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TS54474 R1 {Turndown Case)-Si Units s

Heat Exchanger Design, Inc.

P.0.Box 524 Tel:(3173686-9000
Indianapolis, IN., 46205 Fax:(317)686-9160
HEAT EXCHANGER SPECIFICATION SHEET Pags 1
Job No. 4474
Customer Canovus Enemy Purchase Order No. 1083-BC4006 [
55 | No.
Plant Localion Dalp 212272013 Rev © %
Service of Unit Natural Gas Heater (Tumdown Cage) itam No. BL-E-301 i
Siza 90 x 85 x BO9Gmm Type SH4K1-20-00-24UV-2C3D Horz, Conn.Ir 1 Parallel 1 Series [
j 8,30/ 8.27 m2 SurliShell §.30 /827 m2 -‘g
. PE%FO%E & EE Eﬁif -
Fiuld Aflecation Shell Sida I Tube Side
Fluid Name IEthﬁme Glycal (60 wit) / H20 [Nalural Gas
Ruld Quantily, Total kgfnr 887.750 1981.50
Vapor (In/Out) _ - 1981.50 1981.50 ! i
Liquid B97.750 887.750 LV
Steam o2
Waler & & §
Noncondensables
Temparature (infOut} Cc 150.00 100.00 5.00 35.00 __%) i
Dansity ka/m3 §90.40 1084.1 63.500 53.190 =
mN-s/m2 0.3640 0.7100 0128~ 8.01 \ =
< S
Molecular Waight, Noncondensables ] -
kdkg-C 3.7400 3.5400 2.8400 2.6700
Wim-C 0.3804 0.3914 0.0381 0.6410
.Uk
lindat Pressure kPa §57.332 6981.50
Valocity m/s 8.117e-2 . 2.95
Fressure Dgg, AllowiCale  kPa 70.000 i 0.188 70.000 | 0.999
I ce (min m2-K/W 0.000180 0.006180
Haat Exchsmad MagaWalts 0; MTD (Corrected) 1048 €
108.81 Wim2-K Actual 100.02 W/m2-K
- Sketch (Bundla/Nozzle Orjsntation)
| Tube Sida
19930/ Code L N — oW
-28.8/178 -28.87150 T * o Ty T
No Passes par Shell 1 5 Jil SN | SRS S A =4 [;I :’:
Corrogion Allowance mm 1.5 1.5 {excep! tube) = R
Conneclions  {In mm 1@ 2"6004 RF 103" 9004 RF
Size & Out  mm 1@ 2" 8004 RF 1.6 3" 500# RF
Rating iln!errnadiata |
inner Pipe - {1) 2 1/2* Sch 40 pipe (73mm OD} Length €.088m riom _
Longltudinal Fin « (24} 12.7mm fas x 0.89mm thk x 8086mm Material SA-106B, C St Flns
4" Sch 40 SA-106B Plpe__ {114.3mm OD) _§Shell Covar SA105/516 70 Weldment
SA-516-70/105 Waldment Channel Cover N/A '
SA-516-70 JTubesheal-Foaling NA
N/A limpingement Plate None
Typs NONE —
Seal Type
U-Bend Type
Bypass Seal Atrangemeni _ Tube-Tubeshsat Joint Walded
Expanston Joint NR Type _
B e 17,30 kg/m-s2 %g@]g Entrance .00 | t 0.00 kaim-s2
(Gngkets-Shell Side Karnmpro type ube Side Kammpro type
-Floating Head N/A _
Code Requirements ASME Section VL. Div. 1 TEMA Class
Weight/Shail Fillad te ; Bundle 150.62 kg

Ramarks: 1, Lifling & Grounding lugs required. 2. Insulalion is included In quote, but due to potential damage during shipment, HED

strongly adviges that insulation is Installed on site, and cannot be respansible for damage lo insulation during_gﬂpnwnt 3. Maximum length

is 8500mm. 4. This is HED's standard saparaled head double pipe halrpin design with independent bofting. 5. Hydrotast at minimum 1 hour with
chari. 8. Nota thal dus to manufacturing restrictions on finned pipe Inner pipe will be fabricated using return bend and straight pipes with two
cleumfarental welds.

Raprintad with Permission {vb SPa)

G
mmmu&mmummsﬁrnmvms
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ABSA CRN Form

W wness L)
Rick Windell S~ REVIEW e



9410 - 20 Ave N.W.
Edmonton, Alberta, Canada T6N 0A4

the pressure equipment safety authority TeI: (780) 437_9100 / Fax: (780) 437-7787

November 12, 2013

Attention: David E. Bradshaw
HEAT EXCHANGER DESIGN, INC.
PO BOX 524

901 E BEECHER ST
INDIANAPOLIS, IN 46206-0524

The design submission, tracking number 2013-08343, originally received on November 12, 2013 was
surveyed and accepted for registration as follows:

CRN: W2682.2 Accepted on:November 12, 2013
Reg Type: Revision To accepted Design
Drawing No. : 4474 SHT. 1; Rev 1 As Noted

Description MAWP Design Temperature MDMT
SS Internal Pressure 7653kPa 178 °C -29°C
SS External Pressure 103kPa 178 °C -29°C
TS Internal Pressure 9930kPa 150 °C -29°C
TS External Pressure 103kPa 150 °C -29°C

The registration is conditional on your compliance with the following notes:

- We have revised the T.S. MAWP from 9928 kPa to 9930 kPa, per client e-mail of October 23, 2013. Note that
this acceptance letter supersedes the previous one issued on September 11, 2013.

An invoice covering survey and registration fees will be forwarded from our Revenue Accounts.

If you have any question don't hesitate to contact me by phone at (780) 433-0281 ext 3341 or fax (780)
437-8797 or e-mail DeLeon@absa.ca.

Sincerely,

(3

DE LEON, JESUS, P. Eng.

Page 1 of 1
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Manufacturer’s Equipment Record
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Heat Exchanger Design, Inc.

