal)
10. Impac) tast Remark-7 . - &l tost tomperelura of .
{invicate yos of e ang 1N COMPONBAL(S) MpECt (83led) .
11, Hydro, pneu,or comb. Tesl pressuro Remark-2 Proof test . . !
Hems 12 and 13 lo be complaled for lube seclions.
12. Tubesheel: SA518 Gr. 70N 381 mm S0 mm €,4 mm BOLTED
{Stelionary (Metsrial Spac. No.)) [Mameler (subjecl to prazsure)) ihom. Thickness) + {Corr. Allow.) {Allachnveni (welded or bolled)]
[Fioating (Msleriel Spec, o)) “{Diamatar) (Nom. Tricknoss) (Cor. Alloxr.) == {Allschmeny
13, Tubes: SA-179 i 18,05 mm 211 mm 51 U (Remerk - B)
(Malesial Spec. No., Grade of Type) (©.D.) Nom, Thickness) (Number) . IType (Straighl or U))
Hems 14-18incl. lo be compieled for inner chambers of jackeled vessels or channels of heal exchangers. :
4. Shell (8} No. of coursa(s) ONE . (b} Over all length 324 rm
Course(s) Malerial Thicknoss (mm) Long. Joini {Cat, A) Circum. Joint (Cal. AB& C). Heal Treaimeanl
No. | Dlamater (mm) Lenglh (mm} Spec./Grade or Type Nom |Cor | Type) Full, Spot, None EH. Typa Full, Spot, None Eff. | Temp. | Tima
L] 381 324 SA 518 GR 70N 14 a2 1 FULL 1.0 1 FULL 1.0 - Lo

e 5
L]
®u &



FORM U-2 {Back)

15, Heads: (a) SA 518 GR 70N {b) .
{K41 Spoc. Numbar.. Grade of Type) (H.T. - Time & Temp,) (alT Spac. Number.. Grado of Typs) (H.T. - Yima & Tomp)
lon Thickness {mm) Redius {mm) Sids lo Pregsura A
e Wt | cmamomgn et o oy
Min, Corr. Crown Knuckie Convex C Typo Full, Spol, Nons | EH.
(a) | Channel Hesd | 12.4 32 o - 4 . ’ B : . v . R R
If removable, balts vsed {destribe other asianing) N
{MatY Spac. No., Grade, size, No,)
16, MAWP  3585KkPal3 1003 kPaG ol max, lemp 150°C 148°C Min, design melat lemy {-)28°C al 3595 kPaG
(riesmaf) {Extemnan tinisrmaj Extomel)
17. Impact tesl Remark.7 ot les) (emperalure of
E i {ldlicale yes or no sad ihe componeni(s) knpact lasted)
18, Hydro, pneu, or comb. Tesl press. Remark-2 Proal lesl -
19, Nozzies, Inspection, and saloly vaive openings:
Purpose No, Olemeler or Siza|  Flange Type Material Nuzels ThicknossMMy | o o Melatal How Alteched . oeaian
{Inlet, Quliet, Orain, &ic.) Nezzlo Flange Nom. Corr. Nozzie Flange '
SHELL INLET (57) 1 DN 100 CL 300 LWNRF . SA105N | 222 32 - U':V 6.1 g” - | sHeLLBM
SHuw. OUTLET (52) 1 ON 100 CL 300 LWNRF - SA 108N 22 3.2 - '-’;:;:;_‘8@ . | SHELLTOP
CHANNEL INLET (T4) 1 ON 100 CL 300 LWNRF . SA10sN | 222 32’ . uwied ) | CHANNEL TOP
CHANNEL OUTLET(T2) i DN 100 CL 300 LWNRF - sA103N | 222 a2 - """"“::}1 - |cHanneELBTM
20 entifiaction of peris{s) .
Name of part Cuantity Lina No. Mirs Identilicalion No. Mir's Drawing No. CRN National Board No. | Yeer Bulll
SHELL ASSEMBLY 1 6,7,88.10,11,10.21 EXE-13531 13-3363A/8 (3 of 13) - - 2013
CHANNEL ASSEMELY 1 14,15,18,17,18,18 EXE-1358%/2 13-3353A/8 (3 of 13) - N * 2013
TUBE QUNDLE ASSEMBLY 1 1213 EXE-1353/3 13-3353A8 (8 & 7 0f 13) - . - 2013
21 WELDED YO SHELL
Supports: Skint NO Lugs - Legs - Others SADDLE Allach SUPPORT PAD
(Yes oriio) [ () . Doscribe) Where and how)
22  Ru. kS
1) DESIGN & DRAWINGS ARE NOT IN PATELS AIRTEMP{INDIA) LIMITED SCOPE.
2) ALL PARTS SUPPLIED WITHOUT HYDROTEST. '
3) N-NORMALIZED
4) TUBE TO TUBESHEET JOINT EXPANDED IN TWO GROCOVES. .
§) ALL OTHER PARTS WHICH ARE NOT SHOWN IN POR ARE SUPPLIED AS PER FORM U-4 SUPPLEMENTRY SHEET. .
6) CATEGORY-D JOINT, TYPE-7 NO RADIOGRAPHY,JOINT EFFICIENCY-NOT APPLICABLE. 7 -
7) WPACT TESTING EXEMPTED ON SHELL SIDE & TUBESIDE AS PER UG-20{IX1 to 5), TUBES EXEMPT ASPER UGCS-88(d).
8) U-BENDS & 152 mm OF STRAIGHT LENGTH HEAT TREATED AT 835°C FOR 1 HOUR.
CERTIFICATE OF SHOP COMPLIANCE
Wa carlify thel tha slalementis in liis repnn are cofrect and thal olt delalls of dasign, meleriel, consiruclion, and workmanship of this prassure
vassal part conform to the ASME BOILER AND PRESSURE VESSEL CODE, Saction VIII, Olvision 1. R
U Cartificale of Authorizelion Numbar, 33711 Exp}res December, 19 2014
bte OF 02-200l  neme PATELS AIRTEMP (NDIA) LIWTED snes EPIpl D7 HBHTEL
- wer) * (Reptasaniative)
CERTIFICATE DF SHOP INSPECTION ,
I, the undersigned, holding a valid commission ssued by llis Nelkunel Board of Bolier and P Voswml Insp and/or the Slate of Province )
of OHIO end empfoyed by LR INSURANCE INC of DELWARE
have Inspecied the pressune vessel described (n this Markl r's Oala Report on
and siale thet, {0 the best of my knowledge and belief, the Manufaclurer has constructed this pressure vessel part in accordance wilh
ASME BOILER AND PRESSURE VESSEL CODE, Section VIII, Division 1. By signing this ceriificale neither lhe Ingpector nor histher employer
makes any warranly, expressed or implied; conceming 1he prassure vessel pari described in this Manufaclurar's Data Reporl. Futhermore,
neilher the Inspector nor hisfher employer shal be liable in any man r anfiparsonal injury or properly damage or a loss of any kind arising
from or connecled with this inspeclion, .
Date' 3% ag - &l 11 Signed  TAPASH K GUHA Commissions NB 120047, OHIO 633

(Man Soand lnol. endorsemens, State, Province, vad No.)
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0& Jacobs Engineering Canada

Canadian Natural

Jacobs Contract No. CE4160
Client: CNRL — Kirby North phase 1 Kirby North Plant

Supplier’'s Document Review Sheet

Equipment Numbers Comments
104-E-135 JPI REV 2 - VERIFICATION
Review Status Codes Project / Req Title CNRL Kirby North Phase 1
/ 1 - Work May Proceed Supplier Exchanger Industries

2 - Revise and Resubmit: Work may  poc, Description ~ EXCHANGER - THERMAL SPECIFICATION

proceed subject to incorporation of

changes indicated SHEETS 13-3353

3 - Revise and Resubmit: DO NOT
Proceed with Manufacture

4 - STOP WORK per attached written
instructi
nstructions Vendor Document 13-3353 TDS
5 - Review Not Required: Work may No.
proceed .

Client Document

No VP088996-M200-00009

SUPPLIER PLEASE NOTE: Permission to proceed does not
constitute acceptance or approval of design details, calculations,
analyses, test methods or materials developed or selected by the

supplier and does not relieve supplier from full compliance with Purchase Order No. Doc Cat. Issue

contractual obligation

CE416040-CC088996-00 M200 1

BY:  SYED SHAH Categorles

DATE JUNE 13, 2013 Date Received 06/04/2013



. o o AN\ EXCHANGER bk 1 a2
0 17-Apr-13 ML ‘b INDUSTRIES
; 1 20-May-1: ML JobMo.  #13-3353
g SHELL & TUBE HEAT EXCHANGER SPECIFICATION SHEET RetersnceNo.  CE416040-CC0R8996-00
{S.L Units) Proposal No.  P128-13230
V3.00x Date  May 302013 1:56 PM
tamMNo. 104-E-135
Address
Jonklin, AB
Service of Unit SALES OIL TANK HEATER
Size 381 - 60968 T 1 1
Surface / Unit gross | 36.9 m Surface / Shell (eff) 36.6 m?
Fluld Allocation (In) SHELLSIDE (out) In TUBESIDE (out)
Fluid Name Sales Oil Glycol
Fluld Quanti' hr 56,485 10,627
Vs afthr
Liqu glhr 58,495 56 1 10,527
1 1hr
glhr
-fn{ 30.0 40.0 80.0 80.0
Density - I m 920.001 915.000 1038.800 1062.000
Viscosity - LI 230 000 118.000 1.411 2.743
Molecular Welaht - Lia / Vap
1.823 1.864 3.408 3.274
Thermal Conductivity - Lio / Vab Wim°C 0.143 0.140 0.337 0.345
Jika
Infet Preesure kPaa 313.0 243.1 1 1,245.4
Veloci m 0.59/0.89 Cross / Window 0.618 Maximum
Pressure Drop Allow/ Cale. kPa 70.000 §0.946 70.000 18.558
Fouling Resis 0.528 0.176
Heat Exchan Corrected 3792 °C
iervice (U Clean w
Shell DESIGN Tube N NI A A
Des! kPa 3,500.0 3,500.0
Des! | MDMT °c 150.0 -29.0 150.0 -29.0
Passes Per Shell / Vacuum 1 FV @ 148.0°C 4 FV @ 146.0°C MAY 3 0 2013
Corrosion Allowance mm 3.20 320
CONNECTIONS Intet 1-101.6 mm C300 RFLWN 1-101.6 mm C300 RFLWN
Size & Intermediate FOR COMSTRUCTION
Rating Outlet 1-101.6 mm C300 RFLWN 1-101.6 mm C300 RFLWN
MATERIALS OF CONSTRUCTION
mm mm m mm
Material SA-179 Seamieas
3810 mmiD B8-70 N Shell Cover N
SA-616-7T0N Channe! Cover N
SA-518-70 N Tubesheet -
- Tubesheet Joint Rolled 2 RG
- Cross 26 BA-38 Type SEGMENTAL 2127 mm Cut
Seal
- Tube 1 Full Support
Bypaes Seal Arrangemant Seal Rods Impingement Protection round plate
Expansion Joint Type
pV? kgl/s™m Infet Nozzle 4,073 Bundle Entrance 247 Exit 204
Gaskets: Shell Side 3165S Kemmprofile Code Requirements Shell ASME SecVIIIDiv1  Channel ASME Sec VIl Div 1
Tube Side 31655 Kammpruofile Inspection Shell RT1  Channel RT1
Fioating Head Heat Treatment U-Bends TEMA Class R
Welght kg Sheill 2,500 Filled with water 3,250 Bundle 820 Customer Spec Yes
(]
1. 104-E-135 and 104-E-136 are identical 67
1]
]
70
7
72
7
1l
78
76

VY0 3396 - M200 - 0 0009



oo o AN EXCHANGER e 2 o
0 17-Apr13 ML INDUSTRIES
1 30-May-13 JobNo.  #13-3353
SHELL & TUBE HEAT EXCHANGER SPECIFICATION SHEET Reference No.  CE416040-CC0889896-00
(imperia! Units) ProposalNo.  P128-13230
V3.00x Date  May 302013 1.56 PM
Customer Canadlan Natural Resources Limited c/o JACOBS ltemNo.  104-E-135
Address
AB
Service of Unit  SALES OIL TANK HEATER
Size 15-240 1
397.2 " Surface / Shell (ef 393.9 n
PERFORMANCE OF ONE UNIT
Fluid Allocetion In TUBE SIDE out
Fluid Name Sales Oil G
Fluid bihr 124,549 23,208
hr
Liqu 124 124,549 23,208 23,208
Steam / Water Ib/hr
b W
Temperature - in / Out °F 88.0 104.0 184.0 140.0
Density - Liq / ft 657.434 57.122 64.838 66.299
Viscosity - I 230.000 119.000 1.411 2743
Molacular Walaht - Lia / Vap
Spaeclfic Heat - Lla / Vabp BTU /Ib-°F 0.435 0.445 0.814 0.782
Thermal Conductivitv - Lla / Van BTU/ hrft-°F 0.082 0.081 0.194 0.108
Latent Heat ETU /b
8l a 45.40 35.25 183.33 160.64
Velocil [ B2 2.03 Maximum
Pressure Drop ( Allow / Calc. 181 10,153 10.145 10.153 2,682
Resistance 0.003 0.001
Heat Corrected
Service U Clean A4 BTU / hr-ft>-°F
shell  DESIGN Tube sepnovEa L. .OWA
Desl 607.6 Per Code §507.6 Per Code
Deslgn I °F 302.0 -20.2 302.0 -20.2
Passes Per Shell / Vacuum 1 FV @ 298.4°F 4 FV @ 298.4°F M AY 30 2013
In 0.1260 0.1280
CONNECTIONS Inlet 1 - 4 C300 RFLWN 1 - 4 C300RFLWN - N ]
cizs & ntermediate FOR CONSTRUCTION
Rating Outlet 1 - 4 (C300 RFLWN 1 - 4 C300RFLWN
0.75 in OD Min
Seamless Tube PLAIN
Shell Cover SA-516-70 N
Channel Cover SA-518-70N
Tubesheet - Tubesheet - Floating
Head Cover
26 SEGMENTAL 8.38 Cut 36.1%
Baffies - Seal Type
U-Bend 1 Full
Seal round
Joint Type
b/s*t [nlet Noxzle 737 Bundlie Entrance 168 Bundle Exit 137 APl
Gasketa: 65S Kammprofile Code Requirements ASME Chanrel ASME V1l Div 1
Tube Slde 316SS Kammprofile Inspection ShellRT1  Channel RT1
Heat
Neight 1b Shell 5512 Filled with water 185 1,808 Customer Spec
8¢
1.1 04-E-136 are identical 87
]
2]
n
n
7
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Canadian Natural

Jacobs Engineering Canada

Jacobs Contract No. CE4160

Client: CNRL — Kirby North phase 1 Kirby North Plant

Supplier's Document Review Sheet

Equipment Numbers

Comments

104-E-135, 104-E-136

JPI REV 2 - VERIFICATION

Review Status Codes

Project / Req Title

CNRL Kirby North Phase 1

1 - Work May Proceed

- K]
O

O
O
O

2 - Revise and Resubmit: Work may
proceed subject to incorporation of
changes indicated

3 - Revise and Resubmit: DO NOT
Proceed with Manufacture

4 - STOP WORK per attached written
instructions

5 - Review Not Required: Work may
proceed

Supplier

Exchanger Industries

Doc. Description

EXCHANGER - HTRI OUPUT SUMMARY -
13-3353

Vendor Document
No.

13-3353 HTRI RUN

Client Document

VP088996-M502-00001

Mar bl 200Yy

SUPPLIER PLEASE NOTE: Permission to proceed does not No'
constitute acceptance or approval of design details, calculations,
analyses, test methods or materials developed or selected by the
supplier and does not relieve supplier from full compliance with Purchase Order No. Doc Cat. Issue
contractual obligation,
CE416040-CC088996-00 | M502 1

: Categories M200
BY : SYED Stk g
DATE : Date Received 02/18/2014




Output Summary Page 1
Released to the following HTRI Member Company:
Exchanger Industries
Exchanaer Industries

Xist Ver. 6.00 SP3 18/04/2013 8:58 SN: 1500213483 Simo Unlts

#13-3353 104E-136+ 136 AN

Rating - Horizontal Multipass Flow TEMA BEU Shell With Sinale-Seamental Baffles

See Data Check Messages Report for Warning Messages.

See Runtime Message Report for Warning Messages.

Process Conditlons Cold Shellside Hot Tubeside

Fluid name Sales Qil Glycol

Flow rate (kg/hr) 56495.1 10527.0

Inlet/Outlet Y (WHt. frac vap.) 0.000 0.000 0.000 0.000

Inlet/Outlet T (Deg C) 30.00 40.00 90.00 60.00

Inlet P/Avg (kPa) 313.000 278.027 1264.00 1254.72

dP/Allow. (kPa) 69.946 70.000 18.558 70.000

Fouling (m2-K/W) 0.000528 0.000176

Exchanger Performance

Shell h (W/m2-K) (W/m2-K) 275.99

Tabe h {(W/m2-K) (W/m2-K) 210.80

Hot regime (-) (MegaWatts) 0.2910

Cold regime (=) (m2) 36.592

EMTD (Deq C) (%) 30.92

Shell Geometry Baffle Geometry

TEMA type (=) BEU  Baffie type (~) Singie-Seg.

Shell ID (mm) 381.001  Baffle cut (Pct Dia.) 36.10

Series (=) 1  Baffle orientation {--) Perpend.

Parallel (-) 1 Central spacing (mm) 212.725

Orientation (dea) 0.00 Crossbasses (=) 27

Tube Geometry Nozzles

Tube type (=) Plain  Shell inlet (mm) 101.800

Tube OD {mm) 19.050  Shell outlet (mm) 101.600

Length (m) 6.096 Inlet height (mm) 61.211

Pitch ratio {(~) 1.3333  OQutlet height (mm) 54.553

Layout {deg) 45  Tubeinlet {mm) 101.600

Tubecount -) 102 Tube outlet {mm) 101.600

Tube Pass (=) 4

Thermal Resistance, % Velocltles, m/s Flow Fractions

Shell 46.08 Shellside 0.55 A 0.003

Tube 3195 Tubeslde 0.62 B 0.707

Fouling 20.84 Crossflow 0.59 Cc 0.048

Metal 113 Window 0.59 E 0.054
F 0.188

ltem No.; 104-E-135

Ji\all_jobs\job2013\133353\Engineering\Thermai\13-3353 104-E-135.htri

VP 3899(0 - MS0 2 -6000l R |



HEAT EXCHANGER RATING DATA SHEET

(o8
BEU Orientation Honzontal In
36.90/36 59 m2 Shell/Unit 1 Surf/Shell
OF ONE UNIT
Shell Side
Fluid Name Sales Qil
Fiuid Quantity, Total ka/hr 56495 1
Vapor (In/Out wit% 0.0 0D
Liquid wt% 100.0 1000
Temperature (InfOut) C 3000 40 00
Density ka/m3 920 00 915 00
Viscosity mN-s/m2 230.00 119.00
Specific Heat kJ/kg-C 18220 18630
Thermal Conductivity W/m-C 01425 0.1402
Critical Pressure kPa
Inlet Pressure kPa 313.000
Velocity m/s 0.55
Pressure Drop. Allow/Calc kPa 70.000 60.948
Average Film Coefficient W/m2-K 598 95
Fouling Resistance (min) m2-K/W 0.000528
eat Exchanget sgaWatts MTD (C ar
ON OF ONE SHEL
Shell Side Tube Side
Design Pressure kPaG 3500.00 3500 00
Desian Temperature C 150 00 150.00
No Passes per Shell 1 4
Flow Direction Upward Downward
Connaections  In mm 1@ 101.600 1 @ 101.600
Size & Out mm 1@ 101 600 1 @ 101.600
Rating Lig. Out mm @ @
mm mm
Material
Shell ID 381 001 mm Kettle ID mm
Cross Baffle PERPEND SINGLE-SEG. %Cut 36.10
212725 mm Inlet 330.201

Rho-V2-Inlet Nozzle 4072.51 Shell Entrance  788.30
Bundle Entrance 2486.91

1676 24

Item No.: 104-E-135

31
20
11

Page 2

Simo Units
1 Parellel 1 Series
36.90 /36 59 m2
Tube Side
Glycol
10527 0
0.0 0.0
1000 100.0
80 00 60 00
1038.6 10620
1.4113 2 7430
34057 32720
0.3364 0 3450
1264 00
062
70 000 18 558
1109 28
0000176
Sketch (Bundle/M Jnentation)
m mm
Pairs 0
Passlane Seal Rod No 2
Plate Circular
No of 27
Shell Exit 73239
Bundle Exit 203 66
A
Tubeside 0 B 0 707
Crossflow 0 Cc 0048
Window E 0.054
F 0188

J:all_Jobs\job2013\133353\Engineering\Thermal13-3353 104-E-135.htri



Final Results Page 3
- Released to the following HTRI Member Company:
Exchanger Industries
Exchanger Industries
Xist Ver. 8 00 SP3 18/04/2013 8:58 SN: 1500213483 Simo Unlts
#13-3353 104E-135 F18 6 2\
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles
Process Data Cold Shellside Hot Tubeside
Flud name Sales Qil Glycol
Fluid condition Sens Liguid Sens Liquid
Total flow rate {kg/hr) 56495 1 10527 0
Weight fraction vapor, InfOut (-) 0 000 0.000 0.000 0000
Temperature, In/Out (Deg C) 3000 40 00 90.00 60.00
Temperature, Average/Skin (Deg C) 35.00 5279 75.00 61.09
Wall temperature, Min/Max (Deg C) 46 47 70.97 46.78 7168
Pressure, In/Average (kPa) 313000 278 027 1264.00 1254.72
Pressure drop, Total/Allowed (kPa) B9 946 70 000 18 558 70 000
Velocity, Mid/Max allow . (ms) 055 . 062
Mole fraction inert (=)
Average film coef {(W/m2-K) 598 95 1109.28
Heat transfer safety factor () 1.000 1000
Fouling resistance (m2-KW) 0.000528 0.000176
Overall Parformance Data
Qverall coef , Reqd/Clean/Actual {(Wim2-K) 21080 / 348.64 / 275.99
Heat duty, Calculated/Specified (MegaWatts) 02910 02925
Effective overall temperature dffference - (Deg C) 379
EMTD = (MTD) * (DELTA) * (F/G/H) . {Deg C) 3797 * 09985 * 1.0000
See Runtime Messages Report for B4
wamings. - ¥
Approximate shellside (L) 5037
tubeside 2175
Shell Construction Information
TEMA shell type BEU Shell ID (mm) 381 001
Shells Series " 1 Parallel 1 Total area {m2) 36.902
Passes Shell 1 Tube 4 Eff. area (m2/sheil) 36.592
Shell orientation angle (deg) 000
Impingement present Circular plate Impingement diameter/nozzie - 1.1
Pairs seal sirips 0 Passlane seal rods (mm) 19.050 No. 2

Shell expansion joint No
Weight estimation Wet/Dry/Bundle

Full support at U-Bend Yeos
23%69 / 16762 / 675.39 (kg/shell)

Baffle Information

Type Perpend. Single-Seg. Baffle cut (% dia) 36 10
Crosspasses/shellpass 27 No (PctArea) (mm)toCL
Central spacing - (mm) 212725 1 34 36 52 959
Inlet spacing (mm) 330 201 2 000 0000
Outlet spacing {mm) 346.076
Baffie thickness {mm) 4.763

Tube Information
Tube type : Plain Tubecount per shell 102
Length to tangent (m) 6 096 Pct tubes removed (both) 18 63
Effective length (m) 5994 Outside diameter . (mm) 19050
Total tubesheet (mm) 50800 Wall thickness > (mm) 2108
Area ratio (outin) 12842 Pitch (mm} 25.4001 Ratio 1.3333
Tube metal Carbon steel Tube pattemn (deg) : 45

{tem No.: 104-E-135 J:Aall_jobs\job2013\133353\Engineering\Thermal\13-3353 104-E-135.htri



- \ Final Results Page 4
: :-J,;-‘- _‘ Released to the following HTRI Member Company:
Rk Exchanger Industries
- Exchanger Industies
Xist Ver. 6.00 SP3 18/04/2013 8:58 SN: 1500213483 Simo Units
#13-3353 104E-135 & 13 6 4D
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles
Sheiiside Performance
Nom vel, X-flow/window 0.58/059
Flow fractions for heat transfer - 0775
A=0.0034 B=0.7069 C=0.0481 E=0.0538 F=01881
. Sheliside Heat Transfer Corrections
Total Beta Gamma End Fin
0.920 0.920 1 000 0.990 1000
: . Pressure Drops (Percent of Total)
- Cross Window Ends Nozzle Shell Tube
58.28 26.08 683 Inlet 466 037
MOMENTUM 000 Outlet " 418 023
Two-Phase Parameters
Method Inlet Center ~. Outlet Mix F
H. T. Parameters Shell ~ Tube
QOverall wall correction 1177 0.954
Midpoint Prandtl no. 2214.08 20.36
Midpoint - Reynolds no. 57 4615
Bundle inlet Reynolds no. 29 6791
Bundle outiet Reyrnolds no. - 54 3871
Fouling layer {mm)
Thermal Reslstance
Shell Tubse Fouling Metal Over Des
48 08 31.95 . 2084 113 3092
Total fouling resistance 7 545¢-4
Differential resistance 0.00112
Shell Nozzles . Liquid -
inlet at channel end-Yes Inlet Outlet Outlet -
Number at each position 1 ' 1 0
Diameter {mm) 101.600 101.600
Velocity {m/s) 210 212
Pressure drop (kPa) 3.259 2907
Height under nozzle {(mm) 61211 54,553
Nozzle R-V-SQ (kg/m-s2) 4072 51 4094 77
Shell ent. (kg/m-s2) 788 30 732.39
inlet Outlet . Liquid
Tube Nozzle RADIAL RADIAL . Outlet
Diameter : {mm) 101.600 101.600 .
Velacity {m/s) 035 0.34
Pressure drop {kPa) 0.069 0043
Nozzle R-V-8Q (kg/m-s2) 12525 . 12249
Annular Distributor Inlet Outist
Length {mm)
Height {mm)
Slot area (mm2)
: Diametral Clearances (mm) 2,
Baffle-to-shell Bundle-to-shell - Tube-to-baffle
31750 22 3293 07938

Item No.: 104-E-135

J:\all_jobs\job2013\133353\Engineering\Thermal\13-3353 104-E-135.htri




N Released to the following HTRI Member Company:
Exchanger Indusfries
Exchanaer Industries
Ver 6 00 SP3 1 1500213483
33353 1046135 413 ¢ A\
- Horizontal Flow TEMA BEU Shell With Baffles
Shellside condition Sens Liquid (Level 2 3)
Axial stress loading {(MPa) . 0000 Added mass factor
Beta C 4217
Position In The Bundle Inlet Center
Length for natural frequency (m) 0 543 0425
Length/TEMA maximum span (-) 0.356 0279
Number of spans (=) 14 14
Tube natural frequency (Hz) 21138 2114
Shell acoustic frequency (Hz)
Flow Velocities Inlet Center
Window parallel velocity (m/s) 058 058
Bundle crossflow velocity (m/s) 026 041
Bundle/shell velocity {m/s) 011 018
Fluidelastic Instability Check Inlet Center
Log decrement HTRI 0100 0100
Critical velocity {m/s) 1159 18.90
Baifle tip cross veiocity ratio (=) 0 0290 0 0284
Average crossflow velocity ratio (-) 0 0299 00292
Acoustic Vibration Check Inlet Center
Vortex shedding ratio . - =)
Chen number R )
Turbulent buffeting ratio (=)
Tube Vibration Check Inlet Center
Vortex shedding ratio - 0.039 0.062
Parallel flow amplitude (mm) 0.000 0.000
Crossflow amplitude (mm) 0.001 0.001
Tube gap (mm) 6.350 6.350
Crossflow RHO-V-SQ (kg/m-s2) 110 16 278.55
. Bundle Entrance/Exit
(analysis at first tube row) Entrance
Fluidelastic instability ratio N {-) - 0.017
Vortex shedding ratio -) 0078
Crossflow amplitude {mm) 000045
Crossfiow velocity (m/s) 052
Tubeshest to inlet/outlet support {rmm) None
Parameters Entrance
Impingement plate Yes
Flow area (m2) 0018
(m/s) 093
788 30
Shell type type
type Plain Baffle layout
Pitch ratio ~ . 1.3333 Tube diameter, (mm)
Layout angle 45 Tube material
Number U-Bend

+ Frequency ratios are based upon lowest n

Item No.: 104-E-135

Vibration Analysis

Program Messages -
atural or acoustio frequency
ltems with asterisk exceed a conservative lower limit for vibration-free design Review your case
using the procedure described in Online Help; You may find that a vibration problem is unlikely

Jiall_jobs\job2013\133353\Engineering\Thermal\13-3353 104-E-135.htri

Page 6

Simo Units

1394

Outlet
0559
0 367
14
2085 +

Outlet
059
025
011
Outlet
: 0090

1042
0.0310
00319
Outlet

Outlet
0038
0 000
0001
6 350
100 84

Exit
0017
0071

000045

047
None

Exit

0019

089
732.39
Single-Seg
Perpend

. 19 050

Carbon steel



Input Reprint Page 7
Released to the following HTRI Member Company:
Exchanger Industries
Exchanger Industries
Xist Ver 6 00 SP3 18/04/2013 8:58 SN: 1500213483 Simo Units

#13-3353 104-E-135 + 136 A
Ratina - Horizontal Multinass Flow TEMA BEU Shell With Sinale-Seamental Baffles

Shell Data
Service type Generic Shell and Tube
TEMA type BEU
Run mode Rating
Hot fluid location Tubeside
Number of shells in series 1
Number of shells in parallel 1
Shell inside diameter 381 001 mm
Flow in 1st tubepass Cocurrent
Train flow direction Countercurrent
Reboller Data
Reboiler type No piping specified
Inlet pressure location Inlet nozzle
Tube Data
Tube type Plain
Tube outside diameter 19.050 mm
Tube wall thickness 2108 mm .
Tube pitch 25 400 mm
Tube pitch ratio 1333
Tubepasses per shell 4
Tube pattemn 45 degrees
Number of tubes per shell 102
Tube count method Rigorous
Tube length 6096 m
Tube material Carbon steel
Tubepass Arrangement Data
Parallel/vertical passlane width 16.871 mm
Perpendicular/horizontal passlane width 16.871 mm
Force symmaetric layout No
Foree cleaning lanes Yes
Tubepass layout Quadrant
First tubepass location Top left
Tubes to remaove for tie rods None
Yes
. No
Baffle Data
Baffle type - Single segmental
Baffle orientation Perpendicular
Baffle cut percent 36.1 % shell ID
Number of crosspasses 27
Central beffie spacing 212.725 mm
inlet baffle spacing 330.201 mm
Variable baffle spacing No
Distance from tangent to last baffle . 50.860 mm
Window cut from baffles No

13-3353 104-E-135.htri



Input Reprint . - Page 8
Released to the following HTRI Member Company:
Exchanger Industries
Exchanger Industries

Xist Ver. 6 00 SP3 18/04/2013 8:58 SN: 1500213483 Simo Units
#13-3353 104E-135 +136 A

Rating - Honzontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles

Clearance Data

Number of seal strip pairs None
Baffle clearance type TEMA
Block A stream - No
Block E stream No
Block F stream No
Number of passlane seal rods Calculated
Bundie to shell clearance ° 22 329 mm
Height under nozzle 61211 mm
Height under nozzle 54 553 mm
Nozzle Data

Shellside inlet ID 101.600 mm
Number of shellside inlet nozzles 1
Shallside outlet ID 101.600 mm
Number of shellside outlet nazzles -1
Tubeside inlet ID 101.600 mm
Number of tubeside inlet nozzles 1
Tubeside outlet ID 101.600 mm
Number of tubeside outlet nozzles 1
Radial position on shell inlet nozzle Bottom
Longitudinal position on shell of inlet nozzle At front head
Radial position on shell outlet nozzle Opposite side
Lacation of nozzle at U-bend Before U-bend
Tubeside entry type Radial
Tubeside inlet position Front head
Tubeside exit type Same as inlet
Front head location Left
Impingement Data -

Impingement device present Yes
Impingement type ) Circular plate
Optlional Geometry Data

Small exchanger No
Total tubesheet thickness 50 800 mm
Tubesheet type Single
Shell expansion joint - - No
Floating head support type - None

Full support at U-Bend Full support
Insulated longitudinal baffle . - No
Tubeside design temperature 150.00 C
Tubeside design pressure 3500.00 kPaG
Shellside design temperature 160.00 C
Sheliside design pressure 3500.00 kPaG

ltem No.: 104-E-135

J:all_jobsyjob2013\133353\Engineering\Thermal\13-3353 104-E-135.htri



Input Reprint Page 9
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Exchanger Industries
Exchanger Industries
Xist Ver. 6 00 SP3 18/04/2013 8:58 SN: 1500213483 Simo Units

#13-3353 104-E-135 + 13 6 /N

Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Seamental Baffles

Process Conditions Data

Phase condition

Flow rate

Inlet vapor fraction
Outlet vapor fraction
Inlet temperature .
Outlet temperature

Inlet pressure

Allowable pressure drop
Exchanger duty

Duty multiplier

Process Fouling Data
Fouling resistance

Hot Fluid Property Data

Fluid name

Physical property method

Heat release method

Flash type

Quantity units

Temperature interpolation option
Number of components
Property package -

Hot Fluid Component Data

Component number
Component name
Comp bank name
Component bank
Component code
Component phase
Component quantity
Liquid Properties
Reference temperature, C
Density, kg/m3
Viscosity, mN-s/m2
Thermal conductivity, W/m-C
Heat capacity. kJ/kg-C

Cold Fluid Property Data

Fluid name
Physical property method
Heat release method

Flash type
Quantity units

Temperature interpolation option

Heat release fype

Hot Fiuld

Sensible liquid
10527 0

0

0

90.00

60.00

1264.00

70 000

Hot Fluid
1761e-4

Cold Fluid
Sensible liquid
56495 0 kg/hr
o
0
3000 C
4000 C
313 000 kPa
70 000 kPa
02925 MegaWatts
1

Cold Fluid
5 283e-4 m2-K/W

Glycol

Component by component properties

Program calculated

Integral

Moles

Program

1

HTRI
T 1
[New User-Defined]
<User-Definod>
HTRI
-1
Liquid
1
90.00 60.00
1038.60 1062.00
14113 27430
0 3364 0 3450
3.4057 32720

: - Sales Oil

- Bulk properties via grid

User specified via TP grid

Integral

Meles

. : * Program

. - Specific enthalpy

104-E-135.htri



Input Reprint Page 10
Released to the following HTRI Member Company:
Exchanger Industries
Exchanger Industries
Xist Ver 6 00 SP3 18/04/2013 8:58 SN: 1500213483 Simo Units

#13-3353 104-E-135 t+ 134 VO
Rating - Horizontal Multipass Flow TEMA BEU Shell With Sinale-Seamental Baffles
Cold Fluid Physical Property Data

Pressure 313 000 kPa
Vapor Liquid
Mass Liquid Dynamic Thermal Heat
Temp Enthalpy Fraction Density Viscosity Cond Capacity
o] mN-s/m2  W/m-C
920.000 230000 01425 18220

3500 -
4000 - - 915.000 119.000 0.1402 18630

Control Name Data

Case name #13-3353 104-E-135
[tem Number . 104-E-135
Reference Number CE416040-CC088396-00
Proposal Number : P12S8-13230
Service SALES OIL TANK HEATER
Customer Canadian Natural Resources Limited c/o JACOBS
Plant . Kirby North Phase 1. Conklin, AB

Control Methods Data

Shellside friction factor method Commercial
Tubeside friction factor method Commercial
Pure longitudinal flow - No
Pure component condensation No
Condensing correlation HTRI Proration
Mole fraction inerts 0
Momentum exclusion 0%
Pure component boiling - No
Check film boiling Yes
Nugcleate boiling method Physical property/theoretical boiling range
Component boiling method Nucleate and convective

Control Safety Data -

Cold fluid/shellside film coefficient multiplier 1
Hot fluid/tubeside film coefficient multiplier 1

Control User-Defined Methods Data

Add non-nucleate boiling - Yes
Control Vibration Data

Damping factor method =~ - HTRI Method
Include inlet vibration support No
Include outlet vibration support No

item No.: 104-E-135 J:\ali_jobs\job20131133353\Engineering\Thermai\13-3353 104-E-135.htr
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EXCHANGER

INDUSTRIES

A Division of Premetalco Inc.

HYDROSTATIC TEST REPORT

CUSTOMER: CANADIAN  NATURRL.  Resouvreses L.
OWNER: CANADEN  NATLURAL.  ReEscouRcps LD,
ITEM NO.: io—- E - |35
JOB NO.: [3-3352 A

SHELL SIDE DESIGN PRESSURE: 3585 KPAG.( 520 ES})
SHELL SIDE HYDROSTATIC TEST PRESSURE glst kARG (892 Pt G\)

edx 50,272
HYDRO WITNESSED BY: a 3
EXCHANGER INDUSTRIES:
CUSTOMER:
TUBE SIDE DESIGN PRESSURE: 3585 keaG (520 Ps\@)

TUBE SIDE HYDROSTATIC TEST PRESSURE: 5599 KPAG (512 Pslg)
HYDRO WITNESSED BY: Gzae = 33,34

EXCHANGER INDUSTRIES: @P&& DATE: ApM/ I, 201t
CUSTOMER: __7@_ DATE: /)-0</~20/%/

A Member of the AMC Group
5505 52nd Street SE, Calgary, Alberta TEC 2W8
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Pressure Gauge Calibration Report ?E’Eﬁ? INGHORM

Customer Exchanger Ind
Calibration
Date 11-Oct-13
Device Type  Pressure Gauge Instrument Range 0-2000
Make WIKA Units PSI
Serial Number 50
Input Output As Found As Left
0% 0% 0 0
25% 25% 500 500
50% 50% 1000 1000
75% 75% 1500 1500
100% 100% 2000 - 2000
Remarks:
Calibrated Using NIST Traceable Test Equipment
Test Gauge Asset Number K3172
Test Gauge Serial Number 545712
Test Medium  Hydraulic Fluid
Calibratedby  Brett Trockstad Date  11-Oct-13

Signa’cure5 ?%



i i F== PRONGHCORN
Pressure Gauge Calibration Report a =) PRONGHOF
Customer Exchanger Ind
Calibration
Date 10-Oct-13
Device Type  Pressure Gauge Instrument Range 0-2000
Make WIKA Units PSI
Serial Number 223
input Output As Found  As Left
0% T 0% -5 0
25% 25% 500 500
50% 50% 1000 1000
75% 75% 1500 1500
100% 100% 2000 2000
Remarks:
Calibrated Using NIST Traceable Test Equipment
Test Gauge Asset Number K3172
Test Gauge Serial Number 545712
Test Medium  Hydraulic Fluid
Calibrated by  Brett Trockstad Date  10-Oct-13

Sighature ?z" % ;



Pressure Gauge Calibration Report p: PRONBHORN

Customer Exchanger Ind

Calibration
Date 4-Dec-13
Device Type . Pressure Gauge Instrument Range 0-1500
Make Nuova Fima Units PSI
Serial Number 33
Input Output As Found  As Left
0% (0} 0% 40 0
25% 375 ° 4l 25% 375 375
50% 750 50% 750 750
75% 1125 75% - 1125 1125
100% 1500 100% 1500 1500
Remarks: Calibrated to within 1% of span
Calibrated Using NIST Traceable Test Equipment
Test Gauge Asset Number K3172
Test Gauge Serial Number 545712
Test Medium  Hydraulic Fluid
Calibrated by  Brett Trockstad Date 4-Dec-13

Signatuw



Pressure Gauge Calibration Report a@&ﬁﬁmm—mm

CONTROLE
Customer Exchanger Ind
Calibration
Date 4-Dec-13
Device Type  Pressure Gauge Instrument Range 0-1500
Make Nuova Fima Units PSI
Serial Number 34
Input ‘ Output As Found  As Left
0% 0 , 0% 0 0
25% 375 ' 25% 375 375
50% 750. 50% 750 . 750
75% 1125 75% 1125 1125
100% 1500 100% 1500 1500
Remarks: Calibrated to within 1% of span
Calibrated Using NIST Traceable Test Equipment
Test Gauge Asset Number K3172
Test Gauge Serial Number 545712
Test Medium  Hydraulic Fluid
Calibrated by  Brett Trockstad Date 4-Dec-13

SignatuW
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EXCHANGER

INDUSTRIES

A Division of Premetalco Inc.

HYDROSTATIC TEST REPORT
CUSTOMER: CANADIAN  NATORRL.  RescurRees LD,
OWNER: CANADAN  NATURAL  ReEscuwRcps LD,
ITEM NO.; lo4- E - 134
JOB NO.: 13-335% 3
SHELL SIDE DESIGN PRESSURE: 3585 KPAG.(( 520 ESQ
SHELL SIDE HYDROSTATIC TEST %ESSURE: 1 . 8 \ )
ause 1

HYDRO WITNESSED BY: ﬂ ¥ 47,%5

EXCHANGER INDUSTRIES: _éw& DATE: A?w\ \o+20\'-\
CUSTOMER: Mg DATE: /2 -0 -8/

3585 kG (520 Psi@)

TUBE SIDE HYDROSTATIC TEST PRESSURE: 5599 KPAG (%12 PS!G)
HYDRO WITNESSED BY: 6‘:&& - 28,265

EXCHANGER INDUSTRIES: @fﬁ% DATE: Apes] |1, 201y
CUSTOMER: M@ DATE: /0-o/-Jo/s/

TUBE SIDE DESIGN PRESSURE:

A Member of the AMC Group
5505 52nd Street SE, Calgary, Alberta T2C 2ws
Telephone (403) 236-0166 Fax (403) 279-8242 ~Website: www.exchanaerindustries.aom



Pressure Gauge Calibration Report

=

Customer Exchanger Ind
Calibration
Date 11-Oct-13
Device Type  Pressure Gauge Instrument Range 0-2000
Make WIKA Units PSI
Serial Number 47
Input Output As Found  As Left
0% 0% 10 0, 00
25% 25% 500 500
50% 50% 1000 1000
75% ; 1 75% 1500 1500
100% v 2000 o 100% 2000 2000
Remarks:
Calibrated Using NIST Traceable Test Equipment
Test Gauge Asset Number K3172
545712

Test Gauge Serial Number

— Test Medium  Hydraulic Fluid

Calibrated by  Brett Trockstad

Signay%

Date

11-Oct-13

PRONGHORN
CONTROLS




Pressure Gauge Calibration Report

MEHIRN

— Vit
Pc ns NTRQLE
Customer Exchanger Ind
Calibration
Date 23-Oct-13
Device Type  Pressure Gauge Instrument Range 0-2000
Make WIKA Units PSI
Serial Number 265
Input 7 Qutput As Found As Left
0% 0 U 0% 20 0
25% = A 50D U 1 25% 510 500
50% '1000 50% 1010 1000
75% 1500 ] 75% 1510 1500
100% 2000 100% 2010 2000
Remarks:
Calibrated Using NIST Traceable Test Equipment
Test Gauge Asset Number K3172
Test Gauge Serial Number 545712
Test Medium . Hydraulic Fluid
Calibrated by  Brett Trockstad Date  23-Oct-13

SignaturW
(8 .



Pressure Gauge Calibration Report

PRONGHORM
p: CONTROLS

Customer Exchanger Ind
Calibration
Date 9-Dec-13
Device Type  Pressure Gauge Instrument Range 0-1500
Make Nuova Fima Units PS!
Serial Number 28
Input Output As Found Asieft
0% 0 0% 5 0%
25% 375, 25% 375 375
50% 750 50% 750 750
75% 1125 75% 1125 1125
100% 1500 100% 1500 1500
Remarks: Calibrated to within 1% of span

Calibrated Using NIST Traceable Test Equipment

Test Gauge Asset Number
Test Gauge Serial Number
Test Medium

Calibrated by  Brett Trockstad

K3172

545712

Hydraulic Fluid

Date

Signature : Zﬁf% /

9-Dec-13
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Drinking Water Quality Summary
Glenmore Water Treatment Plant
January 01 - December 31,2012

CITY OF CALGARY WATER CONCENTRATION

‘ MAXIMiM . L
UNITS - ACCEPTABLE g RANGE
Wm

s CONCENTRATIOI_\'S:I: w&
Aldicarb - | met [ T o0me . 7 | NotTested Not Tested .
\ldrin 8 Dieldrin / malL ] . 0.0007 - - [ M
Ikaiinity l mg/L as CaCO, I No Gundelmes [ 133- 180 / . 109- :1 6. _
Jurninum . [ mg/L [ S50, f 0.005—1.829 . o.o;;a;;.o."177“-'
mmonium ,' mg/L as N ! Nn Guidelines - : ,' <0.i0 R ~— '
Antimony * - ’ mg/L ! . 0.006 ° . I <0.0005 ’ —= —Foms —
Arsenic - [ met | opw. [ 0000500010 | mppror | <on00s
Atrazine + melabomes i mo/L ! $0005 ¢ - ’ <0.0017 ~\<[)0017\
AZinphos - melhyl } mg/L I '002 . I <0001 _\moﬁ“
Barium. [ mot ], | 00830~ 0.1089 | ogses-dgrm,
Bend!ocarb - ] mgiL I . 004 I Not Tested o ‘NolTes:ed
Berzene: .. S omet s T | <o <0000
Benzo(z)oyrene mg/L I ", 0.00001 _ ! <0.00001 [ ?’0:06061
;Emm S __~.~ I ‘,L mg/L I No Gwdelmes ’ <0.0005 ,.' <00005
!El{cé_fbbﬁale- o - | molL as CaCo; | No Guidelines .~ [ 133- 180 [ “09- 3';'6"
fgoron . I T | mgr [ s0 . | 00050010 " | . .0.006= oo1o
samm‘a'le' o ! mgiL I 0.01 I Not Tesled | i 01=0:0
fBromorynil ] men [ ooosqy - | <0.0002 | T
fcadmiin | mot |7 Gt | <oomr oo <0.0001 - <0.0005 -
,C?JCi'l_J:l'n,"'. I mg/L } No Guadelmest"“ [ 46-71 T T
ﬁbafyl R I mg/L I 0,09 I
gc.?-i.b'?-furan_ | I ~ 1 0,08 ] Not Tested
g_c;arﬁon_a!.l'e_. . I mo/L as CaCO, I "No Gutdehnes_l
fCarbon Tetrachioride N T T . <0002,
Cesiom - 137 S T T R
Chlordane ~ | | met | N Gwdellnes | <0.00005 \W
hloramine : f ml | I3 ] Nol Tested s
Horide | m | o { 2W
Chiorine, free ' | mot | No Guidelines | NOMTT
Chiompyrifos ' | moL ] 008 | <0-001\§7 0001 ]
Erromiom e 005 | <00005-00034 |~ <0008 - 5.5078
E?Eau | men | No Guidelines. | <00005- 00005 [ <ooos
i

Al plant effluent

t Monitored Monthiy
b Hegith Canada, August 2012. Guidelines for Canadian Drir,

Interim health-based guidetine
Aesthetic Objective

king Waler Quality

A

A
o] Qperational Guidance Value
2] Proposed Guideline

UR/SR  Under Review or Scheduled for Review

Updated: April 2013
Page1of5



Drinking Water Quality Summary

Glenmore Water Treatment Plant
January 01 - December 31, 2012

o o 0y =T
f MAXIMUM CITY OF CALGARY WATER COMCENTF«AT!W{
PARAMETER UNITS ACCEPTABLE T RANGE
CONCENTRATIONS | fitrezated Waler ! " Treated Waler
. - ' _ — Raw) i Finished) *
ECoilforms, E.coli ! MPN/100mL I - 0 I <1-~570.4 ,’ <1
£Colforms, Tota! | mPNrtoomL | 0 | <1->2¢108 T4
Jcolor [ Tou | csise | 2-22 ', o
ﬂConduclivity &l 25°C ! uSkem | . No Guidelines . l 324-505 | 3651
P T " P - -
gc_cp;e.r | mei | . . s10() . | 00013 00085 | <0.0005-0.0028
H_Crypldsporidium ,’ oocysts/100L I No Guidélines . ’ <1-364 Not Tesied :
ﬂCYanazine . | mon | 0.01°(1) | <0001 | PPy ORI ;
foyanide . - - | mgt [ 02 | <0.002 [ <o
Cyanobacterial toxins — microcystin - N e L
IR . - ‘ . mglL 0.0015. <0.00022 - 0.0002¢ f 0.00038- 0.00048
El_r)'iéz'inon‘ | mg/L I Co002 ] <0.001 ’ .'<0-'00 T
Dicaritia _ | met | oda - N 00002 | oomor
1:2-Dichlorobenzene I mglL ! 02 [ <0.0005 i QOB(.)O“S T
1,4-Dichiorobenzene I mglL ! '0.005 ! <0.0005 ] <00005 .
2,4-DDT. ’ ma/L f No Guidelines *. ’ <0.00005 f <0 06005“
4,400T | mgt | NoGuidelines | 000005 | ooo0es
1,1 —Diéhilordelhylene' I 'mg/L J .0.014 { <0.001 [ - -<O:66 1
1,2-Dichloroethane [ mgL i 0.005 i) , <0001 R
Dichloromethane f mglL ] 005 I <0.005 ] v
Eg,d-Dichloroph'efuo! | moiL ! 0.9 | <0.001 <6;b}) T -
EZ}ATD ' [ mar [0 oy f <0.0002 [ 00003
EDiélo'fop-me!hyl N l mg/L l 10009 I <0.00005 '
EEnﬁethnate I mg/L I 0.02 (1) ’ <0.001 - <0001
ED_i_nc_l'séb ‘ I mgiL [ 0.01 l <0.0002 l "<:0.'0602-
EDiquat | moL f 007 .. ? Not Tested [ Na Tetted
Diuron [ mg/L I 0.15 f <0001 ,T <0.001 B
fEndn | mgL | NoGuidelnes | <0.00005 <0.00005 .
,Eth)'/lbenzene [ mg/L ’ £0.0024 (A) [ <0.0005 00005 .
EE;tractable Hydrocarbons I my/L T No Guidefines - ‘ <0.01 "<0.01
L) _‘_\
fFluoride [ ma ] 15 | o21-034 | 0.16-0.30
fGiardie | _eysisooL | No Guidelines | 16-638 | Noitestsg
ﬁGlypﬁosate f mgll I ' 0.28()) ’ <0.005 f <0005
EHardness l mg/L as CaCO, I No Guidelines { 170- 257 ’ 176- 260
: At plant effluent
+ Monitored Monthly
b Hezlth Canacia, August 2012. M%me%
I Interim health-based guideline
A Aesthetic Objective
e} Crperslional Guidance Value
p Proposed Guideline
UR/SR  Under Review or Scheduled for Review
Pags 2of 5

Updaied: April 2013



Drinking Water Quality Summary
Glenmore Water Treatment Plant :
January 01 - December 31, 2012

;j fanses N ’l py—— Brv OF CALGARY Rﬁz@ﬁ‘ﬁfﬁﬁfﬁ&’? ]
JPARAMETER | unis 'coﬁggﬁgﬁ'gfwti Untreated Water ,i' cm
b | ! | __(Raw) | {Finished) *
gfptacnlor + heplachiorepoxide ' f mo/L { Mo Guidelines f <0.00007 ,'T <(.00007
EHe(erolmphic Fiate Couni ] CFUMmL ! No Cuidelines I <1- 5200 .T <1 -26
llogine - 121 1 e | .6, I <0.1 [ a2 |
firon 1 met [ asw | <coso-108a | <00%- <00

b cad ] men | o | <0.0005 ~0.0017 | <ooo0s
Yindane [ me | Mo Guidelines | <0.00005 | <000005 |
Witiom | mgh | NoGuidelnes .| 0.0031— 00057 | 0.0026-0.0055
EMaépg_sium I mg/L ! : ,'No"Gbiﬂél_lﬁe'S ! 12-19 ’ i2-20
PMaiathion T 09 L | <0.001 I 0001

| r— I mot [ =005y | 0.0014—0.0554 | <0.0005-0.0027
ey T T R
Beihoxyenior” - T R T I T
Wethyl paraihion : J mol | “NoGuideiines | <0.001 ! <0.001
g;etolachlor T L mg/L ’ . 0.05() f <0.001 |' - <0.001
EMelr.‘buzin o —,’ mg/l. { 008 - I <0.001 , B <0.001

gMirék ' . ! mgiL ,’ No Guidelines } <0.00005 f—“ <0.00005 |
AMolybadenum | mgL | NoGiideliies | 0.0%5_0.0009 | 0.0005-0.0010
gMondchibrobenzene I mgil { 008 ’ <0.0005 00005 |
ickel [ moL | UR/SR | 0.0007-0.0024 ‘ <0.0005- 0.0014 |
iirate | morasn [ 100, - | ooos—ore | o0o008-0.18
e | molLesN [ 10 | <0.0044 | <0.0044
frra” T o4 | <0.20 [ am

EOdoU{ - ’ Scale = 0-12 I " Inoffensive ’ <1-7 ! 7-10
gﬁa;aqllal J maiL , .001() l Not Tesled f Not Tested
ﬂpa!agy,}on | mon I 005 - l <0.001 , <0.001
EPentachlorophenol I mg/L ’ 0,06 ’ <0.001 ,l <0.001
gPes(iddes. total , mg/L f No Guidelines } <0.005 ;' <0.005

o | eHuits | 65-85( |  s0-8s | 72080 ]
| | met | 0.002 f <0.001 | <0.001

[ —— | mot | NoGuideies | 0004—0012 | <0001-003¢ ]
EPh.thelate Eslers t mo/L ’ No Guidelines l <0.01 { <0.01 ]
Erpl.cm - - J mgl | 0.19 (1) | <0.0002 | <0.0002

» At plant effluent
i Menitored Monthly
Health Canadz. August 2012, Cuidelines for Canadizn Drinkino 'a(er_(.)ui'ilusmnmé\r.,-,-ab,ei

3 Iriterim health-based guideline
Aesthelic Objective
Operational Guidance Vealue

0
P Proposed Guidsline
URSR . Under Review or Scheduled for Review

Updated: April 2013
Page 3of 5



Orinking Water Quality Summary
Clenmore Water Treatment Plant
January 01 - December 31, 2012

: : | maxwium [TV OF CALGARY WATER CONCENT RaTion]
PARAMETER l UNITS | ACCEPTABLE 7 . _RANGE
' |CONCENTRATIONSE| Unirealed Water T Treated Water
. {l | _ i (Raw) ! (Finished) *
FPotassiim j mgiL l No Guidelines "0.84—14 ’ 0.81—14
i i iy . T
g(iil\)':':)ycnc Arornatic Hydrocarbans f mgiL I No Guidelines ’ <0.01 ", 001
[Radium - 226 | Bat ] 05 . | 00080009 | <0008 o0
ﬁ?aaiur_n .228 | Bt | NoGuidetines | w07 T ws
ERad"on -222 i Bait | NoGuidefines | <2 | <
" . Szturation Index I [ i N
%elqranon Index ] Units ’ No Guidelines Not Tested i Not Tested
iSetenium - [ ma/L ' 0.01 } <0.0005-0.0009 |  <0.0005-0.00i2
Silica . : ! mg/L I No Guidelines I 3.4-50 | 3.2-48
Siver | mgL | NoGuidéines | <0.001 | <0.001
Si_r.rj_?.zine ! mg/L I .0.-91 - ’ <0.001 I <0.001
Scdium T Y I T
Strontium L mg/L ' No Ci_:ideliﬁes ' 0.2608 — 0.4971 | 0.2542-04817
‘S_!'ronlldm 90 } Ba/L i .5 N Not Tested ,’ - Mot Tested
Sulphate [ mgr | w00y | 27-72 | 40 81
Sulphide | mo/L as H,S I 005(), | <0.04 | <0.04
T | et tm I \ i
asie , mg/l. | InoffensiveiA) | 7 ,’ Not Tested
Temperature I °c [ 215 (A) ,{ 1.9-21 { 1.5-20
Terbufos ] mg/L l 0.001() ! <0.0006 | <0.0006
Tetrachloroethylene I mo/L l . 008 v J <0.001 |' <0.001
2,3,4_!6,7Tetrachlbmpheno_l l ma/L L .04 : f <0.001 [ <0.001
Thallium | mot | - NoGuidelines | <0.0005 | <0.0005
. | mgL | NoGuidelines <0.0005 { <0.0005
Titaniom - - | mgt | NoGuideiines . | <0.0005-0.043 | <0.0005-0.0008
TKN i mgiL l:' No Guidelines. I <0.07-0.28 | <0.07 - 0.24
Toluene [ mgl | s0024A) | <0.0005 ;’ <0.0005
Totel Dissolved Soiids | mor | <500 - | 202-208 | 215209
Total Haloacetic Acids | met | 0.08 | <0.0023 | 0.008-0036
Total Organic Carben j mg/L ’ No Guidelines I 0.7-58 ’ 06-23
Triallate I mg/t I No Guidelnes | <0.001 | <0.001 Q
;s o0 1
' At plant effluent
i Monrtored hionthiy
i Health Canade, August 2012, Guidelings for Canadian Drinking Wazeg_oﬂzrswmm_ﬁ
| Interim hezith-besed guideline
A Aesthelic Objedtive
0 Operelicnal Guidance Veiue
=} Propased Guideline
UR/ER  Under Review or Scheduled fer Review
Fage doi 5

Updated: April 2013
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CALGARY

Drinking Water Quality Suminary
Glenmore Water Treatment Plant
January 0 - December 31, 2012

SR R B R F ) R S M T Y S e eyor e
| ] ! MAXiMUM | CTY OF CALGARY WATER COMNCENTRATION
HPARAMETER | umrs | accepraBLE ,_Tn Tern T NG
f ’ ! CONCENTRATIONS? | v ] f;;::;i :'c/’a*ff

: { . , . (Finished) * ¢
Trichlcroethylene l mg/L ! 0.005 I <0.001 [ <0.001
}2,4.8-Trichioroghenel ! mo/l 'l 0.005 | <0.001 ,l :r_‘.,om. T
2,4.5T | mgl | NoGuidelines | <0. co“oz__'T‘— <0.0002
55 eroenenaxyprotionic Acid (2,4,5- L mglL {J No gui&em.wes | <oome | <0.0002
Trifluiralin ! mgfL | 0.045 (1) I <0.001 i <0001 |
Tq!élTrihaismethanes( TTHMs) I mg/L ,’ 0.100 I ?0013— ..__.!‘,..__0 6072 0.0400 ¢
ritim | Bt [ 7000 | NotTesed [ NotTested |
Turbidity = [ waru | 1 | 0.35- 182 I <o.05-o.09‘}
Uranium - T "0.02. | <0.0005-00007 | <0.0005 - 0.0006
anadium . . ’ mo/L l " No ,G'uidqliryes' r <0.0005 - 0.0050 ] <0.0005 — 0.0005 ;
finyl Chioride | me 0002, . | <0.001 ] <0.001
Viroses | met [ URsR - | MNotTesled |  NetTastog
Xyleries, totai | met | 0.3 (A) | <0.0007 | <0.0007
inc | mgL | £5.0 (A) | <0.002-0.012 { <0.002 - 0,010

o S L R I S YT, ey

‘ DR T IR I Sl s o B S i

At plant effluent
tonitored Moarithly
Health Canaca, Avoust 2012, Cuidelines for Canadian Drinking Waler Quelity (Sumirnzry Tan'e}

Interim hezith-based guideline
Aesthetic Objective
Cperationsal Guidgence Valus

Propcsed Guidsline
Under Review or Scheduled for Raview

VO~ .