P. O. Box 524

Indianapolis, IN 46206-0524 USA
Phone: (317)686-9000 = Fax: (317)686-9100

Manufacturer’s Equipment Record Book

Customer:
Purchase Order #:
Item #:

Sales Order #:

Cenovus Energy, Inc.
1083-BC-4006
BL-E-301

4474

1)

DR RDNRIIEY

D

W | 4wnmr.ss O]

Serving Rick Windell S & ReVIEW | P
Petroleum, Petrochemical, Power, Food, and Industrial on Heat Transfer Equipfment

901 East Beecher Street
Indianapolis, IN 46203 USA



SECTION 4

U-1 Manufacturer’s Data Report




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

1 Manufactured and certified by _Heat Exchanger Design,Inc. 901 E. Beecher Street, Indianapolis, IN 46203

(Name and address of Manufacturer)

Cenovus Energy, Inc., c/o Bantrel Tower, 700, 6th Ave. S.W., Calgary, AB T2P 4C9, Canada

2. Manufactured for

(Name and address of Purchaser)

3. Location of installation Unknown
(Name and address)
4 Type Horizontal Hairpin Heat Exchanger 4474 W2682.2 4474 Rev.1 3532 2013
L e (Horiz,, vert., or sphere)  (Tank, separator, jkt. vessel, heat exh., efc.) (Mfg’s serial No.) (CRN) (Drawing No.) (Nat!. Bd. No) (Year buiit)
5. ASME Code, Section VI, Div. 1 _ 2010, All - _
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): ) (b) Overail length (ft &in):  20°-3.875” each leg-parallel legs w/common cover
Course(s) Material Thickness Long Joint (Cat. A) Circum, Joint {Cat. A, B & C) Heat Treatment
No. | Diameter, in. | Length (ft. &in.) Spec./Grade or Type Nom. | Corr. |[Type {Full, Spot, None | Eff. |Type |Full, Spot, None | Eff. Temp. Time
(2){ 4.0261ID | 20°-3.875 SA-106Gr.B 2377 | .0625"! S - 100%| -~ - -- | None -
- - - el o= - == o il haied - il - it
7 Heads: (@ SA-516Gr.70N (14" OD) o -
(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 Radius Elliptical Conical Hemispherical Flat Side to Pressure Category A
Bottom, Ends) |  min. Com. | Crown | Knuckle | Ratio Apex Angle Radius Diameter |  Convex Concave (Type IFull, Spot, None |  Eff.
(a) End 447 | .0625" |-- - 2:1 - - - Yes Yes - - -
(b) - - - |- - - -- - = - - - - --

(20) 1.375"-8 x 10" long studs SA-193Gr.B7/(40) nuts SA-194Gr.2H

if removable, bolts used (describe other fastening)

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

8. Typeofjacket INOne Jacket closure =
(Describe as ogee & weld, bar, etc.)
If bar, give dimensions bnind If bolted, describe or sketch
9. MAWP 1110 F.V. psi at max. temp. 352 352 °F Min. design metal temp. -20 ° at 1110/F.V. psi.
(internal) (external) (intemal) {external)

No, studs & nuts exempt per Fig. UCS-66 and remaining items per UG-20(f).
(Indicate yes or no and the component(s) impact tested)

10. Impact test

1443

11. Hydro., pneu., or comb. test press. Proof test
items 12 and 13 to be completed for tube sections.
12. Tubesheet: SA-106Gr.B 3.938" 0D 7” long .0625" Bolted
Stationary (Mat'l Spec. No) Dia., in. (subject to press.) Nom. thk., in. Cor. Allow., in. Attachment (welded or bolted)
None -- - - : -
Floating (Mat'l Spec. No. ) Dia., in. Nom. thk., in. Corr. Allow., in. Attachment
13.Tubes: SA-106Gr.B / SA-234Gr. WPB 2.875” 203 ¢)) U
Mat'l Spec. No., Grade or Type 0.D, in. Nom. thk., in. 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): None (b) Overall length (ft & in.): --
Course(s) Material Thickness Long Joint (Cat. A) Circum, Joint (Cat. A, B & C) Heat Treatment
No. | Diameter, in. | Length (ft. & in.) Spec./Grade or Type Nom. Corr. [Type | Full, Spot, None | Eff. |Type |Full, Spot, None | Eff. | Temp.| Time
15. Heads: (a) None (b) -—
(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 Radius Elliptical Conical Hemispherical Flat Side to Pressure Category A
Bottom, Ends) | pmin. Corr. Crown Knuckle Ratio | Apex Angle Radius Diameter | Convex | Concave {Type|Full, Spot, None | Eff.
(@) - - -- - - - - - - - - - - --
(b) - - - .- - - - - -

If removable, bolts used (describe other fastening) (16) 3/4"-10 x 5" long studs SA-193Gr.B7 / (16) nuts SA-194Gr.2H
(Mat'l Spec. No., Grade, Size, No.) RR

1026.10




16. MAWP 1440 F.V. psi at max. temp. 302 302 °F Min. design metal temp. -20 F at 1440/F.V. psi
(internat) (extemal) (intemal) (extemal)
17. Impact test No, studs & nuts exempt per Fig. UCS-66 and remaining items per UG-20(f).
(Indicate yes or no and the component(s) impact tested)

18. Hydro., pneu., or comb. test press. 1872 Prooftest -
19. Nozzles, inspection, and safety vaive openings:

Purpose (inlet, Diameter Flange Material Nozzle Thickness | Reinforcement How Attached Location
Outlet, Drain, etc.) | No. | or Size Type Nozzle Flange Nom. | Corr. Material Nozzle Flange _ |(insp.Open)
Shell Inlet 1) 2" C1.600 rfwn SA-106Gr.B SA-105 .343” | .0625"| NotRequired [UW-16.1(c) Fig.2-4(6) Top
Shell Qutlet (&)} 2" CL.600 rfwn SA-106Gr.B SA-105 3437 | .0625"] Not Required jUW-16.1(c) Fig.2-4(6)| Bottom
Tube Inlet 3 C1.900 rflwn SA-105 SA-105 3125”1 .0625"| Not Required [JW-16.1(a) Integral End
Tube Outlet (hy 3" C1.900 rflwn SA-105 SA-105 .3125”] 0625"] Not Required {UW-16.1(a} Integral End
20. Supports: Skt ____ No Lugs __'_‘__ legs ___=-__ Others Saddles Attached Welded to shell.

(Yes or No) (No.) {No.) (Describe) (Where and How)

21. Manufacturer's Partial Data Reports properly identified and signed by Commissioned Inspectors have been fumished for the following items of the report:
(List the name of part, item number, mfg’s. name and identifying number)
None

22. Remarks: 1) Relief valving to be su
consists of 2.5” sch. 40 pipe, long radius 90° butt weld elbows d tube fittings as reported on lines 12 & 13 and is of welded construction.
4) Tubefittings bolted to shell w/(16) 3/4”-10 x 6" Ig. studs SA-193Gr.B7 / (32) nuts SA-194Gr.2H. 5) No radiography performed of
nozzles, 100% Eff. for all. 6) Shell return cover head-to-flange weld and inner U-pipe welds subjected to spot RT.

CERTIFICATE OF SHOP COMPLIANCE
We certify that the statements made in this report are correct and that all details of design, material, construction, and workmanship of this vessel conform to
the ASME Code for Pressure Vessels, Section VIIi, Division 1,
U Certificate of Authorization No. 23,740 Expires 921

Date /27 |3 Name Heat Exchanger Design,Inc.

(Manufacturer)

CERTIFICATE OF SHOP INSPECTION
1, the undersigned, hoiding a valid commission issued by The National Board of Boilerand Pressure Vessel Inspectors and the State or Province of IN.
and employed by OneCIS Insurance Company P of Lynn, MA. have inspected
the pressure vessel described in this Manufacturer's Data Report on ? / Z 7 2013 , and state that, to the best of my knowledge and belief, the
Manufacturer has constructed this pressure vessel in accordance with ASME Code, Section Vill, Division 1. By signing this certificate neither the Inspector nor his
employermakes any warranty, expressed orimplied, concerning the pressure vessel described in this Manufacturer's Data Report. Furthermore, neither the Inspecta
nor his 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 _M Signed _ﬂMZ_’M_____ Commissions A 5”‘?’6(/"9) (N 4 1 ({4

(Authorized Inspector) (Nat'l Board incl. endorsement, State, Province and No.)
CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE

We certify that the statements on this report are correct and that the field assembly construction of all parts of this vessel conforms with the requirements of ASME
Code. Section VIII. Division 1.
U Certificate of Authorization No. Expires 20

Sianed

Date ____  Name Sianed
(Assembler) (Representative)

CERTIFICATE OF FIELD ASSEMBLY INSPECTION

I, the undersigned, holding a valid commission issued by The National Board of Boiler and Pressure Vessel inspectors and the State or Province of
and employed 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 Code, Section Vil Division 1. The described vessel
was inspected and subjected to a hydrostatic test of psi. By signing this certificate neither the Inspector nor his employer makes any warranty,
expressed or implied, concerning the pressure vessel described in this Manufacturer's Data Report. Furthermore, neither the Inspector nor his 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 Iinspector) (Nat'l Board incl. endorsement, State, Province and No.)
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Shell Side

Tube Side 1440 pslje

Senal Number Shell Side | T\ psi| @
ﬁL L/] AL ‘

' 4 Tube Side - EY ‘:PSI @ \5 = -
s e o 'MaXImum Allowable External Workmg Pressure
Hydro Test Pressure Shell Slde : 2: S ¥ W\g /? \jkps|

ors
=X " il N
AN

’/ﬂuf: _ :

h B 3 ' — N : o~ /._‘ -
Shell Slde/Tube Side TubeSMe 32 ) Fle@ ije::e_‘s-q"e%?\y’. PSi il

N

i

. o ; .
ftem: BL=E£ =301 - ; Year Built: = _ 13

} REVIEW E

‘We °C

. :s,hen'fsmé' TEEQ

J ’L B L 3 ——
o = 7 i MaX|mum Allowable Working Pressure E
| Hydro Test PresSure & Shell Side| — 29  °cl@|7.80 JF Vkpa ,
w240 12509 TubeSide| =20  °Cl@|9QZ0OJFV Kpa =

% | shel Slde/Tube Side. o
., e Minimum Desngn Metal Temperature

- [ SerialNumber ] Tube side [ ¢ @/F\VKpa e[ 1E0 <

PO
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ACUREN

7515 Company Drive, Suite B
Indianapolis, IN 46237
Phone: 317-890-9729

Fax: 317-890-8577

USI WO #

Report Page Jof /

Date:
Customer:

.L_d,als_,_ZAL_'ihzos
PO#: -0/

Cocton Taz % s
Description; bo leld 1//

100% Insp e Spot Insp.

Serial # or Piece #
Customer WO #

Technique Data

S.0.* ‘/‘/7'3’

Weld # Film #

Acc. Rej. Code

Remarks

1

O-lb

v

I(E o

Insp.Specification
RT Procedure:
Acceptance Stand.
RT Tech. used below

ASME YV

L]

@8:,

Source
£ e
AN
Pene

er

RN

@8}1’

ITTT

Source

o -

Source

Pene

Eegnsme ¥
. \\\ Source
© E(I) ©

Source Positioned

in Center

of Pope

Geometric Unsharpnes
Mrype / Size:

C/s

Material:

Pipe Size: 14" Wall Thk. .S00"
Process: SMAW = X GTAW m——
FCAW: SAW X Other hd
‘Source Isotope _Z, f92 Curies oS

Exposure Time:

Physical Size: 4S5 KVPIMA e
LS mm

Film/Object Inches:

SFD: 1947
ann‘l‘:a.c.

S

) ASTr B /3013)

yrd ~ ¥ Material: SZ'E Placement
Y o7 _n:\'n“ Shims Material: «—— Thickness ——
20 ~ \Nﬁ.ﬂﬁss Marker/# Belt Ph 2S5
/i Film: rand: j Type: [>Yy i '
= oW ize: 4.5% | O Load: .
/o W Emulsion(s) number: 22701 %9/{17
A r K-" Screens: Front: O LD :ac:.: L0100
acking: o
rck Viewing  Single: Double
Density (Pen.) o2F-34
Density (weid) min.max 2 8-3.4

P-Porosity
C-Crack
iF-Incomplete Fusion

IP-Incomplete Penetration

- S-Surface

El-Elongated Indication

Sl-Slag Inclusion
BT-Burn Through
MT-Melt Through
UG-Undercut
FA-Fiim Artifact

Ti-Tungsten Inclusion
CV-Root Concavity
CX-Root Convexity
OX-Oxidation
SK-Shrinkage

The test reportshall not be reproduced except in full, without the written approval of the faboratory; and the recording of falss, Actilious,
or fraudulent statements or entries on the certificate may be punished as a fefony under federal Isw. Restults are related only to items tested.
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Heat Exchanger Design, Inc.

P. O. Box 524
Indianapolis, IN 46206-0524 USA
Phone: (317) 686-9000 = Fax: (317) 686-9100

Radiograph Review Form

As directed by ASME Sec.V, Art 2, para. T-286, we the manufacturer shall evaluate and accept each radiograph to assure
compliance with the requirements of the Code. This Review Form is completed while examining the radiographs and their
associated reports for proper radiographic technique and the required markings. This Form will accompany the radiographs as
supporting documentation.