UR/SR
Updaied: April 2013
Pzgc 5 of 5
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T
 lErzal PATELS AIRTEMP (INDIA) LTD.
5-0. NO. : PEX-71213 DATE : 12/10/2013
JCLIENT : M/s, EXCHANGER INDUSTRIS LTD. . INSP. AUTH  : EI/JACOBS
p.0. NO. : 98999 DTD:- 15/07/2013 EIJOBRef.  : 13-3354
[EQUIPMENT : FUEL GAS PRE-HEATER ‘ ' DRG. NO. : 13-3354 SH. 1A TO 14 R-03
ASME SEC-VIII, DIV-1 ED-2010, ADD-2011a, TEMA
CODE .+ CLASS "R" 9TH EDITION, API 660 MFR.SR. NQ. : EXE-1349
TYPE OF TEST &
POSITION : HYDRO TEST & HORIZONTAL PROCEDURE NO.: PAT-QC/001R 02
TEST MEDIUM : WATER METALTEMP. AMBIENT
. 2]
’ Particulars Design Pressure Test Pressure i Guage Halding Time Date Test Result
Pressure Detail )
Range: D0-210 KG/CM* G
! - -
71.38 KG/CMZ G | 10 G/CMP? NO} i vpeainos NEITHER LEAKAGE
. /CM* 9.60 KG/CM? | Calibration ‘ NOR PRESSURE
" SHELL SIDE HYDRO TEST | (10153 PSI) G(1559ps)) | DueDate g/3/2014 0/20 DROP FOUND
i UR |12
| (ITEM No- 207-E-305) CIACTUAL  [ganee 0210 KG/oME @ O1HO /10/2013| DURING THE
i PRESSURE - 112 | HOLDING TIME.
! KG/CM?G)  |No. MPC-21005 . HYDRO TEST FOUND
| I SATISFACTORY.
! Calibration

. Due Date 6/3/2014

Range
No.
: ¢ J -
| jboeof _ 1+ Witnessed
: Calibratio.. . : Reviewgd
i - JCT TINSO
i : Range -
‘ No. E¥arger In - istries,
Date of
Calibration
ITES WITNESSED BY-- TEST WITNESSED
QCE ' ‘ INSPECTION AUTHORITY
"DATE S ' o DATE

B / U{f“”
- Aacob "0
EXHIBIT NO.: 11/5, REV.; 02 DATE: 23-09-2011, SHEET: 1 OF 1 /fl"wn\
157




F/QAG/10 00 16-05-2013

a “ )
b | PATELS AIRTEMP (INDIA) LTD.
PRESSURE TEST REPORT
i
15.0. NQ. ¢ PEX-71213 DATE : 17/10/2013
CLIENT o M/s, EXCHANGER INDUSTRIS LTD. INSP. AUTH : EI/CENOVUS
P.O. NO. : 98999 DTD:- 15/07/2013 El JOB Ref. » 13-3354
|
‘EO‘UIPMENT ; FUEL GAS PRE-HEATER DRG. NO. 1 13-3354 SH. 1A TO 14 R-03
: ASME SEC-VIII, DIV-1 ED-2010, ADPD-2011a, TEMA
CODE .1 CLASS "R" 9TH EDITION, APl 660 MFR.SR. NO., : EXE-1349
TYPE OF TEST &
POSITION : HYDRO TEST & MORIZONTAL PROCEDURE NO. : PAT - QC/001 R 02
TEST MEDIUM . WATER METALTEMP. AMBIENT
i
! b
Particulars Design Pressure Test Pressure . Guage Holding Time Date Test Rasult
Pressure Detail -
!
T Range: 0TO 200 KG/CMG
il
| 59 K 2 24,93 KG/CM? o MPC/210/04 NEITHER LEAKAGE
’ 92.58 KG/CM? G | 124.23 KG/CM? | Calibration NOR PRESSURE
| FINAL TUBE SIDE HYDRO (1316.9 ps|) G (1767 PSl) Due Date 6/3/2014 ‘DROP FOUND
TEST 01 HOUR |17/10/2013 DURING THE
{ITEM No- 107-E-305) (ACTUAL  Irange: 070200 k6/cM'G HOLDING TIME
PRESSURE - 127 .
i . , SATISFACTORY.
‘ Calibration
Due Date 6/3/2014
! Range
5 No.
eof /
1 Vit e$sed
Calibration F eviewed
onge - SOE AF& S0
| - »
No. E €[ otries.
Date of
L Calibration o
TES WITNESSED BY : TEST WITNESSEL  ¥:
}
.QCE i INSPECTION AUT JRITY
DATE N DATE l
- =~
Ie >, L

EXHIBIT NO.: 11/5, REV.. 02 DATE: 23-09-2011, SHEET: 1 OF 1

-
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m Jacobs Engineering Canada

Canadian Natural

Jacobs Contract No. CE4160
Client: CNRL — Kirby North phase 1 Kirby North Plant

Supplier’'s Document Review Sheet

Equipment Numbers

101-E-110;101-E-111;101-E-
112;101-E-113;101-E-114;101-E-
115;101-E-120;101-E-121;101-E-
210;101-E-225;101-E-226;101-E-
240;101-E-241;101-E-450;101-E-
451;102-E-610;102-E-613;102-E-
655;103-E-080;103-E-190;103-E-
290;103-E-390;103-E-490;103-E-
590;103-E-705;103-E-707;104-E-
135;104-E-136;107-E-305

Review Status Codes

-/ 1 - Work May Proceed

2 - Revise and Resubmit: Work may
D proceed subject to incorporation of
changes indicated

3 - Revise and Resubmit: DO NOT
Proceed with Manufacture

4 - STOP WORK per attached written

D instructions

5 - Review Not Required: Work may
D proceed

SUPPLIER PLEASE NOTE: Permission to proceed does not
constitute acceptance or approval of design details, calculations,
analyses, test methods or materials developed or selected by the
supplier and does not relieve supplier from full compliance with
contractual obligation

BY :
DATE

Comments

JPI REV 1 - COORDINATION

Project / Req Title

Supplier

Doc. Description

Vendor Document
No.

Client Document
No.

CNRL Kirby North Phase 1

Exchanger Industries

EXCHANGER - HYDROSTATIC TESTING
PROCEDURE

QC-PR-014-HYDROTESTING

VP088996-M616-00001

Purchase Order No. Doc Cat. Issue
CE416040-CC088996-00 M616 2
Categories

Date Received

07/08/2013



[RECEIVED
|
.* JUL 0 82013

|
| JACOBS CANADA INC.
|DOCUMENT CONTROL

\bl
EXCHANGER
INDUSTRIES
LIMITED

Buite 200, 5811 4ath Sheat SE, Caigary, Alberta T2C 4Y5
Telephone (403) 236-0166 Fax (103) 278-8242 Waebsite; www.exchangerindustrias.com

Hydrostatic Testing Procedure

SCOPE

This procedure outlines the necessary actions to be taken in order to perform hydrostatic tests.

PURPOSE

This procedure is intended to ensure that Hydrostatic Tests are performed safely and meet the requirements of the
Code and the Drawings.

RESPONSIBILITY

Drafting Department

e  Ensure that the test pressure(s) and any special requirements are specified on the drawing and that the unit
can be properly vented and drained

Quality Control Department

e  Notify the Authorized Inspection Agency and the Customer’s Inspector (if required) of the scheduled testing
time
e escort the Authorized Inspector and the Customer’s Inspector (if required) to the unit to witness the Hydro Test

Lead Hand

e Prepare the unit and the area for testing at the specified time and supervise the performance of the test and
notify the Quality Control Department when the test is ready

PROCEDURE

1. For shell and tube units, the shell side and the tube side are tested separately

1. Unless specifically stated otherwise, the shell side will be tested separately from the tube side order to
examine the tube to tubesheet joints

2. For removable bundles, the shell side gasket load must be maintained by collar bolts, tapped bolt holes in
an extended tubesheet, a type A channel or some other method for maintaining a minimum load on the
gasket

3. The channel side will then be tested in a separate Hydro Test

2. Exchangers designed for stacking will be tested in the stacked position unless specifically stated otherwise on
the drawing

Prior to bundle insertion, the shell inside will be cleaned by brushing or blowing compressed air
Before filling the unit,

1. Properly block the unit to permit examination of all parts during the test, to insure proper venting and
drainage and to guard against undue strains caused by the water load.

2. All nozzles and flanges must be secured with gaskets in place

3. All vents must be open — no air locks should be permitted

Revision

Revision
Number

Date
(mmddyy)

Author

Reason for Revision

Approved
by

Date
Approved

Approval
Initial

1

11/14/11

Update Document

2

10/19/12

Haw]ey

Update Format

Page 1 of 2

QC-PR-014 Hydro Testing-R2

Vo196 -~ Mblo ~-0000\




o

10.
11.

12.

13.

EXCHANGER

INDUSTRIES
LIMITED

4. Alllow pressure lines, fittings and appurtenances that should not be subject to pressure must be
disconnected

Water used for hydrostatic testing

1. Potable with less than 100 mg/liter of chloride ions ( 30 mg/liter for austenitic stainless steel )
2. At atemperature above 70°F ( 20°C ) for Section | units
3. 30°F (17°C ) above the MDMT but no more than 120°F (48°C ) or no less than 35°F ( 2°C ) for other units

Two Pressure gages will be used for the test,

The gages will be connected directly to the vessel ( no intermediate valves )

The gages must have been calibrated in the last 12 months

If there is any reason to question a gage it will be rejected

The range of the gages will be not less than 1%z nor more than 4 times the test pressure

If specified on the drawing, attach a pressure/temperature recorder to the unit. Ensure that the pressure is
accurate according to the drawing and record the gauge serial numbers on the ITP. Check hydro charts for
the correct time intervals, pressure and temperature.

arobd =~

Fill the unit with water and check each nozzle and flange for leakage and forgotten appurtenances

Clean the area around the unit and post the test pressure notice (QC-FM-14) on the outside of the unitin a
conspicuous location

Using compressed air, blow the unit clean and dry
Apply 1/3 of the test pressure and check for leaks

If no leaks are found, apply the test pressure and hold it for a minimum of one half an hour and notify the
Quality Control Department that the unit is to be Hydro Tested.

A Quality Control Inspector will accompany the Authorized Inspector and the Customer’s Inspector to inspect
the unit

After the inspection is complete,

1. The Authorized Inspector, the Quality Control Inspector and the Customer’s inspector ( if required ) shall
sign off the Inspection and Test Plan

2. The Authorized Inspector and the Quality Control Inspector will sign off the Manufacturer's Data Report

3. The unit shall be drained of water, raising one or both ends to assure that the maximum amount of water is
removed

4. If special drying and / or sealing requirements are on the drawing, these shall be attended to

REFERENCE

CP-ST-001-Acronyms-R0 Acronyms List
QC-FM-14-Test Press Test Pressure Notice Form

Page 2 of 2 QC-PR-014 Hydro Testing-R2



4\INDUSTHES

DATE:/{}/r//ﬁjzou/,t —
12-3383 A4
INSPECTION
SANDBLASTER (///7%55“ fﬁ‘é’wb/

SURFACE PREP: ~S557°¢F — 24" '—//3 e R é/g VL

PROFILE THICKNESS: 225 — 3.2

L —

ABRAS:W'E lFfsED COOPER SLAG

= o
Sk =

______

EQUIPMENT: 375 CFM Cmpressm: i N‘QZZLB‘ s v,

/,
COMMENTS: Sarface prepwatmn mafS?EC requuemeat and the project was rbieaseé f’or coafing.

SURFACE PREP CONDITIONS

> &
AR TEMP: — €

. e,
SUBSTRATE TEMP: 3 C

RELATIVE HUMIDITS;: 246,/0 ot @ W oy gad

DEW POINT: —3 C~>.

o B Gy (L




s _f%””/ffmv

/%335% 71‘% /

=y Fainfeu

;f sl ~

e R it A

T B 45

SR AT R i o e

‘Bateh & Lot Nymaiarie) W fﬂﬁ?jéﬁ%fﬁeTAg-/pﬂ?ﬂ cr/ b 7

OSSR

Paint Sxpiry Qate .20/% Colour 6/26;7/
. B (~_———_L_____—
£ o I - « A h
(Ambient Tempersiure 7_5“
1 Burrace '!'eﬁap.araﬁure Z2 ”f.:
- ' N 2
Dew Point 4/5—— /2.-
o
Reintiva Hurnidity (%) | 2/ /
- (24
Z
(it Sizs

inducticn Time

/B - s

Y-t

Z2:00 77

Time Mixed |-

Pot Life

/5 /7T

ime Painting Cita"ae'-

, .Time Pairting Fiaished

700 /7

" Amount Discarded

AONE

Peguiied

DT - This Coat

#—5 s 277 7

Required DFT -

Tota

Y5 IS PFT

Actual DFT -~ Totai

=B L/eS FFT

DFT= Dry Film Thickness (iniis)

£

ONIMENT S

Ut f |pos it 2

e _ &
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8T

. _Ambsient Temperature

6q°F

1" Suriace Temperature

Devr Point

RSP

3L

Eelative Humidity (%)

\E AN

induction Time

siz2) 3 QL
Time Mixed S:OD AM ot Life 'z_ hO'\A'\.‘J‘ \

E-\5 A

Tima Painting Siartex

“1:00 AM

© | Time Fainting Finiched

NOHE

" Amount Discarded

Required DFT - This Coal

-2 ML dF T~

d- , MSQF T

Required DFT - Total

Actual DFT - Tots!

é'— q MiLe ¥t )

DFT= Dry Film Thickness (mils)
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This Section is Not Applicable to this ITEM number.
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PATELS AIRTEMP (INDIA) LTD.

PLOT NO. 805,806,807,810, RAKAr -~ 'JR - 382 721,
TALUKA : KALOL, DIST.: GANDHINAGAR, GUJARAT, INDIA.

—

|

RADIO GRAPHY SUMMARY
CLIENT s M/s. EXCHANGER INDUSTRIES LTD. $.0. No. . PEX-71413
P.0. NO. : 98998 DTD:- 08/07/2013 DRG. NO. : 13-3353A/B SH, 1A OF 13 R-03
INSP. AUTH,  : AI/El/JACOBS EQUIPMENT . SALES OIL TANK HEATER
E1 JOB NO. : 13-3353A/B RT : SHELL SIDE - RT2

TUBE SIDE - R[1

— S —
EXE-1352 (104-E-135) :
:Ro IDENTIFICATION POSITION REPORT NO DATE REMARK
1 |EXE-1352 A1 - W46/W105/0P1 017089 720/2013 20122013 |  ACCEPTABLE
2 |EXe-1352 A2 - Wa6/W105/0P1 -0-1T0 3-4 760/2013 14/'12/201'3““ AcéEpTABLE )
3 |EXE-1352 A3 - W46/W105/0P1 0-1T0 89 720/2013 2/12/2013 . ACCEPTABLE
4 |EXE-1352 A4 - W105/0P1 A-B '700/2013 27/11/201-3 ACCEPTABLE
5 |EXE-1352 B1 - W46/W105/0P1 0-1T04-0 799/2013 24/12/2013 ACCEPTABLE
6 |EXE-135282- W46/W10S/OP1 |+ 0-1TO3-0 788/2013 21/12/2013 ACCEPTABLE
7 |EXE-1352 B3 - W46/W105/0P1 0-1703-0 788/2013 21/12/2013 .}  ACCEPTABLE
| 8 |EXE-1352 B4 - W105/0P1 0-1T04-0 700/2013 27/11/2013 | ACC;EPTABLE i
o |Exe-1352¢1- W46/W105/0P1 0-1T03-0 78812013’ 21/12/2013 ACCEPTABLE
10 [EXE-1352 C2 - W105/0P1 0-1T04-0 700/2013 27/11/2013 ACCEPTABLE
For, PA
KAUSHIK TI-;AKAI% | = / ‘

ENGINEER - QC
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FIQAC/12 00 16-05-2013

——

CPaT NDE - RT
_ PATELS AIRTEMP (INDIA) LTD. ES-13-2363A
Radiograph Review Form/ RT Report (RT-13/2) | Ref.Technique Sheet No. & Date
Raglaeis Jdidd 24 halil
Report No, cGaglwsy Date :24}12M1%
RTProcedureNo.  :eATIATIRTIOL.  paie .4a)12)y Acceptance Standard: LUt &d.
fErFINNG
Mir. Sr. No. . ERF 1852 SO No. Extentof RT: &A™ 1
St Dengity Obtained (e]] _
No.|  WeldJointNo.  |Segment] Fitm Size Sensitivity (opservation] Hesul
: ] ] Achieved Remark
1ot | Min. | Max.
1 |Encazsepiwniwios] 0-1 |1gh [Lsv]exy [&K Tove | des |pes
2 3 a2 | ke rasran MR | et
3 Ny 3 | o RB|XAARIN] | sey o
Yy Y 3-4 | o Ry feas) o, HRx |fret |
& Vi feo | i RAWRBILAS NRX | fat
N é
N
N\
N
N
N _
' LY N o
\ _ = "'}j\" ( tih';;«,_,‘
LY oA e e
xi’fx I
. x\" ﬁ\f NaE _Xg >
Interpretation & Evaluation ¢ Inspection Authority :
] ’Wﬂnessecg
SIGN. IGN. S
E-Reviewed QFC?; P
e =g W
QUALIFIGATION ~ : RTLEVELII Exchanger IRSWtrics:Limiter
DATE .24 l1eh3

EXKIBIT MO. 332 REV.ULUATE: 12-10-1008, SHEKL: 1 UF |



PATELS AIRTEMP

NDE - RT

(INDIA) LTD.

Radiography Technique Sheet :
| RT Technique Sheet No. .#08)4015 Date: 212113
RT Procedure No. pafinTintied Date: .La]i® 1Y) "
| Drawing No. CPEP LW Extent of AT : €2 AT
Code of Construction TAEMESECIIY bWl Dateof RT: -
Manufacturer's Sr. No. Weld Joint No. Weldin mo .
ExE L5352, 81 Whé o) log o
Base Material Type . SASL4 ry Ao M- Thickness: : T= 14 w™
Reinforcement Thickness R=4 0™ weldThickness : t=T+R=38.077%1
Type of Joint codyeTy B SOD(D) : 4 oo™
OFD{) : (% wvv
Welding Process er el smey fsmp W
Radiation Source Type Isotopé - Ir 102 Xray —
Voltage__________KVp ci= 4 3¢
Source / Focal Sport Size Z D&V
Film Make & Designation : H—a b 19k 93 Lead Screen o r:'i""\ mHY
(Brand) ) :
QI Hole Type ,ASTM _—__ Required Hole =
10 Wire Type ASTM :L9:23 Required Wire™  : Mo tve Tdiwtiy
Exposure Technique Single Wall/ Doﬁﬁm\lall Viewing :
" Single Wali/ Double Wall
Film Viewing , Single Film/ Composite Film
' No. of Film/s in Each Cassette ¢.1.
No. of Exposures '
Locaticn Markers As perSketchonPage2
Letter'B’ Kept on back side of each film cassette 1 ST T+ )13 wym )
. Weld Joint No. Segment No. Film Size 7
B4 &-1 4o feo 3 r16"




FIQAC/12 00 16-06-2013

o
NDE - RT
PATELS AIRTEMP (INDIA) LTD. . EI-43-3343 A
- PR : . Ref. Technique Sheet No. & Date
Radiograph Review Form/ RT Report (RT-13/2) et
F8E12n3 Ard Q3N12 T8
Report No. : PEEI2=1 Date :23)4=\13
RT Procedure No. PeviA Ao i, Date :I._,gha\)‘. Acceptance Standard : w045 4
PEA NG .
Mir, Sr. No. ; BRE L35 SO No.: Extent of RT: R4
= Density Obtained |~ 1QI
No. Weld Joint No. Segment| Fiim Size Sensitivity {Observation| Result
. . Achieved | Remark
_ Q1 | Min. | Max. O y
1 |ae135¢ ciwiesen o-4 £rad [gos |3V 233 [ e, Pgem‘q frs
.2 v » 1~ e 259 -'fwa‘\ el " P@mgﬁ, fe;-»..u
3 9 =3 | A 1S | RS | R
y : ol -0 | 1 Res|rey BM| | | ggs | e
] 8L Rb| -1 | 11 RIS R | NART | fea |
¢ " 3o ) v [REVAY A G | e (et
?‘ ‘ " F AL garb‘f 4&2 d(&l iy ARI a'l—‘-j-
g 3 Q| 2-0 | o Rev[Rey (85| NRT |Rrec
3 B3 wybwiessf) | -3 ALy REF AL | 1y Foarast 1| Pt
5 Ly i skl i bl X forosry | A4
n y 3 e e el I N
12 ,‘\' 3% | 4K Sy NeT ot
\‘\
‘\
o4-Eiimeg I
| ‘ 7
interpretation & Evaluation carried-out-by : Inspection Authority :
SIGN. ‘ SIGN. /
NAME _ NAME »
| QuauFicaTiON  : RTLEVEL N L DATE gu\ki\ﬂ
DATE : ..lﬂ..,\"'ﬁ‘ 9’ pIE L] 7 P";«
EXRIT N0, 132 REVAQDATE: 17-10.2008, RETT ) \Mﬂ W1 )

93



PATELS AIRTEMP (INDIA) LTD.

NDE - RT

Radiography Technique Sheet _ _
RT Technigue Sheet No. :':f‘g‘?}”i'ﬂ - Date : -"213_\1 41 )
RT Procedure No. : peminviRsTe L Date: 4.8 } 23]
Drawing No. P PER YNNG Extent of BT ; f=ril RTL
Code of Construction T Oy S oy Dateof RT: —
identification - . )
Manufacturer’s Sr. No. Weld Joint No. oW (,)3 M NUub e
ExrEi352 c3,BR2/1D3 Wit Wiss  ppd
Base Material Type -s081é - w0 s Thicknesé : T= i -omvys
Reinforcement Thickness R= &.trvom) WeldThickness : t=T+R= B0
Type of Joint :cullfaore ®BAC SOD(D) :Uvoo™W™
. OFDM : ig.ovmwm
Welding Process : G ) emped) SAw
[ O
Radiation Source Type Isotope - Ir 192 X-ray - _
Voltage_________KVp vz dbea

Source / Focal Sport Size

Film Make & Designation

P e X oA R Al

: Py Wl 97 LeadScreen ;0\ ¥,

(Brand) ) .
QI Hole Type ASTM_____Required Hole HES
Q1 Wire Type ASTM. B2 RequiredWire™ F e FdadoM
Exposurs Technique SingiaWall/ Doubie Wall Viewing:
o == Single Wall/ Double Wall
Film Viewing . Single Film/ Composite Film
: No. of Film/s in Each Cassette o 4.
No. of Exposures x
Location Markers As perSketchonPage2 -—
Letter'B’ Kept on back side of each film cassette -5 T¢ ¥ 3 MmYy
_—— ——
Weld Joint No. Sagment No. Film Size -
]
el O} 4o 3-0 4y 15M
82 1) V)
B 3 - 1) ly

PO 1|




R Tt R T T = e

-
PATELS AIRTEMP (INDIA) LTD. | " )3~ 3353, _ﬁ
adiograph Review Form/ RT Report (RT- = HELTTOmEIehsctND & Date
boimly dbd inlalia
Report No. : Gl leo\d Date : 1gli2)is
RTProoeduréNo. : peynverp eviey,  Date :18h2bl Acceptance Standard: UW 5]
P
Mft, Sr. No. ! ExE1258 0 SO !&gf:&'m“?’ Extentof RT: kit
o | Density Obtained IQl
No. | WeldJoint No. Segment | Film Size Sensitivity (Observation 2::;%
il | Min. [ Max, | Achieved -
4 | exera5p AR wibie 0-) 3%wV|223]33° s [0, | prs | B
& hy == ™" N 734 2|34 | NRT |t
2]« acy |y Rou[Ge [T es | pe g
by | L) e R L R R PHRsT| Bru
b {: .
N N
Y '
\\
\\.
_ -
N
N ” )77
\‘\ Y%jf_\
\\. i E - . (i n_‘ r — N
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PATELS AIRTEMP (INDIA) LTD.

NDE - RT

'!

Radiography Technique Sheet

RT Technique Sheet No. gl a1 Date: 44112113
RT Procedure No. pnanrilel Date: )14 i1/
Drawing No. D PEw AU Extent of RT : v
Code of Construction o STWEL OWL  Dateof RT: -
Identification
Manufacturer’s Sr. No. Weld Joint No,
. EwE\358 | e
Base Materlal Type L 50516 e RYoN Thickness © T= 14wy .
Reinforcement Thickness R=3-4"" WeldThickness : t=T+R= (&-Lw™
Type of Joint ccalvgevy SOD(D) : BELTT
) OFD(d) :1&-L™™
Welding Process e bamoend L rws
Radiation Source Type - Isotpe - Ir 192 X-ray
Voltage__KVp el \5el
Source / Focal Sport Size C Qe Dt W n v w
Film Make & Designhation : %\"’\ Wl ©7 LeadScreen : o AL AR
(Brand) g ;
1QI Hole Type ASTM _—___ Required Hole : -
QI Wire Type ASTM €1} pequiredWire' g wiTe.
Exposure Technique Singte Wall/ Double Wall Viewing:
. Single Wall/ Double Wall
Film Viewing | Singlé Fim/ Compostte Film
' No. of Film/s in Each Cassette & 3.
No. of Exposures .
Location Markers As per Sketch on Page2 -
Letter'B’ Kept on back side of each film cassetted. 50 T¢1 3 mmN
5 Weld Joint No. Segment No. FilmSize -
o~ LY}
o3 o -1+ Y A g
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Cpoa NDE - RT
PATELS AIRTEMP (INDIA) LTD. 1% -3352. P
Radiograph Review-Form/ RT Report (R1- Ref. Technique Sheet No. & Date
j ' Foolaris Jid 231nhs
' Report No.  Fon)an3 Date :A£¥IMWN3,
" Fraen £ SECNTY P
RTProcedureNo.  : P arleilod, Date :13hRW  Acceptance Standard: WS-
Mir. Sr. No. - EnE 4354, sgtﬁéﬁma Extentof RT: AT
St Density Obtained iat |
N Weld Joint No. | Segment{ Film Size | Sensithvtyfopservation m‘:’k
1t 1al | Min. | Max. o
3 |esesgsaeuiosnn | B Byt [ R |Rar | Tl | e | Bt
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3 " g2 | o fvoloelamy| | NRE R
4 0 A3 | n [H VG LM ] QRE | B
9 o 34 | o RERNRMPRA oy | pey At
! u Ao | v |As]IA e ) b RNRS A
> C2wiespP (o1 | 1 Ll Rl (R |y clyp B
k.- i : 1’—‘2*— I "z"t‘ J'M H?f?K (] Pﬁm-‘h Q“ﬂl'
4 . <3| v Ryy| 2T RVl Ars | Aut
& Pl 3"’1»1 il ‘Q-‘ﬂ l"-'g’l'f 1 43}‘ | L elf W
(! H ' L0 0y 371|276 43’0 1| AR | B
\\ : I O s
\‘ ' ‘;, i i
Interpretation & Evaluation
SIGN.
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PATELS AIRTEMP (INDIA) LTD.

NDE - RT

Radlogtaphy Technique Sheet L
' RT Technique Sheet No. 5 ?Fob."*-?ﬁ. " Date:2Huh2
RT Procedure No. : pafl AR G L -Date: 33 hali
Drawing No. T PEN T3 Extent of RT : h:ﬂ AL
Code of Construction P fp mEsE iYL Dateof RT: -
ification
Manufacturer's Sr. No. Weld Joint No.
Ex B 4352 P, 8L, €2
Base Material Type (SASLG RTON Thickness : T= (447
Reinforcement Thickness R= 2M¥™ \Weld Thickness : t=T+R='t U™
Type of Joint pabrqpw B8, sop@) : 8§00
OFD(d) : Ltetym™
Welding Process T AR BT
V-"“
Radiation Scurce Type Isotope - Ir 192 Xray -
Voltage__=x=  KVp ~ [= iTer

Source / Focal Sport Size

Film Make & Designation

a..‘}'dwrvﬂmmn
B3 u VA 0% Leadsoreen : © NN

(Brand) =
1Q! Hole Type ASTM Required Hole D=y
IQl Wire Type ASTM.IAZN\ RequiedWire  : € Mwire ColunlA
Exposure Technique Single Wall / Double Wall W
. | SlmalllboubleWall
Film Viewing ' Single Flim / Composite Film
No. of Film/s in Each Gassette ¢ 4.
.} No. of Exposures .
Location Markers As per Sketch on Page 2 -~
Letter B’ . - Kept on back side of each film cassette | -5"~11Tr 13 M /y
Weld Joint N, Segment No, ' FimSize
; 31‘*(» Tad
iy s |
BY Lo-t v U \
-l eV W
A |
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C P NDE - RT
PATELS AIRTEMP (INDIA) LTD. |
Radiograph Review Form RT Report (RT-13/2) | Pel-Technique Sheat No & Dats
‘ g 2claoy dted ealixlly
Report No. .Fulan3 Date :eo2)iz)i3 (T doh. A.3-335 34
3 P mE) T NTT DWW,
RTProcedureNo.  : patieTirylol,  pate :1ulwM  AcceptanceStandard: O LIS 1. i
PEw Fiy 13
M#r. Sr. No. . EREVIS R, SO No.: Extentof RT: &7 1.
st | Density Obtained le]]
No. Weld Joint No, Segment | Film Size _| Sensitivity |Cbservation| ReSUl/
- 1 Achieved | Remark
| il | Min. | Max.
L | eneidsimuwiioesg| o -1 ,a‘.:ns“” {50 [451 |46 J’f’mm MR | Bl
o’ 1 A1 -2 | N I [Fe? 131 | Hra [ pt
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b b 34 | v [yt R ‘U] pes| et
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Interpretation & Evaluation carried out by : -v’f'/ Inspection Authority ¢
SIGN. :ﬁ@_,é,_——«—-—"." A ,.' : - _.:’S‘!GN :
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NDE - RT

PATELS AIRTEMP (INDIA) LTD.

Source / Focal Sport Size

Flim Make & Designation

Radiegraphy Technique Sheet )
RT Technique Sheet No. 2o\ 2013 Date: e2haha
RT Procedure No. cppevt eevio i]R‘T Date: 1glwk}v
Drawing No. } CPEwainy Extent of RT: &5 1.
Code of Construction ! AT b\ nivg Dateof RT: -~
Identification
Manufacturer’s Sr. No. Weld Joint No.
FANE 4352 gy, &3
Base Material Type SHEOLT RN Thickness @ T= 1l mmn,
Reinforcement Thickness R= <-4 Weld Thickness : t=T+R= l&.GT ™
Type af Joint s ealgovy A SOD(@) : 4 O™
: OFD (d) Y Auynm
Welding Process 1 SmH W sew
A
Ragdiation Source Type Isotope - Ir 192 X-ray —
Voltage._____KVp C iz P

Re b Le Lanyn 3

Py ua 14zl DY LeadScreen : O - )Ty

(Brand)
IQt Hole Type ASTM _—_—__ Required Hole : -
1Q1 Wire Type ASTM 81 RequiredWire éw’ wive
Exposure Technique Single Wall/ Double Wall Viewing:
. g Singie Wall / Double Wall
Film Viewing : Single Film / Composite Film .
No. of Fiinvs in Each Cassette <7 -{
No. of Exposures
Location Markers As per SketchonPage2
Letter'B’ Kept on back side of each film cassette i+ Smw Jpn ) dromy
| ———— -
Weld Joint No. Segment No. Film Size
L)
. OG-V A&y alvrs
prs &~ ng"-ﬂ [
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PATELS AIRTEMP (INDIA) LTD.

PLOT NO. 805,806,807,810, RAKAMPUR - 382 721,
TALUKA : KALOL, DIST.: GANDHINAGAK, GUJARAT, INDIA,

=

RADIO GRAPHY SUMMARY

CLIENT : M/s. EXCHANGER INDUSTRIES LTD. 5.0. No. : PEX-71413

P.0. NO. : 98998 DTD:-08/07/2013 PRG. NO. : 13-3353A/B SH. 1A OF 13 R-03

INSP.AUTH.  : AI/EI/JACOBS EQUIPMENT ; SALES OIL TANK HEATER

ENOBNO.  : 13-3353A/8 RT : SHELL SIDE - RT1

TUBE SIDE - RTL
- EXE-1353 (104-E-136)

:'; | IDENTIFICATION POSITION REPORT NO DATE " REMARK
1 |EXE-1353A1- W46/W105/0P1 017089 721/2013 2/12/2013 ACCEPTABLE
2 |EXE-1353 A2 - was/W105/0P1 1017034 759/2013 14/12/2013 ACCEPTABLE
3 |EXE-1353 A3 - Was/W105/0P1 0-1T0 89 721/2013 2/12/2013 ACCEPTABLE
4 |EXE-1353 A4 - W105/0P1 AB 700/2013 27/11/2013 ACCEPTABLE
5 |EXE-1353 B1 - WA6/W105/0P1 0-1T0 4-0 800/2013 | 2{1/12/201'3. ACCEPTABLE
6 |EXE-1353 B2 - W46/W105/0P1 0-1703-0 787/2013 21/12/2013 |  ACCEPTABLE
7 (EXE-1353 B3 - W46/W105/0P1 0-1T0 30 787/2013 21/12/2013 ACCEPTABLE
8. |EXE-1353 B4 - W105/0P1 - 0-170 4-0 700/2013 | 27/11/2013 ACCEPTABLE
9 |EXE-1353 C1 - W46/W105/0P1 0-1T03-0 787/201.7," 21/12/2013 *|  ACCEPTABLE
10 (EXE-1353 C2 - W105/0P1 0-1704-0 700/2013 27/11/2013 ACCEPTABLE

KAUSHIK THAKAR
ENGINEER - QC
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FIQAG/12 00 16-05-2013

NDE - RT
 PATELS AIRTEMP (INDIA) LTD. 1 3__ 3 3 53 3
jograph Review Eorm / RT Report (RT-13/2 Rer Teriiniqya Shoot 0. & Bela
| Foojae)d drd 2eEnmhy
Report No. Foolaerd Date : A#Inl®
E Prsmn & 5B TR DYWL
AT ProcedureNo,  : P AT ATl evlod  pae ahdu Acceptance Standard: L L0 G 1
" M ERE YLD
Mifr. Sr. No. : E®RE 135%  SONo.: Extentof RT: A% 1.
2 Density Obtained | Il
No Weld Joint No. ' Segment | Film Size Sensitivity [observation] Hesul
: - i 1 Achieved Remark
QI | Min. | Max. . :
€3 |2 _lgnesss3 auwissoet | prg  [3"%15" 143¥]2 1 120 [F e [ Povusig| But
4 BYHwnsp?l| 0 | 1 £-98 Rare 1490 | o NR = | fut
3 ¥ 1- | n AU RS | | NRT |Owe
", x &3 | w  Rs\lawy R | v | yas | B
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Eg L} Lo A FEAN SEAW B ekl o Ner | Bt
ks LR WIS | g-y | vy - [ Rae 1" Powos | Ryt
¥ ' i | on RSRESRN | w e | R
4 . o2 | w  pay N 4l T MRS R
to 0 2ru | ou o "z“‘?_:f?fw i NRT | St
Wl n s | v RO RORET o T srs [ e
Q| -
| N )
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™ AL 22
| S Ly
| S 1- Lol R
‘ ] -"I i JH l;j;é.‘ R -.‘._l..'.'-‘. .--. @ Al
Interpretation & Evaluation ¢ lh’spectidﬁAuthb}ity ;
ASNT /
SIGN. ,,, 12VELY ;_}‘amassed
NAME JO ME GNSO
LIFIGATION : RTLEVELII :
A , E {chariger Industries Limitsﬂ
DATE gyt 1 1 -+ 0CT 29 2013

EXHIBIT NO. 13/2 REV.OD.DATE. 17-10-2008, SHEEY: 1 OF 1




PATELS AIRTEMP (INDIA) LTD.

NDE - RT

.} No. of Exposures

Rediography Technique Sheet _
RT Technique Sheet No. < %od | 20\3% : Date : 2 N
RT Procedure No. ammetesiol . - Date: 1) 1RV
Drawing No. ' L PEw Hin3 . ExtentofRT; R1%
Code of Construction !y € 26 I O3 Date of RT: -
Identification
Manufacturer’s 8r. No. Weld Joint No.
ExE 1353 fhy By, R
Base Material Type . SRSy A TOH Thickness : T= 42 ™m™
Reinforcement Thickness R= &2 \WeidThickness : {=T+R=14470™
Type of Joint s polTgang B b b sop@E) ;@ Foo™T
. N OFD({) : 1y.-K™=7)

Welding Process L 5 Oy | 3P
Radiation Source Type . Isotepe - Ir 192 Xray = |

Voltage—_______KVp AR LA
Source / Focal Sport Size 1 2246 LRy
Film Make & Designation . P W5 03 Leadgreen 0PN

| Brand)
{ 1QIHole Type ASTM Required Hole -
. A, :
IQl Wire Type ASTM LS Required Wire wrre Th-T0
Exposure Techhique Sing‘l'e"\[valll Double Wall Viewirg :
— Single Wall / Double Wall

Film Viewing Single Film/ Composite Film

No. of Film/s in Each Cassetie (o

As per Sketch on Page2 -~

Location Markers
LetterB' . Cant Kept on back side of each film cassette ii -y 33T M
melq Joint No. N p _Segmem No. - Fll_n? Size
By s 3t
@L’ o -tév 4o i
ce. oo o B !

Co103
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F/QACH2 00 16-05-2013:

NDE - RT

Ref. Technique Sheet No. & Date

FR)J20)3 Jtd o ohalls

Report No. ; Fr1i2e1d Date : 0XN2NB . poen 13-33 63 B
RTProcedureNo,  : peri@TIRTIol,  pale ghaly Acceplance Standard: VW% 4.
PEX )41 > '

Mifr. Sr. No. : ERELB85 3, SO No.: Exteniof RT: R T 1
St Density Qbtained ial

No. Weld Jolnt No. Segment | Film Size Sensitivity ObservationJ o]

1 i ! Achieved | ] Remark
Q1 | Min. | Max.

V3. len1as3 Aawhiwiosory] O - g5 2 |27 [0 (T e
‘2 1 TRB |- 2_ N iﬂ’ 235 2-30 i

2 5 ryl R-3 | e [RegRee f o,

y N 84 S SYES T L1

%‘ :\ O -5 R0 [ R4 [ B

{ 3l 5-¢ Ap|Ersjes |
2 [ 6~ | LAKQwe RN | 4y

5 I >% 23025 283 |y
g | Y 8-4 FATILE {ag; ¥
le Pr 3 whog wubey| O ) By Y0 [y |y
| v i~ sy ey (300 f 1y
’:‘, ," ; -3 92.9019.99 |39 "
13 1y 3y Ly |3 oy
'y 1 s R8¢ BTG | X7y i

S " 4=¢ FETIER 2 3 54 LA Y
e e L N -

_1__; . i & “‘?{‘ }&* 2 40 ]
Ve T 53’*3. IR R R 1)

| SIGN.

NAME

DATE

‘QUALIFICATION

Interpretation & Evaluation carried outby:
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PATELS AIRTEMP (INDIA) LTD.

NDE - RT

Radiegraphy Technique Sheet

Date: #& )'!&11 S

RT Technique Sheet No." . FR) Jena,
RT Procedure No. ;e eV RS e L Date: {831’ 11}
Drawing No. P PEA MY D Extent of RT : /71,
Code of Construction D eramne el Y3, Dateof RT: -
| ification
Manufacturer's Sr. No, Weld Joint No.
ErnE1853 Yy A3
Base Material Type SusIt% R0 Thickness : T = Il "
' Reinforcement Thickhess A= M4 WeldThickness : t=T+R= }¢-H ™M™
Type of Joint ccalTgury Pe SOD (D) : 4 won)
R ‘ OFD{) : i&-Lt-mvm
Welding Process . . & AW It prw
‘ w
Radiation Source Type Isotope - Ir 192 X-tay - .
Voltage. . KVp LV m e

Source / Focal Sport Size

Film Make & Designation

; Py 14wl D9 LeadScreen : ot H.

L2,y d et Y

{Brand) :
IQ! Hole Type ASTM .. Required Hole o
1@} Wire Type ASTMA8-VU RequiredWire : Mo & 5 dandiy
x o A .
Exposure Technique Single Wall/ Double Wall : Viewing:
. Single Wall/ Double Wall
Film Viewing ' Singl&Film / Composite Film
No. of Film/s in Each Cassette » 1.
No. of Exposures _
Location Markers As per SketchonPage2 —
Letter B’ ' Kept on back side of each film cassette L Svnva i) Tty
Weld Joint No. Segment No. Film Size
) &y Yo &y CASTAL
A3 o-VAP kg h

105




F/QAC/12 00 16-05-2013

€D NDE - RT
PATELS AIRTEMP (INDIA) LTD. FT -13-33538
Radiograph Review Form/ RT Report (RT-13/2) FEPCHR Shoet NorBibSNe

sooleely Jdd 24102113

' Rieport No. . Goo] 2043 Date : 241213
RT Procedure No. eosteiatlol  Date :4gli=])) Acceptance Standard: U5
PERT I
Mr.Sr. No. EXE 1353 SC No.: 13 Extentof RT: AT L
S Denéily Obtained il
No. Weld Joint No. Segment | Fiim Size Sensitivity [opservation| FeSuV/
. Achieved Remark
Q1 | Min. { Max.
3 lengaass pluiions | o -1 308" 4o |2 (209 15 0. | orr [ At
z T PPN P s o) e R O
3 \ 2<% | w  [aBRE3 LS NRE | e
L h g-4 h 2SR5 (2o g NART | Prat
g Y iy & ol ﬂu{ S o <oty l dar |aw
el
X
\\
\’W.
1 ‘\‘\
5
W

Interpretation & Evaluation carried out by :

SIGN.
NAME
QUALIFICATION : RTLEVELN
! pATE L2y |1 lis3,

Inspectitrh Authorsty Y H_, A |

A *; : ’!* |
0 Witnesseglan, e ,,[ it /
A FONAWE )

EXHIBIT N0, 332 REV.00.DATE: 17.10-2008, SHEET: 1 0F 1
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PATELS AIRTEMP (INDIA) LTD.

NDE - RT

ES-13-33853R

=

RadiographyTechnique Sheet
RT Technique Sheet No. ; Goolmisy, Date: 2% )12 113
RT Procedure No. c paierirsle L Date: 28 V)=l
Drawing No. CPER FLY\A Extent of BT ; &utlf
Code of Construction PpmESe ol Dl Dateof RT:
| dentification
Manufacturer’s Sr. No, Weld Joint No. weldin No.
E®F1353 81, Wyb t2lesR L
Base Materlal Type - 5A51 6 G RY0 N Thicknesg : T= L4
Reinforcement Thickness A=4%5"" \Weld Thickness 1=T+R=4& 0™
Type of Joint ccallgowy B SOD(D) :Zpe0 79 ™)
OFD() : ¢.ovwvn
Welding Process : thﬂim Aw lsaw
Radlation Source Type Isotdpe - Ir 192 X-ray ——
Volage— .. IG/p cl=48¢1

Source / Focal Spori Size
Film Make & Designation
(Brand)

1Q1 Hole Type

Q1 Wire Type

Exposure Technique

Film Viewing

No. of Exposures

V@ v R
. Agtu lad D7 LeadScreen : O I ™ H.

ASTM __—__ Required Hole I

-’

ASTM L 8-1) Required Wire
Single Wall/ DolBle Wall Viewing:

Singl& Film/ Composite Fiim
No. of Film/s in Each Cassetle &+

SingieWall/ Double Wall

Location Markers As per SketchonPage2 _.
Letter ‘B’ Kept on back side of each film casselte } S sn v T ATITH
Weld Joint No. Segment No. Film Size
A
nL 6~V 40 34

10T
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PATELS AIRTEMP (INDIA) LTD.

FIQACI12 00 16-05-2013

NDE - RT
EI- 13335306

Radiograph Review:Form/ RT Report (RT-13/2)

Ref.Technique Sheet No. & Date

FB3 JRT Gbd 44)RVE

Report No. L FE RS Date : adi}iahs,
AT ProcedureNo.  : PRl AL RTIO L pate ;4521 Accepiance Standard: L2051
PERIIULY,
Mfr. Sr. No. : BERE L3853 S0 No.: . Extentof RT: &bl
St Density Obtained |  1QI
No Weld Joint No. Segment| Film Size |_ .| Sensitivity [Observation| Fesul/
| . Achieved Remark
Al | Min. | Max. _ -
L [ened353 conbing | o -3 [4vis" 33| L35] AN I F e | NRE | frod
£ ‘Re| 1R ) 34y | 310 {31 A NRET Preet,
3 -3 | n |pex|832]29% | NRT | Bt
b i Ay 3-0| n [3a3[3e3] 3L n &) ey | P
s Bawutwisop)| 0-) | 1 RS AT RET T NRT| B
- 1 2-3 [ v ]t [REE] | pruam] At |
¥ ‘ 3-0 1" ey A8 | AR W rJR = | Pt}
f B3 wntwnesenghl O-4 W RN I RFY MRS Rr |
o W -2 w327 3 08| 3-34 ol ~NRx| A
W 3 k-3 o gel|3y | 3] NRT | et
\U?_ . Ty - : DR B"D by 461 <£.49 '?"'!'\ Y (\Iiﬂf a'\&'—
- 2} 5. \L’h - N LR 11 ‘..;
17y !'M; 5 E—— .
ANEENY
interpretation & Evaluation carried out by : - ey “”’ite ” Inspection Authority : LF}
SIGN. ro SIGN.
NAME NAME
QUALIFICATION  : RTLEVELI DATE
3.
DATE : =l )R h

EXHIBIT B0, 13/2 REV.90.DATE: 17-18-2000, SHEET: 1 OF
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PATELS AIRTEMP (INDIA) LTD.

NDE - RT

Radiograp-h;TTechnique Sheet

RT Technique Sheet No. . #E P03 Date: 24312113
| RT Procedure No. @ sl RSl 4, Date: 3-8 122 1h)
Drawing No. ISRt Extent of RT : +eeif
 Code of Construction ! pswe sEe vk pwd, DaleotRT: -~

Identification
Manufacturer's Sr. No. Weld Joint No. o wel i o
ExE1353. iy 84,93, whtwresupd

Base Material Type
Reinforcement Thickness
Type of Joint

Welding Process
Radiation Source Type
Source / Focal Sport Size

Fitm Make & Designation

15H5 il; Q“ R30r - Thickness

eafDyoTr BEC
. AW ST { g0

C T= AU

R=4.2""" WeldThickness : t=T+R= 1%.0777.
SOD(D) : hLbe'mm
OFD(d) :4 % o

X-ray -~

i tvﬁ 192
Isotope - Ir .
o’ ciz=due

Voltage___________KVp
LR Fd- ) e

Ao U DF Leadscreen 0 1T H

(Brand)
1Q1 Hole Type ASTM _—___ Required Hole i
| 121 Wire Type ASTM A8\ RoquiredWire ;' eowreelendig
| Exposure Technicue Single WaIlIDoumlall . Viewing:
y ; Single Wall / Double Wall
Film Viewing Sinif Film / Compostte Film
No. of FilmVs in Each Cassette & 1.
No. of Exposures .
Location Markers As per SketchonPage2 —
Letter's’ Kept on back side of each film cassette -5 vw 7 + v 0K,
Weld Joint No. Segment No. Fim Size
. -
e -1 do 3-0 Lyt
B 1 P
B3,

12} 1)
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FIQACH2 00 16-05-2013 *

Ole

PATELS AIRTEMP (INDIA) LTD.

NDE - RT
1% 9353

eview Form/ RT Report (RT-13/2

Ref Technique Sheet No, & Date

diogra
“ F84]anl3 d¥d 14 1alid
1 Report No. 5 5\3}3*"'\-5 pate :44hah3
RT ProcedureNo.  : Pyl iR 1104 Date :4-91'2111 Acceptance Standard: CuoS 1 X
i - I3 '
Mir. Sr. No. : BAE 1363 gg,’&w‘*@ Extentof AT : kLl
St . Density Obtained. | {0l Recul
No. Weld Joirt No. /Segment | Film Size | _:‘Sensnivlty Observation) o
it | Min. | max, | Actieved
1 leae 1353 pwetonsor) ©- ;3‘;*15") 5ir| 3% |3 2, g’ﬂ,aw NRIT| Al
21 M =R | BB g2 | NRE | ek
A J £-% | 1y Rav[ze) B | n NRE | et
ti X 31y TR EE A EX g AT R NR T | Bt
N\
S
N _
\_\
i N N
X >

B

Ladf~ o Ay

o ]

DATE

| QUALIFICATION

tghatss

EXMIBT N, 1972 REVLOATE: 17-10-2008, SHEET ¢ OF ¥
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PATELS AIRTEMP (INDIA) LTD.

NDE - RT

!Radi:;graphy Technigue Sheet
RT Technigue Sheet No. . FIS ) JT.GL& Date: 14112113
RT Procedure No. s oam ATIATIOL Date: 1931V
Drawing No. D0 AU Extent of RT : ‘futdf
Code of Construction ! pyon £ 3TN DV, Dateof RT: -
Identification _
Manufacturer’s Sr. No. Weld Joint No. Neldin no .
Er B 1355 AR WwhE 195 oF 1,

. SRSIE G RFeN - Thickness

Base Material Type T=dlmm
Reinforcement Thickness R=24™™ WeldThickness : t=T+R={&-L™™M
Type of Joint c codngovy B soD() :f &LV
OFD@) :1&e. 44w
‘Welding Process : A aw| send
- [
Radiation Seurce Type Isotope - Ir 192 X-ray -— _
Voltage__________KVp ez 150
Source / Focal Sport Size V@ F O (Remyren
| Film Make & Designation : Praku =l LeadScreen : © ikl H
(Brand) . : i
1Q1 Hole Type 1 ASTM __—__ Required Hole =
1€ Wire Type ASTMLB It RequiredWire Sﬂb’\fa Tdardih7
Exposure Technique Singte Wall/ Double Wall Viewing :
— Single Wall/ Double Wall
Film Viewing Single Flim/ Composite Film
i No. of Film/s in Each Casselte 4
No. of Exposures _ '
Location Markers As per SkeichonPage2
Letter B’ Kept on back side of each film cassette { 5w T £ 13 w0 MH
Weld Joint No. Segment No. Film Size
§ R Y |
59 O-1 A4 34 5 %18

e 111 |
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MT Report

Procedure No.: PAT/AT/MT/03 (Rev.0)
Dated: 05/08/2012
Page : 1 of 1

MAGNETIC PARTICLE EXAMINATION REPORT

‘Procedure No. . PAT/AT/MT/03 (Rev.0) Date : 05/08/2012
Report No. : EXE-1353MiT/01, Date:29.12.2013
S.0. No. : PEX-71413
! Job No, . EXE-1353, ltem No. 104-E-136
| E1 Job No. : 13-3353 B, El Client P.O. No.: CE416040-CC088996-00
El Drg. No. : 13-3353 A/B
Reference / Identification: MT of all iiﬁing Lug welds on Channel Cylinder assembly.
Test Date : 29.12.2013°
Test Material : SA-516 GR.70N
Surface Condition :  As Welded
Object :To check surface and sub-surface discontinuities.
Test Equipment . Electromagnetic Yoke : Make : SIMS Model : Y AC/DC
Test Technique . Wet Visible Continuos Technique
| Magnetizing Current : AC & HWDC _
Inspection Medium : Wet Visible Black Magnetic Particles, Make;Magnaflux-7C Black
Lighting Equipment . 60 W Bulb Hand Lamp (Incandescent lamp) with 230 V power

supply enclosed in a pan held at a distance of 200 mm from the
examination surface.

Reference . ASME Sec. V, Article 7
Acceptance Standard : ASME Sec. VI, Div. 1, Appendix — 6
Result of calibration - : For AC : 4.5 Kgs (10 Lbs.) at 4" and 6 pole spacing

For DC:18.1 Kgs. (40 Lbs.) at 4" and 6” pole spacing.
Maximum pole spacing during examination : 4”

Observations: No Relevant indication was observed.