Sales Order# Weld Joint

4474 Cl

Check List for Permanent Markings on Radiographs

Work Order Number

Weld Joint Identification
Manufacturer’s Name (HED)
Date of Radiograph

Welder Identification
Location Markers

Penetrameter

Check List for Radiographic Technique Data (Review Radiographic Reader Sheet)

Work Order Number

Location Marker Map (per T-2753) if required
Number of Exposures

X-ray Voltage or Isotope Type

X-ray Focal Spot Size or Isotope Source Size
Base Material Type

Base Material / Weld Thickness

Minimum Source-to- Object Distance

Maximum Source Side of Object-to-Film Distance

Rick Windell

Film Manufacturer S
Film Designation % WITNESS
Number of Film per Cassette (Holder)
REVIEW /EZ

Single or Double Wall Exposure
Single or Double Wall Viewing
Evaluation of Object Radiographed

Accepted by: Quality Control, H.E.D., Inc. Date: 6-25-13

Bk L Hossong

Serving
Petroleum, Petrochemical, Power, Food, and Indusirial on Heat Transfer Equipment

901 East Beecher Street Indianapolis, IN 46203 USA




'/ USI WO # _34,34091 Report Page Jof /
Date:
4 Customer: . Y

ACUREN

7515 Company Drive, Suite B PO#:

Indianapolis, IN 46237 Location: .

Phone: 317-890-9729 Description; -

Fax: 317-890-8577 100% Insp v Spot Insp. —_—

Technique Data

Serial # or Piece # _5-,0 +# 6/'7/ 7‘7/ Insp.Specification

Customer WO # T OF S0 8B3Y-HOXYD RT Procedure: - ¢

Acceptance Stand. -
Weld # Film # Acc. Rej. Code Remarks RT Tech. used below ' o’
T‘/ o 'l ‘/ Source
/'2 v @ - g o4
20 |V = AN
Pene
é) [] u % @Q Source
®©0 TH
|] n ¢ Source
Source N
’ “~ \\
€ . <. Source
@ E( ) @ ’:.
Source I ~ el
Pene Pene
Source Positioned
in Center of Pope
Material: C/ Y
Pipe Size: . 5! WallThk. ., 2D3°'
Process: SMAW X GTAW GMAW X
FCAW: SAW X Other
Source  Isotope Zp, 795 Curies 2}
Physical Size: ZSS KVP/MA —
Exposure Time: . SFD: P e
Film/Object Inches: C.Oritac
Geometric Unsharpness: <. O20,
Pene Type / Size:
Material: Placement
Material: Thickness O
- ] Marker/# Belt PLFS
./"5/5’// /™ A Brand: Type: oz
i Size: S x /(2 Load: Y ‘a‘9 {g
hdeil Emulsion(s) number: 2 2496 30
7E : Front: 07D Back: WoYle)
A Z. Backing: ——
4/’0— (17 ~_lviewing  Single: Double —
Density (Pen.) 2.1~ 2R
Density (weld) min.max 2./ ~2.3
P-Porosity Sl-Slag Inclusion  TI-Tungsten Inclusion
C-Crack BT-Burn Through CV-Root Concavity
IF-Incomplete Fusion MT-Meit Through CX-Root Convexity
IP-Incomplete Penetration UC-Undercut OX-Oxidation
S-Surface FA-Film Artifact SK-Shrinkage
El-Elongated Indication

The test reportshall not be reproduced except in full, without the written approval of the laboratory; and the recording offalse, Actillous,
or fraudulent statements or entries on the certificate may be punished as a felony under federal law. Restults are related only to items tested.



Heat Exchanger Design, Inc.

P. O. Box 524
Indianapolis, IN 46206-0524 USA
Phone: (317) 686-9000 = Fax: (317) 686-9100

Radiograph Review Form

As directed by ASME Sec.V, Art 2, para. T-286, we the manufacturer shall evaluate and accept each radiograph to assure
compliance with the requirements of the Code. This Review Form is completed while examining the radiographs and their
associated reports for proper radiographic technique and the required markings. This Form will accompany the radiographs as
supporting documentation.

Sales Order# Weld Joint
4474 T4

Check List for Permanent Markings on Radiographs

Work Order Number

Weld Joint Identification
Manufacturer's Name (HED)
Date of Radiograph

Welder Identification
Location Markers

Penetrameter

Check List for Radiographic Technique Data (Review Radiographic Reader Sheet)

Work Order Number

Location Marker Map (per T-2753) if required
Number of Exposures

X-ray Voltage or Isotope Type

X-ray Focal Spot Size or Isotope Source Size
Base Material Type

Base Material / Weld Thickness

Minimum Source-to- Object Distance

Maximum Source Side of Object-to-Film Distance
Film Manufacturer

Film Designation
Number of Film per Cassette (Holder) %

wiiness ]
Single or Double Wall Exposure '
Rick Windell

review S

Single or Double Wall Viewing
Evaluation of Object Radiographed

Accepted by: Quality Control, H.E.D., Inc. Date: 7-31-13

Biok L Hoosong

Serving
Petroleum, Pelrochemical, Power, Food, and Industrial on Heat Transfer Equipment

901 East Beecher Street Indianapolis, IN 46203 USA
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Certification of NDT Qualification:
BRYAN HALLAM

The education; training and experience of the individual named above has besn reviewed, and fotind to meet or exceed the reguirements of one or
more of Acuren Inspections written practices QP-141 (NAS-410). QP-142 (SNT-TC-1A} and/or QP-145 {CP-189). The specific certification standard

is identified in the comments column:

Certifications
Method & Level Certified Expires Exam Avg Commenis
Radiological - Level it 7712011 71612014 9144 % X-Ray & Gamma SNT-TC-1A
) . L o Fluorescent & Visible Yoke &
Magnetic Particle Testing - Level §§ 77712011 71712014 85.39 % Coil Methods SNT-TC-1A
Penetrant Testing - Level 1l 11/9/2011 11/9/2014 9522 % Visible Only SNT-TC-1A
Job History / NDT Experience ‘
Employer Method / Position from Io
Acuren Inspection RT.MT,PT - Ll 11/1/1999 Present
MQS inspection RT,MT,PT - LI 9/1/1987 111171998
Technical Training
Course Title Location Date Hours
MT MQS Inspection 12/411987 24
PT MQS Inspection 12/411987 16
RT MQS Inspection 5/24/1991 80
MT US Inspection 1212712007 8
PT US inspection 12127/2007 16
Format Education
Edugation Locatfon Date
General/Diploma Gibson Southern H.S.; IN 5/19/1986

Eye Examination Record

termingtion of employment.

_Examined By: David Klingstein
LastExam Date  Correcled  Exgivation
5/10/2013 Yes 5/16/2014

The individual narmed above has satisfactorily
e trated e a

ta read the Snelen test char or equialent for vision
acuity of 20/30 or greater, and able fo distinguish
contrasting colors used in the methods.

ity 10 read the Jaeger #-1 letters.

The individual nameéd above is cedified in the indicsted NDE Methad(s) and
Level{s). The certification(s} will expire on the date(s) listed abave, ortpon

P hereby cerlify that, 10 the hest of my knowledje, the-information listed above
s true ... Tifferi ins Director of Quality L-1

Shizf

Sigriaturs

) . )
,fgf‘;‘;fwi‘ ,'“9)’(,\&“;\»::;
= -t

Date

(NICWES® 0
&N N 5

Erintag; 514312013
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Revision/Change Summary

Revision or
Change

No.

Date

' Desc'@tion

Revision

12

12/28/07

Updated Section 2to current code revisions.
Added procedure RT-CAL-1 to list of references,
Revised Section 5.9, Densitometer.

Corrected Figure typo on page 12.

Revision

13

01/03/09

Added Confidentiality Notice to cover page.
Revised page numbers in TOC.

Revised Section 2.0 References.

Added paragraphs 3.3, 3.4 and 3.5.

Changed paragraph 5.1 and renumbered remaining
paragraphs in Section 5.0.

Revised paragraphs 5.8 and 6.2.

Revised paragraphs 7.5.2,7.5.4 & 7.5.5.

Revised paragraph 9.4,

Added paragraph 11.3.

Revision

14

10/07/09

Revised references 2.1 through 2.5.

Deleted ASME - B31.8 as Reference 7 and renumbered
remaining references.

Revised paragraph 4.1.

Revised paragraph 5.6.1 deleting Fuji 150 as an acceptable

film type.
Revised paragraphs 5.10.1, 5.10.2 and 5.10.3.

Revision

15

12/28/09

Revised a page number in the TOC.

Revised paragraph 5.10.4 for the recording of densitometer
calibration readings.

Added paragraph 11.4, Documentation of Personnel and
Procedure Demonstrations.

Revision

16

06/15/10

Replaced Table 1, 1Q1 Selaction.
Added a Note after paragraph 11.1.

Revision

17

- 12/28/10

Revised paragraphs 11.2b,gand h.
Revised the reference section.

Revision

18

03/03/11

Added reference 2.7 to the reference section.
Renumbered references 2.8 and 2.9.

Revision

19

09/27/11

Revised the reference section.

Revised paragraph 7.2.1.4.

Revised paragraphs 7.3.1, 7.3.2 and 7.3.3.
Revised paragraph 7.4.1.

Revised paragraph 94.

Revision

20

11/30/11

Added reference 2.10

Revision

21

01/09/12

Revised paragraph 4.1 to show compliance with SNT-TC-1A.

Revision

22

03/12/12

Added Sl unit dimensions to the standard dimensions throughout the
procedure.
Revised paragraphs 4.1 and 5.6.2.

Number
RT-1

Revision Date ' Page

22 03/12/12 20f30
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NDE Procedure
ACUREN Radiographic Examination (ASME Section V)
1.0 SCOPE

1.1 This procedure describes the requirements to be implemented by Acuren
examination personnel performing radiographic examinations using X-ray or
Gamma sources.

1.2 This procedure may be used for the detection of discontinuities, in
materials, equipment, components and welds as applicable to client
specifications, and/or applicable codes.

1.3  The type and thickness of material, source to object distance, distance from

the source side of the object to the film, and physical source size used is
unlimited provided the geometric unsharpness requirements of the
referencing Code section are satisfied (when applicable) and the density
and 1QJ image requirements of this procedure are met.

20 REFERENCES

2.1
2.2

2.3
24
25
2.8
2.7
2.8

2.9

ASME Section | - Power Boilers, 2010 Edition w/2011 Addenda

ASME Section V - Nondestructive Examination, 2010 Edition w/2011
Addenda

ASME Section VIl - Pressure Vessels, Divisions | and 2, 2010 Edition
w/2011 Addenda

ASME Section 1X - Welding and Brazing Qualifications, 2010 Edition w/2011
Addenda

ASME - B31.1 - Power Piping, 2010 Edition

ASME - B31.3 - Process Piping, 2010 Edition

ASME B16.34 - Valves, Flanged, Threaded and Welding End, 2009 Edition
QCP-1, Written Practice for the Qualification and Certification of NDE
Personnel

RT-CAL-1, Calibration of Densitometers for Radiographic Testing

2.10 API-650, Welded Steel Tanks for Oil Storage, 11th edition
3.0 RESPONSIBILITY

3.1

3.2

3.3

The Quality Assurance Director is responsible for the preparation, review,
approval and control of this procedure. The level |li is responsibie for the
technical review and approval of this procedure.

Level |11, Ii, and level | examiners are responsible for implementing the
requirements of this procedure. Level lil and Il examiners are responsible
for the supervision of level | examiners and trainees.

The QA Manager is responsible to monitor compliance with this procedure.

Number
RT-1

Revision Date Page
22 03/12/12 5 of 30
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34

3.5

Technicians are responsible to comply with this procedure and to complete
all required records/reports. At any time while performing work with this
procedure, should it become evident that the requirements herein cannot be
met, the technician is to immediately contact their supervisor or lead
technician, as applicable, for resolution.

Technicians are to ensure that the item being inspected receives 100%
inspection of all accessible areas within the inspection zone. Accessible
areas are defined as those where all test parameters can be applied in
accordance with the NDE procedure and the results properly viewed for
interpretation/evaluation. In addition, inspection zone areas that are found
to be inaccessible are to be recorded in the report.

40 PERSONNEL QUALIFICATIONS

4.1

42

4.3

Unless otherwise specified by contract, PO or customer specifications,
personnel performing Radiographic examinations shall be qualified and
certified in accordance with reference 2.8, which complies with SNT-TC-1A
and CP-189.