Result : MT Satisfactory Result was found....... Acceptable i 4
Name of Operator : Dhaval Patel _ M .
Qualification : . MT Level Il NEPEoD Authonty \ | : //\

EXHIBIT NO. : 13/6 REV. 00, DATE : 17-10-2008, SHEET : 1 OF 1



F/QAC/16 00 16-05-2013

MT Repoft

Procedure No.: PAT/AT/MT/03 (Rev.0)
Dated: 05/08/2012
Page : 1 of 1

MAGNETIC PARTICLE EXAMINATION REPORT

Procedure No. ' . PATIAT/IMT/O3'(Rev.0) Date : 05/08/2012
| Report No. . EXE-1352/MT/01, Date:29.12.2013
S.0. No. . PEX-71413
Job No. : EXE-1352, Iltem No. 104-E-135 .
El Job No. :  13-3353 A, El Client P.O. No.: CE416040-CC088996-00
El Drg. No. - 13-3353 A/B | "
Reference / Identification: MT of all Lifting Lug welds on Channel Cyfinder assembly.
Test Date . 28.12.2013
Test Material . SA-516 GR.70N
Surface Condition :  As Welded
Object . To check surface and sub-surface discontinuities.
Test Equipment :  Electromagnetic Yoke : Make : SIMS Model : Y AC/DC
Test Technique :  Wet Visible Continuos Technique '
Magnetizing Current : AC & HWDC _ _ _
Inspection Medium : Wet Visible Black Magnetic Particles, Make:Magnaflux-7C Black
Lighting Equipment : 60 W Bulb Hand Lamp (Incandescent lamp) with 230 V power

supply enclosed in a pan held at a distance of 200 mm from the
examination surface.

| Reference : ASME Sec. V, Article 7
. | Acceptance Standard : ASME Sec. VI, Div. 1, Appendix — 6
' Result of calibration : For AC:4.5Kgs (10 Lbs.) at 4" and 6” pole spacing

For DC:18.1 Kgs. {40 Lbs.) at 4" and 6” pole spacing.
Maximum pole spacing during examination : 4”

Observations: No Relevant indication was observed. .
Result : MT Satisfactory Result was found.......Acceptable (L W
Name of Operator : Dhaval Patel

Qualification ¢ MT Level Il

Date : 29.12.2013

EXHIBIT NO. : 13/6 REV. 00, DATE : 17-10-2008, SHEET : 1 OF 1 =xchanger Industries |
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F/QAC/16 00 16-05-2013

MT Report

Procedure No.: PAT/AT/MT/03 (Rev.0)
Dated: 05/08/2012 :

Page : 1 of 1

MAGNETIC PARTICLE EXAMINATION REPORT

Procedure No.

PAT/AT/MT/03 (Rev.0) Date : 05/08/20112

Report No. EXE-1352/MT/02, Date : 29.12.2013
$.0. No. PEX-71413

| Job No. EXE-1352, Item No. 104-E-135
El Job No. 13-3353 A, EI Client P.O. No.: CE416040-CC088996-00
El Drg. No. 13-3353 A/B !

Reference / |dentification:

MT of temporary attachment removed area by grinding on Channel Cylinder
assembly.

Test Date 29.12.2013

Test Material SA-516 GR.70N

Surface Condition As Grind

Object To check surface and sub-surface discontinuities.

Test Equipment Electromagnetic Yoke : Make : SIMS Mode!: Y AC/DC
Test Technique Wet Visible Continuos Technique ' -
Magnetizing Current AC & HWDC

Inspection Medium

: Wet Visible Black Magnetic Particles, Make:Magnaflux-7C Black

Lighting Equipment

. 60 W Bulb Hand Lamp (Incandescent lamp) with 230V power
supply enclosed in a pan heid at a distance of 200 mm from the
examination surface. ' )

Reference

: ASME Sec. V, Atticle 7

Acceptance Standard

-~ ASME Sec. VIII, Div. 1, Appendix — 6

Resuit of calibration

: For AC : 4.5 Kgs (10 Lbs.) at 4” and 6" pole spacing
For DC:18.1 Kgs. (40 Lbs.) at 4" and 6" pole spacing.

Maximum pole spacing during examination : 4"

Observations: No Relevant indication was observed.
Result : MT Satisfactory Result was found.......Acceptable

Name of Operator : Dhaval Patel
MT Level ll

Qualification

EXHIBIT NO. : 13/5 REV. 00, DATE : 17-10-2008, SHEET : 1 OF 1 '
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MT Report

Procedure No.: PAT/AT/MT/03 (Rev.0)
Dated: 05/08/2012
Page : 1 0of 1

MAGNETIC PARTICLE EXAMINATION REPORT

Procedure No.

PAT/AT/MT/03 {(Rev.0) Date : 05/08/2012

Repbft No. EXE-1363/MT/02, Date:26.12.2013

S.0. No. PEX-71413

Job No. EXE-~1353, Item No. 104-E-136 .

El Job No. 13-3353 B, El Client P.O. No.: CE416040-CC088996-00 .
El Drg. No. 13-3353 A/B !

Reference / |dentification:

MT of temporary attachment removed area by grinding on Channel Cylinder
assembly.

Test Date 29.12.2013
Test Material SA-516 GR.70N
Surface Condition As Grind
Object To check surface and sub-surface discontinuities.
Test Equipment Electromagnetic Yoke : Make : SIMS Model : Y AC/DC
Test Technique Wet Visible Continuos Technique ' :
Magnetizing Current . AC & HWDC
Inspection Medium . Wet Visible Black Magnetic Particles, Make:Magnaflux-7C Black
Lighting Equipment : 60 W Bulb Hand Lamp (Incandescent lamp) with 230’V power
supply enclosed in a pan held at a distance of 200 mm from the
examination surface. '
Reference .. ASME Sec. V, Atticle 7
Acceptance Standard : ASME Sec. VIIi, Div. 1, Appendix — 6

Result of calibration

- For AC : 4.5 Kgs (10 Lbs.) at ‘4" and 6" pole spacing

For DC:18.1 Kgs. (40 Lbs.) at 4” and 6" pole spacing.

Maximum pole spacing during examination : 4”

Observations: No Relevant indication was observed.
Result : MT Satisfactory Result was found....... Acceptable

Name of Operator : Dhaval Patel
. MT Level i

Inspection:Authority

Qualification

M«_TF,' o “;;z‘“’?::‘!}‘_h{l
EXHIBIT NO. : 13/5 REV. 00, DATE : 17-10-2008, SHEET : 1 OF 1 _ﬁ -
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PATELS AIRTEMP (INDIA) LTD.

FINAL DIMENSION REPORT FOR MAIN SHELL ASSEMBLY

5.0: NO. - PEX-71413 DATE © 27/12/2013
P.0. NO. : 98998 DATE . 8/7/2013
CLENT - M/s. EXCHANGER INDUSTRIES LTD. INSP, AUTH. = AI/E!
JOB DETAILS  : SALES OIL TANK HEATER EIJOB NO : 13-3353A
MFG. SRL. No  : EXE-1352 ITEM NO. : 104-E-135
ASME SEC-VIIL, Siv-1 €D-2010, ADD- 13-3353A/8 SH. 1 OF 13 R-03,
CODE ' 2011a & TEMA CLASS -"R" 9TH EDITHON ORG. NO. * SH. 3 OF 13 R-2 & SH. 4 OF 13
& APl 660 R-2 '
-~ i
- 2 .
NOZILE ELEVATION ORIENT PROJECTION FROM CL REMARK
REQD. | FOUND | TATION REQD. FOUND k
NPS 4 X 300 CLASS X LWNRF FROM SH. FLG. |
51 252 253 180° 505 505/507 o
‘ MK2
NPS 4 X 300 CLASS X LWNRF
52 : 5550 5552 0° 505 506/508 | FROM NOZZLE 51
1
SR NO. DISCRIPTION REQ. ACT,
. =
1 |DISTANCE BETWEEN SH. FLG. TO DISHED END TL 6228 6231
‘ | ‘
2 |DISTANCE BETWEEN TWO SUPPORTS 4000 4002
3 |ELEVATION OF FIX SUPPORT FROM FLG. MK2 1100 1103 N
0
4 |TOTAL HEIGHT OF SUPPORTS 410 ; mq ' {;
5 [ELEVATION OF NAME PLATE BKT FROM FLG. MK2 252 251
327 X 827 X
6  |FIXSUPPORT HOLE & SLIDING SUPPORT SLOT DIMENSION (@27 X 54) | {827 X 55)
7  |2Nos GROUNDING LUG WEIDED ON EACH FIX & SLIDING SUPPGRTS - FGUND AS PER DRAWING
8 |ALL DIMENSIONS ARE IN MM

—=> VISUAL INSPECTION OF SALES OIL TANK HEATER (MAIN SHELL ASSEMBLY) & ALL WELDS INSPECTION

-HAS BEEN CARRIED QUT AND FOUND SATISFACTORY.

4

QCe

DATE

INSP, AUTHORITY
DATE

EXHIBIT NO. 11/4 REV. 02 DATE : 23-09-2011, SHEET 1 OF 1
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’ PATELS AIRTEMP (INDIA) LTD.
FINAL DIMENSION REPORT FOR CHANNEL ASSEMBLY
5.0. NO. : PEX-71413 DATE : 29/12/2013
P.0. NO. © 98998 DATE . 8/7/2013
CLIENT © M/s. EXCHANGER INDUSTRIES LTD. INSP. AUTH.  : AI/El
. |JoB DETAILS . : SALES OIL TANK HEATER El JOB NO . 13-3353A
MFG. SRL. No  : EXE-1352 ITEM NO. : 104-E-135
ASME SEC-VIII, DIV-1 ED-2010, ADD- 13-3353A/B SH. 1 OF 13 R-03,
CODE © 2011a & TEMA CLASS -"R" 9TH EDITHON DRG. NO. " SH.3OF 13 R-2 & SH. 4 OF 13
& APl 660 R-2
ELEVATION ORIENT- | ION FROM CL f
= LEVATION | PROJECTION FROM REMARK
REQD. | FOUND | TATION REQD. FOUND
NPS 4 X 300 CLASS X LWNRF FROM CH. FLG.
T1 _ 245 247 0° 505 505/508
. . MK1
NPS 4 X 300 CLASS X LWNRF FROM CH. FLG.
Tl [F 245 247 180° 505 506/507 M
MEK1
SR NO. DISCRIPTION REQ. ACT.
1 |TOTAL LENGTH BETWEEN DISHED END TL TO CH, FLG. 567 570
2 |2NOS LIFTING LUGS ARE WELDED ON CHANNEL ASSEMBLY AT 60° & 300° - FOUND AS PER DRAWING
3 |ALL DIMENSIONS ARE IN MM
G- Pavlitiom jyawfe %J}w felocd s fant P Lo 7 DEMIING
—5  VISUAL INSPECTION OF SALES OIL TANK HEATER{CHANNEL ASSEMBLY - INTERNAL & EXTERNAL
BOTH SIDE) & ALL WELDS INSPECTION HAS BEEN CARRIED OUT AND FOUND SATISFACTORY.
®©
. / |I ‘
QCE INSP. AUTHORITY " J,\,r\_
DATE DATE = ef”"_;_,{,_._-—-l ”
1 8] )
g 1% 1%
A
e
‘ ’
o Wit v‘%’
T Wiinessed &
ol SR, ’%
FONSO %4

EXHIBIT NO. 11/4 REV. 02 DATE : 23-09-2011, SHEET 1OF 1
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F/QAC/04 01 16-05-2013

. Y .
@-‘ .« PATELS AIRTEMP (INDIA) LTD.
FINAL DIMENSION REPORT FOR MAIN SHELL ASSEMIBLY
e e
$.0. NO. . PEX-71413 " DATE © 1 27/12/2013
P.0. NO. . 98998 DATE : 8/7/2013 '
CLIENT . M/s. EXCHANGER INDUSTRIES LTD. INSP. AUTH. : Al/El
JOB DETAILS  : SALES OIL TANK HEATER " EIIOBNO  : 13-33538
|
MFG. SRL. No : EXE-1353 [TEM NO. . 104-E-136
A |
ASME SEC-VIIl, DIV-1 ED-2010, ADD- 13-3353A/B SH. 1 OF 13 R-03,
CODE : 2011a & TEMA CLASS -"R" 9TH EDITIION DRG. NO. " $H.3 OF 13 R-2 & SH. 4 OF 13
& API 660 = R-2
| v : R [ON FR !
S ELEVATION | ORIENT- | PROJECTION FROM CL iy
| REQD. [ FOUND | TATION REQD. FOUND
R EQD.
NPS 4 X 300 CLASS X LWNRF . FROM SH. FLG.
51 252 252 180° 505 507/508
4 MK2
NPS 4 X 300 CLASS X LWNRF
52 5550 | 253 0 505 505/508 | FROM NOZZLE 51
SR NO. | DISCRIPTION REQ. ACT.
| 1 |DISTANCE BETWEEN SH. FLG. TO DISHED END TL 6228 6232
2 |DISTANCE BETWEEN TWO SUPPORTS ' 4000 4001
3 |ELEVATION OF FIX SUPPORT FROM FLG; MK2 1100 1102 -
, Hyojuy % '
4 |TOTAL HEIGHT OF SUPPORTS | at0 wata | N
5 |ELEVATION OF NAME PLATE BKT FROM FLG. MK2 252, 251
g27x 227X
| 6 [FIXSUPPORT HOLE & SLIDING SUPPORT SLOT DIMENSION (827 X54) | (927 X55)
7 |2Nos GROUNDING LUG WELDED ON EACH FIX & SLIDING SUUPPORTS - FOUND AS PER DRAWING
8 |ALL DIMENSIONS ARE IN MM

—=> VISUAL INSPECTION OF SALES OIL TANK HEATER {MAIN SHELL ASSEMVIBLY) & ALL WELDS INSPECTION P
HAS BEEN CARRIED OUT AND FOUND SATISFACTORY.

Qce INSP. AUTHORITY

DATE DATE

/
¥ Witnessed

1 Reviewed :
., JoEgEONSO 130
-;}.;;E”. P =

M Evshanger ndustries Limited

FEB 07 2014
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I PATELS AIRTEMP (INDIA) LTD.

~

FINAL DIMENSION REPORT FOR CHANNEL ASSEMBLY

5.0. NO. . PEX-71413 DATE © 29/12/2013
P.O. NO. . 98998 DATE . 8/7/2013
CLIENT . M/s. EXCHANGER INDUSTRIES LTD. INSP, AUTH.  : AI/E!
JOB DETAILS  : SALES OIL TANK HEATER E[JOBNO  : 13-33538B
MFG. SRL. No : EXE-1353 ITEM NO. © 104-E-136
ASME SEC-VJII, DIV-1 ED-2010, ADD- 13-3353A/B SH. 1 OF 13 R-03,
CODE " 2011a & TEMA CLASS -"R" 9TH EDITIION DRG. NO. ' SH. 3 OF 13 R-2 & SH. 4 OF 13
& APJ 660 .. R2
5 VATION T- |
i E—= ELEVATIO ORIEN PROJECTION FROM CL CEMARK
N 18 REQD. | FOUND | TATION REQD. FOUND .
W ) NPS 4 X 300 CLASS X LWNRF FROM CH. FLG,
: T 245 246 o 505 504/507 © G
; . MK1
i NPS 4 X 300 CLASS X LWNRF FROM CH. FLG.
2 245 245 180° 505 505/508
MK
SR NO. DISCRIFTIQN REQ, ACT.
1 |TOTAL LENGTH BETWEEN DISHED END TL TO CH- FLG. 567 569
2 |2NOS LIFTING LUGS ARE WELDED ON CHANNEL ASSEMBLY AT 60° & 300° - FOUND AS PER DRAWING
3 |ALL DIMENSIONS ARE IN MM

G bt pdts 4 cps ekl o por b5 Qi ok

— VISUAL INSPECTION OF SALES OIL TANK HEATER{CHANNEL ASSEMBLY - INTERNAL & EXTERNAL
BOTH SIDE) & ALL WELDS INSPECTION HAS BEEN CARRIED OUT AND FOUND SATISFACTORY.

'

Qce . ' INSP. AUTHORITY

) _‘QE______.I-' =3 .
DATE - \“\Wﬁiﬁ;iﬁ/ DATE
k} —

.on

% S | 13
(‘4 , ‘-_-‘—fwa':rr‘res,n;ed Z 31
/ KNW ] Reviewed “?/f/
: AF 37
el > Efrfﬂ Yy,

Exchanger Industries Limited

EXHIBIT NO. 11/4 REV. 02 DATE : 23-09-2011, SHEET 1 OF 1




(\ Jacobs Engineering Canada

Canadian Natural

Jacobs Contract No. CE4160

Client: CNRL — Kirby North phase 1 Kirby North Plant

Supplier's Document Review Sheet

Equipment Numbers Comments
104-E-135, 104-E-136 JPI REV 5 - INFORMATION
Review Status Codes Project / Req Title | CNRL — Kirby North phase 1

D 1 -Work May Proceed Supplier Exchanger Industries

2 - Revise and Resub i@may Doc. Description | EXCHANGER - PATELS - MATERIAL
D proceed subject to i@ tion of IDENTIFICATION REPORT - PEX 71413 - 13-

changes indicat 3353
AN

3 - Re id:ﬁf Resubmit: DO NOT

D Pr% anufacture
. \‘%D TOP WORK per attached written

E&\ instructions Vendor Document | PAT MTR - 13-3353
D 5 - Review Not Required: Work may N?'

proceed Chient Document | ypoggg96-M017-00005

SUPPLIER PLEASE NOTE: Permission to proceed does not
constitute acceptance or approval of design details, calculations,
analyses, test methods or materials developed or selected by the Purchase Order No. Doc Cat. Issue
supplier and does not relieve supplier from full compliance with
contractual obligation,

CE416040-CC088996-00 | M017 0

BY Categories M725

DATE ; Date Received 04/08/2014
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PATELS AIRTEMP (INDIA) LTD.
MATERIAL IDENTIFICATION REPORT
SO NO. ¢ PEX 71413 DATE 30\ 10 | IR
PO NO. : 98998 DATE . 8/7/2013
CLIENT i EXCHANGER INDUSTRIES ( CANADA ) INSP. AUTH | Al ’ £ 1
JoB DETAILS : SALES OIL TANK HEATER DRG. NO. 1 13-3353 A/B REV-02
CODE : ASME SEC VIII DIV 1 ED 2010+Add 2011a MFR.SR. NO. : EXE 1352 & EXE 1353
ITEM NO : 104-E-135/136 EIJOB NC : 13-3353 A/B
PN | DETAILS SIZE qry. | MATERIBCASPER | MateriaLs usep HEAT NO. T.C. DETAILS
101 [MAIN SHELL | 14T X 1241 DL. 2 SA 516 GR 70 | SA 516 GR 70
CYLINDER 6094 MM LG
3811ID (IN 3 CORSES )
101 |MAIN SHELL | 14T X 1241 DL. 2 SAS516 GR70 | SA516 GR70 | H-142095 |STEEL AUTHORITY
S1 |CYLINDER 2500 MM LG P-1291544/1|0F INDIA LIMITED
T.C NO : RCL/MTL
3811ID /PLM/80203804
DT : 27/07/2012
101 [MAIN SHELL | 14T X 1241 DL. 2 SA 516 GR 70 | SA516 GR 70 H-142095 | ... DO .....
S3 |CYLINDER 2500 MM LG P-1291544/1
381 1D
o Wi
OO0 Reviewed
JOE ARO
oo |
oS
Exchanber Industries, |
AN 0CT 30 2013
W
B WO '
' (V% o !
QE&\WW}B =" Aan\\
> _ )
PLANNING ENGINEER & DATE QCE & DATE I_NS_I?_.)UIHL&.DKY'}, .

-

,:“_:___ — / ( 1§(’,ﬁ Mﬁ%wﬁ
)

EXHIBIT NO.9/3 REV.02 DT:23-09-2011 SHEET 1 OF 1

VP088996-M017-00005



FiorittT
Text Box
VP088996-M017-00005


STEEL AUTHORITY OF INDIA LIMITED Page Nealsdiol 3
! ' BHILAI'STEEL PLANT MTLIGRZ .
RESEARCH & CONTROL LAB {MECHANICAL TESTING LAB)

T AL STEEL MAKER 'S CERTIFICATE OF MANUFACTURE & RESULTS OF TESTS

L WORK TEST CERTIFICATE
To i i i TG No. © ROUMTLPLME0203804 ~
BM BSO UNBAI I i T.C. Date : 20072012
SALES ORDERNO : 1100086251
? SWWASTICK CHAMBERS 1ST FLOOR SION TROMBAY ROAD CHEMBUR DANO. ;80203804
o i ] ' DA Date C a2
.- Wagon No./ TraillerNo. ~ :  SECRZ1141124561
HeatTreatment <  Nommafised | Process of Manufacture 5 Basic Oxygen Converter Conlinucus Cast
(@) Temp @ SO0°CO2CT Kiled Steel ~
(o) Time :  {minitus/mm of Thickness z ‘ NORMALISED ~~
Specificalion : ASME SAST6ISAS16M GR 70-2010{2041a) ’

ASME§A20!SA20M-2010(2011a) e
3 I
We hereby certiy & !hat  the malerials as mantroned below against lhe respective heat numbars have salisfied the requlremens of chemical
composition znd/ o met.hamcal testes of: Ihe respecnve specﬁcahon (s). & found in the respective sampls selected from them

TEST RESULTS
SECTION (NOMINAL SIZE) | MECHANICAL PROPERTIES Bend | - M.Di
¢ 3 1 mr - Test

THICK | WIDTH | LENGTH | HedtNo. PateNo. | ys | e | %e CHARPY V NOTCH (L) ImpactValuesE:J)

o | oo | ma o f Pebo e hea el | T 2 B | g | v 5

R 14 2500 | 12508 2095 | 12915402 | 396 | s00 | 2 | 48 | 45 | a2 J a5 | 20 | ok | BT

14| 2500 .} 12500 142005 | 1omtsa2 | 204 | s | 2 | a2 0 w0 | w20 [ ok | oar
U ] 200 Cas0 | w2096, | 91t anq sw] 2] 21 ® 1 IR o& =
4|0 | o | waoes | sz | = | = | — 1 T T i ) e 21y
Heat | o ____ GHEMCAL COMPOSITION (LADLE ANALYSIS) £
6. Clsterilml s T alTalolnw wlm]l vss N | CE

el % L % % L%l % | % | %% x| % | % % oom | %

3 SN S e - i o y . R, - 5 = %

142055 7| 0227 o016 | 00i8.| 1367 | 021 T 0027 | <00z <00ts <0015 | <0015 | <0010 | <0010 | <o00s| & | o
(R i = 1

1.0. Issued For..?)...gé‘.,@,. TS, of
.‘.........(...AgalnsllChal!an No,ﬁ..,.f?.f{o{___oes é
dated...L5 0% %

v :
*GLin 200 mmmm & ¥
) gl — oA : i
- ; Total Pleces Page [ Sales Order :4/4 Total Pleces /TC : SIS o
iThe Mat:nal supplled conforms fo the standard reling and weight tolerances, SYD inc?@rg_e i St. 058
3 Nole i

iAll the plate surfaces & dimension chacked by BSP & each plate bears a stamp Lhus,

ULTRASONICTESL PERASTIM A 578 Level B Salistaciory & level of atceptance as per TDC. 73
O Witnessed 11; -
s f Reviewed

X g L O TAMIAAR '. : (\J)
‘ / i JOE__‘C}FONSO E Authorived Signatory .. /bjpd
T ) Resesrah & Gortgal Laboratie "77(5
Authorlsad Signalary : nger ndustﬂes Rilal Sionl Plasy 4 '7/( w 4

SALKCHOBSO + - BCT 30 2013 \ e i



F/PPC/05 00 16-05-2013
PATELS AIRTEMP (INDIA) LTD.

MATERIAL IDENTIFICATION REPORT

soNo.  : PEX71413 DATE : 12]og o013
PO NO. : 98998 DATE 8
CLIENT : EXCHANGER INDUSTRIES ( CANADA ) INSP. AUTH & Al ,’&f { Taice th [EI ? |~
JOB DETAILS : SALES OIL TANK HEATER DRG. NO. : 13-3353 A/B REV-02
CODE : ASME SEC VIII DIV 1 ED 2010+Add 2011a MFR.SR.NO. : EXE 1352 & EXE 1353

ITEM NO » 104-E-135/136 EIJOBNC : 13-3353 A/B
PN DETAILS SIZE Qry. | MATERIALASPER | ) rERIALS USED HEAT NO. T.C. DETAILS

DRG.

101 |MAIN SHELL | 14T X 1241 DL. 2 SA 516 GR 70 | SA 516 GR 70
N

CYLINDER 6094 MM LG

3811ID (IN 3 CORSES )

101 |[MAIN SHELL _14T X 1241 DL | 2 SA 516 GR-70 | SA 516 GR 70 _H-11K20301 [ALCHEYSK & IRON

S1 [CYLINDER | 2500MMLG [~ | N - { P-211 |STEELWORKS -
~l3g11p |~ s = [TCNO: 61633
| DT 30/01/2011
101 |MAIN SHELL | 14TX1241DL. | 2 | SA516GR70 | SA516 GR 70 | H-11K20301| ... DO.....
4 ,o\.f
2 |cYLINDER 1094 MM LG P-211
381 ID
101 [MAIN.SHELL| 14T X 1241DL. | 2 | SA516 GR 70 | SA'516 GR 70 | H=24K20301 DO ..
i 7
s3 |cYLINDER 2500 MM LG ' o s p-211 -
1381 ID

i oY 1] ;’tA

\

SH GHET

\

cngen Tvdustares.

(R kel
12-\o L({Q»)Q

PLANNING ENGINEER & DATE QCE & DATE INSP. AUTH. & DATE
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F/PPC/05 00 16-05-2013
PATELS AIRTEMP (INDIA) LTD.

MATERIAL IDENTIFICATION REPORT

S0 NO. © PEX 71413 DATE : vloglooin
PO NO. : 98998 DATE : /]
CLIENT : EXCHANGER INDUSTRIES ( CANADA ) INSP. AUTH MI 1evcebs / ET (k_‘ -
JOBDETAILS : SALES OIL TANK HEATER DRG. NO. : 13-3353 A/B REV-02
CODE : ASME SEC VIII DIV 1 ED 2010+Add 2011a MFR. SR.NO. : EXE 1352 & EXE 1353

ITEM NO : 104-E-135/136 EIJOB NC : 13-3353 A/B
PN DETAILS SIZE QTY. MATERIALAS PER MATERIALS USED HEAT NO. T.C. DETAILS

DRG.

/
A01 [TUBESHEET | 56T X 534 OD 2 SA 516 GR 70 SA516 GR 70 | Y 936507 |ARCELOR MITTAL
= ~N

50 THK 56 THK 264022/1/1 [T.C NO : 20310676

DT : 04/10/2012

J02 |SHELL HEAD 14T X 580 @ 2 SA 516 GR 70N SA 516 GR 70N H-6739 AZOVSTAL & IRON

3811D P-5449/10 [STEEL WORKS

T.C NO : 09-15290

DT : 15/06/2012

\_’39‘2 CH. HEAD 14T X 580 @ 2 SA 516 GR 70 | SA 516 GR 70 H-6739 |  ..... DO .....
N N
381 1D P-5449/10
COUPAN 14T X 150 X 300 i SA 516 GR 70 | SA 516 GR 70 H-6739 v DO s
N N
PLATE P-5449/10
301 |CH. SHELL 14T X 1241 DL. 2 SA516 GR70 | SA 516 GR 70 H-6739 s DO v
~V N N
CYLINDER 324 MM LG P-5449/10
381 ID _ \
L }
& 0ée
" £, 2 ! | Relpt]

7 (TN | PF
y & r /(fw(;sc

il
[( / (—:”*:r.c'hcmqm pw%
O :I //".
8> .
(% 11\0@;{@»13 g{: L%\Qg \%

PLANNING ENGINEER & DATE QCE & DATE INSP. AUTH. & DATE
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F/PPC/05 00 16-05-2013
PATELS AIRTEMP (INDIA) LTD.

MATERIAL IDENTIFICATION REPORT

B3

\ ‘& ‘ :\)07

,PLANNING ENGINEER & DATE

QCE & DATE

S0 NO. : PEX 71413 DATE 170 /20)3
PO NO. : 98998 DATE 0l o3 l201.3
CLIENT : EXCHANGER INDUSTRIES ( CANADA ) INSP.AUTH : Al
JOB DETAILS : SALES OIL TANK HEATER DRG. NO. : 13-3353 A/B REV-02
CODE : ASME SEC VIII DIV 1 ED 2010+Add 2011a MFR. SR.NO. : EXE 1352 & EXE 1353
ITEM NO : 104-E-135/136 EIJOBNC : 13-3353 A/B
PN DETAILS SIZE QrY. "ATER;:'(';'AS PER | MATERIALS USED | GROUP NoO. T.C. DETAILS
_-303 CHANNEL 57T X 524 OD 2 SA 105N SA 105 2064 A4 (]).A.V.FORGINGS PVT.LTD
i FLANGE 381 ID X 83 HT T.CNO: 6329
MK1 DT: 10/10/2013
103 |SHELL 57T X 524 OD 2 SA 105 N SA 105 2064A4 | ... DO ...
FLANGE 381 ID X 83 HT
MK2
501 |FLANGE NPS 4 X CL. 300 8 SA 105 N SA 105 2064 B2 (J.A.V.FORGINGS PVT.LTD
S1,52 RF LWN X 345 LG T.CNO: 6328
T1,T2 ID = 101.6 MM DT:10/10/2013
WT = 22.2 MM
Hrtinossod Ny
» Revlewed V A
Eizchanger Indugtries [Limited ( J'/ ; //
NOV 1 5 2013 \—{/{/ Lf/\ﬂi: f\‘,,olg

]
Y

INSP. AUTH. & DATE

EXHIBIT NO.9/3 REV.02 DT:23-09-2011 SHEET 1 OF 1




J. A. V. FORGINGS PVT.LTD.

PH.:0129-2480275, 2480046, FAX: 0129-2481750, e-mail:jav foree o satyam.net in
FORMAT No. JAV/QC/19
WORKS TEST CERTIFICATE SSUE No.
DATE 7/05/2012
SHEET 1 OF 2

An ISO - 9001 Company

Works: 169-170, Village Bhakri, Badkhal Pali Road, Faridabad-121004

Certificate No.: - 6328

| DATE:-10.102013

(INSPECTION AUTHORITY)

(MANAGER QUALITY CONTROL)

Purchaser: M/s. PATELS AIRTEMP (INDIA) LTD Inspection Authority J AV.FORGINGS PVT LTD
PO. No. PAT/PEX71413/609/PO.EX-212 DT-09.09.2013 | Date of Final Inspection | 10.10.2013
AMD No. E-MAIDT 09.10.2013 Project
Dimension: AS PER ASME B16.5 (2013) Material Specification SA 105M OF ASME SEC 11 PART A ED 2010+ AD 2011a
Certificate Type AS PER EN — 10204 PARA 3.1 (2004) Tech. Specification No. | TPS-PEX-71413/03 REV-0
Order Status COMPLETE Approved QAP. No
ITEM No. Description Group No. Qty. Heat Treatment Item status
4 NORMALISED AT 900°C.
I el e (?gg_ﬂi;owmp 34SMMLxID=I0L6MMX | yocrny | 0p | SOAKING TanE 4.0 HRS, | COMPLETE
STILL AIR COOL.
CHEMICAL COMPOSITION %
Am:}ysiJGroup No| LabNo. | CastNo. © Mn P S Si Ni Cr Mo Cu \' Al AA BB CE
REQD MIN 0.60 0.10 —- — — — —
MAX 0.35 1.05 10.035 ] 0040 | 0.35 0.40 0.30 0.12 0.40 0.08 100 | 0.32 —
PA | 2064B2| 130911 [12E011013| 0.20 | 0.91 | 0.025|0.015] 023 | <0.02 | <0.02 | <0.02 <002 | <0.02]|0.025| 0.10 | 0.04 | 0.36
MA 12E011013| 0.21 | 0.92 [ 0.023]| 0.014| 0.22 | 0.011 | 0.01 |0.0007| 6.01 |0.001|0.025| 0.03 | 0.02 | 0.36
CE =C+Mn/6+(Cr+Mo+V)/5+(Ni+Cu)/15
AA=Ni+Cr+Mo+Cu+V
BB =Cr+ Mo
PA = PRODUCT ANALYSIS REPORT
MA=MILL TEST REPORT
,)»“)/ 1 Witnessed
Reviewed

CORRESPONDENCE ADDRESS:-PLOT NO.5, SECTOR-6, MATHURA ROAD, FARIDABAD-121006



J. A. V. FORGINGS PVT.LTD.

An ISO - 9001 Company
Works: 169-170, Village Bhakri. Badkhal Pali Road, Faridabad-121004

PH.:0129-2480275, 2480046, FAX: 0129-2481750, e-mailijaviorge/a satyam.net.in
FORMAT No.| JAV/QC/19
WORKS TEST CERTIFICATE  [5SUENo. |4
DATE 07/05/2012
SHEET 2 OF 2
Certificate No : - 6328 ' DATE : - 10.10.2013
MECHANICAL PROPERTIES
Group No.| Direction of Test | Gauge | Gange | YS MPa UTS |[Elong % | Red.In | Hardness Bend Test Charpy “V’ Notch Impaet
Specimen Diameter| Lenth (N/MMD) Mpa on4D | Area % BHN Angle of bent 180° | Test Temp, ————e-—-- °C
(MM) | (MM) | BYO02% |(N/MM?) Size = 19mmTx | Size 10x10x55mm, 2mm “V’
Offset Method L }5{"1‘{'1“2{ Notch
~ T Individual Average
REQD. 4 x DIA | 250.00 MIN 485.00 22.00 30.00 [C-7 N (e R —————— N [[—
MIN MIN MIN MAX
2064B2 | TANGENTIAL 8.77 | 35.00 348 526 2543 | 36.29 |156, 159 /T
2064B2 |LONGITUDNAL| 12.69 | 50.00 342 522 33.00 | 62.22 | 156,159 S I
Other Test Ultrasonie Test Wet Fluorescent Magnetic Liquid Penetrant Test Intergranular Miero Test
Particle Examination Corrosion
Test Standard
Acct. Level N/A N/A N/A N/A N/A
Results

Identification: ITEM NO. /SR. NO. - JAV —SIZE — SPECI — G. NO. - B16.5

Certified that the above items have been manufactured. inspected & found acceptable as per the Specification/Purchase order requirements

Remarks:-

I. THE FORGINGS ARE MANUFACTURED. SAMPLED, TESTED AND INSPECTED IN ACCORDINDANCE WITH THE
REQUIREMENTS OF MATERIAL SPECIFICATION AND APPLICABLE SUPLEMENTRY REQUIREMENTS AS PER CLINT’S
PURCHASE ORDER AND TEST RESULT HAS BEEN FOUND TO MEET APPLICABLE REQUIREMENTS.

Il'-.}

3.
4.
5.

(INSPECTION AUTHORITY)

ALL TESTING/INSPECTION DONE BY CALIBRATED EQUIPMENTS.
ABOVE MATERIAL MANUFACTURED AS PER LATEST APPLICABLE SPECIFICATION UNLESS OTHERWISE SPECIFIED.,
ALL FORGINGS FREE FROM INJURIOUS DEFECTS & NOQ WELD REPAIRED HAVE BEEN PERFORMED.

USED MATERIAL IS FULLY KILLED & FINE GRAIN STEEL.

1 Witnessed

§

Revigewed

CORBESPONDENCE ADDRESS:-PLOT NO.5, SECTOR-6, MATHURA ROAD, FARIDABAD-121006



J. A. V. FORGINGS PVT.LTD.

An ISO - 9001 Company
Waorks: 169-170, Village Bhakri, Badkhal Pali Road, Faridabad-121004
PH.:0129-2480275, 2480046, FAX: (0129-2481750, e-mailsjaviorged@ satyam.net.in

(INSPECTION AUTHORITY)

FORMAT No. JAV/QC/19
WORKS TEST CERTIFICATE ISSUENo.
DATE 07/05/2012
SHEET 1 OF 2
Certificate No.: - 6329 DATE: -10.10.2013
Purchaser: M/s. PATELS AIRTEMP (INDIA) LTD Inspection Authority JAV. FORGINGS PVT LTD
PO. No. PAT/PEX71413/610/PO.EX-211 DT-09.092013 | Date of Final Inspection 10.10.2013
AMD No. E-MAIL DT 09.10.2013 Project
Dimension: AS PER DRG Material Specification SA 105M OF ASME SEC II PART A ED 2010+ AD 2011a
Certificate Type AS PER EN — 10204 PARA 3.1 (2004) Tech. Specification No. | TPS-PEX-71413/04 REV-0
Order Status COMPLETE Approved QAP. No
ITEM Ne. Description Group No Qty. Heat Treatment Item status
CHANNEL FLANGE (MK1) NORMALISED AT 900°C,
AS PER DRG NO- 13- A/B SHEET 5 OF 13 R00 4, S
(125-150 AARH)
SHELL FLANGE (MK2)
AS PER DRG NO- 13-3353A/B SHEET 5 OF 13 R00
02 57 MM THK x 524 MM OD x 381 MM ID x 83 MM HT Al 2 eisiguslg
(125-150 AARH)
CHEMICAL COMPOSITION %
Analys'tHGroup No.| LabNo. | CastNo C Mn P 8 Si Ni Cr Mo Cu \% Al AA BB CE
REQD MIN - 0.60 — 0.10 , . - : — -
MAX 0.35 1.05 | 0.035 10,040 | 035 0.40 0.30 0,12 0.40 0.08 - 1.00 | 032
PA | 2064A4 | 130907 Q4-46 0.21 | 093 |0.025|0.015| 025 | <0.02 | 0.07 | <0.02 | <0.02 | <0.02{0.028] 0.15 | 0.09 | 0.39
MA Q4-46 0.21 | 0.94 | 0.022| 0.010| 0.24 | 0.01 0.07 0.01 0.01 | 0.003]0.028| 0.10 | 0.08 | 0.38
CE =C+Mn/6+(Cr+Mo+V)/5+(Ni+Cu)/15
AA=Ni+Cr+Mo+Cu+V
BB=Cr+ Mo
PA = PRODUCT ANALYSIS REPORT
MA=MILL TEST REPORT
O Witnessed
Revjewed
JOE ALFONSO

’VJJ/ f%%ﬁnge?industries Limited

(MANAGER QUALITY CONTROL)

CORRESPONDENCE ADDRESS:-PLOT NO.5, SECTOR-6, MATHURA ROAD, FARIDABAD-121006




An ISO - 9001 Company
Works: 169-170, Village Bhakri, Badkhal Pali Road, Faridabad-121004
PH.:0129-2480275, 2480046, FAX: 0129-2481750. e-mail:j 2. {1 e dsatvam.net.in
FORMAT No.| JAV/QC/19

‘@ J. A. V. FORGINGS PVT.LTD.

WORKS TEST CERTIFICATE  [iSSUiNo |4

DATE 07/05/2012
SHEET 2 OF 2
Certificate No : - 6329 | DATE:-10102013
MECHANICAL PROPERTIES
Group No.| Direction of Test | Gauge | Gauge YS MPa UTS | Elong % | Red. In | Hardness Bend Test Charpy ‘V* Notch Impact
Specimen Diameter| Leath (N/MM?) Mpa on4D | Area % BHN Angle of bent 130° | Test Temp, ~—-—————°C
(MM) | (MM) | BY0.2% |(NMM) Size=19mmTx | Size 10x10x55mm, 2mm “V’
Offset Method | -j";[“r‘f{ Notch
R Individual Average
REQD. 4 x DIA | 256.00 MIN 483.00 22.00 30.00 1 e e e |
MIN MIN. MIN MAX.
2064A4 | TANGENTIAL | 12.52 | 50.00 352 516 33.00 | 66.93 | 152,149 -
Other Test Ultrasonic Test Wet Fluorescent Magnetic Liquid Penetrant Test Intergranular Micro Test
Particle Examination Corrosion
Test Standard
Acct. Level N/A N/A N/A N/A N/A
Results

Identification: ITEM NO. /SR. NO. — JAV — SIZE — SPECI — G. NO. — DRG NO.

Certified that the above items have been manufactured. inspected & found acceptable as per the Specification/Purchase order requirements

Remarks:-

1. THE FORGINGS ARE MANUFACTURED, SAMPLED, TESTED AND INSPECTED IN ACCORDINDANCE WITH THE
REQUIREMENTS OF MATERIAL SPECIFICATION AND APPLICABLE SUPLEMENTRY REQUIREMENTS AS PER CLINT'S
PURCHASE ORDER AND TEST RESULT HAS BEEN FOUND TO MEET APPLICABLE REQUIREMENTS.

ALL TESTING/INSPECTION DONE BY CALIBRATED EQUIPMENTS.

ABOVE MATERIAL MANUFACTURED AS PER LATEST APPLICABLE SPECIFICATION UNLESS OTHERWISE SPECIFIED.
ALL FORGINGS FREE FROM INJURIOUS DEFECTS & NO WELD REPAIRED HAVE BEEN PERFORMED.,

USED MATERIAL IS FULLY KILLED & FINE GRAIN STEEL.

=

(7%]

4.
3.

O Witnessed
Reviewed

changer Industries Limited

NOV 15 2013

(INSPECTION AUTHORITY) (MANAGER QUALITY CONTROL)

CORRESPONDENCE ADDRESS:-PLOT NO.5, SECTOR-6, MATHURA ROAD, FARIDABAD-121006



F/PPC/05 00 16-05-2013

PATELS AIRTEMP (INDIA) LTD.
MATERIAL IDENTIFICATION REPORT
SO NO. . PEX 71413 DATE
PO NO. : 98998 DATE 8/7/2013
CLIENT : EXCHANGER INDUSTRIES ( CANADA ) INSP. AUTH  : Al
JOBDETAILS  : SALES OIL TANK HEATER DRG. NO. : 13-3353 A/B REV-02
CODE : ASME SEC VIII DIV 1 ED 2010+Add 2011a MFR.SR.NO. : EXE 1352 & EXE 1353
ITEM NO : 104-E-135/136 EIJOB NC : 13-3353 A/B
PN DETAILS SIZE QTY. MATER;:'E;'AS RER MATERIALS USED HEAT NO. T.C. DETAILS
402 |U-TUBES 19.05 MM OD 4 SA 179 SA 179 13040603|SAINEST TUBES
14 BWG MIN. THK PRIVATE LIMITED
6040 MM ST.LG T.CNO : 7548/13-14
DT:01/11/2013
402 |U-TUBES 19.05 MM OD 4 SA 179 SA 179 13040603,  ....... DO ......
14 BWG MIN. THK
6066 MM ST.LG
402 |U-TUBES 19.05 MM OD 94 SA 179 SA 179 13040603 @ ....... DO ......
14 BWG MIN. THK
6096 MM ST.LG
m/ Withesseq
[J Revieweq
JOE ALFUNSO
EA’- = [ ey
xthanger Industries Limited
NOV 152012
1214|023
PLANNING ENGINEER & DATE QCE & DATE INSP. AUTH. & DATE

EXHIBIT NO.9/3 REV.02 DT:23-09-2011 SHEET 1 OF 1




p SAINEST TUBES PVT. LTD.

(AN ISO 9001/TS 16949/ISO 14001/OHSAS 18001/PED CERTIFIED COMPANY)
PRECISION SEAMLESS CARBON STEEL TUBES MAKERS
WORKS : 3329, PHASE - IV, G.I.D.C., CHHATRAL - 382729. DIST. GANDHINAGAR (GUJARAT)

_— Ph : 0091-2764-232242, 234128 FAX : 0091-2764-232207 E-MAIL : sainest@sainest.com
FORMAT No. STPL/INS.FTC/21 PAGE 01 OF 01
MILL TEST CERTIFICATE
(AS PER EN 10204 TYPE 3.1)
CUSTOMER | Mis. PATELS AIRTEMP (INDIA) LIMITED, RAKANPUR. S.O.NO. | 7548
P.O.NO. & DATE | PATIPEX-71413/606/PO.EX-203, DTD: 31.08.2013 T.C.NO. | 7548/13-14
PRODUCT | C.S.SEAMLESS, COLD DRAWN, FULLY KILLED, ANNEALED ‘U’ TUBES. DATE | 01/11/2013
APPROVED QAP NO: STPLIQAP/7548/13-14, REV.01 DTD: 16.09.2013
P.O. THK LEG 100%
sr. | speciFicaTion | ©P (MIN.) LENGTH | RADILS "&'QF feiies HYDRO ITEM STATUS
NO. : MM MM MM ' - TEST
1. SA 179 19.05 | 14 BWG 6040 20.00 04 % 70 BAR COMPLETE
2 SA 179 19.05 | 14 BWG 6066 20.00 04 = 70 BAR COMPLETE
SA 179 19.05 14 BWG 6096 - 36.00 14 - 70 BAR COMPLETE
SA 179 19.05 14 BWG 6096 54.00 12 - 70 BAR COMPLETE
SA 179 19.05 14 BWG 6096 71.50 16 - 70 BAR COMPLETE
i SA 179 19.05 | 14 BWG 6096 90.00 12 = 70 BAR COMPLETE
: SA 179 19.05 | 14 BWG 6096 108.00 12 - 70 BAR COMPLETE
SA 179 19.05 | 14 BWG 6096 12550 12 = 70 BAR COMPLETE
SA 179 19.05 14 BWG 6096 143.50 12 - 70 BAR COMPLETE
SA 179 19.05 14 BWG 6096 162.00 04 - 70 BAR COMPLETE
TOTAL | 102 Nos.

SA 179 OF ASME SEC.Il PART A-EDITION 2010 ADDENDA 2011a & AS PER DOC No: TPS-PEX-71413/06 REV.01

P.O. CHEMICAL COMPOSITION (%)
SR.
NO. | c Mn P s si Mo | cr v Ni Cu Al
~ | 006 | 027
— | HEATNO. TO To | 3035 s ; : g . ) ) )
_J S | 018 | o0s3 ; :
. H 0.10 0.43 | 0.016 | 0.003 | 0.21 - - - -- - -
1703
013040603 515102 (0436 | 0.014 | 0.004 | 0219 | - | -~ | = | - | - | oot
*S: AS PER SPECIFICATION H: AS PER HEAT ANALYSIS P: AS PER PRODUCT ANALYSIS
PHYSICAL TESTING - MECHANICAL TESTING
F.O. - TENSILE YIELD %ELONGATION
~~SR. | FLARING | FLATTENING o STRENGTH STRENGTH GL...50....MM
0. ( : [47 KSI =325 Mpa Min.] | [26 KS! =180 Mpa Min] [35%Min.]
59.47 KSI) 410.04 | (40.88 KSI) 281.90 50.0%
1703, K TO 64 HRB ( ) )
oK 2 52 c (59.69 KSI) 411.57 (44.92 KSI) 309.74 46.0%
MARKING: EACH TUBE STENCILLED AS STPL, SIZE, SPECIFICTION, HT. No,, P.O.No., [,Al.L] & R, _mm
| HEAT TREATMENT: ANNEALED AT THE TEMP. OF 650 °C (+20°C70°C)’ OLD DRAWING.
REMARKS: W Reviewed

1) 100 % VISUAL& DIMENSIONAL INSPECTION CARRIED OUT BY ‘STPL' & 10% QTY. WITNESSED B\';fﬂll-'-s EB)&I? D SATISFACTORY.

2) PHYSICAL TEST CHECKED BY 'STPL’ & WITNESSED BY ‘PAIL’ SURVEYOR FOUND SATISFACTO .""~ ’

3) 100% HYDRO TEST CARRIED OUT BY STPL’ ON ‘U’ TUBES WITH 2 MINUTES HOLDING TIME & 10% QT YoM IESSED BY 'PAIL’ SURVEYOR RESULT
FOUND SATISFACTGRY. i -

4) SR. DONE ON ALL TUBES AT ‘U’ BEND PORTION PLUS 152 mm (MIN.) ON EACH LEG LENGTH AT THE TEM '.- GWF?@@ WW&%d
SOAKING TIME & WITNESSED BY ‘PAIL’ SURVEYOR FOUND SATISFACTORY. T »

5) MOCK-UP TEST FOR INNER MOST TWO RADIUSES CHECKED AT 0°, 30 60°, & 90° FOR OVALITY & THINING & IT IS WITHIN LIMITS AS PER P.O.
REQUIREMENTS (TEMA RCB 2.31) CHECKED BY 'STPL' & WITNESSED BY 'PAIL’ SURVEYOR FOUND SAT&?‘CA

6) U’ BENDING DONE AS PER P.O. REQUIREMENTS AND 100% QTY. C KED BY STPL & ON THE TEMPLATES F!
QTY. CHECKED BY ‘PAIL' SURVEYOR FOUND OK.

INSPECTION BY : P.A.LL.

- B R Pl e

SURVEYOR SIGN: - —oemsmemmenmmens

WE HERE BY CERTIFY THAT THE MATERIAL HERE IN DESCRIBED HAS BEEN TESTED IN ACCORDANCE TO ABOVE ORDER SIZE & SPECIFICATION REQUIRMENT

OFFICE: 301/B, JEET COMPLEX, JAIN DERASAR, OPP.MUNICIPAL MARKET, C.G.ROAD, NAVRANGPURA, AHMEDABAD: 380009.
TELEFAX (OFFICE): (079) 6464467, 6463558




0& Jacobs Engineering Canada

Canadian Natural

Jacobs Contract No. CE4160
Client: CNRL - Kirby North phase 1 Kirby North Plant

Supplier’'s Document Review Sheet

Equipment Numbers
104-E-135, 104-E-136

Review Status Codes

1 - Work May Proceed

SUPPLIER PLEASE NOTE: Permission to proceed does not
constitute acceptance or approval of design details, calculations,
analyses, test methods or materials developed or selected by the
supplier and does not relieve supplier from full compliance with
contractual obligation

BY :
DATE

Comments
JPI REV 5 - INFORMATION

Project/ Req Title CNRL — Kirby North phase 1

Supplier Exchanger Industries

Doc. Description EXCHANGER - PATELS - MATERIAL
IDENTIFICATION REPORT - PEX 71413 -
NON PRESSURE - 13-3353

Vendor Document 13-3353 NON PRESSURE MTR
No.

Client Document  \/5433996.M017-00017

No.

Purchase Order No. Doc Cat. Issue
CE416040-CC088996-00 MO017 0
Categories

Date Received 04/16/2014



SO NO. ; PEX 71413
PO NO. 98998
CLIENT : EXCHANGER INDUSTRIES ( CANADA )
JOB DETAILS : SALES OIL TANK HEATER
CODE : ASME SECVIII DIV 1 ED 2010+Add 2011a
ITEM NO : 104-E-135/136
PN DETAILS SIZE QTY
306 PARTITION 10T X 149 X 2
PLATE 381
307 PARTITION 10T X 212 X 2
PLATE 381
309 PARTITION 10T X295 X 2
PLATE 553
201 WRAPER 10T X152 W 4
PLATE 660 LG
202 BASE PLATE 10T X 102 W 2
FIXED SUPP 400 LG
203 BASE PLATE 10T X 102 W 2
SLIDING SUF 400 LG
205 RIB PLATE 10T X 88 X 4
186 LG
\A
NING ENGINEER & DATE )

INFORMATION ONLY

F/PPC/05 00 16-05-2013

PATELS AIRTEMP (INDIA) LTD.

MATERIAL IDENTIFICATION REPORT

MATERIJAL AS PER

DRG.

SA 516 GR 70

SA 516 GR 70

SA 516 GR 70

SA 516 GR 70

SA 516 GR 70

SA 516 GR 70

SA 516 GR 70

1

QCE & DATE

DATE

DATE

INSP. AUTH
DRG. NO.
MFR. SR. NO.

EI JOB NC

MATERIALS USED

SA 516 GR 70

SA 516 GR 70

SA 516 GR 70

SA 516 GR 70

SA 516 GR 70

SA 516 GR 70

SA 516 GR 70

8/7/2013
Al
: 13-3353 A/B REV-03
EXE 1352 & EXE 1353
13-3353 A/B

HEAT NO. T.C. DETAILS

H-7373  AZOVSTAL IRON &

P-5928/14 STEEL WORKS
T.CNO : 09-17484
DT : 13/07/2012
H-7373
P-5928/14
H-7373 cennes DO e
P-5928/14
H-7373
P-5928/14
H-7373
P-5928/14
H-7373 eonson DO wrvasn
P-5928/14
H-7373 DO uives

P-5928/14

A

JACCR
Um

INSP. AUTH. & DATE

EXHIBIT NO.9/3 REV.02 DT:23-09-2011 SHEET 1 OF 1
\[ Po%8AR( ~MovT-00ovF



SO NO. : PEX 71413 DATE

PO NO. 1 98998 DATE

CLIENT : EXCHANGER INDUSTRIES ( CANADA ) INSP. AUTH

JOB DETAILS : SALES OIL TANK HEATER DRG. NO.

CODE : ASME SEC VIII DIV 1 ED 2010+Add 2011a MFR. SR. NO.

NO : 104-E-135/136 ELJOB NQ :

PN DETAILS SIZE Qv MATERULASPER - mareraLs usep

602 EI NAME 6T X 165W X 2 SAS516 GR70 SA516 GR70
PLATE BKT. 165 LG

601 EI NAME 6T X25W 4 SA516 GR70 SAS516 GR70
PLATE BKT 90 LG

310 LIFTINGLUG

FIPPCI/05 00 16-05-2013

PATELS AIRTEMP (INDIA) LTD.

MATERIAL IDENTIFICATION REPORT

14T X 76 X 156

204 SUPPORT 14T X 457 X
PLATE 816 LG

PLANNING ENGINEER & DATE

4 SA516 GR70 SA516 GR70
AS PER DRG.

4 SASI6GR70 SAS16GR70
AS PER DRG.

]
)
QCE & DATE

13

¢ Al
. 13-3353

B REV-02

¢ EXE 1352 & EXE 1353

13-3353

HEAT NO.