Personnel performing evaluations and/or reporting results in accordance
with this procedure shall be certified Level Il as a minimum.

Operator-helpers (radiographer's assistants) shall have completed radiation
safety training and be in compliance with applicable regulatory
requirements, and shall be responsible to the Level Il or Level llI technician.

5.0 L UIREM

5.1

5.1.1

5.1.2

52

Safety

Prior to beginning work, all personnel are to read, understand and follow the
reguirements of the applicable Job Hazard Analysis (JHA). In addition,
personnel are to observe and follow all site specific safety requirements.

Should there be a question or a dlarification needed to any safety
requirement, the supervisor, lead technician or facility representative, as
applicable, is to be contacted for resolution before beginning or resuming
work.

| uality Indicator (1Ql

The technique used shall produce sufficient sensitivity and contrast to
display the 1Ql image and the specified hole or wire.

Number
RT-1

Revision Date Page
22 03/12/12 6of 30




wi

ACUREN

NDE Procedure
Radiographic Examination (ASME Section V)

5.3

54
5.4.1

54.2

5.5
5.5.1

55.2

IQ! selection and the essential holes or wires shall be in accordance with
Table 1.

Back er Radiation

Alead letter "B" with a minimum dimension of 1/2 in. (12.7 mm) in height
and 1/16 in. (1.58 mm) thickness shall be attached to the back of each film
holder/cassette during each exposure to determine if backscatter radiation
is exposing the film.

Geometri harpn

Geometric unsharpness of the radiograph shall be determined in
accordance with:

Ug = Fd/D
Where:

Ug = geometric unsharpness

F=  Source Size; the maximum projected dimension of radiating
source (or effective focal spot) in the plane perpendicular to
the distance D from the weld or object being radiographed, in.

D= Distance from source of radiation to weld or object being
radiographed, in.

d= Distance from source side of weld or object being
radiographed to the film, in.

Note: D and d shall be determined at the approximate center of the area of
interest.

The unsharpness that can be expected for a given thickness, source-to-film
distance and focal spot size is variable in effect to radiographic.quality, type
of film and filter/screens, radiation wavelength to material and thickness and
also to darkroom procedure.

Verification of Source Size

The equipment manufacturer's or supplier's publications, such as technical
manuals, decay curves, or written statements documenting the actual or
maximum source size or focal spot, shall be acceptable as source size
verification.

The determination of the focal spot for X-ray machines at 420 kV and less
may be made by the manufacturer's data, written statement documenting
size, or the pinhole method.

Number
RT-1

Revision Date Page
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5.6.2

5.8

5.9

5.10

Radiographic Film

Radiographic film Class | or Il shall be used. Kodak AA, T, M, MX, DR;
AGFA D7, D5, D4, D3; Fuji 100, 80 or 50 are acceptable.

To ensure complete coverage of the inspection area, radiographic film
should be of sufficient length and width to allow 1.0 in. (25.4 mm) overiap
beyond the location markers on consecutive circumferential/panoramic
exposures, and 3/4 in. (19.95 mm) lateral coverage on both sides of the
weld.

Film Storage

Film shall be stored in a dry, clean area where the emulsion shall not be
affected by heat, moisture or radiation.

Film Processing. The below applies to manual processing. For automatic
processing, the equipment manufacturer’s instructions shall be followed.

1) Normal developing time is five to eight minutes at 68° F (20° C). When
temperatures are higher or lower, developing time will be adjusted so
that processing will consistently produce radiographs of desired quality.

2) Film shall be dried in a mechanical dryer or in an area that is free from
dirt, oil, grease, etc.

3) Developer, fixer and rinse water shall be changed on a regular basis or
at any time when processed film shows chemical irregularities.

4) The film processing area (darkroom/lab) and all accessories shall be
kept clean at all times.

Intensifying Screens

Lead foil screens shall be free of dirt, wrinkles, scratches, cracks and
oxidation. Typically, the screen film combination front and back shall be
0.010 in. (0.25 mm) Pb screen/film/0.010in. (0.25 mm) Pb screen. Other
thicknesses are acceptable, provided the requirements of Section 9.0 are
met. Screens are optional at x-ray energies of 150 KV or less.

Densitometer

5.10.1 Densitometers shall be calibrated at least every 90 days during use in

accordance with reference 2.9.

Number
RT-1

Revision Date Page
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6.0

5.10.2 Periodic calibration verification checks shall be performed as described in
reference 2.9 at the beginning of each shift, after 8 hr of continuous use, or
after change of apertures, whichever comes first.

5.10.3 Step Wedge Comparison Films. Verification checks shall be performed
annually per reference 2.9.

5.10.4 Densitometer calibration readings shall be recorded as required by
reference 2.9.

5.11 Radiation Selection

5.11.1 This procedure shall be limited to the use of radioactive isotopes of Iridium
192 or Cobalt 60, Selenium 75, and X-ray machines of no greater than 420
kV.

5.11.2 Iridium 192 is normally used for performing radiography on steels with a
thickness range of 3/16 in. (4.76 mm) to 3 in. (76.2 mm).

5.11.3 Cobalt 60 is normally used for performing radiography on steels with a
thickness range of 1 1/2in. (38.1 mm) to 7 in. (177.8 mm).

5.11.4 Selenium 75 is normally used for performing radiography on steels with a
thickness range of .2 in. {5.08 mm) to 1.2 in. (30.48 mm).

5.11.5 The minimum or maximum thickness that can be radiographed for a given
material is determined by demonstrating that the required sensitivity has
been obtained.

5.12 Direction of Radiation

The direction of the central beam of radiation shall be centered on the area
of interest whenever practical.

SURFACE PREPARATION

6.1  Where a surface condition which could mask a defect is detected by the
radiographer prior to radiography, the surface condition shall be remedied
before the exposure is made.

6.2 The weld ripples or weld surface irregularities on both the inside (where
accessible) and outside, shall be removed by any suitable process to such a
degree that the images of surface irregularities cannot mask or be confused
with the image of any discontinuity on the resulting radiograph.

Number Revision ' Date Page
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6.3

6.4

The finished surface of all butt welded joints may be flush with the base
material or may have reasonable uniform crowns, with reinforcement not to
exceed that specified in customer code requirements.

When the weld cannot be discerned from the base material, suitable means
of marking each side of the weld shall be used to assure complete coverage
of the weld.