H-11K12681

P-1323

H-11K12681

P-1323

H-6739

P-5449/10

H-6739
P-5449/10

T.C. DETAILS

ALCHEVSK IRON &
STEEL WORKS
T.CNO : 67940
DT : 29/06/2011

.. DO

AZOVSTAL & IRON

STEEL WORKS

T.CNO : 09-15290

DT : 15/06/2012
DO

INSP. AUTH. & DATE

EXHIBIT NO.9/3 REV.02 DT:23-09-2011 SHEET 1 OF 1
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‘ a « FAO  «A3OBCTASL» CEPTUBUKAT KAYECTBA Ne or ; N w3, Jucos
M ETl N VEST PJSC aAZOVSTAL IRON & STEEL WORKS» 09-16290 Date 15.06.2012 speet 2 of 2

QUALITY GERTIFICATE No Stels
repant EN 10204-3.2
) <t 1S ~ .
mmm{gjf l{’ﬂv‘j irarder No AODTL 2R . 3K ',, ] =
18 I 88 8 iF i
§oopgd s o
: i iF % 4 s
"Hfs DM, Sons Metal” =E P s g a3
g g A= ) -
=
-
specidalon
Loeragy Hopan»208sH S0 v i
Delivery condition  _~ No:malizeu ” 920 YL .2 min/mun pres
DIMTNSICRS, wuty, CAST Ro, TEST ns, PLASE No,
KIS TE AL
IHAEE GREEN $TRIPES,
e (1D NO
tere o CasiMo Tamepmen fucti
“Thickapss Neiic;
~ SA1er
4 8739 ]!15718.?411(1 Mo 2500 2000 10 3967 32970 L e
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WO oy > ot ey =
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! Nucr H
» MAO «Mn A3OBCTANby CEPTUGUKAT KAYECTBA N or T q -
METINVEST PJ5SC «AZOVSTAL IRON & STEEL WORKS» QUALITY CERTIFICATENo > /484 Date 13.07.2012 sheet of 4 Sheels

I
LY

ave 38D JBER DO

Iparokey npeEvouig s b tansdi TaTu UCNLITaHMI Test resulls

EN 10204-3.2

Kowpakt Neo oanai0y.0ngoze a0 Kol suicty N2 .
Cimtaey Nu Tl Manufaerurers produgtiun uiden No 400712-0830 %’ o ;1 sy o=,
< 2 2 3 ve g wd T
etoncnee No g x o b Vi PR OBE 3 5L 3E 4 e
3 £R0g i} B 3] i G 48 %R Er £ b
RELIISLR o R i I s "Ru I fe a8 Tw %
(—'::.mmcr “M}s D.M. Son's Mctal” ;‘}c,"s‘ ?‘a& = s 3 i z ME #3 of 43
! 6 S : - ! - B
Baron 2 795 cc U TORIPA, 27 g'::%‘-’f
RW - ¢"ar No 67859884 Ouanitiis o gesdis, pes =; @
1spsicnnaune romipa TlpoKkaT TANCISAMCTORGH i = mm agn s ZJ' ;’.‘ q\;\“ 1 P
Dreseription ol gocds Heavy plates ot M
Maika craan  ASME SAS16-70 MT  {lopssasmmuaii  ASHME o ) R,
Grate of St LTV AURAMENT AS"E L2 s 40 A BB =
Novmative [E)TN E 3 FE LR [T U £33 (TR
T ASME 8 25 2K Moo T 4 L]
ASTM E29G-2009 w05 3 o > s 5
as per customer's spedfication EZCaEA 525 1 im W 33 . -
§552°13.14 6N oW L 4 198 M i 135
HuaiLnansa KErIep PRI ETEATIG POITGArTRY seamII e v % K e
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Mum’upum;a DIMENSIONS, miw, CAST Ho, TEST Ha, FLATE Mo, i1y W% L 2s (24 138 3 Y
Maiwhing SIS METAL, PTSEAT] 1o T«
THREL GAEEN STRIPES, asas 1 T we s
94015 w oW L -8 136 tES e 123
Pazuepst. M G esE (i) 1 [T I ST Py
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9 wanseckiad cocTan, % Chermcal composilion,
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0’; Jacobs Engineering Canada

Canadian Natural

Jacobs Contract No. CE4160
Client: CNRL - Kirby North phase 1 Kirby North Plant

Supplier’'s Document Review Sheet

Equipment Numbers
101-E-110;101-E-111;101-E-
112;101-E-113;101-E-114;101-E-
115;101-E-120;101-E-121;101-E-
210;101-E-225;101-E-226;101-E-
240;101-E-241;101-E-450;101-E-
451;102-E-610;102-E-613;102-E-
655;103-E-080;103-E-190;103-E-
290;103-E-390;103-E-490;103-E-
590;103-E-705;106-E-707;104-E-
135;104-E-136;107-E-305

Review Status Codes

l/ E 1 - Work May Proceed

2 - Revise and Resubmit: Work may
D proceed subject to incorporation of
changes indicated

3 - Revise and Resubmit: DO NOT
Proceed with Manufacture

4 - STOP WORK per attached written
instructions

5 - Review Not Required: Work may
proceed

SUPPLIER PLEASE NOTE: Permission to proceed does not
constitute acceptance or approval of design details, calculations,
analyses, test methods or materials developed or selected by the
supplier and does not relieve supplier from full compliance with
contractual obligation

BY : SYED SHAH
DATE: JUNE 27,2013

Comments
JPI REV 2 - VERIFICATION

Project/ Req Title CNRL Kirby North Phase 1

Supplier Exchanger Industries

Doc. Description EXCHANGER - WELD PROCEDURE PQR
C17 GMAW- SMAW - SAW

Vendor Document WPS PQR C-17

No.
ﬁ';e"t Document  /5038996-M600-00001

Purchase Order No. Doc Cat. Issue
CE416040-CC088996-00 M®600 0A
Categories
Date Received 06/13/2013


FiorittT
Stamp


Exchanger Industries Limited pocument

WPS C17rev 0

5505 - 52 Street SE, Calgary, Alberta, T2C 2W8 Description
Customer: Canadian Natural Resources Limited WPS Revision #: 0
Project: Kirby North phase 1 Date: June 10, 2013

PO # CE416040-CC-088996-00
Client No. Doc. Cat EI Job: 13-3343 to 3355

Item No:

Client Spec: 00-STD-MW-0032-R4 Welding of pressure equipment

Notes For The Referenced Jobss
CNRL has indicated that procedure qualification record (PQR) RMD-1A attached to this
welding procedure (WPS) C-17 rev 0 is not applicable for welding of low temp service
vessels built from "Normalized" material as per ASME VI, div. 1, UG84(h)(2).
-Exchanger Industries has checked and confirmed that the material (HT# 342669-

1 65836) used for PQR RMD-1A is in fact in the "Normailized" condition as shown on the
MTR attached to the PQR. Further to this the materials listed in the bill of material
(dwg. 13-3343A/B/C/D/E/F) for project 13-3343 are listed as "N" therefore making their
thermal condition the same as that used in the PQR and acceptable for -46°C service.

VP 0889%6- Mboo- cooel

C17 WPS cover sheet, job 13-3343 to 3355 10f 1
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Telephohe (403) 238-0166 Fax (403) 279-8242 ‘Website: www.exchangetindustries com

WELDING PROCEDURE SPECIFICATION NO.: C17 (Rev. 0)
WELDING PROCEDURE QUALIFICATION RECORD NO.(S): RMD-1A, RMD-2A,
MBA-7, C5-1_AS6AC-1, ABBAC-3, ASBAC-4

QUALIFIED FOR

Base Metal (Typical): __Std. Appl.. P1to P1
Notch Appl.: P1 Groups 1 & 2 to P1 Groups 1 & 2
(SA 333 Gr. 6, SA 350 Gr. LF2, SA 420 WPL6, SA 516 Gr. 70. etc.)

Process(es): _ GMAW / SMAW / SAW Weld Types: GROOVE & FILLET
Position: GMAW & SMAW: ALL POSITIONS SAW: FLAT & HORIZONTAL
Diameter: ALL DIAMETERS

Filler Metal: Std. Appl.: GMAW: ER70S-8 SMAW: E7018, E7018-1 SAW: F7TAX-EM14K
Noteh Appl.. GMAW: ER708-6  SMAW.; E7018-1 _SAW' F7A6/8-EM14K

BASE METAL CONDITIONS & GROOVE THICKNESS RANGE QUALIFIED:
STANDARD APPLICATIONS AS WELDED

NOTCH TOUGHNESS APPLICATIONS TO -46°C (-50°F) AS WELDED

BASE METAL THICKNESS RANGE - ASME Section IX

Thinner Material: 4.8 t0 50.8 mm (0.188 to 2.00 in ) inclusive

Thicker Material: 4.8 t0 203 mm (0.188 to 8.00 in.) inclusive
COMBINED DEPOSITED WELD METAL THICKNESS

ASME B31.1 & ASME SECT. | 19.1 mm (0.750 in.) maximum

ASME B31.3 19.1 mm (0.750 in.) maximum

ASME SECT. Vill, DIV.1 38.1 mm (1.50 in.) maximum

N TS 2N . B g B
\

SAFETY CQDES ACT - PROVINCE OF ALBERTA
WELDING PROCEDURE

Reg. No. W@ ‘ 3 ‘ ’70 & .

8p6c. No, ‘ i

Weld Prevess 2.0 7 A \ng. [ 1A e [ SA A7
wat, ar. & no,, |, Sor dd Zwene 1 Or 112
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Th. Qual. For. 243 mm{ T Ic/APWIT.,. N O
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LENG.
1AL ISF

PROVINCIAL REGISTRATION

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section 1X Page 1 of &
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QW-482 WELDING PROCEDURE SPECIFICATION (WPS)

Exchanger Industries Limited

Welding Procedure Specification No.
RMD-1A, RMD-2A, MBA-7, C5-1, ASBAC-1, ABGAC-3, AS6AC-4

C17 (Rev. 0) Date

August 1, 2012

Supporting PQR No. (s)
Welding Process(es)

GMAW / SMAW / SAW __ Type(s)

Semi-auto. / Manual / Machine

JOINTS (QW-402)
Joint Design

All ASME groove & fillet, reference construction drawing for joint details,

where joint details are not specified, refer to figures 1 fo 15 attached.

As per aftached typical groove designs, see figures 1 to 15 attached.

Root Opening

Backing With or without Retainers Not required

BASE METALS (QW-403)

P-Number Std. Appl.: P1 To P-Number P1

P-Number Notch Appl.: P1 Groups 1& 2 To P-Number P1 Groups 1 & 2

Thickness Range:  Groove See cover page for thickness gualified by governing code
Fillet All base metal thicknesses
Base Metal _ See cover page

Pipe Diameter Ranges: Groove
Deposited Weld Metal (Per pass)

All diameters Fillet

All diameters

GMAW: 3.51 mm (0.138 in.) maximum

SMAW & SAW: 12.7 mm (0.500 in.) maximum

FILLER METALS (QW-404) GMAW SMAW SAW

Specification No. (SFA) SFA 5.18 SFA 5.1 SFA 5.17

AWS No. (Class) Std. Appl.: ER70S-6 E7018, E7018-1  EM14K
Notch Appl.. ER70S-6 E7018-1 EM14K

F-No. F6 F4 Fo6

A-No. A1.* Al A1l

Size See Table #1 See Table #1 See Table #1

Filler Metal Product Form Solid wire N/A Solid wire

Supplementary Fillers Without N/A Without

Electrode - Flux Classification N/A N/A Std. Appl.: F7TAX-EM14K

Notch Appl.: F7AB/8-EM14K
Flux Type N/A N/A Neutral

Must be tested and meet ASME Section lI, Part C SFA 5.17 requirements

Recrushed slag

Deposited Weld Metal Thickness Range:

3.51 mm max.** _38.1 mm max.**

38.1 mm max.**

Groove
Groove (0.138 in.) max.** (1.50 in.) max.** (1.50 in.) max.**
Fillet - All fillet sizes All fillet sizes

Other * ER70S-6 shall meet the chemical composition reguirements of ASME Sec.ll, Part C

Other

** Combined deposited weld metal thickness shall not exceed 19.1 mm (0.750 in.) for

ASME B31.1 & B31.3 and 38.1 mm (1.50 in.) for ASME Section VIil, Div.1

POSITION (QW-405)
Position of Groove & Fillet

GMAW & SMAWV: All positions

SAW: Flat & Horizontal

Weld Progression

Std. Appl.: GMAW: Vertical up or down SMAW: Vertical up SAW: N/A

Notch Appl.: GMAW: Vertical down

SMAW: Vertical up _ SAW: N/A

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX

Page 2 of 6



WPS NO. __C17 (Rev. 0)

PREHEAT (QW-406)

Preheat Temperature (Minimum) __See attached preheat sheet

Interpass Temperature (Maximum) _Std. Appl.; 315°C (600°F) _ Notch Appl.: 260°C (500°F)

Preheat Maintenance See atiached preheat sheet prior to welding. Preheat maintenance is
not required if welding is interrupted or after the completion of welding

unless required by the code of construction.

POST WELD HEAT TREATMENT (QW-407)

Temperature Range None Time Range N/A
GAS (QW-408)
Specification No. (SFA) SFA 5.32 AWS No. (Class) __SG-AC-25
Shielding GMAW: 75% Argon, 25% C02, 10 - 25 liters per minute (20 - 50 cfph)
Backing None Trailing - Without
ELLECTRICAL CHARACTERISTICS (QW-409)
Current GMAW & SMAW: DC SAW: AC
Polarity GMAW & SMAW: Reverse, electrode positive SAW: N/A
Amps See Table #1 Volts See Table #1
Electrode Wire Feed Speed Amperage controlled, see Table #1
Maximum Heat Input For Notch Toughness Applications Only
Base Metal Thickness Range GMAW SMAW SAW
mm (in.) kJ/mm (J/in.) kdJ/mm (J/in.) kJ/mm (J/in.)
4.8(0.188) = T < 9.52 (0.375) 0.67 (17,060) 2.21 (56,100) 1.32 (33,600)
9.52 (0.375) < T < 12.7 (0.500) 0.67 (17,060) 2.21 (56,100) 2.20 (56,000)
12.7 (0.500) < T < 15.9 (0.625) 0.78 (19,875) 2.72 (69,000) 2.20 (56,000)
15.9 (0.625) < T <203 (8.00) 0.78 (19,875) 5.26 (133,714) 5.26 (133,636)

Mode of Metal Transfer GMAW: Short circuiting, waveform controlled (Miller RMD)

Other Formula for GMAW (short circuiting, waveform controlled):
Heat Input kJ/mm (J/in.) = Power (J/s) x Arc time (s) / Weld Bead Length mm (in.)

Formula for SMAW & SAW:
Heat Input kJ/mm (J/in.) = Amps x Volts x 60 / Travel speed mm/min. (ipm)

TECHNIQUE (QW-410)
String or Weave _GMAW & SMAW. Either SAW: String = Travel Speed __See Table #1

Orifice or Gas Cup Size GMAW: 9.52 to 19.1 mm (0.375 to 0.750 in.) inclusive

Initial & Interpass Cleaning Brushing, chipping or grinding as required
Method of Back Gouging Air carbon arc, back-grind as required
Oscillation GMAW & SMAW: N/A SAW: Without

Contact Tube to Work Distance GMAW: 6.35 {0 19.1 mm (0.250 to 0.750 in.) inclusive
SAW: 12.7 to 44.5 mm (0.500 to 1.75 in.) inclusive

Multiple or Single Pass Per Side Std. Appl.: Either Notch Appl.. Multiple

Multiple or Single Electrodes Single Electrode Spacing N/A
Peening Not permitted  Use of Thermal Processes N/A
Page 3 of 6
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WPS NO.

TABLE 1 - WELDING PARAMETERS

Standard Applications

C17 (Rev. 0)

Process Filler Metal Diameter | Current & Amps Wire Feed | Power Volts Travel Speed
mm (in.) Polarity Speed (ipm) | kJ/sec. mm/min (i.p.m.)
*GMAW ER70S-6 0.8 (0.030) DCRP 70-130 80 - 250 1.0-25 ] 13-21 64 - 254 (2.5 - 10)
*GMAW ER70S-6 0.9 (0.035) DCRP 80 - 180 150-350 | 1.2-3.5 | 14-22 89 -381(3.5-15)
*GMAW ER70S5-6 1.2 (0.045) DCRP 110 - 220 200-500 | 14-4.0 ] 15-23 102 - 625 (4.0 - 25)
SMAW | E7018, E7018-1 2.4 (3/32) DCRP 60-110 - o 18 - 26 18 - 300 (0.7 - 12)
SMAW | E7018, E7018-1 3.2 (1/8) DCRP 90 - 150 - - 19-28 28 -350 (1.1 - 14)
SMAW | E7018, E7018-1 4.0 (5/32) DCRP 110 - 220 - - 20-28 36 -400 (1.4 - 16)
SMAW | E7018, E7018-1 5.0 (3/16) DCRP 160 - 320 .- - 21-30 56 - 500 (2.2 - 20)
SMAW | E7018, E7018-1 5.5 (7/32) DCRP 240 - 350 - - 22-32 86 - 550 (3.4 - 22)
SMAW | E7018, E7018-1 6.4 (1/4) DCRP 300 - 400 - - 22 -32 107 - 550 (4.2 - 22)
SAW F7AX-EM14K 2.0 (5/64) AC 200 - 550 20-120 .- 24 - 34 58 - 750 (2.3 - 30)
SAW F7AX-EM14K 2.4 (3/32) AC 250 - 650 30-140 .- 25 - 36 81-812 (3.2 - 32)
SAW F7AX-EM14K 3.2 (1/8) AC 300 - 800 40 - 160 - 25-38 97 - 890 (3.8 - 35)
SAW F7AX-EM14K 4.0 (5/32) AC 350-1000 50 -180 - 26-38 | 122-1015(4.8 - 40)
SAW F7AX-EM14K 5.0 (3/16) AC 500~ 1200 60 - 200 - 28-38 | 188 -1270(7.4 - 50)
Note: 1) * Short circuiting, Waveform controlled (Miller RMD)
2) Size of electrode, filler metal, number of passes, voltage, amperage, and travel speed will vary with
position, joint thickness, joint type etc.

Notch Toughness Applications

Process Filler Metal Diameter | Current & Amps Wire Feed Power Volts Travel Speed
mm Polarity Speed (ipm) | kJ/sec. mm/min (i.p.m.)
*GMAW ER70S-6 0.8 (0.030) | DCRP 70-130 80 - 250 1.0-25 | 13-21 64 - 254 (2.5-10)
*GMAW ER70S-6 0.9(0.035) | DCRP 80-180 150-350 | 1.2-3.5 | 14-22 89 -381(3.5-15)
*GMAW ER70S-6 1.2(0.045) | DCRP 110-220 200-500 | 1.4-4.0 | 15-23 | 102-625 (4.0 -25)
SMAW E7018-1 2.4 (3/32) DCRP 60 - 110 - .- 18-26 18 - 300 (0.7 - 12)
SMAW E7018-1 3.2 (1/8) DCRP 90 - 150 - - 19-28 28 -350 (1.1 -14)
SMAW E7018-1 4.0 (5/32) DCRP 110 - 220 - - 20-28 36 - 400 (1.4 - 16)
SMAW E7018-1 5.0 (3/16) DCRP 160 - 320 e --- 21-30 56 - 500 (2.2 - 20)
SMAW E7018-1 5.5 (7/32) DCRP 240 - 350 .- - 22-32 86 - 550 (3.4 - 22)
SMAW E7018-1 6.4 (1/4) DCRP 300 - 400 - --- 22-32 | 107 -550 (4.2 -22)
SAW F7A6/8-EM14K | 2.0 (5/64) AC 200 - 550 20 -120 .- 24 -34 58 - 750 (2.3 - 30)
SAW F7A6/8-EM14K | 2.4 (3/32) AC 250 - 650 30 - 140 --- 25-36 81-812(3.2-32)
SAW F7A6/8-EM14K 3.2 (1/8) AC 300 - 800 40 - 160 .- 25 - 38 97 - 890 (3.8 - 35)
SAW F7A6/8-EM14K | 4.0 (5/32) AC 350 - 1000 50 - 180 .- 26-38 | 122-1015 (4.8 -40)
SAW F7A6/8-EM14K | 5.0 (3/16) AC 500 - 1200 60 - 200 .- 28-38 | 188-1270 (7.4 - 50)
Note: 1) * Short circuiting, Waveform controlied (Miller RMD)
2) Welding parameters shall be adjusted to insure that the maximum heat input value specified in QW-409 above is
not exceeded.
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Additional joint designs and internal misalignment on circumferential welds shall be within the dimensional limits stated
on the approved construction drawing and / or the engineering design.

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX
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WPS NO. __C17 (Rev. 0)

PREHEAT

P-No. 1

1. Welds joining pressure parts or attachments shall be preheated to not less than the

minimum preheat temperatures s

tated in paragraph 5.

2. The preheat temperature shall be maintained during welding.

3. If welding is interrupted, the weld joint and adjacent areas shall be reheated to the minimum
oreheat temperature stated in paragraph 5, prior to the start of welding.

4. Preheat temperatures shall be checked by the welder or inspector, using temperature
indicating crayons or other reputable methods.

5. Minimum preheating temperature

s shall be as follows:

PRESSURE VESSELS IN ACCORDANCE WITH ASME SECTION VIll, DIV, 1

NOMINAL WALL THICKNESS

MINIMUM PREHEAT TEMPERATURE

0to 31.8 mm (0 to 1.25 in)

10°C_ (50°F)

Over 31.8 mm (Over 1.251in.)

93°C (200°F)

carbon content in excess of 0.30%.

Over 25.4 mm (1.0 in.) & specified maximum

80°C (175°F)

- The conditions of UW-30 shall apply for base metal temperatures below 0°C (32°F).

- The preheat zone shall extend at least 50.8 mm (2.0in.) beyond each edge of the weld.

PROCESS PIPING IN ACCORDANCE WITH ASME B31.3

NOMINAL WALL THICKNESS

MINIMUM SPECIFIED BASE
METAL TENSILE STRENGTH

MINIMUM PREHEAT
TEMPERATURE

<254 mm (1.0in.)

< 490 MPa (71 ksi)

10°C_ (50°F)

>254mm (1.0in.)

All

80°C (175°F)

All

> 490 MPa (71 ksi)

80°C (175°F)

- The preheat zone shall extend at least 25.4 mm (1.0 in.) beyond each edge of the weld.

- The interruption of welding shall be subject to the requirements of paragraph 320.2.4.

POWER PIPING IN ACCORDANCE WITH ASME B31.1

&

POWER BOILERS IN ACCORDANCE WITH ASME SECTION |

NOMINAL WALL THICKNESS

MINIMUM PREHEAT TEMPERATURE

Over 25.4 mm (1.0 in.) & specified
carbon content in excess of 0.30%.

maximum 80°C (175°F)

All others

10°C (50°F)

- The preheat zone shall extend beyond each edge of the weld for at least 76.2 mm (3.0 in.) or

1.5 times the base metal thickness (as defined in paragraph 131.4.1), whichever is greater.

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section X
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QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

Exchanger Industries Limited

Procedure Qualification Record No. RMD-1A Date May 19, 2012
Welding Procedure Specification No. __C5 (Rev. 6)
Welding Process(es) GMAW / SMAW Type(s) Semi-auto. / Manual

JOINTS (QW-402)
Type

BASE METALS (QW-403)

Butt joint, single vee groove, see next page

Material Spec. SA 516 to SA 516 Type or Grade Gr. 60to Gr. 70
P-No. _P1 Grp. 1 To P-No. P1 _Grp. 2 Thickness 12.7 mm (0.500 in.)
Heat No. 342669 - 65836 Other Plate

Deposited Weld Metal (Per pass) Did not exceed 12.7 mm (0.500 in.)

FILLER METALS (QW-404) GMAW SMAW

Specification No. (SFA) SFA 5.18 SFA 5.1

AWS No. (Class) ER705-6 £7018-1

Filler Metal F-No. F6 F4

Filler Metal A-No. Al* Al

Size of Electrode See attached sketch

Filler Metal Product Form Solid wire N/A

Supplementary Fillers Without N/A

Deposited Weld Metal Thickness 3.18 mm (0.125 in.) 9.52 mm (0.375 in.)

Trade Name Air Liguide, Blueshield LA S6 Blueshield LA 18 Plus
Other *See attached chemical analysis report C12-846.1

POSITION (QW-405)

Position of Groove GMAW:_Plate at 45° off flat SMAW: 3G

Weld Progression GMAW: Vertical down SMAW: Vertical up
PREHEAT (QW-406)

Preheat Temperature 10°C (50°F) Interpass Temp. (Max.) 232°C (450°F)
POSTWELD HEAT TREATMENT (QW-407)

Temperature None Time N/A

GAS (QW-408)

Specification No. (SFA) SFA 5.32 AWS No. SG-AC-25
Shielding GMAW: 75% Argon, 25% C02, 15 liters per minute (30 cfph)
Backing None Trailing Without
ELECTRICAL CHARACTERISTICS (QW-409)

Current Direct Polarity Reverse, electrode positive
Amps See next page Volts See next page

Maximum Heat Input _GMAW: 0.78 kJ/mm (19.875 J/in.) SMAW: 2.72 kJ/mm (69,000 Jlin.)
Mode of Metal Transfer GMAW: Short circuiting, waveform controlled (Miller RMD)
Other Formula for GMAW (short circuiting, waveform controlled):

Heat Input kJ/mm (J/in.) = Power (J/s) X Arc time (s) / Weld Bead Length mm (in.)

Formula for SMAW:
Heat Input kJ/mm (J/in.) = Amps X Volts x 60 / Travel speed mm/min. (ipm)

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section [X Page 10of 3



TECHNIQUE (QW-410)
String or Weave Weave

GMAW: 9.52 mm (0.375 in.)

Travel Speed

PQR NO. RMD-1A
See below
Peening None

Orifice or Gas Cup Size
Initial & Interpass Cleaning

Brushing, chioping & grinding to remove slag

N/A

Oscillation
GMAW: 9.52 mm (0.375 in.)

Tube to Work Distance

Method of Back Gouging

Not used

Multiple or Single Pass Per Side Multiple

Multiple or Single Electrodes __Single

N/A

Electrode Spacing N/A Use of Thermal Processes

,»”’/_M‘M 60° T

e T )

o

12.7 mm (0.500 in.)
4.8 mm (3/16 in.)
Welding Parameters
Pass |Process Filler Diameter | Current & | Amperage | Voltage Travel Speed
Metal mm (in.) Polarity Range Range i.p.m.

1 “GMAW | ER70S-6 |0.9(0.035) | DCRP 100-110 | 17-18 137 (5.4)
5.4 | SMAW | E7018-1 | 2.4 (3/32) DCRP 75-95 21-22 | 76-142(3.0-5.6)
5-7 | SMAW | E7018-1 3.2 (1/8) DCRP 120-130 | 21-23 | 69-81(27-3.2)

8 SMAW | E7018-1 3.2 (1/8) DCRP 110-120 | 21-23 56 (2.2)

* Short circuiting - Waveform controiled (Miller RMD)

*GMAW (Miller RMD) Heat Input Parameters

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section 1X

Pass Power Weld Bead Length Arc Time Heat Input Wire Feed Speed
kd/sec. mm (in.) Sec. kJ/mm (J/in.) ipm
1 1.8 610 (24.0) 265 0.78 (19,875) 200
Page 2 of 3



PAR NO. RMD-1A
TENSILE TEST (QW-150)
Specimen Widih Thickness Area Ultimate Ultimate Character &
No. mm (in.) mm (in.) Sg. mm Load Siress Fracture Location
(84. 1n.) N (Ibs.) Mpa (Psi)
T1 19.1 11.9 227 119 244 525 Partial Cup & Cone
(0.752) (0.469) (0.352) (26,800) (76,100) Parent metal (Gr. 60)
T2 19.1 11.8 225 118 641 526 Partial Cup & Cone
(0.752) (0.485) (0.349) (26,700) (76,300) Parent metal (Gr. 60)
GUIDED BEND TEST (QW-160)
Type & Figure No. Result Type & Figure No. Result
QW-462.2, TSB - S1 Pass QW-462.2, TSB -~ 83 Pass
QW-462.2, TSB - S2 Pass QW-462.2, 1SB - 54 Pass

Type of Test
Test Temperature

CHARPY IMPACT TOUGHNESS

Charpy V-Notch

-46°C (-50°F)

Crientation
Specimen Size

Transverse

10 X 10 mm (0.394 X 0.394 in.)

Specimen No. Notch Location Impact Values J_(ft. Ibs)
W2.1 Weld Metal 134 (99.0)
W2.2 within 1/16 in. 48.0 (35.4)
W2.3 of root 107 (78.6)
W3.1 Gr. 60 - HAZ >141 (>104)
W3.2 Gr. 60 - HAZ 93.6 (69.0)
W3.3 Gr.60 - HAZ >141 (>104)
X3.1 Gr. 70 - HAZ 104 (76.8)
X3.2 Gr. 70 - HAZ >141  (>104)
X3.3 Gr. 70 - HAZ >141 (>104)

OTHER TESTS

Vickers Hardne

ss Survey - see attached lab test report # C12-846.1

Weld Root Chemical Analysis - see atta

ched laboratory test report # C12-846.1

Welders Name

Sean MacFarlane

Certificate File No.

Ludwig Associates Lid.

W-25683

Tests Conducted By
Laboratory Test No.

We certify the statement
welded and tested in accordance with the requiremen

Manufacturer

Date

C12-846.1

EXCHANGER INDUSTRIES LIMITED

s in this record are correct and that the test welds were prepared,
ts of Section IX of the ASME Code.

Y 2
SunNg 20 /

ZotZ

Certified by

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX
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Materials andWéfdtngConsulung
LABORATORY TEST REPORT

Laboratory Test No.:  C12-846.1
Date: May 24, 2012

CUSTOMER: Exchanger Industries Limited
5505 - 52 Sireet S.E.
Calgary, Alberia

T2C 2W8
Attention: Danette Korchinski
POR Number; RMD-1A
flaterial: SA 516 Gr. 60 t0 SA 516 Gr. 70 (Heat No.: 342669 - 658306)
Thickness: 12.7 mm (0.500 in.)

Thermal Condition: As welded

TENSILE TEST QW-150

T2 QW-462.1(a)

SAMPLE NUMBER T1 QW-462.1(a)

WIDTH mm (in) 19.1 (0.752) 19.1 (0.752)
THICKNESS mm (in) 11.9 (0.469) 11.8 (0.465)

AREA sq mm (sq in) 227 (0.352) 225 (0.349)

ULT. LOAD N (lbs) 119 244  (26,800) 118 641  (26,700)

UTS MPa (psi) 525 (76,100) 526 (76,300)
FRACTURE TYPE Partial Cup & Cone - Partial Cup & Cone
FRACTURE LOCATION Parent Metal (SA 516 Gr. 60) Parent Metal (SA 516 Gr. 60)

GUIDED-BEND TEST QW-160

SAMPLE WIDTH: 9.52 mm (0.375in.)  SAMPLE THICKNESS: 12.7.mm (0.5001in.)

PLUNGER SIZE: 38.1 mm (1.501in.) YOKE SIZE: 60.3 mm (2.3751n.)
QW-462.2 Side Bend Side Bend Side Bend Side Bend
SAMPLE NUMBER(S) S1 S2 S3 S4

RESULTS Pass Pass Pass Pass

We certify the test results in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section 1X, 2010 edition and latest addenda. The information regarding material identification
(i.e. size, thickness, heat number, etc.) has been provided by the customer whose name appears on this report.

Samples associated with this report will be discarded in 45 days.

Claire Rébifson, T-T. / Dan Nguyen, C.E.T.

Laboratory Test Conducted By:

LABORATORY
ACCREBITATION

g J BUREA
7 ACCREDITEDISONECIZ025 4027 - 14 Street, S.E., CALGARY, ALBERTA  T2G 3K6 PHONE: (403) 262-
Cerfificate # L2057-1 Testing

7925 Davies Road, EDMONTON, ALBERTA T6E ANT PHONE: (780) 468-3030  FAX: (780) 468-3032

7072 FAX: (403) 266-3169 Page 1 of 1




" Materials and Welding Consdlting
LABORATORY TEST REPORT

CUSTOMER: Exchanger Industries Limited Laberatory Test No.: (C12-846.1

5505 - 52 Street S.E. Date: May 24, 2012
Calgary, Alberta
T2C 2wV
Attention: Danetie Korchinski
PQOR Number: RMD-1A
Material: SA 516 Gr. 6010 SA 516 Gr. 70 (Heat No.: 342669 - 658306)
Thickness: 12.7 mm (0.500 in.)

Thermal Condition: As welded

CHARPY V-NOTCH IMPACT TEST
Specimen Size: 10 x 10 mm (0.394 x 0.394 in.)

Machine: Satec, SI-1C SN:1363
Capacity: 325 J (240 ft-1bf) Orientation: Transverse
Verified Range: 1.7 - 141.3 J (1.3 - 104.2 ft-Ibf) Test Temp.: -46°C (-50°F)
Specimen Notch Impact Values
Number Location Joules  (ft-lbf)
W2.1 Weld Metal 134 (99.0)
Ww2.2 within 1/16 in. 48.0 (35.4)
W2.3 of root 107 (78.6)
Wa3.1 Gr. 60 HAZ >141 (>104)
W3.2 Gr. 60 HAZ 93.6 (69.0)
W3.3 Gr. 60 HAZ >141 (>104)
X3.1 Gr. 70 HAZ 104 (76.8)
X3.2 Gr. 70 HAZ >141 (>104)
X3.3 Gr. 70 HAZ >141 (>104)

We certify the test resuits in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section VIII, Div. 1, UG-84 - 2010 edition and latest addenda. The information regarding

material identification (i.e. size, thickness, heat number, etc.) has been provided by the customer whose name
appears on this report. Samples associated with this report will be discarded in 45 days.

Laboratory Test Conducted By: IS U S _
Claire Robinson{T.T. / Dan Nguyen, C.E.T.

&.. LABORATORY
\ ACCREDITATION
J BUREAU

damees i BUR
ACCREDITEDISONECTZ025 4027 - 14 Street, S.E.,, CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072  FAX: (403) 266-3169 Page 1 of 1
Certificate # L2057-1 Testing

7925 Davies Road, EDMONTON, ALBERTA T6E 4N1 PHONE: (780) 468-3030 FAX: (780) 468-3032



Materials and Welding Consulting
LABORATORY TEST REPORT

CUSTOMER: Exchanger Industries Limited Laberatory Test No.:  C12-846.1
5505 - 52 Street S.E. Date: May 23, 2012
Calgary, Alberia
T2C 2W8

Attention: Danetie Korchinski

POR Number:

Material:
Thickness:

Thermal Condition:

RMD-1A
SA 516 Gr. 60 to SA 516 Gr. 70 (Heat No.: 342669 - 65836)

12.7 mm (0.500 in.)
As welded

Type of Test: Vickers 10 kg (HV10)

HARDNESS TEST
Instrument: Mitutoyo AVK-C1

R o 020/ 027
/
Midwall-— . — 023/
1%35 2 .28
7 1162 | 3173 11 | 195 19 | 196 27 | 155
2 | 160 4 | 188 12 | 178 20 | 172 28 | 161
' 5 | 187 13 | 183 21| 188
6 | 163 14 | 167 22 | 162
7 | 166 15 | 168 23 | 156
g | 168 16 | 167 24 | 168
9 | 170 17 | 157 25 | 163
10 | 163 18 | 164 26 | 160

port and that the specimen(s) were prepared and tested in accordance with the

and ANSI/NACE MRO175/1SO 15156-2:2009(E).  The information regarding
heat number, etc.) has been provided by the customer whose name
carded in 45 days.

We certify the test results in this re
requirements of ASTM £384-10%

material identification (i.e. size, thickness,
appears on this report. Samples associated with this report will be dis

Eric Dacyk, C.E@WNguyen, CE.T.

2-7072  FAX: (403) 266-3169

Laboratory Test Conducted By:

LABORATORY
) QCCREBITATION

J/ BUREA!
/ ACCREDITEDISONECTY25 4027 - 14 Street, S.E., CALGARY, ALBERTA T2G 3K6 PHONE: (403) 26
Certificate # 1.2057-1 Testing

oad, EDMONTON, ALBERTA T6E 4NT PHONE: (780) 468-3030  FAX: (780) 468-3032

Page 1 of 1
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Materials and Welding Consulting
LABORATORY TEST REPORT

Laboratory Test No.: C12-846.1

CUSTOMER: Exchanger Industries Limited

5505 - 52 Sireet S.E. Date: May 24, 2012
Calgary, Alberia
T2C 2W8
Attention: Danetie Korchinski
PQR Number: RMD-1A
Material: SA 516 Gr. 60 1o SA 516 Gr. 70 (Heai No.: 342669 - 65836)
Thickness: 12.7 mm (0.500 in.)
Thermal Condition: As welded
Test Location: ER70S-6 weld metal root'pass

CHEMICAL ANALYSIS
(% by weight)
Instrument Type: Shimadzu PDA-7000 Optical Emission Spectrometer

Carbon 0.08
Manganese 1.1
Sulphur 0.010
Phosphorus 0.007
Silicon 0.58
Chromium 0.03
Nickel 0.03
Molybdenum <0.01
Copper 0.06
Vanadium <0.01

report and that the specimen(s) were prepared and tested in accordance with the
The information regarding material identification (i.e. size, thickness, heat number,
tomer whose name appears on this report. Samples associated with this report

o mC.E.T.

Michelle Mdrien, T.T. 7 Steve

We certify the test results in this
requirements of ASTM E415-08.
etc.) has been provided by the cus
will be discarded in 45 days.

Laboratory Test Conducted By:

. LABORATORY
\ ACCREBITATION
ACCREDITEDISONECTPaZS 4027 - 14 Street, S.E., CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072  FAX: (403) 266-3169 Page 1of1

te # 12057-1 Testing
7925 Davies Road, EDMONTON, ALBERTA TGE 4NT PHONE: (780) 468-3030  FAX: (780) 468-3032
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QW=£«83 PROCEDURE QUALIFICATION RECORD (PQR)

Exchanger Industries Limited

Procedure Qualification Record No. RMD-2A Date May 19, 2012
Welding Procedure Specification No. C5 (Rev. 6)
Welding Process(es) GMAW / SMAW Type(s) Semi-auto. / Manual

JOINTS (@W»«&@Z)
Butt joint, single vee groove, seg next page

Type

BASE METALS (QW-403)

Material Spec. SA 333 to SA 350 Type or Grade Gr. 610 Gr. LF2
P-No. P1Grp. 1 To P-No. P1Grp. 2 Thickness 6.32 mm (0.249 in.)
Diameter 168.3 mm (6.625 in.) 0.D. Other Schedule 40 m/c to 0.249 in.
Heat Number 84680 to 560184

Deposited Weld Metal (Per pass) __Did not exceed 12.7 mm (0.500 in.)

FILLER METALS (QW-404) GMAW SMAW

Specification No. (SFA) SFA 5.18 SFA 5.1

AWS No. (Class) ER70S-6 E7018-1

Filler Metal F-No. F6 F4

Filler Metal A-No. A1* A1l

Size of Electrode See attached sketch

Filler Metal Product Form Solid wire N/A

Supplementary Fillers Without N/A

Deposited Weld Metal Thickness 2 54 mm (0.100 in.) 3.78 mm (0.149 in.)

Trade Name Air Liquide, Blueshield LA S6 Blueshield LA 18 Plus
Other *See attached chemical analysis report C12-846.1

POSITION (QW=-405)
Position of Groove __ GMAW: Pipe rolled with nozzle tip at 30° from top SMAW: 5G

Weld Progression __GMAW: Vertical down SMAW: Vertical up
PREHEAT (QW-406)

Preheat Temperature 10°C (50°F) Interpass Temp. (Max.) 232°C (450°F).
POSTWELD HEAT TREATMENT (QW-407)

Temperature None Time N/A

GAS (QW-408)

Specification No. (SFA) SFA 5.32 AWS No. SG-AC-25
Shielding GMAW: 75% Argon, 25% €02, 15 liters per minute (30 cfph)
Backing None Trailing Without
ELECTRICAL CHARACTERISTICS (QW-409)

Current Direct Polarity Reverse, electrode positive
Amps See next page Volts See next page

Maximum Heat Input _GMAW: 0.67 kJ/mm (17,060 J/in.) SMAW: 2.21 kJ/mm (56,100 J/in.)
Mode of Metal Transfer GMAW: Short circuiting, waveform controlled (Miller RMD)
Other Formula for GMAW (short circuiting, waveform controlled):

Heat Input kJ/mm (J/in.) = Power (J/s) x Arc time (s) / Weld Bead Length mm (in.)

Formula for SMAW:
Heat Input kJ/mm (J/in.) = Amps X Volts x 80 / Travel speed mm/min. (iom)

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX Page 1 of 3



POR NO. ___RMD-2A

TECHNIQUE (QW-410)

String or Weave Weave Travel Speed See below

Orifice or Gas Cup Size GMAW: 9.52 mm (0.375in.) Peening None

Initial & Interpass Cleaning _Brushing, chipping & grinding to remove slag

Oscillation N/A Method of Back Gouging __Not used
Tube to Work Distance GMAW:_9.52 mm (0.375in.)

Multiple or Single Pass Per Side _Multiple Multiple or Single Electrodes ___Single
Electrode Spacing N/A Use of Thermal Processes N/A

6.32 mm (0.249 in.)

5.0 mm (3/16 in.)

Welding Parameters

Pass {Process Filler Diameter | Current & | Amperage | Voltage Travel Speed
Metal mm (in.) Polarity Range Range i.p.m.
1 *GMAW/| ER70S-6 |0.9(0.035)] DCRP 100 - 110 18 140 (5.5)
2 SMAW | E7018-1 | 2.4(3/32) DCRP 80 -90 21-23 84 (3.3)
3 SMAW | E7018-1 | 2.4(3/32) DCRP 80 -90 21-23 109 (4.3)
4 SMAW | E7018-1 | 2.4(3/32) DCRP 80 - 90 21-23 51(2.0)

* Short circuiting - Waveform controlled (Miller RMD)

*GMAW (Miller RMID) Heat Input Parameters

Pass Power Weld Bead Length Arc Time Heat Input Wire Feed Speed
kJ/sec, mm (in.) Sec. kJ/mm (J/in.) ipm
1 1.9 597 (23.5) 211 0.67 (17,060) 200
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PQR NO. RMD-2A
TENSILE TEST (QW-150)
Specimen Width Thickness Area Uliimate Uliimate Character &
No. mm (in.) | mm{(in.) | Sg. mm L.oad Stress Fracture Location
(Sqg. in.) N (Ibs.) Mpa (Psi)
T1 19.0 5.04 95.8 49 087 513 Partial Cup & Cone
(0.748) (0.198) (0.148) | (11,000) (74,300) | Parent metal (SA 333 Gr. 6)
T2 19.1 4.84 92.4 47 503 514 Partial Cup & Cone
(0.752) (0.181) (0.143) | (10,700) (74,500) | Pareni metal (SA 333 Gr. 6)

GUIDED BEND TEST (QW-160)

Type & Figure No. Result Type & Figure No. Result
QW-462.3a, TRB - R1 Pass QW-462.3a, TFB - F1 Pass
QW-462.3a, TRB - R2 Pass QW-462.3a, TFB - F2 Pass

CHARPY IMPACT TOUGHNESS

Transverse

Orientation
10 X 5 mm (0.394 X 0.197 in.)

Specimen Size

Charpy V-Noich
-48°C (-55°F)

Type of Test
Test Temperature

Specimen No. Notch Location Impact Values J (ft. Ibs)
B2.1 Weld Metal 42.3 (31.2)
B2.2 within 1/16 in. 33.9 (25.0)
B2.3 of root 26.8 (19.8)
B3.1 Gr.6-HAZ 53.7 (39.6)
B3.2 Gr. 6 -HAZ 67.8 (50.0)
B3.3 Gr.6-HAZ 85.7 (63.2)
C3.1 Gr. LF2 - HAZ 32.0 (23.6)
C3.2 Gr. LF2 - HAZ 31.7 (23.4)
C3.3 Gr. LF2 - HAZ 35.8 (26.4)

OTHER TESTS
Vickers Hardness Survey - see attached lab test report # C12-846.2
Cenon Tumolva Certificate File No. W-13950

Welders Name
Tests Conducted By
Laboratory Test No.

Ludwig Associates Lid.
C12-846.2

ts in this record are correct and that the test welds were prepared,

We certify the statemen
n 1X of the ASME Code.

welded and tested in accordance with the requirements of Sectio

EXCHANGER INDUSTRIES LIMITED

Manufacturer

Certified by

Date JUNE  2e, Zo)Z

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX Page 30of 3




| Materials and W
LABORATORY TEST REPORT

CUSTOMER: Exchanger Industries Limited Laboratory Test No.: C12-846.2
5505 - 52 Street S.E. Date: May 29, 2012
Calgary, Alberta
T2C 2W8

Attention: Danette Korchinski

PQAR Number: RMD-2A

Material: SA 333 Gr. 6 to SA 350 Gr. LF2 (Heat No.: 84680 to 560184)

Size: 114.3 mm (4.50 in.) O.D. x 6.32 mm (0.249 in.) w.t.

Thermal Condition: As welded

TENSILE TEST QW-180

SAMPLE NUMBER T1 QW-462.1(b) T2 QW-462.1(b)
WIDTH mm (in) 19.0 (0.748) 19.1 (0.752)
THICKNESS mm (in) 5.04 (0.198) 4.84 (0.191)
AREA sq mm (sq in) 95.8 (0.148) ( 924 (0.143)
ULT. LOAD N (lbs) 49 087 (11,000) 47 503 (10,700)
UTS MPa (psi) 513 (74,300) 514 (74,500)
FRACTURE TYPE Partial Cup & Cone Partial Cup & Cone

FRACTURE LOCATION Parent Metal (SA 333 Gr. 6) Parent Metal (SA 333 Gr. 6)

GUIDED-BEND TEST QW-160

SAMPLE WIDTH: 38.1 mm (1.50in.)  SAMPLE THICKNESS: 8.32 mm (0.249in.)

PLUNGER SIZE: 25.1 mm (0.990 in.) YOKE SIZE: 411 mm (1.62in.)
QW-462.3(a) Root Bend Root Bend Face Bend Face Bend
SAMPLE NUMBER(S) R1 R2 F1 F2

RESULTS Pass Pass Pass Pass

We certify the test results in this report and that the specimen(s) were prepared and tested in accordance with the
rements of ASME Section 1X, 2010 edition and latest addenda. The information regarding material identification

requir
(ie. size, thickness, heat number, efc.) has been provided by the customer whose name appears on this report.

Samples associated with this report will be discarded in 45 days.

Laboratory Test Conducted By: i%ruxﬁ C:?@@Dr\
Claire Robinson"k.T. /Dan Nguyen, C.E.T.

s~ LABORATORY
2\ ACCREDITATION

4 BUREAU
¥ ACCREDITEDISOAECTZ025 4027 - 14 Street, S.E., CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072  FAX: (403) 266-3169 Page 1 of 1
Certificate # L2057-1 Testing

7995 Davies Road, EDMONTON, ALBERTA T6E 4N1 PHONE: (780) 468-3030 FAX: (780) 468-3032




* Materials and Welding Consulting
LABORATORY TEST REPORT
lLaboratory Test No.: C12-846.2

CUSTOMER: Exchanger Industries Limited

5505 - 52 Street S.E. Date: May 25, 2012
Calgary, Alberta
T2C 2W8
Attention: Danette Korchinski
PQR Number: RMD-2A
Material: SA 333 Gr. 6 to SA 350 Gr. LF2 (Heat No.: 84680 to 560184)
Size: 114.3 mm (4.50 in.) 0.D. x 6.32 mm (0.249 in.) w.t.

Thermal Condition: As welded

CHARPY V-NOTCH IMPACT TEST
Specimen Size: 10 x 5 mm (0.394 x 0.197 in.)

Machine: Satec, SI-1C SN:1363
Capacity: 325 J (240 ft-Ibf) Orientation: Transverse
Verified Range: 1.7 - 141.3J (1.3 -104.2 ft-Ibf) Test Temp.: -48°C (-55°F)
Specimen Notch Impact Values
Number Location Joules  (ft-Ibf)
B2.1 Weld Metal 42.3 (31.2)
B2.2 within 1/16 in. 33.9 (25.0)
B2.3 of root 26.8 (19.8)
B3.1 Gr. 6 HAZ 53.7  (39.6)
B33.2 Gr. 6 HAZ 67.8 (50.0)
B3.3 Gr. 6 HAZ 85.7 (63.2)
C3.1 Gr. LF2 HAZ 32.0 (23.6)
C3.2 Gr. LF2 HAZ 31.7 (23.4)
C3.3 Gr. LF2 HAZ 35.8 (26.4)

ort and that the specimen(s) were prepared and tested in accordance with the
Div. 1, UG-84 — 2010 edition and latest addenda. The information regarding
kness, heat number, etc.) has been provided by the customer whose name
o with this report will be discarded in 45 days.

We certify the test results in this rep
requirements of ASME Section VI,
material identification (i.e. size, thic
appears on this report. Samples associate

Laboratory Test Conducted By: e A @@E@r\
Eric Dacyk, €E.T. /Dan Nguyen, C.E.T.
) ACCREDITATION

o B NEDISONECIZ2S 4027 - 14 Street, S.E, CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072  FAX: (403) 266-3169 Page 1 of 1
erlificate # L2057-1 Testing
7925 Davies Road, EDMONTON, ALBERTA T6E 4N1 PHONE: (780) 468-3030  FAX: (760) 468-3032
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Materials and Welding Consulting

LABORATORY TEST REPORT

CUSTOMER: Exchanger Industries Limited Laboratory Test No.: C12-846.2
5505 - 52 Street S.E. Date: WMay 25, 2012
Calgary, Alberia
T2C 2W8

Attention: Danette Korchinski

RMD-2A
SA 333 Gr. 8 to SA 350 Gr. LF2 (Heat No.: 84680 to 560184)

114.3 mm (4.50 in.) O.D. x 6.32 mm (0.249 in.) w.i.
As welded

PAR Number:
aterial:

Size:

Thermal Condition:

HARDNESS TEST

Type of Test: Vickers 10 kg (HV10) Instrument: Mitutoyo AVK-C1

u20/ 0 27

228

1| 174 31199 11 | 184 19 | 186 27
2 | 168 4 1189 12 | 185 20 | 168 28

5 | 180 13 | 178 21| 170

6 | 171 14 | 164 22 | 167

7 | 176 15 | 162 23 | 172

8 | 172 16 | 169 24| 176

9 | 172 17 | 160 25| 171

10| 178 18 | 160 26 | 168

We certify the test results in this re
requirements of ASTM E384-10°

material identification (i.e. size, thickness, hea
appears on this report. Samples associated with this report will be discarde

Laboratory Test Conducted By:

i.. LABORATORY
! @CCREDHTATION

UR
ACCREDITED ISO/IEC 17025
Certificate # L2057-1 Testing

port and that the specimen(s) were prepared and tes

and ANSI/NACE MR0175/1ISO 15156-2:2009(E).
t number, etc.) has been provided by the customer whose name

d in 45 days.

ted in accordance with the
The information regarding

Eric Dacyk, €E.T. / Daf Nguyen, C.E.T.

4027 - 14 Street, S.E, CALGARY, ALBERTA TG 3K6 PHONE: (403) 262-7072  FAX: (403) 266-3169
7925 Davies Road, EDMONTON, ALBERTA T6E AN1 PHONE: (780) 468-3030  FAX: (780) 468-3032
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DURE QUALIFICATION RECORD (PQR)

QW-483 PROCE

Exchanger Industries Limited
Procedure Qualification Record No. MBA-7 Date May 12, 1999
PQR Revision(s) June 6. 2012, Format update and company name change,
PQR originally qualified by Exchanger Indusiries
(PQR originally certified by Malcolm Baxter)

Welding Procedure Specification No. C5 (Rev. 6)
Welding Process(es) SMAW Type(s) Manual

JOINTS (QWM&‘@«@Z)
Butt joint, single vee groove, see next page

Type

BASE METALS (QW-403)

Material Spec. SA 516 to SA 516 Type or Grade Gr. 60N to Gr. 70N
P-No. P1 Grp.1 _ To P-No. P1 Grp. 2 Thickness 25.4 mm (1.00 in.)
Diameter N/A Other Plate

FILLER METALS (QW-404)

Specification No. (SFA) - SFA 5.1 SFA 5.1

AWS No. (Class) E6010 E7018-1

Filler Metal F-No. F3 F4

Filler Metal A-No. A1 Al

Size of Electrode See attached sketch

Deposited Weld Metal Thickness 2.4 mm (0.094 in.) 23.0 mm (0.906 in.)
POSITION (QW-405)

Position of Groove 3G

Weld Progression N/A

PREHEAT (QW-406)

Preheat Temperature 66°C (150°F) Interpass Temp. (Max.) 260°C (500°F)

POSTWELD HEAT TREATMENT (QW-407)

Temperature None Time N/A
ELECTRICAL CHARACTERISTICS (QW-409)

Current Direct Polarity Reverse, electrode positive
Amps See next page Volts See next pade

Heat Input F3: 56 842 J/in. Max. F4: 133 714 J/in. Max.
TECHNIQUE (QW-410)

String or Weave F3: String F4: Both Travel Speed See next page
Multiple or Single Pass Per Side Multiple

Multiple or Single Electrodes Single

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX Page 1 of 3



PQR NO. __M6A-7

Pass | Process Filler Diameter | Current& | Amperage | Voltage Travel Speed
Metal mm (in.) Polarity Range Range mm/min (ipm.)
1 SMAW E£6010 3.2(1/8) DCRP 75 24 48 (1.9)
2 SMAW | E7018-1 | 2.4 (3/32) DCRP 105 23 74 (2.9)
3-10 | SMAW | E7018-1 | 3.2(1/8) DCRP 120-130 | 23-24 | 36-71 (14-2.8)

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section X

Page 2 of 3



PQR NO. __ MBA-7
TENSILE TEST (QW-150)
Specimen Width Thickness Area Ultimate Ultimate Character &
No. mm (in.) mm (in.) Sg. mm Load Siress Fracture Location
(54q. in.) N (lbs.) MPa (Psi)

T1 19.1 23.8 455 253 800 558 Partial cup & cone
(0.752) (0.937) (0.705) {(57,100) (81,000) | Parent metal (Gr. 6ON)

T2 19.0 23.9 454 252 200 555 Partial cup & cone
(0.748) (0.941) {0.704) (56,700) (80,600) | Parent metal (Gr. 60N)

GUIDED BEND TEST (QW-160)

Type & Figure No. Result Type & Figure No. Result
QW-462.2, TSB - 81 Pass QW-462.2, TSB - 53 Pass
QW-462.2, TSB - S2 Pass QW-462.2, TSB - 54 Pass

CHARPY IMPACT TOUGHNESS
Type of Test Charpy V-Notch Orientation Transverse
Test Temperature -46°C_ (-50°F) Specimen Size 10 X 10 mm
Specimen No. Notch Location Impact Values J (ft. lbs)
L2.1 Weld Metal 41.7 (30.8)
L2.2 Weld Metal 64.2 (47.4)
12.3 Weld Metal 20.9 (15.4)
L3.1 Gr. 60N - HAZ 156 (115)
L3.2 Gr. 60N - HAZ 153 (113)
L3.3 Gr. 60N - HAZ 184 (136)
M3.1 Gr. 70N - HAZ 153 (113)
M3.2 Gr. 70N - HAZ 78.3 (57.8)
M3.3 Gr. 70N - HAZ 101 (74.8)
OTHER TESTS

See attached Vickers hardness survey - C99-375.3

W-6009

Bruce Hendry Ceriificate File No.
Ludwig & Associates Lid.
C99-375.3

Welders Name
Tests Conducted By
L.aboratory Test No.

We hereby recertify that the statements in this record have been revised in accordance with
paragraph QW-200.2 and that the test welds were prepared, welded and tested in accordance

with the requirements of Section IX of the ASME Code.

EXCHANGER INDUSTRIES LIMITED
PQR originally qualified by Exchanger Industries

7N

Manufacturer

7 .

Certified by et

Date __~YNE 29,

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section 1X Page 3 of 3
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Maiterials a
LABORATORY TEST REPORTYT
Laboratery Test No.: C98-375.3

CUSTOMER: EXCHANGER INDUSTRIES
' P.0. Box 1107 Statlon “J” Date: May 27, 1999

Calgary, Alberta
T2A GAB

Atrention: Ear] Stender

PQR Number: MBA-T
Material: SA 516 Gr. 60N o SA 516 Gr, 70N
Heat Number: 26037/195313-1 to 822376/918955101
Thickness: 25.4 mm (1.00 in.)
Thermal Condition: . As Welded
TENSILE TEST QW-150

SAMPLE NUMBER - T1 Qw-462.1(a) T2 QW-462.1(a)
WIDTH mm (in) 19.1 (0.752) 18.0 (0.748)
THICKNESS mim (in) 23.8 (0.937) 23.9 (0.941)
AREA sgmm (sq in)- 455 (0.705) 454 (0.704)
ULT. LOAD N (lbs) 253800 (57,100) . 252 200 (56,700)
UTS MPa (psi) 558 (81,000) 555 (80,600)
FRACTURE TYPE Partial Cup & Cone Partial Cup & Cone

Parent Metal (SA 516 Gr. 60N) Parent Metal (SA 516 Gr. 60N)

FRACTURE LOCATION
GUIDED-BEND TEST QW-160

SAMPLE THICKNESS: 254 mm (1.00in.)

SAMPLE WIDTH: 9.52mm (0.375in.)
PLUNGER SIZE: 38.1 mm  (1.50in.) YOKE SIZE: 60.3 mm (2.375 i)
QW-462.2 Side Bend Side Bend Side Bend Side Bend
SAMPLE NUMBER(S) . 81 S2 83 54

RESULTS Pass . Pass Pass Pass

We certify the test resulis in this report and that fh.e" specimen(s) were prepared and tested in accordance with ihe
IX, 1998 edition and [atest addenda. The information regarding material

requirements of ASME Section
identification (i.e. size, thickness, heat number, efc.) has been provided by the customer whose name appears on

this repert. _

| aboratory Test Conducted By:
Troy Drurnmond, T.T./ Sabine Heinemann, C.E.T.

4027 - 14 Sireet 5.E. CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169
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LABORATORY TEST REPORT

EXCHANGER INDUSTRIES Laboratory Test No.. ©99-375.3
Date: May 21, 1999

CUSTOMER:
2.0. Box 1107 Staiion “J”
Calgary, Alberia
T2A 6A8

Attention: Earl Stender

MBA-7

POR Number:
SA 516 Gr. 60N {o SA 516 Gr. TON

faterial:
Heat Number: 26037/185313-1 to B22376/91959101
Thickness: 25.4 mm (1.00 in.)
Thermal Condition: As Welded
NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-Notch ORIENTATION: Transverse
TEST TEMPERATURE: -46°C (-80°F) SPECIMEN SIZE: 10 x 10 mm
Specimen Notch Impact Values
Number Location Joules (fi.lbs)
121 Weld Metal 47 (30.8)
12.2 Weld Metal 842  (47.4)
1L2.3 Weld Metal 20.9 (15.4)
1.3.1 Gr. 6ON - HAZ 156 (115)
3.2 Gr. 60N - HAZ 153 (113)
1.3.3 Gr. 60N - HAZ 184  (136)
M3.1 Gr. 70N - HAZ 153 (113)
M3.2 . Gr. 70N - HAZ 78.3 (57.8)
M3.3 Gr, 70N - HAZ 101 (74.8)

We ceriify the test resuls in this report 'am:l that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section VIII, Div. 1, UG-84, 1998 edition"and latest addenda. The Information regarding

material identification (Le. size, thickness, heat number, eic.) has heen provided by the customer whose naime

M" ‘/% |

Laboratory Test Conducted By:
Sabine Heinemann, C.E.T.

vmnes 18 Chant §F CALGARY. AJRFRTA T2 3K6 PHONE: (403) 262-7072  FAX: (403) 266-3169



* Materials ;:m:/ /Ve/dmrw‘V:Ehgme—"@rmg
LABORATORY TEST REPORT

Laherataory Test No.:

£88-375.3

CUSTOMER: EXCHANGER INDUSTRIES
. P.O. Box 1107 Siation “J” Date: May 27, 1999
Calgary, Alberta .
T2A BAS
Attention: Earl Stender

MBA-7

PQR Number
SA 516 Gr. 80N to SA 516 Gr. 70N

Material:
Heat Number: 26037/195313-1 1o 822376/91959101
Thickness: 25.4 i (1.00 in.)
Thermal Condition: As Welded
HARDNESS TEST
TYPE OF TEST: Vickers LOAD: 1000 g
INSTRUMENT TYPE: Buehler Micromet
YNy
1mm | 1 PR U AR 10 -
Typ. \ /
P \ /
Midwall 11}\ . /47
.18 19\ . . )24 25.
~ SA516 Gr. 60N SA 516 Gr. 70N
1) 180 HV 8) 227 HV. 15) 186 HVY 22) 184 HV
2) 173 HV 9) 200 RV 16) 193 HV 23) 198 HV
3) 204 HV 10) 173 HY 17) 181 HY 24) 186 HV
4) 197 HV 11) 185 HV 18) 165 HV 25) 173 HV
5) 209 HY 12) 187 HY 19) 183 HV
201 HV 13) 181 HV 20) 181 HV

6 2
7)  197HV  14)  183HV  21) 81HV

We certify the test results in this report and that the specimen(s) were prepared and fested in accordance with the
requirements of ASTM E384 - 89 (Reapproved 1997). The information regarding material identification (i.e. size,
ber, eic.) has been provided hy the customer whose name appears on this report.

thickness, heat num
Laboratory Test Conducted By: Kg@fpﬂ ", J}fw—
Troy Drummond, T.T. / Sabine Heinemann, C.E.T.

a7 14 Crenat € E TFAIGARY. ALBERTA T2 1K6 PHONEF: 1IN 262.7n77  FAX* 1403) 266-3169



QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

Exchanger Industries Limited
Procedure Qualification Record No. C5-1 Date May 20, 2004
PQR Revision(s) June 6. 2012, Format update and company name change,
PQR originally qualified by Exchanger Indusiries
(PQR originally certified by Malcolm Baxter)

Welding Procedure Specification No. C5 (Rev. 6)
Welding Process(es) GMAW / SMAW Type(s) Semi-automatic / Manual

JOINTS (QWA@Z)
Butt joint, single vee droove, sge next page

Type

BASE METALS (QW-403)

Material Spec. SA 516 to SA 516 Type or Grade Gr. 60N / Gr. 70N
P-No. P1 Grp.1 To P-No. P1 Grp.2 Diameter N/A

Thickness 299 mm (0.875 in.) to 38.1 mm (1.50 in.)

Other Plate product form

FILLER METALS (QW-404) GMAW SMAW
Specification No. (SFA) SFA5.18 SFA 5.1

AWS No. (Class) ER70S-2 E7018-1

Filler Metal F-No. Fo6 F4

Filler Metal A-No. A1l A1l

Size of Electrode See attached sketch

Deposited Weld Metal Thickness 3.18 mm (0.125in.) 19.1 mm (0.750 in.)
POSITION (QW-405)

Position of Groove GMAW: Special - Plate at 30° off flat SMAW: 3G

Weld Progression GMAW: Vertical down SMAW:_Vertical Up
PREHEAT (QW-406)

Preheat Temperature 66°C (150°F) Interpass Temp. (Max.) 232°C (450°F)

POSTWELD HEAT TREATMENT (QW-407)

Temperaiure None Time N/A

GAS (QW-408)

Specification No. (SFA) SFA 5.32 AWS No. (Class) __ SG-AC-25
Shielding 75% Argon, 25% C02, 11.5 liters per minute (23 cfph)
Backing None Trailing N/A

ELECTRICAL CHARACTERISTICS (QW-409)

Current Direct Polarity Reverse, electrode positive
Amps See next page Volts See next page

Heat Input N/A

Mode of Metal Transfer GMAW: Short circuiting arc

TECHNIQUE (QW-410)
String or Weave GMAW: Weave SMAW: Both Travel Speed _See next page

Multiple or Single Pass Per Side GMAW: Single SMAW: Multiple
Multiple or Single Electrodes Single

Prepared By Ludwig Associates Ltd. [n Accordance With ASME Section {X Page 10f3



”"Tm’

1.50 in.

PQR NO. _C5-1

0.875in.

(o]

<

Pass | Process Filler Diameter | Current& | Amperage | Voltage Travel Speed
Metal mm (in.) Polarity Range Range mm/min (i.p.m.)
1 GMAW | ER70S-2 | 0.9 (0.035) DCRP 120 18 127 (5.0)
2-11 SMAW | E7018-1 3.2 (1/8) DCRP 140 23 61-117 (2.4 - 4.6)
12-15 | SMAW | E7018-1 3.2 (1/8) DCRP 140 23 61-91(24-36)

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX

Page 2 of 3




POR NO. _C5-1_
TENSILE TEST (QW-150)
Specimen Width Thickness Area Ultimate Ultimate Character &
No. mm (in.) mm (in.) | Sg. mm Load Stress Fracture Location
(8q. in.) N (lbs.) MPa (psi)
T1 19.1. 21.3 407 213 900 526 Partial cup & cone
(0.752) (0.839) (0.631) (48,100) (76,300) Parent metal (Gr, 70N)
T2 19.0 21.3 406 214 700 526 Cup & cone
(0.750) (0.839) (0.629) (48,300) (76,700) Parent metal (Gr. 70N)

GUIDED BEND TEST (QW-160)

Type & Figure No. Resulf Type & Figure No. Result
QW-462.2, TSB - S1 Pass QW-462.2, TSB - S3 Pass
QW-462.2, TSB - 82 Pass QW-482.2, TSB - S4 Pass

OTHER TESTS

Vickers microhardness survey - see attached laboratory test report C04-566.1

Welders Name Harry Ramsumair Certificate File No. W-17585

Tests Conducted By Ludwig & Associates Lid.

Laboratory Test No. €04-566.1

We hereby recertify that the statements in this record have been revised in accordance with
paragraph QW-200.2 and that the test welds were prepared, welded and tested in accordance
with the requirements of Section 1X of the ASME Code.

Manufacturer EXCHANGER INDUSTRIES LIMITED
PQR originally qualified by Exchanger Industries
Date SWE Zo, ZoiZ Certified by _| (.

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX Page 3 0of 3



CUSTOMER:

Exehanger Industiies .
P.0, Box 1107 Station “J”

o E—':W
AN

LABORATORY
ACCREDITATION
BUREAU

ISO/IEG {7025 ACCREDITED
GCeriicats Nurnber L2057

"8 A
LABORATORY TEST REPORT o

Lahoratory Test No.: C04-566.1
Date: May 25, 2004

Calgary, Albérta
T2A 6A8

Attention:

PQR Nifnber:
Material:
Heat Nuimbérs:
Thickness:
Thermal Condition:

Malcolm Baxter

C5-1

SA 516 Gr. B0N fo SA 516 Gr. 70N
48905-71111 1o 53847-98922
22.2 mm (0.875 in.) to 38.1 mm (1.50in.)

As Welded

TENSILE TEST QW-150
T2 QW-462.1(a)

SAMPLE NUMBER T1 QW-462.1(a)

WIDTH mim (in) 19.1 (0.752) 19.0 (0.750)

THICKNESS min (i) 21.3 (0.839) 21.3 (0.839)

AREA sq mm (sq in) 407 (0.631) 406 (0.629)

ULT. LOAD N (ibs) 213900 (48,100) 214700  (48,300)

UTS MPa (psi) 526 (76,300) 526" (76,700)

FRAGTURE TYPE Partial Cup & Cone Cup & Cone

FRACTURE LOCATION Parent Metal (Gr. 70N) Parent Metal (Gr. 70N)
GUIDED-BEND TEST QW-160

SAMPLEWIDTH:  9.52 mim (0.375in.) SAMPLE THICKNESS:  222mm  (0.875 in.)

PLUNGER SIZE: 38.1 mm (1.500n.) YOKE SIZE: 60.3mm (2.375in.)

QW-462.2 _ Side Bend Side Bend . Side Bend . .. SideBend . .

SAMPLE NUMBER(S) 31 S2 353 S84 ’

RESULTS Pass Pass Pass Pass

We certify the test results in this re
ME Section IX, 2

requirements of AS

(i.e. size, thickness, heat numb

Laboratory Test Conducted By: '

4027

cem s it Dned ENMONTON, ALBERTA  TEE4NT PHO

port and that the specimen(s) were prepared and tested in accordance with the
The information regarding material fdentification

001 edition and latest addenda.
er, etc.) has been provided by the customer whose name appears on this report.

..........

/M WF(ng. CET. | Boykanz CE.T.

£
14 Street S.E, CALGARY, ATBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169
NE: (780) 468-3030 FAX: (780) 4683032

Page 1 of 1



L ABORATORY

M y
= ACCREDITATION
g‘ ~/ BUREAU

|SONEC 17025 AGGREDITED
Cerficate Numbei L2057

L ABORATORY TEST REPORT

CUSTOMER: Exchariger lindustiies Lahoratory Test No.: C04-568.1
.0, Box 1107 Station *J” Date: May 25, 2004
Calgary; Alberta
T2A GAS

Malcoli Baxter
51
@A 516 Gr. 60N to SA 516 Gr. 70N
48905-71111 fo 53847-98922

99,2 im (0.875 in.) to 38.1 mm (1.50 in.)
As Welded

Afgantion:

POR Nuiber:
Matterial:

Heal Numibels:
Thickness:

Therinal Condifien: . .

HARDNESS TEST

LOAD: 500¢g

TYPE OF TEST: Vickers

2)
3) 256 HV 10) 168 HV 17)
4)  223HV 11) 195 HV 18) 167 HV 25
5) 217 HV 12) 207 HV 19) 183 HV

20) 189 HV

6) 1e2HV 13  218HV
7y 213Hv  14) 2090V 21) 214 HV

INSTRUMENT TYPE: Mitutoyo AVK:C1

Tmm] .1 A . /9 0.

Typ. / 10
Midwall .. /17
.18 25.
Gr. 70N Gr. 60N
1) A73HV 8)  242HV 16) 211 HV 22) 196 HY
204 HY 9) 213HV 16) 196 HV 23)  195HV
185 HV 24) 199 HY
)

163 HV

ccordance with the

that the specimen(s) were prepared and tested in a
heat number;

We certify the test resulls in this report and
mation regarding material identification (l.e. size, thickness,

requirements of ASTM E384 —99. The infor.

etc.) has been provided by the customer whose name BPW usl T L

| aboratory Test Conducted By: » ——— iy

’ -0 Peuriimond, C.EWy Lanz, GE.T.

4027 - 14 Street S.E, CALGARY, W@?‘Kﬁ PHONE: (403) 262-7072. EAX:-A405} 766-3169 Page 1 of 1
: e TAF4NT PHONE: (780) 468-3030 FAX: (760) 468-3032
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QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

Exchanger Industries Limited
Procedure Qualification Record No. A5B6AC-1 Date May 31, 2007
PQR Revision June 6, 2012, Format update & company name change, PQR originally gualified
by Exchanger Industries. Editorial change - current & polarity incorrectly reported in welding
parameter table, should be AC instead of DCRP.(PQR originally certified by Earl Stender)

Welding Procedure Specification No. _C5 (Rev. 6)
Welding Process(es) SAW Type(s) Machine

JOINTS (QW-402)
Butt joint, single vee groove welded from both sides, see next page

Type

BASE METALS (@ani@;’})

Material Spec. SA 516 to SA 516 Type or Grade Gr. 60N to Gr. 70N
P-No. P1 Gyp. 1 To P-No. P1 Grp. 2 Thickness 38.1 mm (1.50 in.)
Diameter N/A

Heat Number 87724 - 19909 to 0222D - 23364

FILLER METALS (QW-404)

Specification No. (SFA) SFA5.17

Flux / Wire Classification F7AG-EM14K

Filler Metal F-No. F6

Filler Metal A-No. A1l

Size of Electrode 0.125" & 0.156”

Deposited Weld Metal Thickness 38.1 mm (1.50 in.)

Trade Name Lincoln Electric: LA 71 wire / 880M flux
POSITION (QW-405)

Position of Groove 1G

Weld Progression N/A

PREHEAT (QW-406)

Preheat Temperature 93°C (200°F) Interpass Temp. (Max.) 260°C (500°F)
POSTWELD HEAT TREATMENT (QW-407)

Temperature None Time N/A
ELECTRICAL CHARACTERISTICS (QW-409)

Current AC Polarity N/A
Amps See next page Volts See next page
Maximum Heat Input 133,636 J/in.

TECHNIQUE (QW-410)

String or Weave String Travel Speed _See next page
Oscillation Without

Multiple or Single Pass Per Side Multipass

Multiple or Single Electrodes Single

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX Page 1 of 3



POR NO. __A56AC-1

- —
7 R
CECBCHC S P
\ /
\ /
\ / 1.50 in
et
N/,
i C 16 >
1/4 in. g e

Note: Back-gouged to sound metal prior to depositing pass # 16

Pass | Process | Filler Metal Diameter | Current & | Amperage | Voltage Travel Speed
in. Polarity Range Range i.p.m.
1&2 SAW | F7A6-EM14K 0.125 AC 350 28 21
3 SAW | F7AB-EM14K 0.156 AC 500 29 18
4&5 SAW | F7A6-EM14K 0.156 AC 600 30 18
6 SAW | F7AB-EM14K 0.156 AC 850 32 14
7-11 SAW | F7A6-EM14K 0.156 AC 700 35 . 11
12-15 | SAW | F7A6-EM14K 0.156 AC 700 35 16
16-18 | SAW | F7AB-EM14K 0.156 AC 600 35 16
Page 2 of 3

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX



POR N

TENSILE TEST (QW-150)

0. A56AC-1

Specimen | Width | Thickness Area Ultimatie Ultimate Character &
No. mm (in.) | mm (in.) Sg. mm Load Stress Fracture Loc.
(Sq. in.) N (lbs.) Mpa (Psi)
T1 19.0 37.7 716 377 500 527 Partial Cup & Cone
(0.748) (1.48) (1.11) (84,900) (76,400) Parent metal (Gr. 60N)
T2 19.0 37.6 714 378 900 530 Partial Cup & Cone
(0.748) (1.48) (1.11) (85,200) (76,900) Parent metal (Gr. 60N)
GUIDED BEND TEST (QW-160)

Type & Figure No. Result Type & Figure No. Result
QW-462.2, TSB - S1 Pass QW-462.2, TSB - S3 Pass
QW-462.2, TSB - S2 Pass QW-462.2, TSB - S4 Pass

CHARPY IMPACT TOUGHNESS
Type of Test Charpy V-Notch Orientation Transverse
-46°C (-50°F) Specimen Size 10 X 10 mm

Test Temperature

Specimen No. Notch Location Impact Values J (ft. Ibs)

~B2.1 Weld Metal 47.5 (35.0)
B2.2 within 1/16 in. 17.4 (12.8)
B2.3 of surface 43.4 (32.0)
B3.1 Gr. 60N - HAZ >172 (>127)
B3.2 Gr. 60N - HAZ 170 (125)
B3.3 Gr. 60N - HAZ 69.7 (51.4)
C3.1 Gr. 70N - HAZ 129 (94.8)
C3.2 Gr. 70N - HAZ 158 (113)
C3.3 Gr. 70N - HAZ 140 (103)

OTHER TESTS

Vickers Hardness - see attached laboratory test report # C07-672.1
Weld Metal Chemistry Analysis - see attached laboratory test report # CO7-672.1

Welders Name Ron Black Certificate File No. W-2359
Tests Conducted By LLudwig & Associates Ltd.
Laboratory Test No. C07-672.1

We hereby recertify that the statements in this record have been revised in accordance with
paragraph QW-200.2 and that the test welds were prepared, welded and tested in accordance
with the requirements of Section IX of the ASME Code.

EXCHANGER INDUSTRIES LIMITED
PQR originally qualified by Exchanger Industries

Date ujs)}‘/E ZO/ ZO!Z Certified by M‘

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX

Manufacturer

Page 3 0of 3
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CUSTOMER: Exchanger Industiies : ‘ Laboratory Test No.: CO7-672.1
5505 - 52" Street S.E. , Date: May 17, 2007
Calgary, Alberta
T2C 2W8
Ajtention: Malcolm Baxter
POQR Number: ABGAC-1

ABBAC
SA 516 Gr, 60N fo SA 516

38.1 mm (1.50 in.)

WPS Numlber: .
Matarial:
" Thickness:

Gr. 70N (Heat No.: 8772419909 to 0222D-23364)

Thermal Condition: AS Welded o o
TENSILE TEST QW-150
SAMPLE NUMBER T1 QW-462.1(2) T2 QW-462.1(2)
WIDTH mm (in) 19.0 (0.748) 19.0 (0.748)
THICKNESS mm (in) 37.7 (1.48) . 37.6 . (1.48)
AREA sq mm (sq in) 716 (1.11) , 714 (1.11)
ULT. LOAD N (Ibs) 377500 (84,900) 378 900 (85,200)
UTS MPa (psi) 527 - (76,400) 530 (76,900)
FRACTURE TYPE Partial Cup and Cone Partial Cup and Cone
Parent Metal (SA 516 Gr. 60N) Parent Metal (SA 516 Gr. 60N)

FRACTURE LOCATION
CUIDED-BEND TEST QW-160

SAMPLE THICKNESS: 38.1 mm (1.50 in.)

SAMPLE WIDTH:  9.52mm  (0.375 in.)
PLUNGER SIZE: 38.1mm (1.50 in.) YOKE SIZE: 60.3 mm (2.3751n.)
QW-462.2 . Side Bend ~ Side Bend - Side Bend Side Bend
SAMPLE NUMBER(S) - $1 S2 53 84

RESULTS Pass Pass Pass Pass

rdance with the
identification
this report.

hat the specimen(s) were prepared and tested in acco
ME Section X, 2004 edition and latest addenda. The information regarding material
heat number, efc.) has been provided by the customer whose name appears on
discarded in 45 days.

We certify the test resulfs in this report and 1

requirements of AS
(i.e. size, thickness,

Samples associated with this report will be

] .
Laboratory Test Conducted By: . ,f“%@-ﬂn/;w @/&_—’—J————/
Inderjit Rai / Sabine Helnemann, CET.

ALBERTA T2G3K6 PHONE: (403) 262-7072 FAX: (403 266-3169
‘ (403 Page 1 of 1

8-3030 FAX: (780) 468-3032

4027 - 14 Street, S.E, CALCARY,
v i~wrrAn AIRERTA TGE4NT PHONE: (780) 46



oS preATT

Acrnrial T WA/ addime (A I
Materials and Welding Lonsuiting

 ABORATORY TEST REPORT

CUSTOMER: Exchanger Industries Laboratory Test No.: Co7-672.1
5505 - 52" Street 8.E. Date: May 18, 2007

Calgary, Alberia

T2G 2W8

Aitention: Malcolm Baxier

POR Number: ABBAC-T

WPS Numnfser: AEBAC )
Material: SA 516 Gr. 60N to SA 516 Gr. TDI\I (Heat No.: 87724-19909 io 02223-23364)

Thickness: 38.1 mim (1.50 in.)
Thermal C@ndﬁi‘ﬁ@n:’l As Welded

NOTCH-TOUGHNESS TEST

TYPE OF TEST: Charpy V-Notch ORIENTATION: Transverse
TEST TEMPERATURE: -46°C (-50°F) SPECIMEN SIZE: 10 x 10 mm

Specimen - Notch Impact Values

Number Location Joules (ft.Ibs).

B2.1 . ' Weld Metal 47.5 (35.0)

‘B2.2 . within 1/16 in. 174 (12.8)

B2.3 ) of surface 434 (32.0)

B3.1 . Gr. 60N.- HAZ =172 (>127)

B3.2 * Gr. 60N~ HAZ 170 (125)

B3.3 " Gr.60N-~HAZ. 69.7 (51.4)

C3.1 Gr, 70N - HAZ 129 (94.8).

C3.2 Gr. 70N - HAZ 153 (113)

C3.3 - Gr. 70N - HAZ 140 (103)

and tested in accordance with the
denda. The information regarding
fomer whose name

the specimen(s) were prepared

We certify the test resuls in this report and that
84 — 2004 edition and latest ad

redu/remem‘s of ASME Section VIII, Div. 1, UG-
ber, efc.) has been provided by the cus

material identification (i.e. size, thickness, heat num
appears on this report. ‘Samples associated with this repert will be discarded in 45 oays.

P P

|aboratory Test Conducted By:
Karen Koens, R.E.T./ Sabine Heinemann, C.E.T.

PHONE: (403) 262-7072  FAX: (403) 266-3169 - Page 1 of 1

4027 - 14 Street, S.E., CALGARY, ALBERTA T2G 3K6
- . ntANE 780 462.2030  FAX: (780) 468-3032
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LABORAT ORY TEST REPORT C:n{flitccatz(?\‘lzumhi?lfz{%;

Laboratory Test No.:  CO7-872.1

CUSTOMER: Exchanger Industries
5505 - 52™ Street S.E, Date: May 16, 2007
Calgary, Alberia

T2C 2W8
Attention: Malcolm Baxier
ABBALC POR Number: ASBAC-1

WES Number:
6ON to 8A 516 Gr. 70N (Heat No.: 8772419909 :i'o 02221-23364)

SA'516 Gr.

Material:
Thickness: 38.1 mm (1.50 in.)
Thermal Condition: As Welded
' ' : HARDNESS TEST
TYPE OF TEST: Vickers | LOAD:  1000g
INSTRUMENT TYPE: Mitutoyo AVK-C1 :
i 1.0mm

1

§ 1.0mun|
1.0mm

r__

SAB18GLTON SA 516 Gr. 60N _
221 HV 22) 153 HV 29) 232 HV

1y 152 HV g) 212HV  15)
210 HV 9) 188HV  18) -217HV -~ 23) 209HV 30) 188 HV

2)

3 230Hv  10) 168HV  17) 196 HY 24y 236HV  31)  150HV
4)  214Hv  11) 228HV  18) 1881V 95)  224HV

5 227Hv . 12) 213HV 19 182HY 26) 219 HV

§) 1o97Hv  13) 198HV  20)  233HV 27) 214 HV

7y 207HV  14)  215HV 21) 200KV 28) 213 HV

We certify the test results in this report and that the specimen(s) were prepared and tested in accordance with the
The information regarding material identification (le. size, thickness, heat

requirements of ASTM E384 — 0ba.
ided by the customer whose name appears on this report. Samples associated with .

number, efc.) has been prov

this report will be Q!iscam!ed in 45 days. )
Wl .

Laboratory Test Conducted By: V.
' . Simon Kirkland, T.T. / Sabine Heinemann, C.E.T.

4027 - 14 Street, 5.E., CALGARY, ALBERTA T2G 3K6é PHONE: (403) 262-7072 FAX:(403) 266-3163 Page 1 of 1
- s mrenTA TZE ANTT DHONE- (780) 468-3030  FAX: (780) 468-3032
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LABORATORY TES REPORT

CUSTOMER: Exchanger Industries Labaratory Test Ne.: C07-672.1
. 5505 - 52" Street S.E.  pater May 22, 2007
Calgary, Alberta
T2G 2W38
Attention: Malcolm Baxder

PQR Number: ABBAC-T -

WPS Nurmnber: ABBAC

Material: aA 516 Gr. 60N fo SA 516 Gr. 70N (Heat No.: 87724-19909 to 022207-23364)
Thickness: ' '
-Thermal Conditiom: As Welded
" \Weld Metal (EM14K Wire)

38.1 mm (1.50 in.)

Test Location:

CHEMICAL ANALYSIS
(% by weight)
Instrument Type: shimadzu PDA-7000 Optical Emission Spectrometer
Carbon 1 0.10
Manganese 1,33
Sulphur 0.005
Phosphorus 0.010
Silicon 0.44
Copper "~ 0.10
d that the spscimen(s) were prepared and tested in accordance with the
ize, thickness,

st results in this report an
ation. The information regarding material identification (i.e. s
1t Samples associated

ASTM A751 - 01 specific
) has been provided by the customer whose name appears on this repo

discarded in 45 days.

We certify the fe
requirements of
heat number, efc

with this report will be
¢ A . o d
| aboratory Test Conducted By: Ad)i);ftw ﬁ@/’M
‘ Sabine Heinemann, C.E.T.
K6 PHONE: (403) 262-7072  FAX:(403) 266-3163 " paged of

4027 - 14 Street, S.E, CALGARY, ALBERTA T2G 3

e vt Damd EAMONTON. ALBERTA T6E 4NT PHONE: (780) 468-3030 FAX: (780) 468-3032



QW-483 PROCEDURE QUALIFICATION RECORD (POR)

Exchanger Industries Limited
Pracedure Qualification Record No. ABBAC-3 Date May 31, 2007
PQR Revision June 6, 2012, Format update & company name change, PQR originally gualified
by Exchanger Industries. Editorial change - current & polarity incorrecily reported in welding
parameter table, should be AC instead of DCRP.(PQR originally certified by Earl Stender)

Welding Procedure Specification No. C5 (Rev. 6)
Welding Process(es) SAW Type(s) Machine

JOINTS (QW-402)

Type Buit joint, square butt welded from both sides, see nexi page

BASE METALS (QW-403)
SA 51610 SA 516 Type or Grade Gr. 60N io Gr. 70N

Material Spec.

P-No. P1 Grp. 1 To P-No. P1 Grp. 2 Thickness 9.52 mm (0.375 in.)
Diameter N/A

Heat Number 18926 - 543243 to 64843 - 603453

FILLER METALS (QW-404)

Specification No. (SFA) SFA5.17

Flux / Wire Classification F7AB-EM14K

Filler Metal F-No. F6

Filler Metal A-No. A1

Size of Electrode 0.125”

Deposited Weld Metal Thickness 9.52 mm (0.375 in.)

Trade Name Lincoln Electric: LA 71 wire / 880M flux
POSITION (QW-405)

Position of Groove 1G

Weld Progression N/A

PREHEAT (QW-406)

Preheat Temperature 10°C (50°F) Interpass Temp. (Max.) 260°C (500°F)
POSTWELD HEAT TREATMENT (QW-407)

Temperature None Time N/A
ELECTRICAL CHARACTERISTICS (QW-409)

Current AC Polarity N/A
Amps See next page Volts See next page
Maximum Heat Input 56,000 Jfin.

TECHNIQUE (QW-410)

String or Weave String Travel Speed _See next page
Oscillation Without

Multiple or Single Pass Per Side Multipass

Multiple or Single Electrodes Single

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX Page 1 0f3



Note: Back-gouged to sound metal prior to depositing pass # 3

POR NO.

A56AC-3

Pass | Process Filler Metal Diameter | Current& | Amperage | Voltage | Travel Speed
in. Polarity Range Range i.p.m.
1 SAW F7TA6-EM14K 0.125 AC 350 32 20
2 SAW F7A6-EM14K 0.125 AC 400 35 16
3 SAW F7A6-EM14K 0.125 AC 330 32 20
4 SAW F7A6-EM14K 0.125 AC 350 32 16
5&6 SAW F7A6-EM14K 0.125 AC 400 35 15
Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX Page 2 of 3




PQR NO. ABBAC-3

CHARPY IMPACT TOUGHNESS

Type of Tesi Charpy V-Noich Crientation Transverse
Test Temperature __-48°C_(-50°%F) Specimen Size 10 X 8 mm
Specimen No. Notch Location Impact Values J (fi. Ibs)
H2.1 Weld Metal 164 (121)
H2.2 within 1/16 in. 146 {(108)
H2.3 of surface =172 (>127)
H3.1 Gr. 60N - HAZ >172 (=127)
H3.2 Gr. 60N -~ HAZ >172 (>127)
H3.3 Gr. 60N ~ HAZ >172 (>127)
13.1 Gr. 70N - HAZ =172 (>127)
13.2 Gr. 70N - HAZ 54.2 (40.0)
13.3 Gr. 70N - HAZ >172 (>127)
OTHER TESTS

Welders Name Ron Black Certificate File No. W-2359

Tests Conducted By Ludwig & Associates Ltd.

Laboratory Test No. C07-674.2R1

We hereby recertify that the statements in this record have been revised in accordance with
paragraph QW-200.2 and that the test welds were prepared, welded and tested in accordance
with the requirements of Section IX of the ASME Code.

Manufacturer EXCHANGER INDUSTRIES LIMITED
PQOR originally qualified by Exchanger Industries

Date S VYME ZO/ Zolz Certified by M

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX Page 3 of 3
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LABORATORY TEST ‘REPORT
Lab@rar’:@fy Test No.: CO7-674.2R1

| CUSTOMER: Exchanger Indusiries
5505 - 52" Street S.E. _ Date: May 18, 2007
Calgary, Alberta Revision Date: May 25, 2007
T2C 2W8
Attention: Maleolm Baxter
POR Number: ASGAC-3

WPES Numiser: ABBAC
SA 516 Gr. 60N to SA 516 Gr. 7ON (Heat No.: 18026-543243 to 64843-603453)

Material:

Thickness: | 9:52 mm (0.375 i)

_Thermal Condition: _As Welded

NOTCH-TOUGHNESS TEST

TYPE OF TEST: - Charpy V-Notch ORIENTATION: Transverse
TEST TEMPERATURE: -46°C (-50°F) SPECIMEN SIZE: 10 x 8 mm

. Specimen Notch Impact Values

. Number -Location Joules (it.Ibs)

H2.1 -.Weld Metal 164 (121)

H2.2 within 1/16 in. 146 (108)

‘H2:3 of surface >172  (>127)

H3.1 Gr. 60N - HAZ >172  (>127)

H3.2 Gr. 60N - HAZ >172  (>127)

H3.3 Gr. 60N - HAZ =172 (>127)

13.1 Gr. 70N - HAZ >172  (>127)

13.2 . Gr. 70N - HAZ - 54.2 (40.0)

[3.3 Gr. 70N - HAZ >172  (>127)

1d that the specimen(s) were prepared and fested in accordance wilft the
vill, Div. 1, UG-84 — 2004~ edition and latest addenda. The information regarding
thickness, heat number, efc.) has been provided by the customer whose name
¢his report will be discarded in 45 days.

Laboratory Test Conducted By: . P
Karen Koens, R.E.T. / Sabine Heinemann, CET.

We certify the test results in this report al

requirements of ASME Section
material fdentification (i.e. size,
appears on this report. Samples associated with

4027 - 14 Street, S.E.,-CALGARY, ALBERTA 725 3K6  PHONE: (403) 262-7072  FAX: (403) 266-3169 Page 1 of 1
7025 Davies Road, EDMONTON, ALBERTA T6E 4NT PHONE: (780) 468-3030  FAX: (780) 468-3032



QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

Exchanger Industries Limited
Procedure Qualification Record No. ALBAC-4 Date May 31, 2007
PQOR Revision June 6, 2012, Format update & company name change, POR originally gualified
by Exchanger Industries. Editorial change - current & polarity incorrectly reported in welding
parameter table, should be AC instead of DCRP.(PQR originally certified by Earl Stender)

Welding Procedure Specification No. __C5 (Rev. 6)
Welding Process(es) SAW Type(s) Machine

JOINTS (QW-402)
Butt joint, square buit welded from both sides, see next page

Type

BASE METALS (QW-403)

Material Spec. SA 516 to SA 516 Type or Grade Gr. 60N to Gr. 70N
P-No. _P1 Grp. 1 To P-No. P1 Grp. 2 Thickness 6.32 mm (0.249 in.)
Diameter N/A

Heat Number 18926 - 543243 to 64843 - 603453

FILLER METALS (QW-404)

Specification No. (SFA) SFA 5.17

Flux / Wire Classification F7A6-EM14K

Filler Metal F-No. F6

Filler Metal A-No. Al

Size of Electrode 0.125”

Deposited Weld Metal Thickness 6.32 mm (0.249 in.)

Trade Name Lincoln Electric: LA 71 wire / 880M flux

POSITION (QW-405)

Position of Groove 16

Weld Progression N/A

PREHEAT (QW-406)

Preheat Temperature 10°C (50°F) Interpass Temp. (Max.) 260°C (500°F)
POSTWELD HEAT TREATMENT (QW-407)

Temperature None Time N/A

ELECTRICAL CHARACTERISTICS (QW-409)

Current AC Polarity N/A

Amps See next page Volts See next page

Maximum Heat Input 33,600 J/in.

TECHNIQUE (QW-410)

String or Weave String Travel Speed _See next page
Oscillation Without '

Multiple or Single Pass Per Side Both multiple and single

Multiple or Single Electrodes Single

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section (X Page 1 0f3



PQR NO. _A56AC-4

41/:@—/5? ‘
iﬁq; 0.249 in.
C j_)w «««««« L

S

Note: Single pass deposited on backside of square butt joint, followed by back grinding to sound metal
prior to depositing pass No(s). 2 to 5.

Pass { Process | Filler Metal Diameter | Current & | Amperage | Voltage | Travel Speed
in. Polarity Range Range i.p.m.
1 SAW | F7TAB-EM14K 0.125 AC 350 32 20
2 SAW | F7TAB-EM14K 0.125 AC 300 30 24
3 SAW | F7AB-EM14K 0.125 AC 330 32 20
485 SAW | F7TAB-EM14K 0.125 AC 350 32 20

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX Page 2 of 3



POR NO. A5BAC-4

CHARPY IMPACT TOUGHNESS

Type of Test Charpy V-Notch Orientation . Transverse
Test Temperaiure __-48°C (-55°F) Specimen Size 10 X 5 mm
Specimen No. Notch Location Impact Values J (fi. [bs)
J2.1 Weld Metal 122 (80.0)
J2.2 within 1/16 in. 77.6 (57.2)
J2.3 of surface 81.4 (60.0)
J3.1 Gr. 60N - HAZ 59.4 (43.8)
J3.2 Gr. 60N - HAZ 48.1 (34.0)
J3.3 Gr. 60N - HAZ 46.6 (34.4)
K3.1 Gr. 70N - HAZ 29.8 (22.0)
K3.2 Gr. 70N - HAZ 133 (98.0)
K3.3 Gr. 70N - HAZ 141 (104)
OTHER TESTS

Welders Name Ron Black Certificate File No. W-2359

Tests Conducted By Ludwig & Associates Ltd.

Laboratory Test No. C07-674.3R1

We hereby recertify that the statements in this record have been revised in accordance with
paragraph QW-200.2 and that the test welds were prepared, welded and tested in accordance
with the requirements of Section iX of the ASME Code.

Manufacturer EXCHANGER INDUSTRIES LIMITED
PQR originally qualified by Exchanger Industries

Date _ —~wNE Zo, ZolZz Certified by %W[;w

Prepared By Ludwig Associates Ltd. In Accordance With ASME Section IX Page 30of 3
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LABORATORY TEST REPORT
Laboratory Test No.:. CG07-674.3R1

CUSTOMER: Exchanger Industries

5505 - 52™ Sireet S.E. pate: May 18, 2007

Calgary, Alberta Revision Date: May 22,2007

T2C 2W38
Aftention: Malcolm Baxter
WPS Number: ABBAC POR Number: AS6AC-4
Material: SA 516 Gr. 60N fo SA-516 Gr. 70N (Heat No.: 18926-543243 1o 64843-603453)
Thickness; 6.32 mm (0.249 in.) ' .
Thermal Condition: As Welded '

NOTCH-TOUGHNESS TEST

_TYPEOFTEST:  Charpy V-Notch ORIENTATION; Transverse
TEST TEMPERATURE: -48°C (-55°F) SPECIMEN SIZE:  10x5mm
Sp'eﬁimen Notch - . Impact Values ' ‘
Number. Location Joules (ft.Ibs)
J2.4 © Weld Metal C o2 (90.0)
J2.2 within 1/16 in. 77.6 (57.2)
J2.3 of surface 814 (60.0)
J3:1 Gr. 60N - HAZ . 504 (43.8)
J3.2 Gr. 60N - HAZ 46.1  (34.0)
J3.3 Gr. 60N - HAZ 46.6  (34.4)
K3.1 - . Gr. 70N - HAZ 29.8  (22.0)
K3.2 Gr. 70N - HAZ 133 (98.0)
K3.3 Gr. 70N - HAZ 141 (104)

report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section VIil, Div. 1, UG-84 — 2004 edition and latest addenda. The information regarding
material idenification (i.e. size, thickness, heat numiber, efc.) has been provided by the customer whose name
appears on this report. Samples associated wiih ihis report will be discarded in 45 days.

e, L
Aér’h»\#ﬂ ’—} A

Laboratory Test Conducted By: :
’ . Karen Koens, R.E.T. / Sabine Heinemann, C.E.T.

We ceriify the fest results in this

4027 - 14 Street, S.E,, CALGARY, ALBERTA. T2G 3K&6 PHONE: (403) 262-7072  FAX: (403) 266-3163 Page 1 of 1
7925 Davies Road, EDMONTON, ALBERTA TGE ANT PHONE: (780) 468-3030  FAX: (780) 468-3032



0”1 Jacobs Engineering Canada

Canadian Natural

Jacobs Contract No. CE4160
Client: CNRL — Kirby North phase 1 Kirby North Plant

Supplier's Document Review Sheet

Equipment Numbers

101-E-110;101-E-111;101-E-112;101-E-
113;101-E-114;101-E-115;101-E-
120;101-E-121;101-E-210;101-E-
225;101-E-226;101-E-240;101-E-
241;101-E-450;101-E-451;102-E-
610;102-E-613;102-E-655;103-E-
080;103-E-190;103-E-290; 103-E-390;
103-E-490; 103-E-590; 103-E-705; 103-
E-707; 104-E135; 104-E-136; 107-E-305

Review Status Codes

1 - Work May Proceed
w Kl y

2 - Revise and Resubmit: Work may
D proceed subject to incorporation of
changes indicated

3 - Revise and Resubmit: DO NOT
Proceed with Manufacture

4 - STOP WORK per attached written
instructions

5 - Review Not Required: Work may
proceed

SUPPLIER PLEASE NOTE: Permission to proceed does not
constitute acceptance or approval of design details, calculations,
analyses, test methods or materials developed or selected by the
supplier and does not relieve supplier from full compliance with
contractual obligation

BY :
DATE :

Comments

JPI REV 1 - COORDINATION

Project/ Req Title CNRL Kirby North Phase 1

Supplier Exchanger Industries

Doc. Description EXCHANGER - WELD PROCEDURE PQR
C2 GMAW- FCAW

Vendor Document WPS PQR C2

No.
ﬁge“t Document  /0088996-M600-00004

Purchase Order No. Doc Cat. Issue
CE416040-CC088996-00 M600 1
Categories

Date Received 05/08/2013



QwW-482 WELDING PROCEDURE SPECIFICATION (WPS)

Company Name EXCHANGER IN LIMITED By: Danette Korchinski

Welding Procedure Specification No. C-2 Date July 21, 1995  Supporting PQR No. (s) C-241, C-2-2, C-2-3, C-2-4
Revision No. Date November 17 2011

Welding Process (es) G.M.AW./F.CAW Type (s) Semi-Automatic

JOINTS (QW-402)

Joint Design All ASME oints. See construction d for details
Backing (Yes) X (No) X
Backing Material (Type) Weld Metal where applicable.

(Refar to both backing and retainers)

SAFETY CODES ACT - PROVINCE OF ALBERTA

X Metal Nonfusing Metal No Retainers WELDING PROCEDURE
Regy. No. WP
Nonmetallic Other Spec. No. ..,

Weld
Matl. Gr, P to P No. l

Root Opening-0 - 1/4™ " Elec. Gr. F ANO. worvsvsmsasssriresmonssssssases
Th. Qual. For,......... T

[ c

Yr. l '

BASE METALS (QW-403) SPECIALIST

P-No. 1 Group No 182 to P-No. 1 Group No. 182

Thickness Range:

Non Impact tested  .2495" - 1.728"

Base Metal: Groove Impact tested .0625" - 1.728" Fillet All
Pipe Dia. Range: Groove untimited Fillet All
Other NO WELD PASS TO EXCEED 1/2" THICKNESS

FILLER METALS (QW-404) G.M.AW. (Root Only) F.C.AW.

Spec. No. (SFA) 5.18 5.20
AWS No. (Class) ER70S-2 E71T-1
F-No. 6
A-No. 1 1
Size of Filler Metals .035" 045"
Weld Metal

Thickness Range:

Groove 1375" max 1.728" max.
Fillet N/A unlimited
Electrode-Flux (Class) N/A N/A
Flux Trade Name N/A NIA
Consumable Insert N/A N/A
Other SOLID WIRE FLUX CORED

veadoydoewo. WPS PRR CL VPOB ¥ 60 -0000Y



QW-482 (Back)

WPS No. C2 _Rev. 2

POSITIONS (QW-405) POSTWELD HEAT TREATMENT (QW-407)

Position(s) of Groove ~ G.M.AW.-1Gto60° F.CAW.-1G Temperature Range L None

Welding Progression: Up CNIA Down  G.M.AW, Time ) R NA o

Position(s) of Fillet All D

GAS (QW-408)

PREHEAT (QW-406) * Blueshield 8

Preheat Temp. Min. 60°F Percent Composition

Interpass Temp. Max S - 550°F - Gas (es) (Mixture) Flow Rate

Preheat Maintenance - 60°F Shielding ___Ar/cO2* _ 75%125%  20-40CFH
(Continuous or special heating whére applicable should be recorded) Trailing o e
200°F FOR BASE METAL GREATER THAN OR EQUAL TO 1 1/4” Backing -
ELECTRI’C/}L CHARACTERISTICS (QW-409) o

CurrenlAC ;>r e bc " .Polaity - Reverse Maiximum Heat Input = 62,400 J/in.(.52.0 l.725:)

Amps (Rénge) As;Below'M' N V0'|t§ (Rangé:)" : __AsBelow ,,,,,ég,igg_;;_lj,n‘_(;_?j 2057

Tungsten I‘Elect_;ode Size and jTy'pe"’ ) __NIA

Mode of Metal Transfer for GMAW

Short circuiting

Electrode Wire feed speed range

G.M.AW. 150 - 350 IPM

~ F.C.AW. 200 - 500 IPM

TECHNIQUE (QW-410)

String or Weave Bead

String & Weave

Orifice or Gas Cup Size

.375" - .760"

Initial and Interpass Cleaning (Brushing, Grinding, etc.)  Base material to be clean and smooth before welding. Brush, chip, or grind between passes.

Method of Back Gouging

Carbon arc-air gouge and grind.

Contact Tube to Work Distance

G.M.AW. = 250" - .500"

F.C.AW. = 500" - 1.000"

Multiple or Single Pass (per side) Multiple o
Multiple or Single Electrodes - ) Single R B
Travel Speed (Range) As Below o
Peening: None
| Filler Metal Current
Weld Layer (s)_ Proces§_ - Class _Piameter Tylpeﬁlarit_y Amp. Range __\Zolt Range Trav_el Speed__ }
Root Only G.M.AW. ER70S-2 035" _Reverse 75 - 200 ~ 15-25 ~4-10ipm
Fill & Cap F.C.AW. ~ EMTA .045" Reverse 170 - 275 22-28 16-18ipm |




QW-483 SUGGE )i.D FORMAT FOR PROCEDURE QUALIFIC. .ON RECORD (PQR)
{See QW-200.2, Section IX, ASME Boiler and Pressure Vessel Code)
Record Actual Conditions Used to Weld Test Coupon.

Company Name "
e Cc-2-1
Procedure Qualification Record

WPS No. -
Welding Process(es)

QAW & FCAW

Types (Manual, Automatic, Semi-Auto.}

JOINTS (QW-402)
TRAVEL, SPEEDS

Pass #1 - QMAW @ 6".
Pass #2&3 - FCAW @ 14",
Pass #4 ~ PCAW @ 10",
Pass #5686 - FCAW @ 6.5".
Pass #7-13 - FCAW @ 8".

all welding from bevel side.

Semi—automatlc

EXCHANGER INDUSTRIES, A Division of Premetalco Inc.

July 21, 1995

Date

inJ

@AW 125"
.156"

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

BASE METALS (QW-403)
Material Spec  SA—333 to SA-350

Type or Grade

p.No. L Gr 1

Thickness of Test Coupon « 864"
Diameter of Test Coupon _6.625" 0.D.
Other

to P-No. P=1 Gr2

FILLER METALS (QW-404) ——

SFA Specification 5 20
AWS Classification 1 #%
Filler Metal F-No, i 6
Weld Meta! Analysis A-No L 1
Size of Filler Metal .035" .045"
Other * = I~Tec 65
K&k =
Weld Metal Thickness .125 39"

POSITION (aw-405) GMAW: 45 deg
Position of Groove FCAW: 1G .
Weld Progression (Uphill, Downhil) GMAW — downhill

Other

PREHEAT (QW-406)

Preheat 60 F
Interpass Temp. 450 deg F.
Oth

(12/91) This form (E00007) may be obtained from the Order Dept., ASME, 22 Law Drive, Box 2300, Fairfield, NJ 07007-2300.

POSTWELD HEAT TREATMENT (QW-407)
Temperature none

Time

Oth

GAS (QW-408) Blue shield # 8
Percent Composition
Gasles) {Mixture) Flow Rate
Shielding Ar—-C02 7528 0 CFH
Trailing
Backing

ELECTRICAL CHARACTERISTICS {QW-409)

Current direct

Polarity _____Yeverse

Amps. GMAW: TR0 Volts 19
Amps, FCAW: 230 Vnlt+a 2A

TECHNIQUE (QW-410) i1 inche { at
Travel Speeg SHOWN above in inches per minute.

String or Weave Bead weave
Oscil

Multipass or Single Pass (per si
Single or Multiple

Other

REPRINT 5/92



QW-483 (Buck)

C-2-1
Tensile Test (QW-150) PQR No.

Ultimate Ultimate Type of
Specimen Total Load Unit Stress Failure &
No Width Thickness Area b oSl Location
™1 .752" . 799" 0L sg.1in. 40,100 66,700 aartial o&eo
me? _7RAY 787" 602 so.in. 39,800 66 100

in P=-1Gr-1R_.M.

Guided-Bend Tests (QW-160)

Type and Figure No. Result
Side bend S-1 pass
Side bend S-2 pass
Side berd S-3 rass
Side hend S-4 pass

Toughness Tests (QW-170)

Specimen Notch Notch Test £t Jmpact Lateral Exp. Droo Weiaht
No Location Tvoe Temo. 1b&alues % Shear Mils Break No Break

A2.1 weld vee -50 deaF 32.0
22,2 weld vee =50 dedF 37.0
A2,3 wald vee =50 degF 44,6
A3.1 Gr1 HAY vee >192
A3.2 vee ~50 dea® 126

. Grl HAZ vee =50 degF 34,2
B3slk Gr2 HAZ vee =50 degF 33.0
B3:2 Gr2z HAZ  vee =50 degF 89.0
B3:3 GrZ HAZ vee ~50 degF 72.6

Specimens were 10 mm x 10 mm.

Other Tests

Type of Test tests ver attached sheet,

Deposit Analysis
Other .

Welder's Name Rriice Hendrv W-6009
Tests conducted by: ig & sociates Iitd. _ Laboratory Test No.

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. EXCHANGER INDUSTRIES,
5505 - 52 Street S.E.
Manufacturer AB T2
Earl Stender
Date _ By Chief

(Detail of record of tests are illustrative only and may be modified to conform to the type and number of tests required by the Code.)



L ASS LD,

ng Consulting neering
LABORATORY TEST REPORT

CUSTOMER: EXCHANGER INDUSTRIES Laboratory Test No.: (C95-460.1

P.O. Box 1107, Station "J" Date: July 21, 1995

Calgary, Alberta

T2A 6A8
Attention: Earl Stender
PQR Number: C-2-1 Job Number: 95-6405
Material: SA 333 Gr. 6 (Ht. No.: 38784) to SA 350 Gr. LF2 (Ht. No.: 403746)
Size: 168.3 mm (6.625 in.) O.D. x 21.95 mm (0.864 in.) w.t.
Thermal Condition: As Welded

TENSILE TEST (QW-150)

SAMPLE NUMBER T " T2
WIDTH mm (in) 19.1 (0.752) 19.4 (0.764)
THICKNESS mm (in) 20.3 (0.799) - 20.0 (0.787)
AREA sq mm (sq in) 387 (0.601) 388 (0.602)
ULT. LOAD N (Ibs) 178 100 (40,100) 177 000 (39,800)
UTS MPa (psi) 460 (66,700) 456 (66,100)
FRACTURE TYPE Partial Cup & Cone Partial Cup & Cone
FRACTURE LOCATION P1,Grp.1 - Base Metal P1,Grp.1 - Base Metal

GUIDED-BEND TEST (QW-160)

SAMPLE WIDTH: 8.53 mm (0.375in.) SAMPLE THICKNESS: 21.95mm (0.864 in.)

PLUNGER SIZE: 38.1 mm (1.500in.) YOKE SIZE: 60.3 mm (2.375in.)
SAMPLE TYPE Side Bend Side Bend Side Bend Side Bend
SAMPLE NUMBER(S) S1 4 S2 S3 5S4

RESULTS Pass Pass Pass Pass

We certify the test resuits in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section IX, 1992  edition and latest addenda. The information regarding material
identification (i.e. size, thickness, heat number, efc.) has been provided by the customer whose hame appears on this

report.

Laboratory Test Conducted
Patrick Voisin, C.E.T

4027 - 14 Street S.E, CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169
7925 Davies Road, EDMONTON, ALBERTA T6E 4N1 PHONE: (403) 468-3030 FAX: (403) 468-3032



ILUDWIG & ASS LD,

ng Consu ng Engineering
LABORATORY TEST REPORT
CUSTOMER: EXCHANGER INDUSTRIES Laboratory Test No.: C95-460.1
P.O. Box 1107, Station "J" Date: July 21, 1995
Calgary, Alberta
T2A 6A8
Attention: Earl Stender
PQR Number: C-2-1 Job Number: 95-6405
Material: SA 333 Gr. 6 (Ht. No.: 38784) to SA 350 Gr. LF2 (Ht. No.: 403746)
Size: 168.3 mm (6.625in.) O.D. x 21.95 mm (0.864 in.) w.t.
Thermal Condition: As Welded
NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-Notch ORIENTATION: Transverse
TEST TEMPERATURE: -46°C (-50°F) SPECIMEN SIZE: 10 x 10 mm
Specimen Notch Impact Values
Number Location Joules (ft.lbs)
A2.1 Weld Metal 43.4 (32.0)
A2.2 Weld Metal 50.1 (37.0)
A2.3 Weld Metal 60.4 (44.6)
A3.1 P1 Grp.1 - HAZ >261 (>192)
A3.2 P1 Grp.1 - HAZ 171 (126)
A3.3 P1 Grp.1 - HAZ 46.3 (34.2)
B3.1 P1 Grp.2 - HAZ 447 (33.0)
B3.2 P1 Grp.2 - HAZ 121 (89.0)
B3.3 P1 Grp.2 - HAZ 98.4 (72.6)

We certify the test results in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section VI, Div. |, UG-84, 1992 edition and latest addenda. The information regarding
material identification (i.e. size, thickness, heat number, etc.) has been provided by the customer whose name

appears on this report.

Laboratory Test Conducted By
Patrick Voisin, C.E.T

4027 - 14 Street S.E., CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169
7925 Davies Road, EDMONTON, ALBERTA T6E 4NT PHONE: (403) 468-3030 FAX: (403) 468-3032



ILUDWIG & ASS LD,

ng g a Engineering
LABORATORY TEST REPORT

CUSTOMER: EXCHANGER INDUSTRIES Laboratory Test No.: C95-460.1

P.O. Box 1107, Station "J" Date: July 20, 1995

Calgary, Alberta

T2A 6A8
Attention: Earl Stender
PQR Number: C-2-1 Job Number: 95-6405
Material: SA 333 Gr. 6 (Ht. No.: 38784) to SA 350 Gr. LF2 (Ht. No.: 403746)
Size: 168.3 mm (6.625in.) O.D. x 21.95 mm (0.864 in.) w.t.
Thermal Condition: As Welded

HARDNESS TEST

TYPE OF TEST: Rockwell SCALE "B" scale

INSTRUMENT TYPE: Newage Digital Versitron

7 9
1
10 1
SA 350 Gr. LF2 SA 333 Gr. 6
1) 87 HRB 5) 92HRB 9) 93HRB 13) 85 HRB 17) 84 HRB
2) 87 HRB 6) B89HRB 10) 88 HRB 14) 80 HRB 18) 84 HRB
3) 88 HRB 7)  91HRB 11) 86 HRB 15) 79 HRB
4) 89 HRB 8 91HRB 12) 87 HRB 16) 84 HRB

We certify the test results in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASTM E18 - 92. The information regarding material identification (i.e. size, thickness, heat number,
etc.) has been provided by the customer whose name appears on this report.

Laboratory Test Conducted By:
Patrick Voisin, C.E.T

4027 - 14 Street S.E., CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169
7925 Davies Road, EDMONTON, ALBERTA T6E 4NT PHONE: (403} 468-3030 FAX: (403) 468-3032



QW-483 SUGGE. .D FORMAT FOR PROCEDURE QUALIFIC. ON RECORD (PQR)
(See QW-200.2, Section IX, ASME Boiler and Pressure Vessel Code)
Record Actual Conditions Used to Weld Test Coupon.

Company EXCHANGER INDUSTRIES A Division of Premetalco Inc.

Procedure Qualification Record No C-2-2 Date
WPS No. C-2
Welding Process{es) GMAW & FCAW

Types {Manual, Automatic, Semi-Auto.) semi-automatic

JOINTS (QW-402) o

TRAVEIL, SPEED 75
Pass #1 - GMAW @ 5.5"L.

Pass #2 - FCawWw @ 10Y.

Pass #3 - FCAW @ 6".

Pass #4 - FCAW @ 10".

Pass #5 - FCAW @ 10".

AW 125"
.156"

All welding fram bevel side.

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

BASE METALS (QW-403) POSTWELD HEAT TREATMENT (QW-407)
Material Spec. SA-333 to SA-3 Temperature none

Typeor Grade 0 to LF2 Fime

P-No lar 1l to P-No lGr2 Other

Thickness of Test Coupon .500"
Diameter of Test Coupon 8.625" 0.D.

Other___

GAs (aw-408)  Blueshield #8

Percent Composition
Gas(es) (Mixture} Flow Rate
Shielding Ar-C0O2’ 75=25 30 CFH
Trailing
FILLER METALS (aw-404) GMAW FCAW Backing
SFA Specification
AWS Classification * *x ELECTRICAL CHARACTERISTICS (QW-409)
Filler Metal F-No. Current Adirect
Weld Metal Analysis A-No. " " Polarity Treverase
Size of Filler Metal Amps. GMAW-130 volts 20
Other * = s PORW=IAN VAl+~0E
ki =
Weld Metal Thickness 125" "
r

POSITION (QW-405) QBRW - 457 TECHNIQUE (QW-410)
Position of Groove FCAW - 1G Travel Speed __Shown _above in inches per minute, .
Weld Progression (Uphill, Downhill) GMAW -~ downhill String or Weave Bead wWeAatve
Other Osc

Multipass or Single Pass {per side) milti pass

Single or Multiple Electrodes single
PREHEAT (QW-406) Other
Preheat Temp. .60 deg F,
Interpass Temp. 450 deg F.