Where a surface condition has been demonstrated in the radiograph and
the radiographic image is such that it could mask a rejectable discontinuity,
one of the following shall be done:

a) The objectionable surface condition shall be treated so as to remedy the
situation and the area radiographed again.

b) The radiographic examiner shall make a trace from the radiograph,
place it on the surface in question, and determine if the radiographic
indication results from a surface condition. If it Is determined that the
indication is a surface condition, then the radiographer shall indicate this
on the tracing, sign and date the tracing, then file it with the radiograph.
When two films are exposed simultaneously in the same cassette, then
the indication shall be marked with the letter “S" on one of the two
radiographs. The condition shall be noted on the radiographic report.

7.0 EXAMINATION

7.1  Radiograph Identification

The identification information on all radiographs shall be plainly and
permanently produced, traceable to the contract, component, weld or weld
seam or part numbers as appropriate, and shall not obscure any area of
interest. The following information must be included as a minimum:
1) Contract-Component
2) Weld or weld seam number
3) Part number (traceable to drawings, contract number; or component)
4) Manufacturer's name or symbol
5) Date of radiograph
6) Location markers identifying the area of coverage.

Number Revision Date Page
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7.2 Image Quality Indicators - IQ)'s {penetrameter:
7.2.1 1Ql (penetrameter) Selection —~ Hole and Wir e

1Ql's shall be either the hole-type or wire-type. Hole-type 1Ql’s shall be
manufactured and identified in accordance with the requirements or
altemates allowed in SE-1025. Wire-type 1Ql's shall meet the requirements
or alternates allowed in SE-747, except that the largest wire number or
identity number may be omitted.

7.2.1.1 Material IQl's shall be of the same alloy material group or grade or from
an alloy material group or grade with less radiation absorption than the
material being radiographed. (See Figure 1 for IQi Identification.)

Group 03 —all alloys of which magnesium is the predominant alloying
constituent

Group 02 —all alloys of which aluminum is the predominant alloying
constituent

Group 01 —all alioys of which titanium is the predominant alloying
constituent

Group 1- all carbon steels, fow alloy steels, stainless steels, manganese-
nickel-aluminum-bronze (Superston)

Group 2 —all aluminum-bronzes and all nickel-aluminum bronzes

Group 3 —nickel-chromium-iron alloy and 18% nickel maraging steel
(Hastelloy D, Inconel X, Stellite Alloy No's 21 and $-816)

Group 4 —nickel, copper, nickel-copper series, or copper-nickel series of
alloys, and all brasses ( copper-zinc alloys, Hastelloy F and X)

Group 5 — use on tin bronzes including gun-metal and valve bronze
(Hastelloy alloys B and C, Stellite alloy No. 31, Stellite 3)

Number Revision Date Page
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QI Material identification

7.2.1.2 Dissimilar materials: When the weld metal is of an alloy group or grade
which has a radiation attenuation that differs from the base material, the QI
material selection shall be based on the weld metal. When the density limits
cannot be met with one QI, and the exceptional density area(s) is at the
interface of the weld metal and the base metal, the material selection for the
additional IQi(s) shall be based on the base material

7.2.1.3 Size: 1Ql selection is based on the nominal single wall thickness plus the
estimated weld reinforcement, when present, not to exceed the maximum
permitted by the referencing Code Section. The backing rings and strips
are not considered part of the weld or reinforcement thickness in selection
of IQls. To select the designated IQl refer to Table 1.

Number

Revision

RT-1 22

Date Page
03/12/12

12 of 30




% NDE Procedure

ACUREN Radiographic Examination (ASME Section V)

7.2.1.4 Equivalent Hole Type Sensitivity. A thinner or thicker hole-type 1Ql than the
designated IQ! may be substituted, provided an equivalent or better 1Ql
sensitivity, as listed in Table 2, is achieved and all other requirements for
radiography are met. Equivalent 1Ql sensitivity is shown in any row which
contains the designated QI and hole. Better IQI sensitivity is shown in any
row of Table 2 which is above the equivalent sensitivity row. If the
designated QI and hole are not represented on the table, the next thinner
IQl row from Table 2 may be used to establish equivalent IQ! sensitivity.

(1
Source Side Film Side
Nominai Single-Wall Hole-Type  Essentfal  Wire-Type  Hofe-Type  Essential Wire-Type
Material Thickness Range, In. {mm) Designation Hole  Essentlal Wire  Designation Hole Essentlal Wire
Up to 0.25, incl. (6.4) 12 2r 5 10 2r 4
QOver 0.25 through 0.375(6.4 through 9.5) 15 27 6 12 2T 5
Over 0.375 through 0.50 (9.5 through 12.7) 17 2r 7 15 2T 6
Over 0.50 through 0.75 (12.7 through 19.0) 20 2T 8 17 2r 7
Over 0.75 through 1.00 (19.0 through 25.4) 25 27 ] 20 27 8
Over 1,00 through 1.50 {25.4 thraugh 38.1) 30 27 10 25 -3 4 9
Over 1.50 through 2.00 (38.1 through 50.8) 35 27 1n 30 2T 10
Over 2.00 through 2,50 (50.8 through 63,5) 40 27 12 25 21 n
Over 2.50 through 4.00 (63,5 through 101.6) 50 2T 13 40 2T 12
Over 4.00 thraugh:6.00 (101.6 through 152.4) 60 27 14 50 2r 13
Over 6.00 through 8.00 (152.4 through 203.2) 80 2T 16 60 2r 14
Over 8.00 through 10.00 {203.2 through 254.0) 100 2T 17 80 2r 16
Over 10.00 through 12.00 (254.0 thraugh 304.8) 120 2r 18 100 2r 17
Over 12.00 through 16.00 {304.8 through 406.4) 160 2T 20 120 2T 18
Over 16.00 through 20.00 (406.8 through 506.0) 200 2r 2 < 160 2T 20
Table 1 - IQl Selection
(ldentical with Table T-276,
ASME Section V, Article 2)
Number Revision Date Page
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Table 2 - Equivalent Hole-Type 1QI