Other

(12/91) This form (E00007) may be obtained from the Order Dept., ASME, 22 Law Drive, Box 2300, Fairfield, NJ 07007-2300. REPRINT 5/92



Specimen
No.

n/a

n/a

Specimen
No.
T2.1
T2.2
T2.3
TR.1
TR.?
I3 3
M3 1
M3.2
M3.3

Type of Test

Width

Qw-483 (Back)

Tensile Test (QW-150)

Thickness

Type and Figure No.

Notch

Location
weld

weld

weld

Grl HAZ
Grl HAZ
Grl HAZ
Gr2 HAZ
GrZ2 HAZ
Gr2 HAZ

Specimens were

Deposit Analysis _

Other

Welder's Name

Branko Zjalic

Notch
Tvoe

vee
vea
vea
vea
v ~"=]
vee
vee
vee
vee

POR No, C=272

Ultimate Ultimate Type of
Total Load Unit Stress Failure &
Area b psi Location
Guided-Bend Tests (QW-160)
Result
Toughness Tests (QW-170)
Test ft Impact Lateral Exp. Dron Weiaht
Temno Thevalues % Shear Miis Break No Break
-50 deaF 1l6.4
=50 degF  206.6
18.0
=50 deqgF 191
-50 deaF 122
=50 degF o
94,2
=50 degF L12b
=50 degF 141
10nmm x 10 rm,
Other Tests
K
mp No. __ -
3.1

Tests conducted by LUdwia & Associates Ltd.

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

requirements of Section IX of the ASME Code.

Date Julv 6, 1995

{Detail of record of tests are illustrative only and may be modified to conform to the type and number of tests required by the Code.)

Manufacturer

By

GER I USTRIES

5505 = 52 Street S.E.

Chief

Alberta T2A 6A8
Stender



QW-483 SUGGE. .D FORMAT FOR PROCEDURE QUALIFIC. ON RECORD (PQR)
(See QW-200.2, Section IX, ASME Boiler and Pressure Vessel Code)
Record Actual Conditions Used to Weld Test Coupon.

Company Name
Procedure Qualification Record No.__C_"Z_"'3

WPS

Welding Processes) GMAW & FCAW

Types (Manual, Automatic, Semi-Auto.) semi-autamatic
JOINTS (QW-402)

TRAVEL, SPEEDS

Pass #1 - GMAW @ 6".

Pass #2 - FCAW @ 13"
Pass #3 - TFCAW @ 8.5"
Pass #4 - FCAW @ 7".

All welding from bevel side.

EXCHANGER INDUSTRIES, A Division of Premetalco Inc.

20 1995

75

—X

L GRAW 125"
m‘,,.' : 156"

Groave Design of Test Coupon

(For combination qualifications, the deposited weld metal thickness shall be recorded for each filler metal or process used.)

BASE METALS (QW-403)
Material Spec. SA"'333 tO SA"350 LFZ

Type o1 Grade 6 to LF2

P-No. larl o P-No 1 Gr 2
Thickness of Test Coupon .375"

Diameter of Test Coupon 6.625" O.D.

Other

FILLER METALS (aw-404) GMAW FCAW

SF A Specification
AWS Classification
Filler Metal F-No.
Weld Metal Analysis A-No.
Size of Filler Metal
Other *
*k

Weld Metal Thickness

1 **

POSITION (QW-405) QAW - 45 deq.
Position of G
Weld Progression {Uphill, Downhill)

Other

GAW - downhill

PREHEAT (QW-406)

Preheat Temp 60 dea F.

450 deq F.

Interpass Temp
Other

(12/91) This form (E00007) may be obtained from the Order Dept., ASME, 22 Law Drive, Box 2300, Fairfield, NJ 07007-2300.

POSTWELD HEAT TREATMENT (QW-407)
Temperature ~ NONE

Time

GAS (aw-48) Blueshielq‘erﬁgrt Composition

Gasl(es) (Mixture) Flow Rate
Shielding Ar=C02 75-25 ;Q_CFH—
Trailing
Backing
ELECTRICAL CHARACTERISTICS (QW-409)
Current
Polarity
Amps, __GMAW_J.— 50___ Volts 19
Mups BODA - 230 T+ 26
heat - 257
TECHNIQUE {QW-410} . . ) .
Travel Speed in inches minutes
String or Weave Bead weave
Oscillat
Multipass or Single Pass (per side) )
Single or Muitiple Electrodes Slngle

Other

REPRINT 5/92



QW-483 (Back)

p _ C-2-3
Tensile Test (QW-150) e
Ultimate Ultimate Type of
Specimen Total Load Unit Stress Failure &
No. Width Thickness Area b psi Location
n/a __ ]
Guided-Bend Tests (QW-160)
Type and Figure No. Result
n/a o
Toughness Tests (QW-170)
Specimen Notch Notch Test ft Impact Lateral Exp. Drop Weight
No. Location Type Temp. 1bsvalues % Shear Mils Break No Break
c2.1 weld  |vee -50 degF'| 42.2 | el
C2.2 weld vee -50 degF | 51,0 _ | I
| C2.3  |weld vee -50 degF' | ;39,8 | .
Gl larimaz |vee  |F50degF| 110 |
C3.2 Grl HAZ | vee -50 degF | 116
. C3.3  |Grlpaz  [vee  |-50 dedF| 103 i - S
D3.1 Gr2 HAZ |vee  |-50 degF' 5192
D3.2  |GraEAZ |vee |50 degFp192 | RN
D3.3 Gr2 HAZ | Vee =50 degF >192 B )
Specimens were 10 mm x 9 .
Other Tests
Type of Test
Deposit Analysis L
Other — L
Welder's Name Bruce Hendry Wile#: W-6009 Stamp No. __P_,._._

Tests conducted b

y:

Iudwig & Associates Litd.

Laboratory Test No.

C95-461.1

We certify that the statements in this record are correct and that the test welds Wﬁi? ﬁreparfﬁRw%Um§d in accordance with th
requirements of Section IX of the ASME Code. !

5505 - 52 Street S.E.

Calgary, Alberta T2A 6A8
~ Earl Stender

Date . July 20, 1995 g, Chief Inspector ME@:’

{Detail of record of tests are illustrative only and may be modified to conform to the type and number of tests required by the Code.)

Manufacturer




ILUDWIG & ASSQCIAIISS v,

ing Consu a Engneering
LABORATORY TEST REPORT

CUSTOMER: EXCHANGER INDUSTRIES Laboratory Test No.: C95-461.1

P.O. Box 1107 Station "J" Date: July 20, 1995

Calgary, Alberta

T2A 6A8
Attention: Earl Stender
PQR Number: C-2-3 ‘ Job Number:  95-6405
Material: SA 333 Gr. 6 (Ht. No.: H20071) to SA 350 Gr. LF2 (Ht. No.: 82205)
Size: 168.3 mm (6.625in.) O.D. x 9.53 mm (0.375 in.) w.t.

Thermal Condition: As Welded

NOTCH-TOUGHNESS TEST

TYPE OF TEST: Charpy V-Notch ORIENTATION: Transverse
TEST TEMPERATURE: -46°C (-50°F) SPECIMEN SIZE 10 x9 mm

Specimen Notch Impact Values

Number Location Joules (ft.Ibs)

C2.1 Weld Metal 57.2 (42.2)

c2.2 Weld Metal 69.1 (51.0)

Cc23 Weld Metal 53.9 (39.8)

C3.1 P1 Grp.1 - HAZ 149 (110)

C3.2 P1 Grp.1 - HAZ 157 (116)

C3.3 P1 Grp.1 - HAZ 140 (103)

D3.1 P1 Grp.2 - HAZ >261 (>192)

D3.2 P1Grp.2-HAZ >261 (>192)

D3.3 P1 Grp.2 - HAZ >261 (>192)

We certify the test results in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section VIII, Div. I, UG-84, 1992 edition and latest addenda. The information regarding
material identification (i.e. size, thickness, heat number, etc.) has been provided by the customer whose name
appears on this report.

Laboratory Test Conducted
Patrick Voisin, C.E.T

4027 - 14 Street S.E., CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169
7925 Davies Road, EDMONTON, ALBERTA T6E 4NT PHONE: (403) 468-3030 FAX: (403) 468-3032



Qw-483 SUGGE. D FORMAT FOR PROCEDURE QUALIFIC. .ON RECORD {(PQR)
{See QW-200.2, Section IX, ASME Boiler and Pressure Vessel Code)
Record Actual Conditions Used to Weld Test Coupon.

EXCHANGER INDUSTRIES, A Division of Premetalco Inc.

Company Name -
Procedure Qualification Record N C-2-4

WPS No. C-2
Welding Process(es) QAW & FCAW

Types {(Manual, Automatic, Semi-Auto.) Semi~automatic

JOINTS (QW-402)

TRAVEL SPEEDS

Pass #1 - GMAW @ 5.5"
Pass #2 -~ FCAW '@ 13",
Pass #3 - F'CAW @ 10",

All welding from bevel side.

Date July 21, 1995

75

Y

QEw 125"
w_ﬂ;hi L¢%~<.156"

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

BASE METALS (QW-403)
SA-333 to SA-350

Material Spec.

Type or G 6 to LF2

P-No P-No
Thickness of Test e

Diameter of Test Caupon . O.D.

Other

FILLER METALS (Qw-404) GMAW FCAW

SFA Specification

AWS Classification

Filler Metal F-No,

Weld Metal Analysis A-No.
Size of Filler Metal

Other * o=
*k =

* * %

Weld Metal Thickness

QAW - 45 deg
Position of Groove FCAW - 1G N
Weld Progression (Uphill, Downhill) GMAW - downhill

Other

POSITION {QW-405)

PREHEAT (QW-406)

Preheat Temp. 60 deg F.

450 deg Fis

[nterpass Temp
Oth

{12/91) This form {E00007) may be obtained from the Order Dept., ASME, 22 Law Drive, Box 2300, Fairfield, NJ 07007-2300.

POSTWELD HEAT TREATMENT (QW-407)

Temperature hone
Time
Oth
GAS (QW-408)
Percent Composition
Gas(es) (Mixture} Flow Rate
Shielding Ar-C02 75-25 30 CFH
Trailing
Backing
ELECTRICAL CHARACTERISTICS (QW-409)
Current direct
Polarity reverse
Amps. @AW - 130 Valts 20
Amps  FCAW - 240 Volts 26

TECHNIQUE (QW-410) L )
Travel Speed  SNOWN above in inches per minute.

String or, Weave Bead weave

Oscillation n/a ]
Muttipass or Single Pass (per side) mL.l_LtlpaSS
Single or Multiple Electrodes Slngle

Other

REPRINT 5/92



QW-483 (Back)

C—=2~4
Tensile Test (QW-150) GO e,
Ultimate Ultimate Type of
Specimen Total Load Unit Stress Failure &
No. Width Thickness Area b psi = Location
n/a B - - - e
Guided-Bend Tests {(QW-160)
Type and Figure No. Result
___w/a I
Toughness Tests (QW-170)
Specimen Notch Notch Test ft Impact Lateral Exp. Drop Weight
No. Location Type Temp. 1halues % Shear Mils Break No Break
E2.1 weld vee  [-55 degF| 24.6 | = -
E2.2 weld vee -55 degF|  31.0 ]
E2.3 weld vee |=55 degF 25.0 | I B
E3,1 Grl HAZ vee -55 degF|  73.8 B o -
E3,2 Grl HAZ vee =55 degF 51.6
E3.3 Grl HAZ | Vee |55 degF|  52.2 o R (F——
G3.1  lcrzmaz | e —55 degF| 29.6 |
[ G3.2  |Gr2 WAZ | vee ~ |-55degF| 3.4 |
G3.3 Gr2 HAZ | vee -55degF'|” 37,0 | N o

Type of Test

Specimens were 10 mm X 5 mm.

Other Tests

Deposit Analysis

Other

B R B B B MR 4 M1 R B K B BT R R N 8T e e emem ) TR B W R BB B R A A

Welder’'s Name

. Branko

Zjalic

Tudwig & Associates Litd.

XK File#: W-11170g,moNo . K

Tests conducted by: Laboratory Test No. _C95-461.2

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. EXCHANGER INDUSTRIES

5505 — 52 Street S.E.

Manufacturer __Calgary, Alberta T2A 6A8
Earl Stender -
Date July 21, 1995 py _ Chief TInspector @hﬂm

{Detail of record of tests are illustrative only and may be modified to conform to the type and number of tests required by the Code.)



ILUDWIG & ASS

Consu

CUSTOMER: EXCHANGER INDUSTRIES

Engineering

LABORATORY TEST REPORT

LT,

Laboratory Test No.: C95-461.2

P.O. Box 1107 Station "J" Date: July 21, 1995
Calgary, Alberta
T2A 6A8
Attention: Eari Stender
PQR Number: C-2-4 Job Number:  95-6405
Material: SA 333 Gr. 6 (Ht. No.: 89358) to SA 350 Gr. LF2 (Ht. No.: 48RD)
Size: 114.3 mm (4.500 in.) O.D. x 6.3 mm (0.2495 in.) w.t.
Thermal Condition: As Welded
NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-Notch ORIENTATION: Transverse
TEST TEMPERATURE: -48°C (-55°F) SPECIMEN SIZE: 10 x5 mm
Specimen Notch Impact Values
Number Location Joules (ft.Ibs)
E2.1 Weld Metal 33.3 (24.6)
E2.2 Weld Metal 42.0 (31.0)
E2.3 Weld Metal 33.9 (25.0)
E3.1 P1Grp.1-HAZ 100 (73.8)
E3.2 P1 Grp.1 - HAZ 69.9 (51.6)
E3.3 P1 Grp.1 - HAZ 70.7 (52.2)
G3.1 P1 Grp.2 - HAZ 40.1 (29.6)
G3.2 P1 Grp.2 - HAZ 42,5 (314)
G3.3 P1 Grp.2 - HAZ 50.1 (37.0)

We certify the test results in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section VIII, Div. I, UG-84, 1992 edition and latest addenda. The information regarding
material identification (i.e. size, thickness, heat number, etc.) has been provided by the customer whose name

appears on this report.

Laboratory Test Conducted

4027 - 14 Street S.E., CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169
7925 Davies Road, EDMONTON, ALBERTA T6E 4N1T PHONE: (403) 468-3030 FAX: (403) 468-3032

Patrick Voisin, C.E.T



(‘8 Jacobs Engineering Canada

Canadian Natural

Jacobs Contract No. CE4160

Client: CNRL — Kirby North phase 1 Kirby North Plant

Supplier’'s Document Review Sheet

Equipment Numbers Comments
103-E-705;103-E-707 JPIREV 1 - COORDINATION
Review Status Codes Project / Req Title | CNRL Kirby North Phase 1

1 - Work May Proceed Supplier Exchanger Industries

W

proceed subject to incorporation of

changes indicated PROCEDURES - WPS - 210 PQR - 210-1 -

GTAW SMAW
3 - Revise and Resubmit: DO NOT

Proceed with Manufacture

4 - STOP WORK per attached written

instructions

] 2 - Revise and Resubmit: Work may | poc, Description | EXCHANGER - PATELS - WELD
1
]

Vendor Document | PAT WPS 210
D 5 - Review Not Required: Work may | No.

proceed ~
Client Document

No VP088996-M600-00021

SUPPLIER PLEASE NOTE: Permission to proceed does not

constitute acceptance or approval of design details, calculations,
analyses, test methods or materials developed or selected by the
supplier and does not relieve supplier from full compliance with Purchase Order No. Doc Cat. Issue

contractual obligation,

CE416040-CC088996-00 | M600 1

BY - S:fEC SHAH Categories

DATE: July (4, 2013 Date Received 07/09/2013




PATELS AIRTMEP (INDIA) LTD.

Ju 092013 RAKANPUR-362721. TAL. DIST.: GANDHINAGAR
CAMADA INC. QW-482 WELDING PROCEDURE SPECIFICATION (WPS)
© QW-201.1 Section = ASME Boiler and Pressure Vessel Code
Name : PATELS AIRTEMP (INDIA) LTD., BY U. B. PATEL

Page 1 of 2

Procedure Specification No 210 Date : 26-11-2007 Supporting PQR Nofs):  210/1
sion No. 1 Date : 23-09-2012
Process(es): GTAW + Type(s) MANUAL
Design - As per the Requirement of Job
T GTAW NO; SMAW (COMBINED PROCESS) YES:
Material{Type): GTAW NO SMAW: WELD METAL
(Refer to bath backing and retainers.)
BASE METALS (QW-403)
P. No. : 1 Group No.: 182 to P. NO_; Group No.: 182
OR
type and grade
o specification lype and grade L -
OR
analysls and Mech. Prop
Chem Analysis and Mech Prop.
range
Base Metal Groove : 12 to 24 MM With Im Filiet
5 MM to 24 MM Without
Dia Groove : All Diameter Flllet : All
FILLER METALS (QW-404) GTAW SMAW
Spec. No. (SFA) 5.18 5.1
AWS No. (Class) ER 70 S-2 (SPL) E 701841
F.No. 6 4
A.No, 1 1
Size of Filler Metals 2.4 MM 3.15,4.0 mm
Weld Metals
Thickness range
Groove 4 MM 20 MM
Fillet SIGN ALL SIZES ALL SIZES
Electrode-Flux (class) bpoe A3 li)\Lf/ None N.A
Flux Trade Name ?’. WiTLr s T NTER None N.A
Consumable Insert i Pl None N.A
ﬁ tee - Bare (Solid) N.A
Dia BN Qr Impact tested at

Filler Wire used

Electrode E 7018-1Ultimate 18 SPL Of Honnaver 3.15MM Dia B NO 7091393 4MM Dia B NO 7091522 or any
brand to be used

WRohiANKIT WELDINGVANKITUMPORTANT W.P.S\WPS-210 LRA 23sept12

Veo&da96 - Moo - ool|



Page 2 of 2

Qw482
INT
PWHT NA
Progression  UP HILL FOR VERTICAL WELDING Temp. Range NA
DOWN HILL NOT PER Time Limit NA
of Fillet NA
Temp. Min. Min. Percent Com on
Temp. Max. 150°C MAX Gas
eat Maintenance N.A Shielding elding Single 10 to 14 \trs/min
Jgon
railing None None None
Backing None None
or Stra
See table below Voits (Range)
Electrode Size and Type 3.0 mm dia 2% Thoriated
of Metal Transfer for GMAW N.A
wire feed speed range N.A
String or Weave Bead STRINGER BEAD FOR GTAW / WEAVE FOR SMAW
Weave to be no more then 3 x electrode dia
Orifice or Gas cup size 318" {10 mm) CUP SIZE CERAMIC NOZZLE FOR GTAW
nitial and interpass cleaning (Brushing, Grinding etc) : BRUSHING & GRINDING
Method of Back Gouging No
Oscillation N.A
Contact Tube to work Distance N.A
Multiple or Single Pass (per side) MULTIPASS
Multiple or single electrodes : S le Electrode
Travel speed (Range) See Table below
Peening Not Allowed
Other ( Close to out Chamber) N.A
Heat input
Process Filler Metal Current KJ/mm  Remarks
Class Dia (MM)  Type Polarity Amp./A Voltage mm / Min max
1 GTAW ER705.2(SPL) 2.4 MM STRAIGHT 10010 180 127018 4070 80 2.43
2 SMAW E 7018-1 315MM  REVERSE  so101%0 227028 wtosy 231
3 & other SMAW E 7018-1 4 MM REVERSE 14010180 2270 28 40 TO 80 3.78
Final SMAW E 7018-1 315MM  REVERSE 70110 227028 40TO 80 2.31

ST
By.

5

E Dt

® - ANT W P S\WWPS-210 LRA 23sept12
S Copepa



AN

PATELS AIRTEMP (INDIA) LTD. Page 1 of 2

805-606, RAKANPUR-322 TH, TAL. : KALOL DIST. : GANDHINAGAR.
Gw-4383 (PQR)
(QW-230.2, Seclica IA. ~SME E oiler and Pressure Vessel Code)
=ecord Actual Co-zitions Used to VWsld Test Coupon

Procedurs Qualification DATE 26-11-2007
Nz 210 Rev. 0
Frocess(es):  GTAW - SMAW
MANUAL
fmn’
PREHEAT
Sosc SA 518 TO SA 516 Te~o C Min. Metal Tem
or Czce GR60TOGR 70 Temp Max. 1§0°C
No 1 GroupNo.1 toP.No.1 Group No. 2
Thickness =f Test Coupon 12 MM POST WELD HEAT TREATMENT QW 407
Diameter c* test coupon N.A Temp. NA
NA Time NA
Other N.A
4)
GTAW SMAW Percent Compositicn
Spez*cation 5.18 54 Mixturs Flow Rate
Clzssication ER 7052 SPL E 7046 Shielding Sinale 12 Lte/Min
Filler M2z = No. 0s 04 Trailing None None None
Weld Mgz 04 01 None None None :
is 2 No TECHNIQE (QV 410)
of Fiiz~ Metal 2.4 MM 3.15,4 WA
String or \''=2ve Bead  Stringer Beac for GTAWNVeave for SMAV
Weld mez  Thickness 2 MM 10MK Oscillatior
¢ Mullipass c- Single Pass(perside)  Multipass
POSITION 1QW-405 Single or I aple Electrode: Sing'e Eiectrode
Position ¢* Groove 36 Orifice or Gzs cup size
Weld proz=ssion Up Hill 3/8" (10 mm) Cup size ciramic nozzle
(Uphill Tzwnhill) Initial and ~=pass for GTAW
Other : cleaning : Brushina & Grinding
ELECTRICAL CHAR \CTERISTIC (QW-409)
Curren:: DC Polarity : Stright for GTAW reverse for SMAW
Tungster Zlectrode Size 3 mm dia 2% Theriatec tengsten
Reading as under:
RUNNO?P“ FILLER META_ DIA (MM} | 740 ER METAL SPECN. C&'};‘PES';T VOLTAGE (v} TRA;‘;’;;,ZEED HE:‘:,,:;‘,iUT
1 ! (GTAW for root oaly) 2.4 mm ER70S-2 (SPLI) 160 18 40 mm/ min | 36
2 3,145 mm E 70181 100 24 60 mm  min 24
3| 4mm. : E 7018-1 150 25 50 mm/min 45
4 | 3.5 mm E 7018-1 £ 100 24 40 3.6
Wire ER70S-2 2.4 MM Dia ER70S-2 of Honaver B No. 072501

7018-1 Ultimaie 18 SPL of Honaver 3.15 MM dia B No. 7091393 & 4 MM Dia 8 No. 7091522

D:\QcW B PateMQW-483-210-LRA



ragezor 9
NON-MANDATORY APPENDIX B

QW-483 [BACK]
. PQRNo.: 2101
Tensile Test (QW-150)
Specimen Width Tt xoess Utimate  Ultimate =z
No mm ~m mm?  Total Loar Unit Stress Location
N MD>
6
Paraent Metal Fracture
T1 20.30 11.56 234.67 138000 588.10
Paraent Metal Fracture
T2 21.00 11.73 246.33 141500 57440 Ductile
M/s. PAT No 198V 11-2007

Guided Bend Test {(QW-160)

Tvpe and Fiaurs Ng. 462.3 (2) RESULT
1 Root Bend RB1 Satisfactory
2 Root Bend RB2 Satisfactory
3 FB81 Satisfactory
4 d
A= ~m R 2207 Did 24-1
Notch Specimen Tes: Imp: Average Regu =2
No Location Size mm Tem: “c Velue Vel
1 Weld 10x10 487 184 24) 28J 2333
Z HAZ (SA-516 GR 63: 10x 10 422 23J 28J 314 25 67J
3 HAZ (SA-S10 GR 72 0x10 422 60J 51J 664 85 67J
r ks =~ No 20-11-2007

1. Visuzl Inspection After Root Run and Final Lz,=- found Acceptabls

Fillet-Weld Test (QW-180)

Result Satisfactory Yes ~NA - No — Penetration into Pe-ent Metai : Yes
No - Mzcro-Result
of Test
Analysis
Name Dhardev Yadev lock No. Stamp Ne.. W37
Test Conaucted by U B Patel Laboratory Test No.

Certifv that the statement in this record are co—s<t and that the test wsids were prepared & Tested in accordancs
the requirement of Section 1X of the ASME Coz2
Manufacturer:

TE: 26-11.2007 BY,

1 -~
1.
K

T » L
L& A

i . .- . . I T
D:\QclWU B PatehQW-463-210-LRA
)



MHEPL/FM/18

'MET - HEAT ENGINEERS PVT.LTD.  folrmiesmwe usanrons

VADODARA- 380010

METALLURGICAL LABORATORY TELEFAX : 0265 - 2632374, 2643655
ON APPROVED LIST OF VARIOUS GOVT. DEPARTMENTS Emal  : info@metheat.com
& PUBLIC SECTOR UNDERTAKINGS Website : www.metheat.com
(SINCE 1975)
TEST REPORT wo:11/570 SrNo.1 PL/ 7
Name of The Customer PATELS AIRTEMP(INDIA)LTD. (UNIT-III)

805-806 ,RAKANPUR-382 721 Test Report No. 55-V /2007
vIA SOLA-BHADAJ VILLAGE Date. 20/11/2007

Particulars of Sample Submitted :
Material Specification
Identification Of Sample

TN

/
1, s of Test Required

C},ls{omer’s Reference No

Results

Location
Weld

HAZ

A~ (SA-516 GR.60)
HAZ
(SA-516 GR.70)

ng;%y

TAL-KALOL DIST-GANDHINAGAR
Date of Receipt 07/11/2007

Wwelded Test PIECE OF 12MM THK PLATE
SA-516 GRADE-60:2004 To SA-516 GRADE-70:2004
Stamped As “PAT-2” Of LRA.ID:WPS-210

v Notch Charpy Impact Test at -46° C. By E-23:2002R
[MINUS FORTY SIX Degres Centigrade ]

CH NO:127 DT:5/11/@7 REF:PAIL QC/PAIL/KPCL AHM NO:
@703007 PROCESS WELDING ROOT RUN WITH GTAW AND TES
T WITH SMAW POSITION:3G ATTN:D.P.PATEL MANAGER Q.c

Size mm Energy absorbed in Joules Averagse Required
I II III Value Valuse
10%x10.00 18J 247 28J 23.33J
10x10.00 233 26J 31J 26.67J
10%10.0Q 60J 51J 56J 855.67J
_____ .
%
VADONARA
Authorised Signatory — Witnessed B

A. M. Dave (QM) / M. G. Dave (MD) / N. M. Dave (TM)

Nole: Sample(s) not drawn by MHEPL. The results relate only 1o the sample(s) lesled.
This Certificate shall not be reproduced, except in full, without the written approval of MHEPL.
I balance material is available after testing, it will be retained for 15 days maximum. f customer wants to retain it for one month from this date, he has to inform in writing



WPs-240

MET - HEAT ENGINEERS PVT. LTD.

METALLURGICAL LABORATORY

ON APPROVED LIST OF VARIOUS GOVT, DEPARTMENTS

& PUBLIC SECTOR UNDERTAKINGS
(SINCE - 1975)

TEST REPORT (PHYSICAL)

MHEPL/FM/17

857/2, G.I.D.C.
INDUSTRIAL ESTATE, MAKARPUR/
VADODARA - 390 010
TELEFAX : 0265 - 2632374, 26436¢

E-mail

Website : www.metheat.com

WO:11/57@ SrNo.1 PTI/ 7

1 199-VI/2007
L 24/11/2007

07/11/2007

: info@metheat.com

Tensile  Gauge Final  Elong-
Strength Length Length ation ©
mm mm

Required

Minimum

MPa

415.9-~

620.0

523,11 Proken - Parent Matal
Fractuve-Duntile
(SA-516 GR.&G)

74,4 EBroken - Parent Metzl

Franture-Ductiles

(SA-516 GR.FB)

2% M Anale

R i Angle

2% ram Angle

OFf Bend 180.9 Deg

of Bend 150.9 Deg

Of B=nd 180,92 Deg

Name of The Customer PATELS AIRTEMP(INDIA JLTD. (UNIT-T1 1)
805-804 ,RAKANDPR-387 721 PTR No.
VIA SOLA-BHADAJ VILLAGE Date.
TAL~KALOL DIST-GANDHINAGAR
Customer's Reference No :- o NO =
@703007
T WITH
Material Specification SA-51¢8
Sr Description Identification Dia-Width  Thick Cross Yield Yield Ultimate
No of Material mm mm Sectional  Load Strength Load
Area
mm?
Required
Minimum
N MrR N
199 Welded Test Stamped as 28.3¢ 11.5%6 234,67 135000
¥J PIECE OF 1204 ‘PAT-2"
THK PLATE F LRA
ID:WPs-218
200 dn o0 T-2 21.%2 11.73 246,33 - 141509
¥
201 dn do RB-1 ROOT BEND TEST Satisfactary Mandril Dia : 3o
YJ
202 da dn RE-2 ROOT BEND TEST Satisfactory “Mandril Diz : @
vJ
203 dn do FB-1 FACE BEND TEST Satisfactory Mandril Dig : 33,
L)
204 dn do FR-2 FACE BEMD TEST Satisfactary Mandril Dia : Xo
Y3

Method OF Testing : ASME SEC-IX : 2084

The sbove results are meeting with physical requirements

of ASME SECT-IX with respent of

S,
IZQ 'l/fe/bo'e’((l 'C/b\
S,
ssted By A. M. Dave (QM) / N. M. v (TM)
ote: (1)
(2)

toat

.20 mn Angle

carrsed out

OFf Bend 199.9 Deg

Witnessed By

wanta tn ratain it far ann manih fena s



0’; Jacobs Engineering Canada

Canadian Natural

Jacobs Contract No. CE4160
Client: CNRL - Kirby North phase 1 Kirby North Plant

Supplier’'s Document Review Sheet

Equipment Numbers
101-E-450;101-E-451

Review Status Codes

o 1 - Work May Proceed

2 - Revise and Resubmit: Work may
D proceed subject to incorporation of
changes indicated

3 - Revise and Resubmit: DO NOT
Proceed with Manufacture

4 - STOP WORK per attached written
instructions

5 - Review Not Required: Work may
proceed

SUPPLIER PLEASE NOTE: Permission to proceed does not
constitute acceptance or approval of design details, calculations,
analyses, test methods or materials developed or selected by the
supplier and does not relieve supplier from full compliance with
contractual obligation

BY : S7ED SuaH
DATE JvLY 22,2002

Comments

JPI REV 1 - COORDINATION

Project / Req Title

Supplier

Doc. Description

Vendor Document
No.

Client Document
No.

CNRL Kirby North Phase 1

Exchanger Industries

EXCHANGER - PATELS - WELD
PROCEDURES - WPS - SAW-4 - RR GTAW
PLUS ONE RUN SMAW PLUS REST SAW

PAT WPS SAW-4

VP088996-M600-00030

Purchase Order No. Doc Cat. Issue
CE416040-CC088996-00 M600 1
Categories

Date Received

07/11/2013



PATELS AIRTMEP (INDIA) LTD.
805-806, RAKANPUR-362721. TAL.: KALOL, DIST.: GANDHINAGAR (N.G.)
QW-482 WELDING PROCEDURE SPECIFICATION (WPS)
QW-200.1, Section IX, ASME Boiler and Pressure Vessel Code.
PATELS AIRTEMP (INDIA) LTD. BY
Welding Procedure Specification No: SAW 4, Dtd. 22-08-2012 Supporting PQR No(s):
Revision No : 01, Dtd. 05-10-2012

Company Name

U.B. PATEL
SAW 4/1, Rev., 01

Page 1 of 2

Welding Process(es): RR GTAW+ONE RUN SMAW+REST SAW Type(s) MANUAL / AUTOMATIC
JOINTS (QW-402)
Joints Design : As per requirement of Job
Backing FOR SMAW YES SAW YES GTAW NO
Backing Material(Type): NO WELD METAL
(Refer to both backing and retainers )
BASE METALS (QW-403)
P No : 1 Group No. 1&2 to P NO. 1 Group No.: 1&2
OR

Specification type and grade SA 516 GR-60 10 MM

To specificaticn type and grade SA 516 GR-70 10 MM
OR

Chem, analysis and Mech Prop
To Chem Analysis and Mech Prop

Thickness range 10.00 MM to 20.00 MM WITH IMPACT

Base Metal Groove 5.00 MM to 20.00 MM WITHOUT IMPACT Fillet : ALL SIZES
No Pass is areater than 13.00 MM
Pipe Dia Range Groove ALL DIAMETER Fillet : ALL SIZES

FILLER METALS (QW-404) GTAW SMAW

Spec No. (SFA)} 5.18 51
AWS No (Class) ER-70S-2 E 7018-1
F No 6 04
A No 1 01
Size of Filler MEtals 16 3.15 MM DIA
Weld Metals ) 200 MM 2.0 MM
Thickness range

Groove 4 00 MM 4.00 MM

Fillet ALL SIZE ALL SIZES
Electrode-Flux (class) NA N.A
Flux Trade Name N.A NA
Flux type N.A. NA
Allow flux N A. NA
Supplemental N.A. N.A.
Alloy element N.A. N.A.
Recrushed slag N.A. N.A
Consumer insert None N.A
Filler wire product from Bare(solid) N A

IMPACT at -29°

V00 X996 - Mbsh-pp020

WRohitANKIT

112013
TLDING ENGINEER o

SAW
517
F7A4/EH 14
06
01
3 15 MM DIA
6 MM

12 MM
ALL SIZES
F7A4 /EH 14

OK Flux 10.71 L
NEUTRAL
N.A.

NA.

N.A.

NOT USED
N.A
N.A

W P.S\SAW 4



Page 2 of 2

WPS No : SAW 4 REV.: 01
POSITION Qw405 HEAT
ition(s) of Groove 1 PWHT NA
Progression  Flat for SAW all position for GTAW &SMAW  Temp Range NA
Up hill for vertical welding Time Range NA
Down hill not permitted
of Fillet : ALL Thickness Range NA
PREHEAT Qw-406 GAS
Preheat Temp Min 15°C Minimum Temp. Percent Composition
Interpass Temp Max  150°C Maximum Temp. Gas Mixture  riow Kare
welding grade
Preheat Maintenance  NA Shieldina araon sinale  10/14 liVmit
Irailina NA NA NA
ark NA NA NA

ELECTRICAL S
Current AC or DC DC
Amps See table below

Tungsten Electrode Size and Type
Mode of Metal Transfer for GMAW
Eleclrode wire feed speed range

TECHNIQUE (QW-410)

String or Weave Bead

Qrifice or Gas cup size

Initial and interpass cleaning (Brushing, Grinding etc)

Method of Back Gouging
Oscillation

Contact Tube to work Distace

Polarity Reverse for SMAW & SAW processes and Stright for GTAW
Volts (Range) See table below
3.00 mm thoriated tungsten used

N.A.

1000mm to 2000mm/minute for SAW

Strinaer bead

Weave to be no more than 3 x electrode dia.

3.15 mm Dia copper nozzle used for SAW 10 mm size ciramic nozzle used for GTAW
BRUSHING, GRINDING & CHIPPING

NO

N.A.

4.00 MM for SAW

Multiple or Single Pass (per side) Sinale pass for GTAW & SMAW M for SAW.
Multiple or single electrodes Single Electrode fo all processes
Travel speed (Range) See Table below
Peening Not allowed
Electrode spacing N.A.
Manual or Automatic manual and Semi automatic
l;lse of thermal process N.A.
Close to out chember N.A,
Travel H ;
Process Filler Metal Current Soeed iﬁt::r%m Remark
Class Dia (MM)  Type Polarity ~ Amp /A Voltage mm / Min (max)
1 GTAW ER-70S-2 1.60 STRIGHET 130 to 150 14T0 18 7010 80 2.16
2 SMAW E 70181 3.15 Reverse 90 to 110 2470 26 6010 70 2.21
3&0ther SAW F7A4 /EH 14 3.15 Reverse 356 to 450 28 TO 36 350 to 400 215
Prepared By,
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PATELS AIRTEMP (INDIA) LTD.
805-806, RAKANPUR-382 721, TAL. : KALOL. DIST. : GANDHINAGAR. Page 1 of .
QW-483 PROCEDURE QUALIFICATION RECORD (PQR)
(QW-200.2, Section IX, ASME Boiler and Pressure Vessel Code)
Record Actual Variables Used to Weld Test Coupon

Company Name : PATELS AIRTEMP (INDIA) LTD.
Procedure Qualification Record No.:  SAW-4/1 DATE : 22-09-2012
Revision No : 01 Dtd 05-10-2012
WPS No : SAW-4, Rev. 01, Dtd. 05-10-2012
Welding Process(es): RR GTAW+ONE RUN SMAW+REST SAW
Types (Manual Automatic Semi-Auto): MANUAL / AUTOMATIC
INTS (QW402) \/ 26 e (T wd X mm o}
Smaw Amm Feedip P
& m Subs
| m S 6 mm 0 ek
BASE METALS wvv-aua PREHEAT ' QW-406
Material Spec SA-516 SA-516 Preheat Temp 30° C MIN. METAL TEMP
Type or Grade GR-60 GR-70 Interpass Temp Max. : 150° C
P No. 1GR1 toP No 1GR.2 Other : NA
Thickness of Test Coupon 10 MM POST WELD HEAT TREATMENT QW 407
PWHT NA
Diameter of test coupon NA Temp. . NA
Other * Time : NA
Other : NA
FILLER METAL
GTAW SMAW SAW Percent Composition
SFA Specification 5.18 51 517 Gas Mixture Flow Rate
AWS Classification ER-708-2 E7018  FTA4IERT4 opielding gr;v;;dal:];?on SINGLE 121t/ min
Filler Metal F No 06 04 06 Trailing NA NA NA
Weld Metal 01 01 01 Backing NA NA NA
Analysis A No TECHNIQE (QW 410}
Size of Filler Metal 16 MM 3.45 MM DIA 315 MM DIA
Other String or Weave Bead STRINGER BEAD
Weld metal / Thicknes  2.00 MM 2 MM 6 MM  Oscillation NA
Multipass or Single Pass(perside) Single pass for GTAW /
SMAW, Multipass for SAW,
e Single or Multiple Electrode: SINGLE ELECTRODE ALL
POSITION (QW-405) PROCESSES
Position of Groove 1 G Orifice or Gas cup
weld progression sI1ze : 10.00 mm
{Uphill, Downhill) Flat Initial and interpass ~ BRUSHING, GRINDING & CHIPPING
Other : NA cleaning : NA
ELECTRICAL CHARACTERISTIC (Qw-409)
Current DC Polarity REVERSE FOR SMAW.SAW PROC & STRIGHT FOR GTAW
Tungslen Electrode Size 3.00 mm Thoriated tungsten used
Reading as under:
RUN SR, FILLER METAL DIA (MM) FILLER METAL sPECN  CURRENT 0y 1acE ™) TRAVEL SPEED  HEAT INPUT
NO. (AMPS) MM/ MINUTES KJIMM
1 1.6 MM ER-70S-2 140 18 70 216
2 3.15 MM E-7018-1 100 24 65 2.21
3 3.15 MM F7A4 | EH14 430 30 360 2.15
4 3.15 MM F7A4 1 EH14 380 30 350 1.95

Filler wire for GTAW ER-705-2 1.6 mm B.No. 114006 Honnaver make
For SMAW Electrode E-7018-1 3.15mm B.No. 2051113 of Honnvaver make
Filler Wire for SAWF7A4-EH14 3.15 mm B.No. TU116853576 ESAB make

NRohit ANKIT WELDINGWANKITIMPORTANT P.Q.R\PQR-SAW4



QW-483 [BACK] Page 2 of
PQRNo : SAW-41 R.01
Tensile Test (QW-150)

Specimen Width Thickness Area Utimate  Ultimate Type of failure &
No mm mm mm?  Total Loa Unit Stress Location
N Mpa
T4 20 40 10.05 205.02 111000 541.40 BROKEN PARENT METAL FRACTURE DUCTILE 70 SIDE
T2 20.30 10.01 203.20 110000 541.30 BROKEN PARENT METAL FRACTURE DUCTILE 70 SIDE

AS PER MET HEAT ENGINEERING PVT LTD. REPROT NO.398TG/2012 Dated-21/09/2012

Guided Bend Test (QW-160)

Type and Figure No. 462 3(a) RESULT
1 2 Nos. Root Bend Accepatable AS PER SEC IX
2 2 Nos. Face Bend Accepatable AS PER SEC IX

AS PER MET HEAT ENGINEERING PVT LTD. REPROT NO.3987G/2012 Dated-21/09/2012

Specimer  Notch Specimen Test ues "T) Average
No Location Size MM Temp. °c Value
1 WELD 10X7.5 -32°C 30 32 36 32.66
2 60 HAZ 10X 7.5 -32°C 104 110 120 111.33
3 70 HAZ 10X 75 -32°C 24 30 26 26.67
4 60 PARENT 10X7.5 -32°C 130 142 160 144
5 70 PARENT 10 X7.5 -32°C 172 132 112 138.67
As 2 Dated 18/09/2012
HARDNESS
1 WELD 2 MM FROM TOF GTAW HBW 158 156 158
2 WELD 2 MM FROM TOP SAW HBW 161 15t 161
3 WELD 2 MM FROM TOP SMAW HBW 156 163 150
4 HAZ 2 MM FROM TOR GTAW 60 SIDE HBW 170 167 170
5 HAZ 2 Ntk FRON TOP SAW 60 SIDE HBwW 180 184 180
6 HAZ 2 MV, FROM TOP SMAW 60 SIDE HBW 177 174 177
7 HAZ 2 114 FROM BOTTOM GTAW 70 SIDE HBW 174 17(C 174
8 HAZ 2 MM FROW BOTTOM SAW 70 SIDE HBW 177 174 177
9 HAZ 2 MM FROM BOTTOI4 SMAW 70 SIDE HBW 170 167 170
10 PARENT 60 SIDE HBW 150 140 153
11 PARENT 70 SIDE HBW 174 170 174

AS PER MET HEAT ENGINEERING REPRORT NO.404-TG/2012 DATED 21/08/2012

Satisfactory- Yes NA No Penetration into Parent Metal : Yes
— Macro-Result

Other Tests

of Test
Analysis
r's Name D.J.KUMBHAR Stamp No :
Mr Devendra M. Patel - SAW SAW OP1
est Conducted by : U B Patel Laboratory Test No

Certify that the statement in this record are correct and that the test welds were prepared, welded and tested in
nce with the requirement of Section IX of the ASME Boiler and Pressure

For )
BY El \
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MHEPL/FM/17 ’\//
MET - HEAT ENGINEERS PVT. LTD.

INDUSTRIAL ESTATE. MAKARPURA.

METALLURGICAL LABORATORY YADODARA - 380 010.
ON APPROVED LIST OF VARIOUS GOVT. DEPARTMENTS TELEFAX 10265‘263237‘}2943655‘ 26480
& PUBLIC SECTOR UNDERTAKINGS = G55, BoSEl
-mail . info@metheat.com
(SINCE 1975) Website : www.metheat.com

TEST REPORT (PHYSlCAL) WO:09/160® SrNo.2 PI/ 16 60-Cr-

Name of The Customet pATELS AIRTEMP (INDIA) LTD-AMBD
805.6.7.8-810 ,RAKANPUR GIDC PTR No. 1 398-TG/2012
vIf: SOLA-BHADAJ VILLAGE Date 21/e9/2012
TA:XALOL DIST-GANDHINAGAR
Date of Receipt : 12/09/2012
Customer's Reference No, REF . NO: PAT/ANKIT/WELD/WPS SAW/4/DT:5/9/12

Material Specification ~ §A-516 GRADE-70:201®@ To SA-516 GRADE-£60:2010
. 4]

Sr I Description ‘dentification Dia-Width | Thick Cross Yield Yield Ulimate Tensiie Gauge Fong l Elor
No ol Materiai mm mm Sectiona’ | Load | Strength Load Strength | Lengin | cergt~ | atior
Area mm mm
mm’
Required Required Requ
Minimum Minimum Ainir
N tra H [y 253
485.8-
558 .¢
336 Welded Test PROCESS :GTAW 20.40 10.@5 205.82 - 111022 £41.4 Broken - Parent Met
TG PIECE 1&MM THK 2t SHAW  2ri+ Fracture-Ductile
PLATE SaW G
(SA-516 GR-78)
- WrS NO:SAWG
99 do do T-2 0.3 10.01 203.2@ - - 112002 £41.3 Broken - Pareat Met
e Fracture-Ductile
(SA-516 CR-70)
4G do do RB-1 TRANS.ROOT BEMD TEST Satisfactory Mandril Dia : 35.80 mm Angle Qf Bend 1952.2
TG '
481 do do RE-2 TRANS.ROOT BEND TEST Satisfactory Mandril Dia : 35.00 mm Angle Of Bend 150.0
G G
402 do do FB-1 TRANS . FACE BEND TEST Satisfactory Mandril Dia : 35.023 mm angle Of Bend 150.@
TG
423 do do FB-2 TRANS . FACE SENMD TEST Satisfactory Mandril Dia : 33.02 cm Angle Of Bend 1562.2
TG

Methad OF Testing : ASME SEC-IX : 2210,
ey ——e.s e o B e Y W e e e A A e R s S i

The above results are meeting with physical requirements of ASME SECT-IX with respect of test carried out.

AN Q

Tested By Authorised Signatory Witnessed

ATM. Dave (QM) / M. G. Dave (MD) / N. M. Dave (TM)

Note : /1) Sampla(s) rot drawn by MHEPL The results reiate only g the samois(st lested.
(2) This Certificate shall not be recroduced. exceptin {ull, withoul the wntten approval of MHEPL.
(3) I balance matenai 1 available after tesing it will na retamed for 15 days maximum. it customer wants ta retain it for one manth from this date, he has torformin writing ol 3
collect the same
(41 White ‘Met-Heal' i:as made their best endeavors to provide accurate ang relable information. Met-Heat g rot responsible for any financiai kaoility due lo ary act ol omisston or e71or




MET - HEAT ENGINEERS PVT. LTD. ‘Grcoe-

INDUSTRIAL ESTATE. MAKARPURA,

- =

METALLURGICAL LABORATORY VADODARA - 390 010.
ON APPROVED LIST OF VARIOUS GOVT. DEPARTMENTS TELEFAX : 02652632374, 2643655, 26480
& PUBLIC SECTOR UNDERTAKINGS g L
E-mail :info @ metheat.com
(SINCE 1975) Website : www.metheat.com

TEST REPORT (PHYSICAL) W0:09/16@ SrNo.2 PI/ 16 60-Cr-

Name of The Customer paTELS AIRTEMP (INDIA) LTD-AMBD
805.6.,7.8-810 ,RAKANPUR GIDC PTR No. [404-TG/ 2012
l VIA: SOLA-BHADAJ VILLAGE Date ‘z1/09/2012
TA:KALOL DIST-GANDHINAGAR
Date of Receipt : 12/09/2012
Customer's Reference No, RgF . NO: PAT/BNKIT/WELD/WPS SAW/4/DT:5/9/12 ' '

Material Specification  gn-51¢ GRADE-70:20107 To SA-516 GRADE-§0:2010
|

Sy Descrniption Identification Dia-Width | Thick Cross YieTIld Yield Ultimate Tensile Gauge Final Elon
No ol Matenal mm nm Sectional | Load Strength Load Strenath | Length | Length | ation
Area mm mm
mm
Required Regquired Requi
Minimum Minimum Minim
404 Welded Test PROCESS :GTAW
TG
PLECE 1 THK 2P SMAW 2
PLATE SAW GiMiM
5 WFS NO:Sawdg
Il [DIA 2.5/187.520 KG.)
BRIHELL HARDHESS @ Weld 2 MM FROM TOR GTAW HEW: 158.155,158
@ Weld 2+ FROM TOP SAW HEM: 161.158.161
) @ Weld 2 MM FROM TOP SMaw HEW: 156,153,158
@ HAZ 2 MM FROM TOP GTAW(SA-S16 6B) HBW: 178,167,17¢
! @ HAZ 2 MM FROM TOP SAW(SA-S1G 63) BBW @ 188,184.188
@ HAZ 2 MM FROM TOP SMAW(SA- S16 68IREW : 177,174,177
@ HAZ Z MM FROM BOTTOM GTAW(SA-516 GR78IHDW:1724,179,17
@ HAZ 2MM FROM BOTTOM SAW(SA-516 GR7GIHBW: 177,174.177
Q@ HAZ 2 MM FROM BOTTOM SMAW(SA- 516 GR7BIHBW: 17¢,167.1
@ Parent (SA-516 GR-68) HEW : 158,148,153
J @ Farent (%4516 GR-70) HEW @ 174,179,174
Test ¢ Teat Method
BRIMELL HARDRESS TEST ASTM B 16: 2085

The above results are Meeting with Fhysical regquirements Specified by Custamer

AAA-

‘b/“
Test y Autharised Signatory Witnessed B

A. T Dave (QM) / M. G. Dave (MD)/ N. M. Dave (TM)

Note : (1) Sanple(s) not drawn by MHEPL The resulls relate only to the sample(s) teslec
(2; This Cerlificate anai not be reprouuced, excepi o iuit sviibiout the wiiiten appraval of MHEPL
(3) If palance material is avalabie after testing it will be retaned for 15 aays maximum 1f customer wants ta retain it for enie month lrom this gate, ne has to inform in writing o1 ne ¢
collect the same
(4) Whiie "Mei-Heat” has made their besl endeavors to provide ascurate anc -eliable informalion, Met-Heat 1s nol responsible for ary financial liability due 10 any act of omissian or error ma
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PATELS AIRTEMP (INDIA} LTD.

-

QW-484A WELDER PERFORMANCE QUALIFICATIONS{WPQ)
QW-301, Sectlon 1X, ASME Boller and Pressure Vessel Code.

——— =
Welder's Nams Mr.DEVENDRA PATEL Identification no.- OP-1
Test Description

Identification of WPS$ followed : 357 R.0.0 [\~] Test Coupon ) Production Weld

Specification and type/grade or UNS of base metal(s);- SA-240 TP 304L TO SA-240 TP 304L Thickness 18 MM
Testing Varlables and Qualification Limits

Welding Varlables (QW-350) Actual values, . Range qualified
Welding Process{es) SAW SAW
Type (ie; manual, semi-auto) used SEM! AUTO SEMI AUTO
Backing (with Mwithout) With backing With backing

Plate Plate & pipe 73 mm 0.D.

Plate [] Pipe (enter diameter if pipe or tube) 8 above
Base metal P-Number to P-Number P8 P1 to P15F
Filler metal or electrode specification(s) (SFA) (info.only) 59 . mee
Filler metal or elecirode classification(s) (info.only) ER-308L e .
Filler Metal F-Number(s} F6 ALLF6 |
Consumable insert (GTAW oy PAW) | —_ oeee B

Filler Metal Product From(solid/metal or flux cored/powder) (GTAW or PAW) - -
Deposit thickness for each process ’

Process 1: SAW 3layersmin. [ YES o] NO $ mm 18 mm
Process 2 . 3layersmin. [ |YES [ ] NO

Groove : F(For Plate &

" IPasition Qualifled (2G, 65, 3F, etc.) 16 Pipe Over 610MM OD)

F :Pipe 73MM OD &

above, Fillet : F

Vertical progression (uphill or downhill) -

Type of fuel gas (OFW) N.A ' -
Inerl gas backing (GTAW, PAW, GMAW) —

Transfor mode (spray/alobular or pulse to short cireuit-GMAW)Y N.A e

GTAW cusrent typefpolarity (AC, DCEP, DCEN) N.A -

o RESULTS

Visual Examination of Completed Weld {QW-302.4). Found Satlsfactory

3 Transverse face and ront bends [QW-462.3(a)] [J Longiludinal bends [QW-462.3(b)] @ Side (OW-462.2)

[JPipe bend specimen, corrosion-resistant weld metal overlay [QW-462.5(c)}
1 Plate bend spacimen, corrosion-resistant weld metal overlay [QW-462.25(d)]
[3Pipe specification,Macro test for fusion [QW-462.5(b)] [3 Plale specification, Macro test for fusion [QW-462.5(s)]

- | €2 Fiilet Weld in plate [QW-462.4(b)]

Type . Result As Per M/s. MET HEAT
'4 Nos.Side bend SB-1,SB-2, . Report No,145-2.J/2013
' SB.3.58.4 . SATISFACTORY AS PER SEC IX Did : 22/03/2013
Alternative Volumetrle Examination Resulls (QW-191) : ACCEPTABLE r"_\/_j RT or UT [J(check one)
Fillet weld -- fracture tesl (QW-181.2) NA Length and parcent of defects NA

O Fillat Weld in pipe [QW-462.4(c)]
Macro exarnination (QW-184) NA  Fillet size (in) NA x NA  Concavity/convexity(in) NA
Other lesls NA : ’

Film or specimens evaluated by Mr.SUMAN ‘ v Company PATELS AIRTEMP {INDIA) LTD,
Mechanical tests conducted by DIVINE LAB Laboratory test no.  145-ZJ/2013 Did: 22/03/2013 .

Welding supervised by:M.R.PATEL
We certify that the statements in this record are correc and that the test coupons were prepared, welded, and
tested in accordance with the requirements of Section IX of the ASME BOILER AND PRESSURE VESSEL CODE.

l

Date:

L?‘h/:z t)\."“’\.\,\>
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lli » VA

, 805-808, RAKANPUR- 2721, _TAL.: KALOUI DIST. JMEHS (N.G.)
; ' Qw-484 MANUFAGTURER'S RECORD OF WE _ BROR( | . WPQ-142
| ;  WELDING OFERATOR QUALIFICATH

i . : ec*lomlx ASMIE Boiler and Prgse
Welders Name Dharamvir Pasl| | Clock No, :+-

b jsmmp, No.. W37
: 1., . Yest Descripilon §! IR
| ]idenfification of WPS followed 144 R.0.1 Test Coupg  § i Production Weld -
'FBa:;‘ materiai(s) . SA 516 GR70 ‘.- Thicknesa-r, i i ‘

Testing Condition & Quahf ca 1

- |
g Welding Variables (Q -350) Range dealified
Weljding Processies) S i _ CTAW/ BMAW
Type (ie: manual. semi-aulo) used ; ik Il AL MANUAI:.,{:.WIANUAL
t I thoutibacking GTAW vath 8}wilfieut backing /
Bact;ing (mela| weld metal, double-weldéd e;c) ] | ¥ yith backing SMaW iitfinacking
|

Plato & pips % 1/8°}D:D. & (72 Mbh ) |
Ye% Plate’ NO- Plpe (enter: diameter IF plpe or tube) §

"iBase metal P- or S=Number fo P-or S-Nuymber | | : : kR PitelP11
Flllg}' mélel or electrode specification(s) <SFAL0“ fp.anly) 848 1 5, *ﬂ)] 5.1
Faller metal or slecirode specification(s) (nfo nly)

e‘r Metal F-Number(s) *
\,bnkumable insert (GTAW:or PAW) -
Flﬂz{)type i(solid/métal or fiux cored/powd er) qYSTAW or PAW)

e

?‘5 { Fﬁ‘l{}l!h Back nq AIFEIFIENSI ‘an_‘mé

"

—ifa‘ﬁ_gw r@m Gmw

B _@._. —————

Degositthickness for each process 1
Prosess 1. GTAW .3 Iaye}s mfn [_""] YES F N 3 mnufor C]TAV;I § mm'fofl GTAW
Protess 2: SMAW: - 3 layers min L] YES 7 mihfor SM,AW 14 mm for SMAW
fPosition Qualified LZG 63, aF, elc) i : : ; i 26 © 4 G- 26 AFillet Alt
Verfical progression {1phili or dOthl") . | Wn HBI l ow‘m Hilll  Down Hill ADown Hill
- {Type of fuetigas (OFW) b ' . = )
i | et gas.backing (GTAW, P\Wj’ﬁMA i o . Naohe l ﬂl‘,

‘m&BNIDEE’ = Dcﬁﬁj

ill!

* A Transfer mode { sﬁraylglobula or pulse ¥ she riclrcun-(:MAW)
’ GTAWcurrent typelpolarlty (AC, DCEP(DCEN) ; .o

!

|

1

]
. Wl ' Results | "

Visual Examinalion of Cbmplated Weld s-SOB 4) Found Satlsfectory durside &insidp, |
JD ‘Bend test;3 Transverse root and fa [Q 462(3(z{7  Longitudin 1l root alid fage (QWWHB2i3b T Side (QW-4€2.75,
C:Pppe bend specimen corrosior -reslstanboverl m\q\t-aaz 5(¢)); PlaCghend sp Ina(\ co! o§|onqre55stant nvarlay [QW-462.2 :(d)];.,
¥

i = Macro lest for i slorg @‘!5/462 5(b)). L1 Macro tes i fission [@Wv462 5(e)] :
, . _Type _ Rgsql! - Type Result#I i : Res it
- L NA A jm ]k NA NA T[T T NAL: 1 7 NA. S
it NA. Na ;.| NA NA LIl § Nat | NA 1. ¢
_ " Alt rnatlve radlographlc examlnallon ne ul@s (QW~19'1) " Found Safl story) ' i } !
¢ [Filet Weld-Fracture test (QW-180) :  NA Length & percent.of defecls i L NA { NAG L i
Makbro examination (QW—180) NA iliet3eg. Bize (in) NA x NA Conojy zc >3ily(ih) NA
Otﬁer tes{s HA . : l :
F|II§1 mopispecimens evaluatgd by DEE AK PA-'t'.EI. . Company PATHLS RT P (INESIA) LTO,
: Mechanjcal fesis conducled by : 17 Laboratorylestnol'| | Hekeremmeenie
" [Wdiding suparvised by JATIN PATEL. | | , 3 T
We cerlify that the stalemunts in this regord are mrrecl .and lhat the test 18 prépased, welded, and
tested in raceordance with the requlrem ts of Seolion 1X of the ASME Bol é a d Pri gsuré VesTei Code. :
Organizatida 4 jﬁ_ l' T MPMJALLTD
4. ; ! e i
o . . | ¢ o
lbaf,e: 01:04-2005 3y A odil]
: . ; U A&TAD i
FLE . ) [ T :
it - ' ’ ’ q4¢ "€l AL b | a '-' ﬁ." | :
| HSB X Glch l.Stdnd\@ | IS M |
' . £ . H g - \.,' (!‘ S oy :// I 2 y 3
. . HEVIEWEDY:__ | . ¢ P g(/ R AT T cale 29
- 1 o . i hi
L SONATURE: N\ rﬁ_, $ i | 1
EREPEEE 7 230 N A Ve AN | T cuhn JJ
: P 4 LG *qc\u B Palel\CW-484. HEB-W37-A
: i +




e e

T WQV'

Macyo Tést
"IMicrostrieture :
Flllé,t Weld-Fracture test (QW-180) :
Magro & amlnatlon (QW-180) NA
Cther teﬁts NA

_NA Length & percent ¢
-meﬂleg §|ze (in) NA x NA Co

Q\W-484 M NU"AC"I URER"i RECORD(E :
WELDING OPERATOR QUALIPICAT! N THST [W‘PQ}’ i)
QwW.-341, Sboti@n 1), ASME Baoller an ; YesseliCode. ;
‘Weltder's:Name : ' Vikas Kumar Clock No. - :  Stamp No.: Wwing
Test Descriptio i
Identification of WPS followed 208 R.00 Test Co Prodt?ction Weld --—
-1Base mierial(s) SAGI6GRTO| Thickne i
fresting Condition & Qualiffchatién Limits . S
Welding Variabjes (QW-350) -ﬁ?n]ualgvalue{; Ranbe qualified
Welging Process{es) i . [SMAW | i AW
Typé (ie; manual, semi-auto) used . MANUALI MANUAL
Backing [metal, weld metal. double-welded,jetc.) . -gnwm b;c«png B ' with bagking
Yes PJale NO Pipe (enter diameter if pipe or tube) - 1 _Plate | Plate & pipd; 73 mm O.D. & above
Base metal P- or S-Number to P-or S- ‘umﬁer Y 2 Pf to P15E
Filler melat or electrode specification(s] (SFA) (info.only) ] —
1Fitter metal or electrode specification(s (ini&:_.onijy) : . NA =
Filiar Me}al F-Number(s) ' : \ . 4 ALLF37F1 B, P ase W encxme
Consumable insert (GTAW or PAW) ; TNA T ) =
Filler type {sclid/metal or flux coredlpowderj (GT'AW or PAW) NA [ e
Deposit thickness for each process ] .
1P~acesst: SMAW B layjers mln [Cves ] mpp- 14 mm Maxiitifh to be Welded
. Stess2: B Iayers rhm CJYES [ NOJ &~ e —
g1 . i Groove}: Fi¥ (For Plate & Pipe
Position pualified {2G, 8G, 3F. efc.) iG ; Ove [610 mm OD)
_ F . Plge /B mm OD & above
_ P = Fillet :FV,H
Veriical progression {uphill or downhill) ‘ . NA e
Type of fuel gas (OFW) | MA |-
Inert gas backing (GTAW, PAW, GMAW) | [ HA | '
Transfermode (spray/globulay or pulse|to short sircuit-GMAW) _ NA Tl e
GTAW clrrent type/palarity (AC, DCEH, DCEN) NA ¢ : ;
Results | !
Visual Examination of Completed Weld (QW-302.4) Found Satisfactory; o?fs'ld 2 | '
[T Bendilesl; [] Transverse rool and fack [QW-462.3(al] Longitudinal rootiand fate | YW-462, 3(bI Side (QW-4623);
1. Pipe Bend specimen, corrosion-resistan ove[lay [ PW -462.5(c)]; PI{3 bend s clrper[. rosion-resfant overlay [(M! 2.25(d));
[ Macro test for usnop [QWV-462.5(b)); C1Macro test fof fusi MQW 462.5(e)] '
_ . Type esu|t Type Resy Eypg Rebuu N
i NA Na | NA NALT | NA NA X
NA WA NA NAT | [T NW HA ,
Altematiye radiographic examination relsults (QW 181) Found Acceptalﬂlje% per AT Pepori No. 85/2011 [)t 15-02:2011
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1.0 Scope:

1.1 This procedure defines the method for the removal and repair by welding, of defects

unacceptable to the contract fabrication requirements and ASME code.
2.0 Purpose:

2.1 To repair, by welding, unacceptable defects found by Visual, Dye Penetrant, Magnetic particle,
Ultrasonic, Radiographic or other means of Non-Destructive Examination (NDE).

2.2 To perform repair by welding, use qualified groove welding procedure as shown on fabrication
drawing.

3.0 Responsibility:

3.1 Quality Control shall be responsible for the determination of the defect location, the marking of
the location, the Non-Destructive Examination of the repair, and the documentation of the repair
in accordance with contract fabrication requirements and ASME Code.

32 Fabrication shall be responsible for the completion of the repair in accordance with the contract
fabrication requirements.

4.0 Procedure:
4.1 The defect shall be accurately located by means of ultrasonic and/or radiographic tracing, or

visibly if the NDE method used to detect the defect was a surface crack detection examination.
The location shall be marked on the area of repair.

42 A determination shall be made as to the repair direction dependent on the accessibility of the
defect.
4.3 Excavate the area of the defect by arc air gouging, disc grinding or other acceptable method

until the defect has been located and removed.

4.4 The excavated area shall be inspected to verify complete defect removal by visual inspection or
by other NDE methods as required by contract fabrication requirement.

4.5 Steps 4.3 and 4.4 shall be repeated until satisfied that the defect has been located and removed.

4.6 Clean the excavation thoroughly to remove all contaminants that may have been introduced
during excavation or inspection as required.

4.7 A qualified welder shall carry out, the re-welding of the excavated area, using the consumables
and parameters per a qualified, and project approved, Weld Procedure Specification (WPS).

VOOSRT9e - Me0| - oo
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4.8 The repaired area shall be examined by the same NDE method used to reveal the defect.
Additional examination my be required in accordance with the contract specification.

4.9 Should the defect have been revealed after Post Weld Heat Treatment (PWHT), then the
defective weld shall be re-heat treated before final inspection unless otherwise agreed with the

customer.

4.10  Local stress relieving, when required shall be performed per the requirements of the applicable
ASME codes and customer specifications when applicable.

5.0 Documentation:

5.1 Documentation of the repair, by welding, shall be completed as required by contract
specification and ASME code.
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2.1,
2.2.
2.3.
24,
2.5.

6.1.

PROCEDURE FOR MAGNETIC PARTICLE EXAMINATION

SCOPE :

This document specifies the requirements and procedure to be adopted for
magnetic particle examination of weld edge prepared faces (bevel edges) of
parent material, weld joints and HAZ areas of pressure vessels/ heat exchangers
and other equipments manufactured as per ASME Sec. VIl Div. 1 and Div. 2 for
detection of surface and sub-surface discontinuities using yoke magnetization
technique.

REFERENCE DOCUMENTS :

ASME — Sec V- SE-709 and Article 7 — 2010 Edition,2011 Addenda.

ASME — Sec. VIl = Div.1. Appendix-6 - 2010 Edition, 2011 Addenda.

ASME - Sec. VIl = Div. 2. Part— 7, Para 7.5 .6 - 2010 Edition, 2011 Addenda.
ASME Sec. |, A-260 - 2010 Edition, 2011 Addenda.

ASME-B 31.1, 2007 Edition, Addenda 2009, 2011 Addenda.

TEST MATERIAL

Weld edge prepared faces (bevel edges) of parent material, weld joints and
HAZ areas of pressure vessels/ Heat exchangers and other equipment of carbon
and low alloy steels — Ferritic steel material.

AREAS OF TEST OBJECT TO BE EXAMINED

Weld edge prepared faces (bevel edges) of parent material, all accessible
weld surfaces and 25 mm width portion on each side of weld, which will be
considered as HAZ areas.

SURFACE CONDITION OF MATERIAL :

Satisfactory results are usually obtained when the surfaces are in as welded, as
rolled as cast or as forged condition. Surface to be inspected shall be free from
dust, rust, scale, weld spatters, weld ripples, etc. which may cause interpretation
difficulties. If required wire brushing of surface shall be done to remove weld
spatters etc. Care must be taken so that surface preparation method does not
make surface further rough.

RESPONSIBILITIES AND OPERATOR’S QUALIFICATION:

Preparation of examination procedure/s

PAT Level lll shall prepare and approve suitable examination procedure/s for
Magnetic particle examination based on job requirement. The procedure shall be
demonstrated to the satisfaction of Al prior to implementing on job.

VPo&&496- Meok -00008§
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Performing Magnetic particle examination, interpretation and evaluation of

results and preparing examination reports :

MT Level Il person certified by Level Il as per their PAT written practice shall

perform magnetic particle examination, interpret and evaluate examination results

and prepare examination report in MT Report Format enclosed with this

procedure. Copy of all examination reports shall be maintained by MT Level Il in

respective job file.

EQUIPMENT :

7.1. Electromagnetic Yoke having both AC and DC power supply facilities
Make : SIMS Model: Y AC/DC

7.2. Lifting capacity of Yoke : For AC Yoke — 4.5 Kgs /10 Lbs.
For HWDC / DC Yoke : 18.1 kgs/ 40 Lbs.

7.3 Prior to use the magnetizing power of yoke shall be checked using a
calibrated weight at the maximum pole spacing that shall be used. This
check shall be made at least once every year or whenever the
electromagnetic yoke has been damaged or repaired.

MAGNETIC POWDER

8.1.  Dry visible magnetic powder red colour . Make : Magna Flux - 8 A
Non Magnetic White Contrast Coating shall not be used.

8.2. Temperature requirement for Ferro magnetic powder. Maximum allowable
temperature for Ferro magnetic particles to be used shall be 600° F as per
manufacturetr’s recommendation.

8.3 Average Particle size 180 Microns as specified by Magna Flux.

RESIDUAL FIELD INDICATOR:

Calibrated gauss meter — residual field indicator is required for checking the
amount of residual magnetic field left in the material if requirement of
demagnetization is specified in work order.

MAGNETISING CURRENT:

AC - If examination requirement is only to check surface discontinuities
DC — Iftest requirement is to check sub-surface discontinuities.
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11.

TEST TECHNIQUE :

Longitudinal Magnetisation using yoke and continuous technique.

Following steps and check points shall be followed for carrying out inspection.

11.1. Check and ensure lifting capacity of yoke at least once in a year. It must

meet the above stated requirements.

11.2. Surface Preparation : Ensure adequate surface finish of job before start of

examination as stated above in Para-5 - surface condition of materials.

11.3. Adjust pole spacing distance of poles of yoke from 75mm (3Inch) min to

200mm (8 Inch) max.

11.4. Place the yoke poles properly on the job so that it establishes maximum
contact and creates adequate flux density in the area of interest that is
weld edge prepared faces (bevel edges) of parent material, weld &

HAZ.

11.5. When it is necessary to verify the adequacy of magnetic field strength, it

shall be verified using pie shaped magnetic particle field indicator.

11.6. Magnetize the weld in three directions as shown in the Figure 1. Apply
Powder by spraying using a Spray Bulb while magnetizing in every

direction and go on examining the weld using continuous technique giving

minimum 10% over lap in each pass to ensure complete coverage.

11.7. Search for indication/s after giving each shot in each direction when the
current is on. Minimum light intensity of 100 fc (1000 Lux) shall be used to
ensure adequate sensitivity during the examination and evaluation of
indications. One 60 Watt bulb hand lamp (Incandescent lamp) with 230 V
power supply enclosed in a pan, held at a distance of 200 to 300mm from
the examination surface shall be considered as satisfactory illumination to
achieve the above illumination level. lllumination level shall be verified and
demonstrated using a calibrated light intensity meter — Lux Meter one time.
The same shall be documented and maintained on file. Light meter shall be
calibrated once every year or when ever the meter is repaired or changed. If
the light meter has not been in use for one year or more, calibration shall be

done before being used.
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12. INDICATIONS:

12.1. Indications will be reveled by retention of magnetic particles. All such indications
are not necessarily imperfections. Excessive surface roughness, magnetic
permeability variations (such as at the edge of heat affected zone), etc may
produce similar indications.

12.2. An indication is the evidence of a mechanical imperfection. Only indications with
major dimensions greater than 1.5mm (1/16 Inch) shall be considered relevant.

12.2.1. A linear indication is one having a length greater than three
times the width.

12.2.2. A rounded indication is one of the circular or elliptical shape
with the length equal to or less than three times the width.

12.2.3.  Any questionable or doubtful indication shall be re-examined
to determine whether or not it is relevant.

13. ACCEPTANCE STANDARD:

Acceptance standard as specified in ASME Sec. VIl Div. 1, Appendix — 6/
ASME Sec. VIl Div. 2, Part -7, Para — 7.5.6.2, ASME Sec. | — A-260 shall apply

unless other more restrictive standards are specified for specific materials or
applications.

13.1  All surfaces examined shall be free of:

13.1.1 Relevant linear indications

13.1.2 Four or more relevant rounded indications in a line separated by 1.5mm
(1/16 Inch) or less, edge to edge.

13.1.3 Relevant rounded indications greater than 5Smm (3/16 Inch).

13.1.4 An indication of an imperfection may be larger than the imperfection that
causes it, however, the size of the indication is the basis for acceptance.

13.1.5 As per ASME B 31.1:
Ten or more rounded indications in any 3870 Sq. mm (6 Sq. Inch) of
surface with the major dimension of this area not exceeding 150mm (6

Inch) with the area taken in the most unfavorable location relative to the
indications being evaluated.

13.2  Crack like indications detected irrespective of surface conditions are

un-acceptable.



MT Procedure

Procedure No.: PAT/AT/MT/01 (Rev.5)
Dated: 05-08-2012
Page 5 of 9

14.

15.

16.

17.

18.

19.

20.

Marking and Repairing:

Spot/s or areas showing relevant defect indication/s shall be marked so that they

can be identified properly and can be repaired.
Treatment of indication believed to be non-relevant:

Any indication which is believed to be non- relevant shall be regarded as an
imperfection unless it is shown by re-examination by the same method or by the
use of other non destructive testing method/s and/ or by surface conditioning that
no unacceptable imperfection is present.

Examination of areas from which imperfections have been removed:

After a defect thought to have been removed and prior to making weld repairs, the
area shall be examined by suitable method/s to ensure it has been removed or
reduced to an acceptable sized imperfection.

Re-examination of repaired areas:

After repairs have been made, the repaired area shall be blended in the
surrounding surface so as to avoid sharp notches, crevices, or corners and re-
examined by the magnetic particle method and by all other method/s of
examination that were originally required for the affected area except that, when
the depth of repair is less than the radiographic sensitivity required, re-radiography
may be omitted.

Retest:
All repaired areas shall be re-tested employing the same technique and steps.
Post Cleaning:

The examined surface shall be post cleaned using a clean dry cloth to remove
Magnetic powder, etc. immediately after completion of inspection. The post
cleaning technique shall not adversely affect the part.

Check the amount of residual field left in the material using a gauss meter/residual
field indicator, if demagnetization is required as per QCP.

Demagnetization not required unless specified by work order.
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21. Report:

A detailed examination report as per the attached report format shall be prepared
after examination.

22. Requirements of magnetic particle examination procedure shall be as per Table T-
721 of ASME Sec. V, Article 7 (Page No. 8) of the procedure. Requirements of AC
yoke technique on coated ferritic component shall be as per Table I-7210f ASME
Sec. V Article 7 (Page No. 9) of the procedure.

23. Demonstration of the procedure to the satisfaction of Al shall be done prior to
implementing on job.

Procedure Reviewed by, Procedure Prepdred and Approved by,
¥a o fo
D.P.Patel Adtiok J. Trivedi
Manager (QC) NDE Level lii
~ O
PAT (I) Ltd. Eo=aBie

05 0 2042
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Table T-721 of ASME Section-V Article-7
REQUIREMENTS OF A MAGNETIC PARTICLE
EXAMINATION PROCEDURE

Sr . Essential Non- Procedure
No Requirement Variable essgntlal Reference
Variable Para No.
1 Magnetizing Technique X 11
2  Magnetizing current type or X 10
amperage outside range specified
by this Article or as previously
qualified
3  Surface preparation X 5
4  Magnetic particles X 8
(fluorescent/visible, color, particle
size, wet/dry)
5 Method of particle application X 11.6
6 Method of excess particle removal X
7  Minimum light intensity X 11.7
8 Coating thickness greater than X 8.1
that qualified
9 Performance demonstration, X 6.1, 23
when required
10 Examination part surface X 8.2
temperature outside of the
temperature range recommended
by the manufacturer of the
particles or a previously qualified
11 Shape or size of the examination X 1,4
object
12 Equipment of the same tvpe X 7
13 Temperature (within those X 8.2
specified by manufacturer or as
previously qualified)
14 Demagnetizing technique X 20
15 Post examination cleaning X 19
technique
16 Personnel qualification X 6

requirements
Note

1. A revised procedure shall be prepared and approved by Level lli for any change in
essential or non-essential variable/s.

2. Whenever any change is made in any of the essential variable/s, re-demonstration
of the procedure to the satisfaction Al shall be done prior to implementing on job.

3. When ever any change is made in any of the non-essential variable/s re-
demonstration of procedure to Al is not required.
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Table 1-721 of ASME Section-V Article-7
REQUIREMENTS OF AC YOKE TECHNIQUE ON COATED FERRITIC COMPONENT

. : Procedure
Sr. . Essential Non-essential
No. Requirement Variable  Variable  ererence
Para No.
1 Identification of surface configuration to X 8.11, 3, 4,
be examined, including coating
material, maximum qualified coating
thickness and product forms (e.g. base
material or welded surface).
2  Surface condition requirement and X 5
preparation methods.
3  Manufacturer and Model of AC yoke. X 7
4 Manufacturer and type of magnetic X 8.1
particles.
5  Minimum and maximum pole X 11.3
separation.
6 Identification of steps in performing the X 11
examination.
7  Minimum light intensity and AC yoke X 11.7,
lifting power requirements. 72,73

(as measured in accordance with
technique qualification)
8  Methods of identifying flaw indications X 15
and discriminating between flaw
indications and false
Or non-relevant indications (e.g.
magnetic writing or particles held by
surface irreqularities).

9 Instructions for identification and X 15
confirmation of suspected flaw
indications.
10 Method of measuring coating thickness. X 8.1
11 Recording criteria X 14, 21
12  Personnel qualification requirements X 6
unique to this technique.
13 Reference to the procedure X 6, 23

qualification records.

Note :

1. A revised procedure shall be prepared and approved by Level Il for any change in
essential or non-essential variable/s.

2. Whenever any change is made in any of the essential variable/s, re demonstration
of the procedure to the satisfaction Al shall be done prior to implementing on job.

3. When ever any change is made in any of the non-essential variable/s re-
demonstration of procedure to Al is not required.
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Dated:
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MAGNETIC PARTICLE EXAMINATION REPORT

Procedure No. PAT/AT/IMT/01 (Rev. ) Dt.

Report No. Date

Job No.

Drg. No

Reference / Identification

Test Date

Test Material Thickness mm
Surface Condition

Object To check surface / sub-surface discontinuities.

Test Equipment Electromagnetic Yoke : Make Model

Test Technique Dry Continuous Technique

Maanetizina Current AC/DC

Inspection Medium Dry Ferromagnetic Powder Make: Magna Flux Colour: Red
Colour:

Lighting Equipment 60 W Bulb Hand Lamp (Incandescent lamp) with 230 V power

supply enclosed in a pan held at a distance of
mm from the examination surface.
Reference ASME Sec. V, Anicle 7

Acceptance Standard ASME Sec. VI, Div. 1, Appendix — 6
ASME Sec. VIll, Div. 2, Part—7, Para—7.5.6.2
ASME Sec. I, A-260 - 2010 Edition.
ASME-B 31.1, 2010 Edition.

Result of calibration For AC : 4.5 Kgs (10 Lbs.) at pole spacing
For DC:18.1 Kgs. (40 Lbs.) at pole spacing.

Maximum pole spacing during examination

Observations:

Name of Operator

Inspection Authority
Qualification MT Level I}
Sign. Date Sign Date
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PROCEDURE FOR LIQUID PENETRANT EXAMINATION (PT)

SCOPE:

This document describes the requirements and procedure to be adopted for
liquid penetrant examination of parent materials, weld joints and HAZ areas of
25 mm on each side of weld joint for detection of open surface discontinuities
using solvent removable colour contrast (visible) penetrant and solvent
suspended (non-aqueous) developer.

REFERENCE DOCUMENTS :

2.1 ASME-Sec. V- Article-6 — 2010 Edition, 2011 Addenda.

2.2 ASME-Sec.V-SE-165 — 2010 Edition, 2011 Addenda.

2.3 ASME-Sec.VIiI-DIV.1 Appendix-8 — 2010 Edition, 2071 Addenda.

24 ASME-Sec. VIII-DIV. 2 Part 7-Para 7.5.7, 2010 Edition, 2071 Addenda
2.5 ASME Sec. I, A-270, 2010 Edition, 2071 Addenda.

2.6 ASME-B 31.1, 2007 Edition, Addenda 2010.

2.7 ASME Sec IX-QW- 195.2- 2010 Edition, 2011 Addenda.

TEST MATERIAL:

Weld joints and HAZ areas of welds, Parent material

Material: C.S. /S.S. / Low alloy Steel / Duplex S.S. up to 200mm maximum
thickness.

Fresh procedure shall be prepared and approved by Level lll for

examination of other materials.

AREAS OF TEST OBJECT TO BE EXAMINED:

All accessible weld surface and 25 mm width portion on each side of weld
which will be considered as HAZ areas. If the surface to be examined is large,
the examination shall be carried out in parts/increments.

SURFACE CONDITION OF MATERIAL.:

Surface to be examined shall be as rolled for plates or pipes, as welded for
welds or back chipped / ground for welds. Examination surface shall be free
from dust, rust, scale weld spatter, paint, uneven weld ripples, etc. which may
block opening of discontinuities and which may cause interpretation difficulties.
Care must be taken so that surface preparation steps do not make the surface
further rough and do not block opening of discontinuities.

Make - P-Met High Tech, PMC Flaw Check

Cleaner (Solvent) PC-120
Penetrant (Solvent Removable PP-110 (Packed in Tin / Can
Colour Contrast Penetrant) To be applied using brush)

Developer PD-130 B (Spray Can)

(Solvent Suspended Developer)

v OARRAG (A - MO OO
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6.1 Intermixing of Penetrant materials from different families or different
manufacturer shall not be permitted.

6.2 Demonstration of procedure with the above consumables shall be done
to the satisfaction of Al prior to implementing on job.

MISCELLANEOUS ITEMS:
Clean - dry - lint free cotton cloth, brush, tools for achieving necessary surface
finish.

RESPONSIBILITIES AND OPERATOR'S QUALIFICATIONS:

8.1 Preparation of examination procedure/s:

Level Il shall prepare and approve suitable examination procedure/s for
Penetrant examination based on job requirement.

8.2
of examination results and preparing reports:
PT Level | OR PT Level Il person certified by Level Ill as per PAT
Written Practice shall perform liquid penetrant examination. Only Level-l|
person shall interpret and evaluate results and prepare examination
report as per the enclosed Report Format. All test reports shall be
maintained by PT Level Il in respective job file.

Following steps and checkpoints shall be followed for carrying out for
examination :

9.1  Expiry date: Check expiry date of consumable materials.

9.2 Pre-cleaning: Pre-cleaning of surfaces can be done first using acetone
and then using the recommended cleaner. Drying of the surface after
pre-cleaning shall be done by normal evaporation. The recommended
drying time shall be 1 minute minimum and 10 minutes maximum.

9.3 Penetrant application: Penetrant shall be applied by using a brush
after evaporation of solvent from the surface. Ensure that complete

area, which is to be inspected, is covered properly with penetrant.

9.4 Dwell Time: Minimum 10 minutes and maximum 20 minutes for
temperature from 10 Deg. to 52 Deg. C (50 Deg. to 125 Deg. F )

9.5 Excess Penetrant Removal: After completion of dwell time, first wipe
the excess penetrant from the job surface with a clean, dry, lint free
cloth. Then remove the excess penetrant with a cloth



9.6

9.7

9.8

9.9

9.10
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moistened/dampened with a solvent. Do not use an excessive amount
of solvent. Do not rub on the surface and do not over clean the surface
so that penetrant from discontinuities can get removed. At the same time
do not leave excess penetrant on the surface, which can create heavy
background and can cause interpretation difficulties at a later stage.
Flushing the surface with solvent for removing excess penetrant shall
not be permitted.

Drying After Excess Penetrant Removal: Drying after excess
penetrant removal shall be done by normal evaporation. Minimum drying

time permitted 01 minute and maximum drying time permitted 10
minutes.

Developer Application: Shake aerosol spray can of solvent
suspended developer properly and apply developer by spraying as soon
as possible after evaporation and drying of the surface as stated above

in 9.6 so that a thin and uniform coating of developer covers the entire
examination surface properly.

Development Time: Development time for final interpretation begins as
soon as the developer coating has dried. Development time shall be 10
minutes minimum and 30 minutes maximum. The operator shall observe
bleed out of penetrant from discontinuities during the development time as it

helps in interpreting and evaluating indications.

Inspection: Final interpretation shall be done not less than10 minutes
and not more than 30 minutes after drying of developer coating.
Adequate illumination (not less than 1000 LUX) shall be required to
ensure proper evaluation of indications. Hand lamp enclosed in pan
having 60 W bulb  (Incandescent Lamp) with 230 volt power supply
held at a distance of 200 to 300 mm from the examination surface shall
be considered as satisfactory illumination to achieve the above
illumination level. lllumination level shall be verified using a calibrated
light intensity meter - Lux Meter one time. The same shall be
documented and maintained on file. Light meter shall be calibrated once
every year or whenever the meter is repaired or changed.

An indication is the evidence of a mechanical imperfection. Only
indications with major dimension greater than 1.5mm (1/16 Inch) shall
be considered relevant.
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9.10.1

9.10.2

9.10.3

A linear indication is one having a length greater than three
times the width.

A rounded indication is one of the circular or elliptical shapes with
the length equal to or less than three times the width.

Any questionable or doubtful indication shall be re-examined
to determine whether or not it is relevant.

10 Acceptance Standard: As per ASME Sec.VIll, Div-1, Appendix-.8 / ASME

Section Vill, Div.-2, Part 7, Para 7.5.7.2. and ASME Section |- A 270. These
acceptance standards shall apply unless other more restrictive standards are

specified for specific materials or applications.

10.1

10.2

10.3

10.4

All surfaces to be examined shall be free of:

10.1.1
10.1.2
10.1.3

10.1.4

Relevant linear indications
Relevant rounded indications greater than 5mm (3/16 Inch)

Four or more relevant rounded indications in a line separated
by 1.5mm (1/16 Inch) or less, edge to edge.

As per ASME B 31.1:

Ten or more rounded indications in any 3870 Sq. mm (6 Sq.
Inch) of surface with the major dimension of this area

not exceeding 150mm (6 Inch) with the area taken in the
most unfavorable location relative to the indications being
evaluated.

Crack like indications detected, irrespective of surface conditions are un-

acceptable.

An indication of an imperfection may be larger than the imperfection that
causes it, however, the size of the indication is the basis for acceptance

evaluation.
As per ASME Sec IX-QW- 195.2- 2010 Edition Test Coupons for

Welder's Qualifications for corrosion resistant overlay.

11 Marking and Repairing: Spot/s or areas showing relevant defect indication/s

shall be marked so that they can be identified properly and can be repaired.

11.1

Treatment of indications believed non-relevant: Any indication which

is believed to be non-relevant shall be regarded as an imperfection
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unless it is shown by re-examination by the same method or by the use
of other nondestructive examination method and/or by surface
conditioning that no unacceptable imperfection is present.

11.2 Examination of areas from which defects have been removed: After
a defect is thought to have been removed and prior to making weld
repairs, the area shall be examined by suitable methods to ensure it has
been removed or reduced to an acceptably sized imperfection.

11.3 Re-examination of repaired areas: After repairs have been made, the
repaired area shall be blended into the surrounding surface so as to

avoid sharp notches, crevices, or corners and re-examined by the liquid
penetrant method and by all other methods of examination that were
originally required for the affected area, except that, when the depth of
repair is less than the radiographic sensitivity required, re-radiography
may be omitted.

12 Retest: All repaired areas shall be re-tested employing the same technique

13

14

15

and steps.

Post Cleaning: The examined surfaces shall be post cleaned first using a clean
dry cloth to remove developer powder, penetrant and then using a cleaner
immediately after completion of examination. The post cleaning process shall not
adversely affect the part.

Report: A detailed examination report as per the enclosed Report Format shall
be prepared after examination. The report shall include record of rejectable
indication if any. As a minimum the following shall be recorded incase of
unacceptable indications :

14.1 Type of indication- Linear/Rounded
14.2 Location of indication
14.3 Length or diameter of indication or aligned indications.

Special Requirements: For examination of Austenitic or Duplex SS, Titanium
material and welds Chlorine plus Fluorine contents of penetrant material shall not
exceed 1 % by weight. For examination of Nickel base alloy Sulfur content of
penetrant material shall not exceed 1 % by weight. PAT shall specify the same
while ordering consumables to be used for examination of the above materials
Manufacturer of penetrant material shall ensure this before supplying
consumables and shall also issue a test report/certificate to confirm the same
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along with batch number and test results. PAT shall store these items separately
and shall use only for examination of above material.

16 Temperature Reguirements:

16.1 Temperature of part surface {0 be examined as well as penetrant shali
be from 10 Deg C to 52 Deg. C (50 Deg. to 125 Deg. F).

16.2 For liquid penetrant examination at temperature out side the above
temperature range special material and processing technique may be
required. Such examination will require procedure qualification and
demenstration to Al prior to implementation on job.

17 Requirements of liquid penetrant examination procedure shall be as per Table T-621
of ASME Sec, V. Article - 6. The same is shown on Page No.7. The procedure shall
be re-demonstrated and certified by Level Il whenever any change is made in any of
the essential variable,

For Patels Airtemp (india) Limited:
Procedure Reviewed By, ProcedurJ Prepared and Approved By,
i
' F
e :
apg b ’}yw
D.P. Patel ft ok"J' Trivedi
Manager (QC) #NDE Level I

19- 4220 19 2~ 201
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TABLE T-621 OF ASME SEC. V ARTICLE - 6
REQUIREMENTS OF A LIQUID PENETRANT EXAMINATION PROCEDURE

Requirement

Identification of and any change in type
or Family group of penetrant materials
includina developers, emulsifiers. etc.
Surface preparation (finishing and
cleaning, including type of cleaning
solvent)

Method of applvina penetrant

Method of removing excess surface
penetrant

Hydrophilic or lipophilic emulsifier
concentration and dwell time in dip tank
and agitation time for hydrophilic
emulsifiers

Hydrophilic emulsifier concentration in
Spray application

Method of applving developer
Minimum and maximum time period
between steps and drying aids.
Decrease in penetrant dwell time
Increase in developer dwell time
(interpretation time)

Minimum light intensity

Temperature outside 10 to 52'C

(50 to 125°F) or as previously qualified
Performance demonstration, when
required

Personnel qualification requirements
Materials, shapes or sizes to be
examined and the extent of
examination

Post examination cleaning technique

Essential
Variable

X

X X X X X X X X

Non-
essential
Variable

X

X

X

Procedure
Reference
Para No.

6

5,6,9.2

9.3
9.5

N.A.

N.A

9.7
9.2,9.3, 94,
9.6, 9.7, 9.8.

9.4

9.8,9.9
9.9
16

6.2, 16.2,
17
8
3,45

13

A revised procedure shail be prepared and approved by Level I for any change in
essential or non-essential variable/s in the procedure.
When ever any change is made in any of he essential variable/s, re-demonstration of the

procedure to Al shall be required.

When ever any change is made in any of the non-essential variable/s
Re-demonstration of the procedure to Al is not required.
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Materials used for examination:

MATERIAL
Cleaner
Solvent Removable Visible Penetrant
Solvent Suspended Developer

Application Method
Dwell Time
Drying of Solvent

Bv normal evaporation
Lighting Equipment

Acceptance Standard

Job Details
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Examination carried out by

Name Sign. Date
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2.1,
2.2,

23
24
25
26

3.1.

3.2.

SCOPE

This procedure specifies the requirements for examination of CS and SS weld
joints of thickness from 6 mm to 60 mm using X-Rays or Gamma Rays (Ir 192) as
a source of radiation for revealing and evaluating flaws within weld and HAZ-heat
affected zone areas. For the thickness of less than 12 mm radiography using
X-Rays is preferred. For thickness from 12mm to 19mm either X-Rays or Gamma
Rays can be used and for thickness greater than 19mm Gamma rays shall be
used. Any radiographic technique used shall demonstrate that required
radiographic sensitivity - 1Ql image and density requirements have been
obtained.

REFERENCE DOCUMENTS :

ASME Sec. V Article 2, 2010 Edition, 2011 Addenda.
ASME Sec. VIl Div. 1, 2010 Edition, 2011 Addenda.

ASME Sec. VIll Div. 2, 2010 Edition, 2011 Addenda.
ASME Sec. IX,, 2010 Edition, 2011 Addenda.
ASME Sec. |, 2010 Edition, 2011 Addenda.

ASME B 31.1, 2007 Edition, 2010 Addenda.

RESPONSIBILITES AND OPERATOR’S QUALIFICATION :

Preparation of test procedure/s :

PAT Level Il shall prepare and approve suitable examination procedure/s for
radiographic examination based on job requirements.

Performing _radiography examination, _interpretation and evaluation of
examination results and preparing examination reports

RT Level I / RT Level Il person certified by Level lll as per Written Practice shall
prepare a Technique Sheet prior to shooting based on the procedure prepared
by Level lll and expose the fim in accordance with Technique Sheet.
Technique Sheet format is enclosed with the procedure. Only Level Il shall
interpret and evaluate examination results and prepare examination report as
per enclosed RT Report Format (Radiograph Review Form). Copy of all
examination reports shall be maintained by RT Level Il in respective job file.

TEST MATERIAL :

Weld joints CS and SS on Pressure Vessels, Heat Exchangers and other
equipments and parts. Thickness: From 6 mm to 60 mm.

For thickness/es outside the above speéiﬁed range, the appropriate technique
shall be developed prior to implementing on job.

SURFACE PREPARATION : ﬁ@i’-’i'{\;f ]_":D
| JuL 082013

| JACOBS CANADA ING.
IDOCUMENT CONTROI

VPSS9 6 - MGOG -0 (2,
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10.

1.

As far as possible weld will be radiographed with weld surface in as welded
condition and no grinding will be done on welds. However if any significant
surface irregularity is there on weld surface which may interfere with
interpretation of radiographs that shall be removed. Weld surface irregularities
on out side as well as if accessible on inside surface shall be removed using
any suitable process so that image of indications from these irregularities on a
radiograph may not be confused with indications from discontinuities. The
finished surface of butt weld joints shall have a reasonably uniform crown with
reinforcement not exceeding the limit specified in the Code.

SOURCE OF RADIATION :

Iridium—Ir 192 / X-Ray (Source strength for Gamma Ray & Voltage used for X-
Ray must be specified in Technique Sheet.)

SOURCE STRENGTH :

1Cito 25 Ci or more depending on availability and job requirement.
X-Ray equipment can be from 150 KV to 400 KV.

SIZE OF SOURCE :

2.5 mm Dia. x 0.6 mm Height if available or any other suitable size as supplied
by Board of Radiation Isotope Technology, BARC, Mumbai. Size of source
shall be as per certificate provided by origination of radiation source. Focal spot
size of X-Ray beam shall be made available from the manufacturer of X-Ray
equipment.

RADIOGRAPHY TECHNIQUE:

Single wall single image technique / Double wall single image technique/
Double wall double image technique depending upon accessibility and job
requirements. Radiography report format covers details of radiography
techniques.

OVER LAP: When continuous shots are taken minimum 25mm overlap shall be
provided in each shot.

SFD ADJUSTMENT AND GEOMETRIC UN-SHARPNESS :

Any source to film distance (SFD) that would produce a radiograph of required quality
level shall be used.
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For guidance the following Ug limits may be used:

Suitable SFD can be decided by Radiographer — Operator depending upon job
requirement and radiography technique used so that proper image quality is obtained
in radiograph having max. Geometrical un-sharpness (Ug) as follows:

Material Thickness in mm (Inch) Ug maximum in mm (Inch)
Under 50 (2) 0.51 (0.020)
50 (2) through 75 (3) 0.76 (0.030)
Over 75 (3) through 100 (4) 1.02 (0.040)
Greater than 100 (4) 1.78 (0.070)
(ASME Section V Article 2)

12. IMAGE QUALITY INDICATOR (IQl) :

12.1. Material of QI :

Material of 1Q1 shall be of the same grade having same absorption characteristic
as the specimen to be radiographed or having the grade with less radiation
absorption characteristic than that of specimen to be radiographed.

12.2. Thickness of I1Ql :

12.2.1 Weld without Reinforcement: Thickness of 1Ql is based on nominal single wall
thickness.

12.2.2 Weld with Reinforcement: Thickness of IQi is based on nominal single wall
thickness + weld reinforcement. This reinforcement thickness must not exceed
maximum permitted by Code under reference but need not be physically
measured.

« 12.2.3 Weld joint with bai:king strip: For the purpose of calculation of thickness of 1Ql,
thickness of backing strip shall not be considered.

12.3. Placement of QI :

Wire type or hole type .IQI as specified in Table T-276 (Page No.11) shall be
used. The IQl shall be placed on the source side adjacent to the weld or on the
weld of the part being inspected. When it is not possible to hand place the.1Ql
on the part or weld towards source side then the 1Ql shall be placed on film
side in contact with the part being examined with a lead letter “F” placed
adjacent to the 1QI. Wire type 1QI shall be placed such that the length of the
wires is perpendicular to the length of the weld. The QI identification and when
used the lead letter F shall not be in the area of interest except when geometric
configuration makes it impractical.

No. of I1Ql :
12.3.1. At least one IQt per film for single exposure.

12.3.2. For cylindrical components where the source is placed on the axis of the



12.3.3.

12.3.4.

12.3.5.

12.3.6.
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component for a single exposure, at least 3 IQls, spaced approx. 120° apart
are required for the following condition :

a) When complete circumference is radiographed using one or more fim
holders i.e. for panoramic exposures.

b) When a section or sections of the circumference, where the length
between the ends of the outer most section span 240° or more is
radiographed using one or more film holders. [f required additional films
may have to be placed to maintain the required I1QI spacing of 120°apart.

For cylindrical components where the source is placed on the axis of the
component for a single exposure at least 3 1Qls with one placed at each end
of the span of the circumference to be radiographed and one in approx.
centre of the span are required for the following conditions :

a) If the length of section of circumference is greater than 120° and less than
240° and is radiographed using either one or more film holders.

b) When a section or sections of the circumference, where the length
between the ends of the outermost sections span less than 240° is
radiographed using more than one film holder.

Where longitudinal welds adjoining circumferential welds are radiographed
simultaneously an additional 1QI shall be placed on each longitudinal weld at
the end of the section away from the junction of circumferential weld.

For spherical components where the source is placed at the centre of the
component for a single exposure, at least 3 1Qls, spaced approx, 120° apart
are required for the following conditions :

a. When complete circumference is radiographed using one or more film
holders i.e. for panoramic exposures.

b. When a section or section of the circumference, where the length between
the ends of the outer most section span 240° or more is radiographed
using one or more film holders. If required additional fiims may have to be
placed to maintain-the required 1QI spacing of 120° apart.

For spherical components where the source is placed at the centre of the
component, at least 3 Qls, with one placed at each end of the span of the
circumference to be radiographed and one in approx. centre of the span are
required.

a) If the length of section of circumference is greater than 120° and less than
240° and is radiographed using one or more film holders.

b) When a section or section of the circumference, where the length between
the ends of the outermost sections span 240° or more is radiographed using
one or more film holders. If required additional flms may have to be placed
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to maintain the required 1Ql spacing of 120° apart.

12.3.7. For spherical components in (12.4.5) and (12.4.6) above, if other welds are

radiographed simultaneously with circumferential welds one additional QI
shall be placed on each other weld.

12.3.8. For segments of a flat or curved (i.e., ellipsoidal, torispherical, toriconical,

elliptical, etc.) component where the source is placed perpendicular to the
center of a length of weld for a single exposure when using more than three
film holders, at least three 1Q!s, one placed at each end of the radiographed
span and one in the approximate center of the span, are required.

12.3.9. When an array of components in a circle is radiographed image of at least one

QI shall be visible in each film.

12.3.10. In order to maintain the continuity of records all radiographs exhibiting QI

that qualify the above techniques shall be retained.

12.3.11. If adequate number of required hole type IQl is not available, equivalent I1Ql

13.

as specified in Table T-283 (Page 13) may be utilized for additional
coverage. A thinner or thicker hole type 1Ql than the required IQl may be
used provided an equivalent are better [Ql sensitivity is achieved as per
Table T-283 (Page 13) and all other requirements are met.

Shim under hole type IQls :

For hole type of IQI a shim of material radiographically similar to the weld
metal shall be placed between the part and the IQl if needed, so that the
radiographic density through out the area of interest is no more than -15%
from (lighter than) the radiographic density through the designated Qi
adjacent to the essential hole. Shim dimensions shall exceed the IQ/
dimensions such that the out line of at least 03 sides of IQI image shall be
visible in the radiograph.

14. FILMS :

1

1

14.3.

14.4.

14.5.

41. Film Make and Type :
Agfa Industrial X-Ray Film — D4 /D5 / D7. or

Kodak make — MX 125 1 T200/AA 400 or
Laser Brand Film —NDT 4/ NDT 5/ NDT 7

4.2, Film Size:
75mm (3 Inch) width x 381mm (15 Inch) lengthor or

100mm (4 Inch) width x 381mm (15 Inch) or as required.
Films must be checked for expiry date before use.

Films should not have any physical damage such as scratch, nail, marks,
crimps, damage to gelatin layer, etc. which may result in non-relevant
indication/s.

Films must be stored as per manufacturer's recommendations. When opened
from cartoon, film should be loaded in between screens and cassettes under
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proper temperature and lighting conditions as recommended by film
manufacturer.

15. INTENSIFYING SCREENS :

Lead intensifying screens shall be used. Thickness of lead screens 0.1 mm for
both front and back screens. Screens must also be inspected for physical
damage and cleanliness before loading films. There should not be entrapment
of hair or any other foreign body particle in between film and screens which may
result in non-relevant indication or interpretation difficulties at a later stage.

16. CAMERA (PROJECTOR) / EQUIPMENT :
A. Gamma Ray remote controlled operated camera

Make Model
Amar, UK Amar Test 660 — Tech. OPS
BARC, Bombay Rolly —1
USA Spec. 2T

or Equivalent

B. X-Ray Equipment

Make Model
Gamax India, Thane XPLORER
Time Group Incorp. China TFC 125C

or Equivalent

17. DENSITY REQUIREMENTS :

17.1.The transmitted film density through out the radiographic image of the
body of the designated hole type IQl adjacent to the essential hole or
adjacent to the essential wire of a wire type IQ/ and the area of inferest
shall be 1.8 minimum for single film viewing for radiographs taken with X-
Ray and 2 minimum for radiographs taken with gamma ray source. For
composite viewing of multiple film exposures, each film of the composite
set shall have a minimum density of 1.3. The maximum density shall be 4
for either single or composite viewing. Density variations permitted in
the area of interest: -15%, +30% compared fo the density measured near
required IQl, within the overall limits of 1.8/2 to 4.

17.2.Density of a radiograph shall be measured using a caiibrated densitometer.
Densitometer shall be calibrated using a calibrated density strip having a valid
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calibration certificate. Calibration of densitometer and density strip shall be in
accordance with steps specified for calibration of densitometer. A tolerance of
0.05 is allowed for variations betn. densitometer readings. When
calculating the allowable variation in density , the calculation may be
rounded to the nearest 0.1 within the range specified i.e. 1.8/2 to 4.

17.3.When shims are used with hole type IQIs, the +30% density restrictions

18.

may be exceeded and the minimum density requirements of 1.8/ 1.3 do not
apply for the IQI, provided the required 1QI sensitivity is met.

RADIOGRAPHY SENSITIVITY :

18.1.Each radiograph shall have sensitivity sufficient enough to display the hole 1Ql

image and the required hole or the essential wire of wire 1Ql. The radiograph
shall also display the 1QI identifying numbers and letters. If the designated hole
type IQI image and essential hole or essential wire of a wire type IQl is not
shown on any film in a multiple film technique, but do show in composite
film viewing, interpretation shall be permitted only by composite film
viewing.

18.2.Sensitivity requirements are specified in Table No. T-276 on Page No. 11. Hole

type 1Ql designation and hole diameters are specified in Table No. T-233.1 Page
No.12, Wire 1Ql designation wire Dia. and wire identity are specified in Table No.
T-233.2 on Page No.13.

18.3.Equivalent Hole Type 1Ql Sensitivity : A thinner or thicker hole type IQI may

19.

be substituted, provided an equivalent or better sensitivity as listed in
Table T-283 is achieved and all other requirements of radiography are met.
If the designated IQ! and hole are not present in the table, the next thinner
IQ! row from the table may be used to establish the equivalent IQl
sensitivity.

IDENTIFICATION OF RADIOGRAPH :
Each radiograph shall be identified as a minimum with following details:
19.1 Name / Logo / Code of manufacturer.
19.2 Date of Radiography.
19.3 Job No. or Serial No. of Vessel.
19.4 Weld Joint Reference.
19.5 Location / Segment No.
19.6 RS1—If re-shoot of weld is done 1% time.
19.7 RS2—1If re-shoot of weld is done 2" time.
19.8 R1—If radiograph taken after 1* repair.
19.9 R2—If radiograph taken after 2™ repair
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Using lead numbers and letters or writing with sketch pen. Such identification
markings shall not block the area of interest.

20. LOCATION MARKER:

Location marker shall be placed in accordance with the requirements outlined in ASME Sec. V,
Article -2, and as shown in sketch on Page No. 14. In any case, such identification details shall
not obscure area of interest, and the location marker shall appear as permanent radiographic
image on the film.

21. QUALITY OF RADIOGRAPH :

Each radiograph shall be free from mechanical, chemical or any other
imperfection in the area of interest of the object being radiographed. Such
blemishes include but are not limited to fogging, scratches, finger marks, crimps,
dirt, static marks. Processing defects such as: Streaks, Chemical Stains, Water
marks, etc.

22. BACK SCATTER:

22.1.A lead symbol of letter "B” with minimum dimensions of 13mm (¥ Inch) height
and 1.5mm (1/16 Inch) thickness shall be attached to the back of each exposure
to determine if back scatter radiation is exposing the film.

22.2.1f a light image of letter “B” appears on a darker backgroun'd of the radiograph,
protection from back scatter is insufficient and the radiograph shall be considered
unacceptable. A dark image of letter “B” on a lighter background is acceptable.

23. FILM PROCESSING:
Chemicals required : Developer, Stop Bath, Fixer, Wetting agent/

Make
23.1.

A

Water spot preventing solution.
Agfa make or other brands approved by PAT.
Mixina Chemicals :

Manufacturers directions and formulas shall be followed for mixing
chemicals. Chemicals shall be maintained at temperature as
recommended by manufacturer. Containers used for mixing and storing
chemlcals must be thoroughly cleaned before and after use.

Processmg hangers, tanks shall be free from corrosion and chemlcal
deposits. Chemicals shall not be used that have been stored longer
than recommended. Solutions shall be stored in containers/tanks with
floating lids and dust covers.

Check thermometer and temp. controlling devices periodically to be sure
that the process temps. are correct. Store all solutions at normal room
temperature between 4 to 27 Deg. C (40 and 80 Deg. F).

Process temp. should be checked at least once per shift. Keep the
temp. of stop bath solution, fixer and water wash within +03 Deg. C (05
Deg. F) of developer temp. However for maintaining temp. of various



Procedure for Radiographic Examination (RT)

Procedure No.: PAT/AT/RT/01 (Rev. 5)
Dated: 19-12-2011
Page 9 of 16

chemicals manufacturers recommendations must be considered.

immersion time in each solution shall also include draining time and shall
be as per the film / chemical manufacturer's recommendations. Agitate
at specified intervals for the times recommended by the film or solution
manufacturer. Add replenishment solution as required. Films shall be
handled carefully during the processing cycle and allow adequate time
for the film to sufficiently drain before transferring it to the next solution.

When washing film wetting agents shall be added to prevent water spots
and streaking during drying.

24. Viewing of radiographs : Fundamental requirements of a good film viewer :

a)

b)
c)
d)
e)

f)

a)

h)

The illuminating source should not heat and damage film by fusion of
gelatin.

Heat filters must be placed between light source and diffusing glass.
Light intensity on a viewing screen must be evenly distributed.
Light source must be strong enough to penetrate high density films.

Regulation of light intensity must be provided to permit'adjustment for
density of each radiograph and to view required 1Ql wire or hole.

Film illuminator should have screen to restrict the illumination area to that
under examination so that light from areas adjacent to the film shall not
interfere with viewing.

Foot switch shouid be provided to a viewer so that bright light can be
switched off when exchanging film on a viewer.

Film interpretation work shall be carried out in a partially darkened area.
Before start of work about 05 minutes time shall be given to interpreter for
adjustment of his eye for dark adaptation.

25. ACCEPTANCE STANDARDS :

25.1

256.2

253

254

As per ASME Section VIII Div. 1, Rules for Construction of Pressure
Vessels - For examination of weld joints on pressure vessels :

25.1.1 UW-51 for full radiographic examination.
25.1.2 UW-52 for spot radiographic examination.

As per ASME Section VIII Div. 2, Alternative Ruies for Construction of
Pressure Vessels - Part 7, Para 7.5.3.2.

As per ASME Section [X — QW-191.1.2
for test coupons for welder’'s qualification.

As per ASME Section 1, PW-51 for
Construction of Power Boilers.
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26.

27.

28.

29,

30.

3.

255  As per ASME B 31.1, Para136.4.5 for Pressure Piping.

EVALUATION BY MANUFACTURER :

RT Level 1l shall review radiograph, interpret and evaluate test results as per the
applicable Code and shall prepare report. Radiography Technique Sheet,
Report as well as Radiograph shall be submitted to Al.

PROCEDURE DEMONSTRATION :

Demonstration of density and 1Ql image requirements on film of production
radiograph or technique radiograph shall be done to the satisfaction of Al.

REPORT :

A detailed report as per the enclosed RT Report Format (Radiograph Review
Form) shall be prepared after examination. Preprinted formats may be used,
provided the information as shown in the format is incorporated in the report.

MARKING AND REPAIRING :

Areas showing unacceptable indications on films shall be suitably marked on
the job so that they can be identified properly and can be repaired.

RETEST :
All repaired areas shall be re-tested employing the same technique and steps.

SAFETY REQUIREMENTS :

The radiographer shall be conversant with the safety practices as required by
BARC, Dept. of Atomic Energy, Govt. of india and shall always follow the same
very strictly. Persons working in radiation areas shall be provided with the
necessary personnel monitoring devices used for safety. Radiation survey
meters shall be used for area monitoring. Unauthorized and non-radiographic
personnel shall not be allowed to enter the areas.
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1QI SELECTION

Table T-276 (ASME Sec. V, Article 2)

Nominal Single -~ Wall

Materlal Thickness Range Hole - Type ' Essential Wire -Type Hole - Type Essentlal Wire - Type

mm (inch) Designation | Hole Essential Wire Designation Hole Essential Wire
Upto6.4 12 27T 5 10 o7 4
Over 6.4 through 9.5
(0 25 throuah 0.375) 13 27 6 12 2T 5
Over 9.5 through 12.7
(0.375 through 0.50) 17 27 7 15 2T 6
Qver 12.7 through 19.0
(0.50 through 0.75) 20 2T 8 17 2T 7
Over 18.0 through 25.4
(0.75 through 1.00) 25 27 9 20 2T 8
1 30 2T 10 25 27T 9
Qver 38.1 through 50.8
(1.5 through 2.00) 35 27T 11 30 2T 10
Over 50.8 through 63.5
(2.00 through 2.50) 40 27 12 35 2T 11
Over 63.5 through 101.6
(2,50 through 4.00) 50 27 13 40 27T 12
Qver1 6 152.4 60 2T 14 50 2T 1
203.2 80 2T 16 60 27 14
203.2 1 254 100 o7 7 50 - "
Over 254 through 304.8
{10.00 through 12.00) 120 27 18 100 27 17
Over 304.8 through 406.4
(12.004hrough 16.00) 160 27 20 120 27T 18
Over 06.4 through 508.0 200 2T 21 160 ot 20

10 through 20 00}
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HOLE TYPE QI DESIGNATION, THICKNESS AND HOLE DIAMETERS

1Ql
Designation

5
7
10
12
15
17
20
25
30
35
40
45
50
60
70
80
100
120
140
160
200
240
280

Table T-233.1 (ASME Sec. V, Article 2)

1Ql
Thickness
mm (Inch)
0.13 (0.005)
0.19 (0.0075)
0.25
0.32 (0.0125)
0.38 (0.015)
0.44 (0.0175)
0.51 (0.020)
0.64 (0.025)
0.76 (0.030)
0.89(0.035)
1.02 (0.040)
1.14 (0.045)
1.27 (0.050)
1.52 (0.060)
1.78 {0.070)
2.03 (0.080)
2.54 (0.100)
3.05 (0.120)
3.56 (0.140)
4,06 (0.160)
5.08 (0.200)
6.10 (0.240)
7.11 (0.280)

1T Hole
Diameter
mm {inch)
0.25 (0.010)
0.25 (0.010)
025 O
0.32(0.0125)
0.38 (0.015)
0.44 (0.0175)
0.51(0.020)
0.64(0.025)
0.786 (0.030)
0.89(0.035)
1.02(0.040)
1.14 (0.045)
1.27 (0.050)
1.52 (0.060)
1.78(0.070)
2.03 (0.080)
2.54 (0.100)
3.05(0.120)
3.56(0.140)
4.06 (0.160)
5.08 (0.200)
6.10(0.240)
7.11 (0.280)

2T Hole

Diameter
mm {Inch)
0.51 (0.020)
0.51 (0.020)
0.51 (0.020)
0.64 (0.025)
0.76 (0.030)
0.89 (0.035)
1.02 (0.040)
1.27 (0.050)
1.52 (0.060)
1.78 (0.070)
2.03 (0.080)
2.29 (0.090)
2.54 (0.100)
3.05 (0.120)
3.56 {0.140)
4.06 (0.160)
5.08 (0.200)
6.10 (0.240)
7.11 (0.280)
8.13 (0.320)
10.16 (0.400)

12.19.480)
14.22 (0.560Q)

4T Hole
Diameter
Mm (Inch)
1
1.02 (0.040)
1.02 (0.040)
1.27
1.52
1.78 (0.070)
2.03
2.54 (0.100)
3. 120)
3.56 (0.140)
4.06 (0.160)
4,57 (0.180)
5.08 (0.200)
6.10 (0.240)
7.1
8.
10.16 (0.400)
12.19 (0.480)
14.22 (0.560)
16.26 (0.640)
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WIRE 1QI DESIGNATION, WIRE DIAMETER, AND WIRE IDENTITY
Table T-233.2 (ASME Sec. V, Article 2)

SETA SETB
Wire Wire Wire Wire Wire Wire
Dia. Dia. Identity Dia. Dia. Identity
(Inch) mm (Inch) mm
(0.0032) 0.08 1 (0.010) 0.25 6
(0.004) 0.10 2 (0.013) 0.33 7
(0.005) 0.13 3 (0.016) 0.41 8
(0.0063) 0.16 4 (0.020) 0.51 9
(0.008) 0.20 5 (0.025) 0.64 10
(0.010) 0.25 6 {0.032) 0.81 11
SETD
Wire Wire Wire Wire Wire Wire
Dia. Dia. Identity Dia. Dia. Identity
(Inch) mm (Inch) mm
(0.032) 0.81 11 (0.100) 2.54 16
(0.040) 1.02 12 (0.126) 3.20 17
(0.050) 1.27 13 (0.160) 4.06 18
(0.063) 1.60 14 (0.200) 5.08 19
(0.080) 2.03 15 (0.250) 6.35 20
(0.100) 2.54 16 (0.320) 8.13 21
T-283 Sec. V Article
Hole-Type uivalent Des
Designation 2 T Hole 1T Hole 4 T Hole
10 15 5
12 17 7
15 20 10
17 25 12
20 30 15
25 35 17
30 40 20
35 50 25
40 60 30
50 70 35
60 80 40
80 120 60
100 140 70
120 160 80
160 240 120

200 280 140



Procedure for Radiographic Examination (RT)

Procedure No.: PAT/AT/RT/01 (Rev. 5)
Dated: 19-12-2011
Page 14 of 16

SKETCHES FOR PLACEMENT OF LOCATION MARKER

sids

Film side
usnacoaplable

xidds Film side
Film side
:mmptahie acospietis
Flat ont or i seam Curved components with midstion vource to Curved cosrponents with convex surfsce
{6ee T-276 HaH 1D TBow distance lese than redhe of componat iowvards radiation swrce
{See shetch ie lov sltanais] ISee TZ75.9aH2H] ISae T-275.1w)(3}]
b te)
s
locetion macke
Is accepisbie
M b x
Sourea Film 830
unacceptabla ® Source side marker ahternate
acceplable comparent or iongitudinal seam
Corved componsots with redistion souree tn =W/ ! 2 Curved companents with redistion source
G distence preater than radium of curvature x = wdditions] required covernga at oenfter ausvatura
beyond fiim side loewtion marker (See 7276 %ixi)

See T-Z7a HDHD]
{d

1EGEND: Radiation source — #
Location marker — ¢
Componant ceater —

N; = film side locaion marker imtarvsd
0 = wrarce {o componaat
[See T-275. 10NH2I]
1o}
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VERIFICATION / CALIBRATION OF DENSITOMETER

Steps to be followed:

1. Procure a step wedge calibration film traceable to National Standard and
having at least five steps with neutral densities from at least 1 through 4.0. The
step wedge calibration film shall have been verified within last year by
comparison with a national standard step tablet unless, prior to first use, it was
maintained in the original light tight and waterproof sealed package as supplied
by the manufacturer.  Step wedge calibration films may be used without
verification for one year upon opening, provided it is within the manufacturer's
stated shelf life.

2. Measure density of each step closest to 1, 2, 3 and 4 on a step wedge
calibration film and record in column ‘C’ as shown in the following table. At
least four readings are required.

| A ' B Cc D [ E
Step of Reading of Measured Difference in Sign. and-
Density Strip density of density of readings Date of RT
/ Step Wedge each step as each step between " Level ll
Calibration per Column B &
Film manufacturer c
D=B-C | ]

|

and C shall not vary by more than + 0.05.

3. Values of differences in readings of density in useful range between column B

4. If the difference in density values between column B and C exceed + 0.05in
the useful range then densitometer unit must be sent for re-calibration.

5.  This calibration check shall be performed :

5.1  Daily for four step readings.
5.2  Within a period of 90 days.
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Periodic calibration verification check for densitometer shall be performed as
explained in 1 to 4 above :

At the beginning at each shift.
After 8 Hrs. of continuous use.

After the change of apertures in densitometer, which ever occurs first the
densitometer is acceptable if the density readings are within +0.05 of the
calibration readings.

Densitometer calibration readings for four steps are to be recorded at least
within 90 days as stated in Step 5.2 in the log book / register in the format
shown in Step — (2) above.

Daily verification readings of each step of density shown by densitometer (Step-
5.1) need not be recorded if the calibration readings are within acceptable limits
but calibration must be documented by RT Level II with the time and date at
which calibration was checked.

If the reading during any periodic verification are outside the acceptable limits,

all radiographs reviewed after the last valid calibration check shall be re-
examined and a fresh report shall be prepared.

For Patels Airtemp. India Ltd. :

Procedure Reviewed by, ProcedurePrepared and Approved by,
g5 T hewed-
D. P. Patel - Ashok J. Trivedi
Manager (QC) DE Level lli

rgfi’z/mé‘/4/ 19- 12~ 201



Radiography Technique Sheet
RT Technique Sheet No.

RT Procedure No.

Drawing No.

Code of Construction

Manufacturer’s Sr. No.

Base Material Type
Reinforcement Thickness
Type of Joint

Welding Process
Radiation Source Type
Source / Focal Spot Size

Film Make & Designation

(Brand)
IQI Hole Type

1QI Wire Type
Exposure Technique
Film Viewing-

No. of iﬂxposures

Location Markers

Letter ‘B’

Weld Joint No.

NDE - RT

Page: 1
Date
Date
Extent of RT
Date of RT
Identification
Weld Joint No. Welder No.
Thickness T=
R= Weld Thickness t=T+R-=
SOD (D)
OFD (d)
Isotope — Ir 192 Source Strength Ci
X-Ray Voltage Kvp Current mA

Lead Sereen
ASTM __ Required Hole
ASTM __ Required Wire
Single Wall / Double Wal}

Single Film / Composite Film
No. of Film/s in Each Cassette

As per Sketch on Page 2

Kept on back side of each film cassette

Segment No.

Yiewing :
Single Wall / Double Wall

Film Size
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Radiography Technique Sheet Page -2
Technique Sheet No. : Date :

Reference ASME Sec V Article 2 Fig, T-275.1 (b)(2)

Flat components or Longitudinal Seam

X =(t/D)XMf/2)

X = Additional Required Coverage
beyond film side location marker

t = Component Thickness

Mf = Film side location marker interval

D = Source to component distance

X

Placement of Film Side Location Marker for Longitudinal seam

T = Thickness of Base Material
R =Reinforcement
t = Component Thickness /
Thickness of Weld
D = Source to Top of Weld Distance
d = Distance from source side of Object to
D Film / Distance from Top of Weld to
Film (d=t=T+R).

Exposure Set - up

LEGEND Radiation Source - -;(?:— IQI Wire type- =saas
Location Marker - o Lead Letter ‘B* -®  For Back Scatter Check.
Film - ——
PREPARED BY RT CARRIED OUT BY APPROVED BY
RT Level I/ Level 11 RT Level 1/ Level 11 RT Level I1

Name, Sign. & Date Name, Sign. & Date Name, Sign. & Date
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X = Overlapping = 12 To 25 mm

Placement of Film Side Location Marker for Circumferential Seam

Y D = Source to Object distance

= Inside Radius
D= d =t = Object to Fiim Distance(thickness)
v Exposure Technique : Single Wall
- Wall Viewing Single : Single Wall

Exposure Set-up

LEGEND : Radiation Source - Xt IQI Wire type - s=ass
Location Marker - o ‘B’ - W for Back Scatter Check.
Film - ——
PREPARED BY RT CARRIED OUT BY APPROVED BY
RT Level I/ Level 11 RT Level I/ Level I1 RT Level 11
Name, Sign. & Date Name, Sign. & Date

Name, Sign. & Date
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X = Overlapping =12 To 25 mm

Placement of Film Side Location Marker for Circumferential Seam

Y
d=
i\ D = Source to Object distance
= Inside Radius
D= d =t = Object to Film Distance(thickness)
. Exposure Technique : Single Wall
Wall Viewing Single : Single Wall
. Exposure Set-up
LEGEND Radiation Source - Xt IQI Wire type-  sassa
Location Marker - o ‘B’ - ® for Back Scatter Check.
Film - ——
PREPARED BY RT CARRIED OUT BY APPROVED BY
RT Level I/ Level IT RT Level I/ Level I1 RT Level I1

‘Name, Sign. & Date Name, Sign. & Date Name, Sign. & Date
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Spot Radiography for selected spot
X = Overlapping = 12 To 25 mm

Placement of Film Side Location Marker for Circumferential Seam

.
D = Source to Object distance
= Inside Radius
d =t = Object to Film Distance(thickness)
Exposure Technique : Single Wall
Wall Viewing Single : Single Wall
Exposure Set-up (Spot Radiography for selected spot)
~  LEGEND: Radiation Source - Y{ IQI Wire type -  szass
Location Marker - o ‘B’ - B for Back Scatter Check.
Film - ——
PREPARED BY RT CARRIED OUT BY APPROVED BY
RT Level 1/ Level 11 RT Level I/ Level I1 RT Level I1

Name, Sign. & Date Name, Sign. & Date Name, Sign. & Date
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Minimum three exposure are required for complete
Coverage of Circumferential weld.
X = Overlapping = 12 To 25 mm

<
(S
I

D = D = Source to Object distance
= Inside Radius
D= d =t = Object to Film Distance(thickness)
Exposure Technique : Single Wall
Wall Viewing Single : Single Wall

1

Exposure Set-up

LEGEND : Radiation Source - —}f'):— IQX Wire type -  s=sas
Location Marker - e ‘B’ - = for Back Scatter Check.
Film - —
PREPARED BY RT CARRIED OUT BY APPROVED BY
RT Level 1/ Level 11 RT Level 1/ Level I RT Level I1

Name, Sign. & Date Name, Sign. & Date Name, Sign. & Date
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\ For each location maker the source and film
Position shall be kept as shown in fig,

D =
D = Source to Object distance
= Inside Radius .
d =t = Object to Film Distance(thickness)
Exposure Technique : Single Wall
Wall Viewing Single : Single Wall
Exposure Set-up
LEGEND : Radiation Source - —):::& IQI Wire type -
Location Marker - e ‘B’ - for Back Scatter Check.
Film - —
PREPARED BY RT CARRIED OUT BY APPROVED BY
RT Level I/ Level 11 RT Level I/ Level 11 RT Level I1

Name, Sign. & Date Name, Sign. & Date Name, Sign. & Date
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Date : Page
ACCEPTABLE
FILM SIDE SOURCE
UNACCEPTABLE
UNACCEPTABLE ACCEPTABLE
+
UNACCEPTABLE ACCEPTABLE
CURVED COMPONENTS WITH CONVEX CURVED COMPONENTS WITH RADIATION SOURCE TO
SURFACE TOWARDS RADIATION SOURCE FILM DISTANCE GREATER THAN RADIUS OF CURVATURE.
©) (D)
D IS ACCEPTABLE
I_
MF
SOURCE SIDE MARKER ALTERNATE
FLAT COMPONENT OR LONGITUDINAL SEAM
X = (T/D) (MF/2) CURVED COMPONENTS WITH RADIATION
X=ADDITIONAL REQUIRED COVERAGE SOURCE AT CENTRE CURVATURE
BEYOND FILM SIDE LOCATION MARKER (B
T = COMPONENT THICKNESS
MF = FILM SIDE LOCATION MARKER INTERVAL
D = SOURCE TO COMPONENT DISTANCE
()
LEGEND

Radiation Source - -ﬁ(—
Location Marker - ®

Component Centre -
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. . Ref. ve Sheet No. & Date
Radiograph Review Form / RT Report ¢
Report No.: Date : Shop Code : OE / TMPE / PPE
0O.A. No. : RT Procedure No.: PAT/AT/RT/01 (Rev. ) Dt.
Sr. No. P.O.No.: Extent of RT : Full / Spot
Client : Inspection Agency : Stage : Before / After - Hydro Test
Acceptance Standard : ASME Section VIII, Div, 1 Heat Treatment Condition :
Weld 1QI Evaluation Evaluation Evaluation
Joint Segment Density Obtained  Sensitivity Shot 1 Shot II Shot III
No. Achieved Obser.  Result  Obser  Result Obser  Result
IQI Min Max Wire Identity
Evaluation Guide
Linear Indications Rounded Indications Acc — Acceptable

L1-Lack of Penetration P1 - Isolated Porosity / Inclusion NSD — No Significant Defect

L2 - Lack of Fusion P2 — Cluster of Porosities R —Repair

L3 — Crack P3 — Aligned Porosity U/C — Under cut, RS - Re-shot

L4 —Slag Line P4 — Random Porosity / Inclusion DRS - Dress & Reshoot

RT Level-1I Remarks Al/ TPI/ Customer Remark
Shot No.
R/RS/DRS Name, Sign & Date R/RS/DRS Name, Sign & Date.
Shot I
Shot 11

Shot 111
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Canadian Natural

Jacobs Engineering Canada

Jacobs Contract No. CE4160
Client: CNRL - Kirby North phase 1 Kirby North Plant

Supplier’'s Document Review Sheet

Equipment Numbers

101-E-110;101-E-111;101-E-
112;101-E-113;101-E-114;101-E-
115;101-E-120;101-E-121;101-E-
210;101-E-225;101-E-226;101-E-
240;101-E-241;101-E-450;101-E-
451;102-E-610;102-E-613;102-E-
655;103-E-080;103-E-190;103-E-
290;103-E-390;103-E-490;103-E-
590;103-E-705;103-E-707;104-E-
135;104-E-136;107-E-305

Review Status Codes

1 - Work May Proceed

Y
2 - Revise and Resubmit: Work may
D proteed subject to incorporation of
changes indicated

3 - Revise and Resubmit: DO NOT
Proceed with Manufacture

4 - STOP WORK per attached written
instructions

5 - Review Not Required: Work may
proceed

SUPPLIER PLEASE NOTE: Permission to proceed does not
constitute acceptance or approval of design details, calculations,
analyses, test methods or materials developed or selected by the
supplier and does not relieve supplier from full compliance with
contractual obligation

BY : SYED SHAH
DATE  .Twty 17.20(2

Comments

JPI REV 1 - COORDIANTION

Project/ Req Title CNRL Kirby North Phase 1

Supplier Exchanger Industries

EXCHANGER - NDE HARDNESS TEST
PROCEDURES

Doc. Description

Vendor Document EI NDE HARDNESS TESTING PROCEDURE

No.
ﬁge“t Document  y/558996-M609-00001

Purchase Order No. Doc Cat. Issue
CE416040-CC088996-00 M609 1
Categories
Date Received 07/08/2013
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September 16, 2011

Exchanger Industries Limited
5505-52" Street SE

Calgary, Alberta T2C-2W8

Attention: Peter Martens, QA Manager

DEMONSTRATION OF VISIBLE LIGHT INTENSITY

This is a demonstration of visible light intensity as per ASME Section V, Article 6, T676.3 and Article 7,
T777.1 check for light sources with a minimum light intensity requirement of 100fc (1000 Lux) at examination
sites when performing examinations in accordance with Exchanger Industries Limited NDE procedures:

1. MT-1, MT-1 Magnetic Particle Examination — Dry Powder,

2. MT-1, MT-1 Magnetic Particle Examination — Dry Powder with conirast background,
3. MT-1, MT-2 Magnetic Particle Examination — Wet Visible,
4. PT-1, PT-1A Liquid Penctrant Examination — Wet Visible - Water Washable, and
5. PT-1, PT-2A Liquid Penetrant Examination — Wet Visible - Solvent Removable.
Light Source Distance (inches) Measured Intensity (foot candles)
Halogen Work lamp — 100 Watt 24” 113 foot candles
Flashlight — 2 AA batteries 8” 102 foot candles
Flashlight — 2 D batteries — LED bulb 24” 123 foot candles

Minimum requirements are: 100 Foot Candles at surface to be examined.

The above light sources have been demonstrated to meet minimum ASME requirements.

Exchanger Industries Limited

oo Shpuc e

James Stuckless Date: September 16, 2011
Non-Destructive Examination Technician

Dc—:mon%af@ﬂs Witpesse

e (

Blair Ionel Date: September 16, 2011
(ABSA Representative)
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Exchanger Industries Limited
5505-52™ Street SE
Calgary, Alberta T2C-2W8

Attention: Peter Martens, QA Manager

DEMONSTRATION OF NON-DESTRUCTIVE EXAMINATION PROCEDURES

The following procedures were demonstrated in accordance with ASME Section V, 2010 Edition:
1. Arlicle 1 General Requirements, Section T-150,
2. Article 6 Liquid Penetrant Examination, Section T-621,
3. Article 7 Magnetic Particle Examination, Section T-721.

EXCHANGER INDUSTRIES LIMITED demonstrated the following Non-Destructive Examination
Procedures on September 16, 2011.

Procedure # | Rev. | Description Method Specimen | Report# [ Comments
MT-1, MT-1 1.0.0 | Dry powder — Bright Red Mag. Part. A/C UT-2245 MT-11-0012 | Circle Systems #63
MT-1, MT-2 1.0.0 | Wet visible — (black particles) Mag. Part. A/C UT-2245 MT-11-0013 | Magnaflux Family
MT-1, MT-3 1.0.0 | Wet Fluorescent Mag. Part. A/C UT-2245 MT-11-0014 | Magnaflux Family
MT-1, MT-1 1.0.0 | Dry powder — Bright Red w/ Mag. Part. A/C uUT-2245 MT-11-0015 | Circle Systems #63
Contrast background

| PT-1, PT-1A 1.0.0 IVisible Water Washable Liquid Penetrant | UT-2242 PT-11-0001 | Magnaflux Family
PT-1, PT-2A 1.0.0 | Visible Solvent Removable Liquid Penetrant | UT-2242 PT-11-0003 | Magnaflux Family
PT-1, PT-2B 1.0.0 | Fluorescent Solvent Removable | Liquid Penetrant | UT-2242 PT-11-0004 | Magnaflux Family

Exchanger Industries Limited

S hpedl e

James Stuckless
Non-Destructive Examination Technician
CGSBUT 2, MT2,PT2

CGSB # 12036

Date: September 16, 2011




Responsible NDE Level 111
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Scot Beavan
ASNT level 3
ASNT # 186344

Demonstrations Witnessed by:
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"

Blair Ionel
(ABSA Representative)

Date: September 16, 2011

Date: September 16, 2011
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September 21, 2011

Exchanger Industries Limited
5505-52" Street SE
Calgary, Alberta T2C-2W8

Attention: Peter Martens, QA Manager

DEMONSTRATION OF NON-DESTRUCTIVE EXAMINATION PROCEDURES
The following procedures were demonstrated in accordance with ASME Section V, 2010 Edition:

1. Article 1 General Requirements, Section T-150,
2. Article 4 Ultrasonic Examination of Welds, Section T-421,
3. Article 5 Ultrasonic Examination of Materials, Section T-522, and

EXCHANGER INDUSTRIES LIMITED demonstrated the following Non-Destructive Examination
Procedures on September 21, 2011.

Procedure | Rev. | Description Method Specimen | Report #(s) Comments
UT-1 1.0.0 | Shearwave flaw detection, Ultrasonic UT-2241 UTSW-11-0001, | Sonotech UTX
Longitudinal flaw detection, and UT-11-0001, and
Thickness measurement. UT-11-0002.

Exchanger Indzuztrjlited

James Stuckless Date: September 21, 2011

Non-DestructiveEixamination Technician
CGSBUT 2,MT2,PT2 CGSB # 12036

Responsible NDE Level 11

MMP

Scot Beavan Date: September 21, 2011
ASNT level 3 ASNT # 186344

Demonstratighs Withessed
cd L

| C

Blair Ionel Date: September 21, 2011
(ABSA Representative)
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1.0 SCOPE

1.1

1.2

1.3

It is the intention of this Manual to describe in detail the procedures and
techniques employed by Exchanger Industries Limited by which NDT personnel
are trained, examined and certified in methods of non-destructive examination.
In this program, we have adhered to the guidelines recommended by the
American Society for Non-destructive Testing SNT-TC-1A-2006. This written
practice has been prepared to demonstrate Exchanger Industries Limited can
meet the requirements, (to the latest acceptable edition and addenda) of
Sections |, V, and VI, Divisions 1 & 2 of the ASME Boiler and Pressure Vessel
code and ASME B31.1 & B31.3 Piping codes, for the qualification of non-
destructive examination personnel and written procedures.

This manual has been prepared in accordance with the recommendations of
SNT-TC-1A-2006 of the American Society of Non-destructive Testing. This
manual also meets the requirements of the ASME Boiler and Pressure Vessel
Code, Section V, Article 1 in respect of Paragraph T-150: “Procedures” for non-
destructive examinations and Paragraph T-170: “Examinations and
Inspections”.

Where inspections are made on vessels controlled by the ASME Boiler and
Pressure Vessel code, it is to be understood that the term inspection used in
this manual is synonymous with the term examination as defined in Section V,
Paragraph T170 (b) of the ASME Pressure Vessel code. The use of the term
inspection in this manual does not describe duties of the Authorized Code
Inspector, but rather describes practices that would be performed by the
manufacturer's examination personnel.

2.0 DEFINITIONS

2.1

2.2
2.3
24
2.5
2.6
2.7

2.8
2.9

ASNT - American Society for Non-destructive Testing Recommended
Practice SNT-TC-1A-2006 edition

ASME Code Section | — Power Boilers

ASME Code Section V — Non-destructive Examination

ASME Code Section Vil — Pressure Vessels

ASME Code B31.1 — Power Piping

ASME Code B31.3 - Pressure Piping

Qualification - demonstrated skill, training, experience, and knowledge required
for personnel to properly perform the duties of specific job.

CGSB - Canadian General Standards Board

Certification - written testimony of qualification meeting a standard.

Controlled document Rev. 1.0.0 September 23, 2011 6
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2.10 Certifying Agency — Nationally recognized regulatory body responsible for
issuing individual certifications.

2.11 Closed book examination — Administered without reference material except that
which is supplied with, or in, the examination.

2.12 Training - A program developed to impart the knowledge and skills necessary
for qualification.

2.13 Other definitions may be obtained from SNT-TC-1A-2006.

3.0 NON-DESTRUCTIVE EXAMINATION METHODS

3.1 ULTRASONIC EXAMINATION - Procedure UT-1

3.1.1

3.1.3

Controlled document

Scope

The following procedure is designed for those persons performing NDE
by ultrasonic examination. It should be understood that an NDE program
is limited in its effectiveness by nature of the persons performing NDE,
the equipment utilized and the capabilities of the procedure used. This
procedure is to be used when no other specific code or standard has
been referenced and where no specific examination criteria have been
established.

This procedure is to be used for ultrasonic examination, using a hand
scan method, for the determination of cracking, voids and non-metallic
discontinuities, and other linear and non-linear discontinuities in welds
and other materials. This procedure will also be used to determine the
thickness of a given material.

This procedure is not designed for use with automated, computerized
and/or digital imaging or acquisition systems.

Safety Requirements

All Exchanger Industries Limited personnel will adhere to company safe
work policies at all times while performing NDE. Additionally all
employees will adhere to all client safe work policies while performing
NDE at client work sites.

Qualifications for Persons Performing NDE

Ultrasonic examinations may be performed by persons certified to a

minimum of level 1 or Level 2 ASNT and/or Level 1 or Level 2
CAN/CGSB-48.9712. Where a level 1 certified person performs an

Rev. 1.0.0 September 23, 2011 7
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Hardness Testing Procedure HT-01

1.0 Scope

When specified by the client, the hardness testing technique described in this
document shall be used. This document is in conformance with ASTM, ASME,
NACE, standard guides for hardness testing.

This document establishes requirements for hardness testing. This document
shall be used to compare the hardness values of materials.

2.0 STANDARDS AND SPECIFICATIONS

2.1 This procedure is in conjunction with the following codes:
a) ASTM
b) ASME
c) NACE

3.0 QUALIFICATIONS OF PERSONNEL

3.1 All hardness testing personal shall be properly trained to and qualified to
operate hardness testing equipment.

3.2 Training may be completed in house and followed by an exam. A passing
mark of 80% shall be obtained.

4.0 SAFETY

4.1 All personnel must follow all safety policies outlined in company Health and
Environmental Manual.

4.2 All personnel utilizing this procedure must have WHMIS training.

4.3 Disposal or cleanup of waste examination materials shall conform to Federal,
Provincial, and Municipal Environmental Regulations and Company policy.

4.4 Follow all manufacturer instructions and precautionary statements.

5.0 DEFINITIONS & TERMINOLOGY
1. Creep; A time-dependent deformation of a material while under an applied
load that is below its yield strength.
2. Ductility; a measure of how much something deforms plastically before
fracture.

Page 1 of 9



$GEH

EXCHAN
INDUSTRIES
LUMITED

5505 52nd Strget SE, Calgary. Alberta T2C 2W8
Telephone {403) 236-0156 Fax (307) 279-8242 Websile; www.gxchangerindusties.com

3. Etching; subjecting the surface of a metal to preferential chemical or
electrolytic attack in order to reveal structural details.

4. Fracture toughness; an indication of the amount of stress required to
propagate a preexisting flaw

5. Hardness testing; testing the property of a material that enables it to resist
plastic deformation, usually by penetration.

6. Notch effect; the distribution of multiaxial stress state is produced due to
the presence of a notch.

7. Notch toughness; the ability that a material possesses to absorb energy in
the presence of a flaw.

8. Toughness; The ability of a metal to deform plastically and to absorb
energy in the process before fracture.

6.0. Equipment

Calibrated hardness testing unit.

Calibration blocks.

Grinder with proper grinding and sanding discs.
Face shield.

Safety glasses.

Hearing protection.

Dust mask/respirator.

Etchants (If required by client)

7.0 Set Up.

Connect the probe to the probe cable. The red marking points on the probe
socket and cable connector must be on top of each other.

Note: Never twist the connector.

Connect the probe cable to the MIC 10 socket.

Place the probe grip onto the probe.

Plug the cable into the top of the mic 10.

Leave the cable connected to the probe during storage. Connecting and
disconnecting probe loosens connections and increases chances of dislodging
pins.

7.1 Set Up.

Connect the probe cable to the Proceq Equotip Base Unit. The red marking
points on the probe socket and cable connector must be on top of each other.
Note: Never twist the connector.

Connect the probe cable 3-Pole to the Coil with Holder.

Place the Impact Body into the Coil with Holder.

Leave the cable 3-Pole connected to the Coil with Holder during storage.
Connecting and disconnecting the cable 3-Pole loosens connections and
increases chances of dislodging pins.

Page 2 of 9
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8.0 Surface Preparation

The examination surface for hardness testing shall be ground to allow access to
the heat affected zones.

Grinding shall be accomplished using a grinder and sanding disc to achieve a
surface that is smooth and even to allow proper contact of the probe to work.
All scale must be removed.

Weld caps may need to be ground flush to allow accurate readings of the heat
affected zones in the parent material.

Grind shall be done as to not change the hardness values by overheating the
examination surface.

Examination surface shall be clean and free from oils, grease, dust and rust.
Etchant may be used as specified by customer.

9.0 Calibrations
9.1 Equipment shall be calibrated to ASTM one per year.

9.2 Pre inspection calibrations shall be carried out on the same material of known
hardness to be tested.

Note: It is critical to calibrate to the same material under test.

9.3 Calibration shall be conducted prior to a series of tests, periodically during
testing and at the conclusion of testing. If at any point the calibration has
changed, retesting of all points shall be done up to the last point of calibration.

9.4 Position the probe perpendicular to the calibration test block surface.

Using steady even pressure, press the probe into the material for about 1
second. (Until the acoustical alarm sounds). The measurement will be displayed.
Repeat for 5 measurements on the calibration block. Adjust calibration to match
the known hardness of the calibration block.

9.5 Position the probe perpendicular to the calibration test block surface. Press
the probe carefully and evenly against the examination surface, then press the
Release Button. Repeat for 5 measurements on the calibration block. Adjust
calibration to match the known hardness on the calibration block.

10.0 Testing

Position the probe perpendicular to the testing surface.

Using steady even pressure, press the probe into the material for about 1 second
(Until the acoustical alarm sounds).

The measurement will be displayed.

At a minimum, an average of 3 readings per location shall be recorded.

Page 3 of 9
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When testing a weld, five points shall be taken traversing across the weld should
be conducted, consisting of base material, Heat affected zone, weld, Heat
affected zone and base material, unless otherwise stated by client.

Record the average for each location.

Note: the distance between two neighboring indents in relation to the mean
length of the indent diagonal, must be at least 3 times the amount of the largest
indent. (In steel)

10.1 Testing

Position the probe perpendicular to the testing surface.

Press the probe carefully and evenly against the examination surface, the probe
is now charged.

At a minimum, an average of 3 readings per location shall be recorded.

When testing a weld, five points shall be taken traversing across the weld should
be conducted, consisting of base material, Heat affected zone, weld, Heat
affected zone and base material, unless otherwise stated by client.

Record the average for each location.

Note: the distance between two neighboring indents in relation to the mean
length of the indent diagonal, must be at least 3 times the amount of the largest
indent. (In steel)

11.0 Probe Handling

Ensure the conical probe attachment is screwed on for short time measurements.
Press the probe carefully and evenly against examination surfaces.

Avoid banging and shifting of probe against examination surface or dropping
probe.

Always use both hands to guide probe and avoid damaging diamond tip.

Using two both hands will give the best possible control of the probe.

Press the probe vertically with one hand from the top.

Guide the probe with the other hand to the required measurement position.

11.1 Probe Handling

Avoid banging and shifting of probe against examination surface or dropping
probe.

Press the probe carefully and evenly against the examination surface, the probe
is now charged.

Press Release Button .

12.0 Conversion of Hardness Values

Hardness values cannot be generally converted due to the penetration behaviors
of different materials.

Page 4 of 9
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Note: conversion of values either into other hardness units or tensile strength
may be inaccurate or inadmissible, depending on material, material preparation
and surface preparation.

13.0 Reporting

The results of all hardness testing results shall be recorded. These records shall
provide for traceability to the specific part or lot inspected. As a minimum, those
records shall include:

a) Client / Job or contract number.
b) Date and time examinations were carried out.
c) Current Procedure / technique number (revision#).

d) Material.
e) Equipment type make and serial numbers, probe load and calibration date
f) Identification of parts, components, assemblies and welds examined.

Q) Record required hardness values.

h) Areas of restricted access or inaccessible welds.

i) Examination personnel identity and certification level.
) Applicable code and/or specifications.

Page 5 of 9
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13. Written Instruction

Microdur 10 Technique

Technique Description
Material

Temperature Range
(operating)
Thickness Range
Weld Types
Examination Surface(s)

Special Equipment

Equipment Required:
Instrument

Probes
Reference Blocks

Surface preparation

Page 6 of 9

Procedure HT-01 rev. 0 Technique 1

Mic. 10
Ferrous, nonferrous, welds, forgings, casting,
plate, bar. But not limited to.
Between (-15°C to 5§5°C)

1 millimeter to unlimited
Any
Determined by client (where accessible)
Special equipment may be used, documentation
may be required.
Microdur 10 or equivalent

UCI Probe (Ultrasonic Contact Impedance) 10
Representative of material under examination.

Grinding shall be accomplished using a grinder
and sanding disc to achieve a surface that is
smooth and even to allow proper contact of the
probe to work.

All scale must be removed.

Weld caps may need to be ground flush to allow
accurate readings of the heat affected zones in
the parent material.

Grind shall be done as to not change the
hardness values by overheating the
examination surface.

Examination surface shall be clean and free
from oils, grease, dust and rust.

Etchant may be used as specified by customer.
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Calibration

Using a calibration block representative of the
material being tested.

And using proper probe handling techniques.
Position the probe vertically to the calibration
block.
Using steady even pressure, press the probe
into the calibration test piece for about 1
second. (Until acoustical alarm sounds).
The measurement will be displayed.
Take an average of 5 reading.
Calibrate by adjusting the calibration readings.
Verify the reading to the test piece.
Repeat until the calibration readings match the
calibration block.

Examination

Position the probe vertically to the testing
surface.

And using proper probe handling techniques
Using steady even pressure, press the probe
into the material for about 1 second. (Until
acoustical alarm sounds).

The measurement will be displayed.

At a minimum, an average of 3 readings per
spot shall be recorded.

Repeat at each location traversing the weld. (Or
areas as in the case of plate, forgings, castings
Etc.)

Recording

Data to be recorded on Report Form(s)
Complete with all test equipment used, results
of examination, relevant information, and all
data as required by procedure HT-O1paragraph
13.

Page 7 of 9
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14. Written Instruction

Proceq Equotip

Technique Description
Material

Temperature Range
(operating)
Thickness Range
Weld Types
Examination Surface(s)

Special Equipment

Equipment Required:
Instrument

Probes
Reference Blocks

Surface preparation

Page 8 of 9

Procedure HT-01 rev. 0 Technique 2

Equotip
Ferrous, nonferrous, welds, forgings, casting,
plate, bar. But not limited to.
Between (0°C to 50°C)

3 millimeter to unlimited
Any
Determined by client (where accessible)
Special equipment may be used, documentation
may be required.
Proceq Equotip

Leeb Rebound DL
Representative of material under examination.

Grinding shall be accomplished using a grinder
and sanding disc to achieve a surface that is
smooth and even to allow proper contact of the
probe to work.

All scale must be removed.

Weld caps may need to be ground flush to allow
accurate readings of the heat affected zones in
the parent material.

Grind shall be done as to not change the
hardness values by overheating the
examination surface.

Examination surface shall be clean and free
from oils, grease, dust and rust.

Etchant may be used as specified by customer.
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Calibration Using a calibration block representative of the
material being tested.

And using proper probe handling techniques.

Position the probe vertically to the calibration

block.

Using steady even pressure, press the probe

into the calibration test piece for about 1

second. (Until acoustical alarm sounds).

The measurement will be displayed.

Take an average of 5 reading.

Calibrate by adjusting the calibration readings.

Verify the reading to the test piece.

Repeat until the calibration readings match the

calibration block.

Examination Position the probe vertically to the testing
surface.

And using proper probe handling techniques
Using steady even pressure, press the probe
into the material for about 1 second. (Until
acoustical alarm sounds).

The measurement will be displayed.

At a minimum, an average of 3 readings per
spot shall be recorded.

Repeat at each location traversing the weld. (Or
areas as in the case of plate, forgings, castings
Etc.)

Recording Data to be recorded on Report Form(s)
Complete with all test equipment used, resulits
of examination, relevant information, and all
data as required by procedure HT-01paragraph
13.

Page 9 of 9
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VISUAL EXAMINATION PROCEDURE
SCOPE

This procedure outlines the necessary visual examination required to ensure that the surface of welded joints, used
in the construction of pressurized equipment, meet the requirements of the ASME Boiler and Pressure Vessel
Code.

PURPOSE

e To provide the examiner clear direction to follow in the performance of Visual Examinations.
s To ensure that fabrication meets tolerances outlined in the governing construction Code.
» To ensure that fabrication meets tolerances outlined in customer specifications.

RESPONSIBILITY

Visual examinations shall be carried out during and after weiding fabrication of pressure components.
PROCEDURE

Direct visual examination may be made when access is sufficient to place the eye within 24 inches of the surface to

be examined and at an angte of not less than 30 degrees. Mirrors may be used to improve the angle of vision, and

aids such as a magnifying lens may be used to assist examinations.

Iumination (natural or supplemental white light) for the specific part, component, vessel, or section thereof being

examined is required. The minimum light intensity at the examination surface shall be 100 foot-candles (1000 lux).

Remote examination aids may be employed if access to welds is limited. These aids shall include: mirrors,

cameras, and borescopes with a resclution capability at least equivalent to that obtainable by direct visual

examination. (Minimum display resolution: 160 x 234)

This procedure shall apply to all configurations and base material product forms, i.e.:

s Configurations including all circumferential seams, longitudinal seams, and attachment welds. Welded in the
approved butt, corner, tee, edge, or lap joint configurations; either as groove or fillet welds,

e Product forms including pipe, plate, forgings, etc.

Instruments or tools such as wire brushes, or buffing wheels may be used to prepare the surface to be examined.

Spedial care shall be taken to prevent contamination of corrasion resistant materials with carbon, or low-alloy, steel

tools.

Personnel shall have an annual vision test to assure natural or corrected near distance acuity such that they are

capable of reading standard J-1 letlers on standard Jaeger test type charts for near vision. Equivalent near vision

tests are acceptable.

EXAMINATION PROCEDURE

Visual examination shall be evaluated based on criteria in accordance with the most stringent governing code,
material standard or applicable Buyer's engineering and project documents.
The surface to be inspected shall be free of weld spatter, slag, etc.
Adequate lighting is required, as described in the Procedural Requirements above.
The inspector shall have the following tools and instruments available for direct visual examination:
a. Flashlight, which produces at least the minimum light intensity referenced above.
b. Measuring tape.
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Bridge-Cam Gauge.
Fillet Size Gauges.
Micrometer/Vernier Gauge(s).
. Level/Square.
All welds and material shall be inspected on the outside and inside (where accessible).
The following indications are unacceptable:
Cracks.
Pin holes.
Undercut on the surface.
Lack of fusion on the surface.
Incomplete penetration (applies only when the inside surface is readily accessible).
Surface porosity of any size.
Arc strikes.
Overlaps.
i. Surface slag/scale.
As per ASME Section VIII, UW-35(a) - Butt welded joints shall be inspected to confirm they have full penetration
and fusion. As-welded surfaces are permitted; however the surface of welds shall be free from coarse ripples,
grooves, overlaps, and abrupt ridges and valleys.
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As per ASME Section VIII, UW-35(b) - A reduction in thickness due to the welding process is acceptable provided
all of the following conditions are met:
a. The reduction in thickness shall not reduce the material of the adjoining surfaces below the minimum
required thickness at any point.
b. The reduction in thickness shall not exceed 1/32 in. (1 mm) or 10% of the nominal thickness of the
adjoining surface, whichever is less.

As per ASME Section VIII, UW-35(d) - The thickness of the weld reinforcement on each face (of the weld) shall not
exceed the following:

Customarv Units

Maximum Relnforcement

Material Nominal Thickness, In. Category B & C Butt Welds Other Welds
Less than 3/32 3/32 1/32
3/32 to 3/16, incl. 1/8 1/16
Over 3/16 to %, incl 5/32 3/32
Over %2 to 1, incl 316 3/32
Over 1to 2, incl. 114 1/8
Over 2to 3, incl 1/4 5/32
Over 3 to 4, incl. 114 7132
Over 410 5, inci 1/4 1/4
Over 5 5/16 5/16
SI Units

Maximum Reinforcement

Material NomiInal Thickness, in. Category B & C Butt Welds Other Welds
Less than 2 4 24 08
241048, inc! 32 16
Over 4.8 to 13, incl 40 24
Over 13 to 25, incl. 4.8 24
Over 25 to 51, incl 5 32
Over 51 to 76, incl. 6 4
Over 76 to 102, incl 6 6
Over 102 to 127, incl. 6 6
Over 127 8 8
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EXCHANGER
INDUSTRIES

LIMITED

Concavity due to the welding process on the root side of a single welded circumferential butt weld is permitted
when the resulting thickness of the weld is at least equal to the thickness of the thinner member of the two sections
being joined and the contour of the concavity is smooth.

Alignment shall be inspected to ensure it is within the tolerances listed in ASME Section VIII, Table UW-33, as

shown below:

Table UW-33

Customary Units

Joint Categorias

Section Thickness, In. A B,C,&D
Up to %, inc! 1/4t 1/4t

Over %2 to %, incl. 1/8in. 1/4t

Over % to 1 %, incl. 1/8in. 3/16in

Over 1 % to 2, incl. 1/81in. 1/8t

Lesser of 1/8t or 3/4

QOver 2 Lesser of 1/16t or 3/8 in, in
SI Units
Joint Cajegories

Section A B,C,&D
Thickness, mm
Up to 13, incl. 1/4 1/4t
Over 13 to 19, incl. 3.2mm 1/4t
Over 19 to 38, incl. 3.2mm 4.8mm
Over 38 to 51, incl. 3.2mm 1/8t

Lesser of 1/16t or 10 Lesser of 1/8t or
Over 51 i 19mm

Fillet weld sizes shall be inspected to verify they meet the minimum sizes specified on the construction drawing.

Upon completion of the above inspections, the area on the Inspection and Test Plan (ITP) for final internal and/or
external shall be signed and dated.

If applicable, a Visual Examination Report (Figure 1) shall be completed, signed, and dated within 24 hours of the

inspection being completed.
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EXCHANGER
INDUSTRIES
LIVIT
5505 52nd Streel SE, Calgary, Alberta T2C 2W8

Teiephone (903} 236-0106 Fax (403) 279-8242 Wehoite: www sxchangerindusties com

Visual Examination Report

Procedure No.: Rev.:
Technique: Direct: Remote:
If Remote, equipment used:

Examination By (Name):

Qualification Level:

E.I. Job No.:

Component(s) Inspected:

Signed: Date:
Revison N Dae Approval
Number Rewision Date (mmddyy) Author Reason for Revision Approved by Approved hnitial
07/11/2012 Company Name Change D Korchinski 07/11/2012

Figure 1: Visual Examination Report
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PATELS AIRTEMP (INDIA) LTD.

Tube Roliing Log Sheet
PATIob Number: oey 51413 pxp 1352 Reading By: SANDIP PATEL C‘::
EI JOB A
No 13-3353 A
Customer ltem Recorded
Number: 104-E-135 By: KAUSHIK THAKAR i
nd Acceptance
Contreton Cllent: '
Date: Dater
WR=. ,'
A B .C D (D-C+B-A) / '
Tube # : A (B-A) Comment
1 Tube ID ‘Average | Tube Hole | Actual Final| % Wall '
Tube O.D. i.D. .D. ’ Reduction
1 14,83 19.05 19:25 15.3 6.4%
2 14.84 19.05 19.25 15.32 6.7% ’
'3 .14.83 19.05 -19.25 15.3 6.4%
4 | 1485 19.05 19.25 15.35 7.1%
5- 14.83 "19.05 19.25 15.34 7.3% .
6 14.84 '19.05 19.25 15.36 7.6%
7 14.83 19.05 19.25 15.35 7.6% - .
8 14.85 19.05 19.25 1534 6.9%
9 14.83 19.05 . 19.25 15.34 7.3%
10 | 1484 | 19.05 1925 - | 1533 6.9%
11 14.83 19.05 19.25 '15.32. 6.9%
12 14.83 19.05 19.25 15.31 6.6% ,
13 14.83 19.05 19.25 15.3 64% | ©
14 | .14.83 19.05 .19.25 15.34 73% | 7
15 | - 14.85 19.05 19.25 15.32 6.4%
16. | 14,83 .19.05 19.25 15.35 7.6%
17 14.84 19.05 19.25 15.32 6.7%
18 14.83 19.05 19.25 15.3 6.4% . |
19 14.84 19.05 19.25 1532 | 6.7%
20 | 1483 19.05. | . 19.25 15.32 6.9%
LI~ WVithies '
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21 14.83 19.05 19.25 15.35 7.6%
22 14.85 1905 | . 1925 15.33 6.7%
23 14.83 * 19.05 19.25 . |~ 1531 6.6%
24 14.83 19.05 19.25 15.32 6.9%
25 14.83 19.05 19.25 15.33

7.1%
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" - PATELS AIRTEMP (INDIA) LTD.
Tube Rolling Log Sheet j A\ ﬁ__
PATIob Number: pey 1413 pye 1353 Reading BY: ¢anpip pATEL E:I:"“J/\iﬁ\;ﬂ
£1JOB :
No 13-3353 B ]
Customer Item ' . Recorded
Number: . 55136 ey KAUSHIK THAKAR
. g Accepta_nce
PAT Quality Client: '
Controller:
] Date: Date;
' WR = . !
A B C D (D-C+B-A) /
JTube # {B-A) . Comment
Tube LD. Average | Tube Hole |Actual Fi:lﬂ' % Wall
: Tube 0.D. I.D. i.D. Reduction
1 14,85 19.05 -| "19.25 15.32 6.4%
2 14.84 19.05 19.25 15.32 6.7%
3 | 1483 | .19.05 1925 |- 1532 6.9%
4 1485 | ' 19.05 19.35 15.35 71% |
5 14.85 19.05 19.25 15.32! 6.4%
6 14.84 19.05 19.25 1536 | 7.6% P
7 14.83 19.05 19.25 " 1535 | 7.6% :
8 | 1485 1905 | 19.25 15.34 6.9%
9 | 1483 | - 19.05 19.25 15.34 7.3%
10 | 1434 19.05 19.25 15.33 6.9%
11 14.84 19.05 19.25 15.34- 7.1%
12 14.83 19.05 19,25 15.31 6.6%
13 1483 | 19.05 19,25 15.3 6.4%
14 1483 | 1905 | 1925 |. 534 7.3%. Y
15 1484 | - 19.05 19.25 15.34 7.1%
16 14.83 19.05 19.25 15.35° 7.6%
17 | 14.84 19.05 - 19.25 15.32 6.7%
18 14.83 19.05 19.25 15.3 6.4% |
19 | "14.84 19.05 "19.25 15.32 6.7% |
20 | 14.83 19,05 19.25 15.32 6.9%
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. 14.83

19.05

19.25

21 15.35 7.6% -
22 14.85 19.05 19.25 15.33 6.7% |°
23 14.83 19.05 19.25 1531~ 6.6%

24 14.83 19.05 19.25 15.32 6.9%

25 14.83 19,05 19.25 15.33 7.1%




m Jacobs Engineering Canada

Canadian Natural

Jacobs Contract No. CE4160
Client: CNRL - Kirby North phase 1 Kirby North Plant

Supplier’'s Document Review Sheet
Equipment Numbers Comments

101-E-110;101-E-111;101-E- JPIREV 1 - COORDINATION
112;101-E-113;101-E-114;101-E-

115;101-E-120;101-E-121;101-E-

210;101-E-225;101-E-226;101-E-

240;101-E-241;101-E-450;101-E-

451;102-E-610;102-E-613;102-E-

655;103-E-080;103-E-190;103-E-

290;103-E-390;103-E-490;103-E-

590;103-E-705;103-E-707;104-E-

135;104-E-136;107-E-305

Review Status Codes Project/ Req Title CNRL Kirby North Phase 1

[¢] 1-WorkMay Proceed Supplier Exchanger Industries

2 - Revise and Resubmit: Work ma o
] procee(‘j" Subj';ct f:”incorporaﬁon + Doc. Description =~ EXCHANGER - TUBE EXPANSION

changes indicated PROCEDURE

3 - Revise and Resubmit: DO NOT
Proceed with Manufacture

4 - STOP WORK per attached written
instructions

Vendor Document TUBE EXPANSION PROCEDURE
5 - Review Not Required: Work may NoO.

proceed .
Client Document
- No.
SUPPLIER PLEASE NOTE: Permission to proceed does not
constitute acceptance or approval of design details, calculations,
analyses, test methods or materials developed or selected by the
supplier and does not relieve supplier from full compliance with Purchase Order No. Doc Cat. Issue

contractual obligation

VP088996-M608-00001

CE416040-CC088996-00 M608 0

BY SVEDN SHAH Categories
DATE JULy /#r2013 Date Received 07/08/2013
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Exchanger Industries

| E.I Fabrication: Rev 0 June 3, 2005 | TUBE EXPANSION PROCEDURE | Pagelofl |
D Tubesheets, baffles and tubes (if required) shall be steam cleaned etc. prior to installation of tubes.
2) Visually examine the tubes and tubesheets for dirt, etc. prior to instailation of tubes,

3) MIC. 5 tube holes per tubesheet.

4) MIC. 5 tubes on the O.D. to determine average.
5) Subtract (4) from (3) to get average tube hole clearance.
6) MIC. 5 tubes on the L.D. to determine average.

7 Subtract (6) from (4) to get average tube wall thickness.

8) Calculate metal reduction required — average tube wall thickness multiplied by 4%. (This is the
minimum expansion regnired.)

N Sum the tube hole clearance, the tube LD. and the metal reduction required to obtain the average ILD.
after rolling dimension.

10) To achieve the required 1.D. use an Air Tool Model ATR 1550-900 machine with torque control or
equivalent machine and start with a light roll then increase the expansion until the required LD, is
reached. Lube-A-Tube LAT 4000 is normally used as a Iubricant with a small quantity being placed
inside each tube where expanding will take place. The expander is cooled by using water.

11) Re-check one or two more tube holes and tubes to confirm the setting.

12) Roll the balance of the tubes by starting to roll on the bottom row of tubes. Roll complete row before
moving to the next row of tubes.

13) The rolling shall be done as shown on fabrication drawing but shall not be closer than 3mm (1/8”) of the

shell side surface. To achieve this, a recessed thrust collar shall be placed on the rolling tool at the
required position.

14) During the hydrostatic test, if there are leaks between the tube and tubesheets, the tube joints in question
shall be marked and then re-expanded by increasing the tube LD. approximately 1% or more if required
to stop the leak.

IRECEIVED
JuL og20n3

JACOBS CANADA INC.
|DOCUMENT CONTROL

VPog3qq6- MeoB - 0002



0’; Jacobs Engineering Canada

Canadian Natural

Jacobs Contract No. CE4160

Client: CNRL — Kirby North phase 1 Kirby North Plant

Supplier's Document Review Sheet

Equipment Numbers Comments

101-E-110;101-E-111;101-E- JPI REV 1 - COORDINATION
112;101-E-113;101-E-114;101-E-
115;101-E-120;101-E-121;101-E-
210;101-E-225;101-E-226;101-E-
240;101-E-241;101-E-450;101-E-
451;102-E-610;102-E-613;102-E-
655;103-E-080;103-E-190;103-E-
290;103-E-390;103-E-490;103-E-
590;103-E-705;103-E-707;104-E-
136;107-E-305

Review Status Codes Project / Req Title | CNRL Kirby North Phase 1

1 - Work May Proceed Supplier Exchanger Industries

proceed subject to incorporation of

changes indicated PRESERVATION AND STORAGE

GUIDELINES - 13-3343 THROUGH 13-3355
3 - Revise and Resubmit: DO NOT

Proceed with Manufacture

4 - STOP WORK per attached written

I
O] 2 - Revise and Resubmit: Work may "¢ _Description | EXCHANGER - LONG TERM
N
O

SHEons Vendor Document | 13-3343 TO 13-3355 CS LONG TERM
§ - Review Not Required: Work may | NO. PRESERVATION AND STORAGE
G proceed GUIDELINES
SUPPLIER PLEASE NOTE: Permission to proceed does not ﬁlolent Document VP088996'M61 5'00001

constitute acceptance or approval of design details, calculations,

analyses, test methods or materials developed or selected by the
supplier and does not relieve supplier from full compliance with

contractual obligation. Purchase Order No. Doc Cat. Issue
CE416040-CC088996-00 | M615 2
BY VED SHAH Categories M627

DATE: DEC/¥F,2017 Date Received 11/28/2013




Exchanger Industries Document | 0 Torm Preservation

Description or and Storage Guidelines

Limited Title:
5505 - 52 Street SE, Calgary, Alberta, T2C 2W8
Customer: Jacobs Engineering Canada Rev: 2
Project: CNRL - Kirby North Phase-1 Date: Nov. 28, 2013
Project No. CE4160 EI Doc. No:

101-E-110 to 115
101-E-120 + 121
101-E-210
101-E-225 + 226
101-E-240 + 241
102-E-610 + 613
Item No: 102-E-655
103-080
103-E-190 to 590
103-E-705 + 707
104-E-135 + 136
107-E-305
101-E-450 + 451

El Job: 13-3343 to 55

Degassed Emulsion / BFW Helixchanger
Degassed Emulsion / Glycol Helixchanger
Fresh Diluent / Diluent Vapor Exchanger
Glycol / Produced gas Condensate
Exchanger

Glycol / Producde gas Exchanger

Glycol / Evaporator Blowdown Exchanger
Glycol / Excess Produced Water Exchanger
Glycol / BFW Exchanger

BFW / Blowdown Exchanger

Glycol / Blowdown Exchanger

Sales Oil / Glycol Exchanger

TEG / Natural Gas Exchanger

Cool Glycol / VRU Inlet Exchanger

Equipment Title:

P.O. No: CE416040-CC088996 SDRL Doc. Code:

Notes Specific For This Job Submission No: ]

1 Refer to drawings 13-3343 to 55

13-3343 to 55 CS (Long term Preservation and StoCape(Riaines)

(Po28%06- Me'\S- 0000 !



Exchanger Industries

A Division of Premetalco Inc.

ISSUED BY REVISION/DATE
LONG TERM PRESERVATION and STORAGE GUIDELINES

N.ZOUDINA Rev 2

These guidelines provide requirements for air cooler and shell & tube exchangers when there is an
extended period (more than one month) of time lag between arrival at site and commissioning.

This document was written such that full conformance will validate the extended warrantee. At the time
of writing, several assumptions have been made such as location of storage, facility, availability, etc.
Persons using these guidelines are expected to exercise independent judgment in circumstances
different from the presumption. Deviations require Exchanger Industries’ prior acknowledgement and
authorization.

1.0 Receiving Inspection

11  All goods shall be inspected in arrivat at receiving warehouse / yard.

12 Inspection shall be directed to quantity check against shipping list (attached with shipment).

13 Inspect for damage during shipping shall be noted and reported immediately to Customer’s
Traffic Personnel and Exchanger Industries’ shipping department.

2.0 Preservation Requirements

2.1 All damaged painted or coated surfaces shall be cleaned-up and touched up immediately with
compatible or similar coating material to avoid further deterioration.

2.2  All unpainted surface (including but not limited to, drive shafts, sheaves, fan bearings) shall be
sprayed with rust preventative FILM GUARD 3600 as recommended by CEDA (any other type
of relevant rust preventative to meet or exceed specification of FILM GUARD 3600 is
acceptable) See Appendix A.

2.3  Air cooler tube bundles and shell & tube exchangers (both sides) shall be purged and charged
with nitrogen with positive pressure up to 5 psig. At least one connection shall be fitted with
valve and pressure gauge. All nozzles will require blind flanges, full sets of bolts and
neoprene gaskets. A period monitoring of all pressurized units is required to ensure no
leakage throughout the entire storage period.

3.0 Storage Requirements

3.1 All structural members, fans, sheaves and belts may be stored outdoor.

3.2 Tube bundles, air cooler, and shell & tube exchangers may be stored outdoor with proper
nitrogen pressurization and monitoring.

3.3 Motors storage if installed on the structure could be stored outdoor with proper preparation as
per ElI's Long Term Preservation Guideline for Installed Motor. (See Appendix B) If motor is
supplied loose it shall be stored in door with requirements as outlined in manufacturer's
literature.

3.4 Installed instruments including vibration switches and RTDs (if applicable) can be stored
outdoor with proper plastic wrapping.

3.5 Actuators are normally shipped loose and shall be stored in doors.

Long Term Preservation and Storage Guidelines - Shell and Tube Page 1 of 8
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CEDA FILM
GUARD 3600

CEDA FILM GUARD 3600 is a highly polar
organic-inorganic complex, which forms
adherent coating with ferrous and non-ferrous.

Uses

CEDA FILM GUARD 3600 can be used to
coat internal and external surfaces of
equipment and pipe. It is