Radiographic Examination (ASME Section V)
SetA Set 8
EQUIVALENT HOLE-TYPE 1Ql SENSITIVITY -
- Wee Wire Wire Wire
M""”; ol Equialenn Hole-Trpe Desigaations Diameter in, (o) Wewiy Dlametsris, fmwn) Idently
27 Hole 17 Hole 4T Hole 00032 @08 1 058 W2 %
0.004 {0.01} R 0.0:3 033 ¥
10 15 5 0005  foay 3 006 o4y 8
12 17 7 00083 (0363 4 0020 fsU 9
15 20 10 0o t0200 5 o025 bbsd 10
17 25 12 0010 25 b 0032 08D 1
20 30 15
25 35 17 Sel 540
0
. . :5 -
0 pod 30 i A Wire Wire Wire
50 70 35 in. tmm) ldentity Oiameter,in, (mm) Identity
&0 (-1e] 490 0032 {08 n 6100 254 1
80 120 &0 0040 Lo 32 0.126 3200
100 140 10 003  n2n 13 Di68 (a0 18
120 160 80 0083 16D M 0200 1508 19
160 240 120 cos0  f203 18 0250 635 20
200 280 140 0 30 e B 2

7.3
7.31

732

733

734

Table 3 - Wire IQI Designation,
Sensitivity Wire Diameter and Wire Identity

Number of 1Qls

One |QlI shall be used for each radiograph with the exception of cylinders,
vessels, spherical vessels, or flat components when more than one film
holder is used for an exposure. Each exposure shall represent an area of
essentially uniform radiographic density, through the area of interest and
through the body of the designated Q! adjacent to the essential hole or
adjacent to the essential wire of a wire-type IQl, so that the density change
does not vary more than minus 15% or pius 30%, within the range of 1.8
(2.0 for gamma) to 4.0.

If the density through the area of interest varies by more than minus 15% or
plus 30% from the density through the body of the designated Qi adjacent
to the essential hole, or the area adjacent to the designated wire of a wire
1Ql, then an additional QI shall be used for each exceptional area or areas
and the radiograph retaken. When calculating the allowable variation in
density, the calculation may be rounded to the nearest 0.1

When shims are used with hole 1Ql's, the plus 30% density restriction may
be exceeded, and the minimum density requirements do not apply for the
1Ql, provided the required 1Q!I sensitivity is displayed.

If the requirements of 7.3.2 above are not met by using more than one IQI,
one shall be representative of the lightest area of interest and the other the
darkest area of interest. The intervening densities on the radiograph shall
be considered as having acceptable density.
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7.3.5 Special Cases

7.3.5.1 For cylindrical components where the source is placed on the axis of the
component for a single exposure (Figure 2), at least three 1Qls, spaced

approximately 120 degrees apart, are required under the following
conditions:

a) When the complete circumference is radiographed using one or more
film holders, or
b) When a section or sections of the circumference, where the length
between the ends of the outermost sections span 240 or more degrees,
is radiographed using one or more film holders. Additional film locations
may be required to obtain the necessary IQl spacing.

7.3.5.2 For cylindrical components where the source is placed on the axis of the
components for a single exposure (Figure 2), at least three IQls, with one
placed at each end of the span of the circumference radiographed and one

in the approximate center of the span are required under the following
conditions:

a) When a section of the circumference, the length of which is greater
than 120 degrees and less than 240 degrees, is radiographed using
one film holder or;

b) When a section or sections of the circumference, where the length
between the ends of the outermost sections span less than 240
degrees is radiographed using more than one film holder.

7.3.5.3 When performing radiography on vessels, where a circumferential weld
with intersecting long seams are radiographed simultaneously, three equally
spaced |Qls shall be placed on the girth seam and one on each longitudinal
weld at the end of the section most remote from the junction with the
circumferential weld being radiographed

7.3.56.4 For spherical components, where the source is placed at the center of the
component for a single exposure (Figure 3), at least three IQls, spaced

approximately 120 degrees apart, are required under the following
conditions:

a) When a complete circumference is radiographed using one or more
film holders, or;

b) When a section or sections of a circumference, where the length
between the ends of the outermost sections span 240 or more
degrees, is radiographed using one or more film holders. Additional
film locations may be required to obtain necessary |Ql spacing.

Number Revision Date Page
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FIG. D-210-1 COMPLETE CIRCUMFERENCE FI6. D-210-2 SECTION OF CIRCUMFERENCE
CYLINDRICAL COMPONENT 240 deg: OR MORE CYLINDRICAL COMPONENT
(T-277.2(bX1)a) & T-277.2(bM3)) (EXAMPLE 1S ALTERNATE INTERVALS)

ET-277.2(bX1)bY & T-277.2(8X3N3

at
{For 10 Oniy)

FIG. D-210-3 SECTION(S) OF CIRCUMFERENCE FiG. D-210-4 SECTION(S) OF CIRCUMFERENCE
LESS THAN 240 deg. CYLINDRICAL COMPONENT EQUAL TO OR MORE THAN 120 deg. AND LESS
(T-277.2(bH2Kb3Y THAN 240 deg. CYLINDRICAL COMPONENTY

[T-277.2(b)(21tb) OPTION)

Figure 2
Number of 1QI — special Cases
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7.3.5.5 For spherical components, where the source is placed at the center of
the component for a single exposure (Figure 3), at least three 1Qis, with one
placed at each end of the radiographed span of the circumference
radiographed and one in the approximate center of the span, are required
under the following conditions

a) When a section of a circumference, the length of which is greater than
120 degrees and less than 240 degrees, is radiographed using one film
holder, or;

b) When a section or sections of a circumference, where the length
between the ends of the outermost sections span less than 240 degrees
is radiographed using more than one (1) film holder.

FIG. D:210-6 WELDS IN SEGMENTS OF
SPHERICAL COMPONENT
[T.277.2(005) & T-277.2(bMSHD} & T-277.2(b)6)]

FiG. 0-210-5 COMPLETE CIRCUMFERENTIAL
WELDS SPHERICAL COMPONENT
ET-277.2(b)4)a) & T-277.2ibHE)Y

Note: Specisi Cases 1GI Locations are Typical in All
Flgures.

FIG. D-210:7 PLAN VIEW A-A FIG. D:210-8 ARRAY OF OBJECTS IN A CIRCLE
LT-277.210(73)

Figure 3
Number of IQl - Special Cases
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7.4 Shims under QI

7.4.1 For welds, a shim of material radiographically similar to the weld metal shall
be placed between the part and the IQI, if needed, so that the radiographic
density throughout the area of interest is no more than minus 15% (lighter
than) from the radiographic density through the designated 1Qi adjacent to
the essential hole.

7.4.2 The shim dimension shall exceed the Q) dimension such that the outline of
at least three sides of the IQl image shall be visible in the radiograph.

7.5 Placeme §

7.5.1 Source Side IQI(s): The QI shall be placed on the source side of the part
being examined, (see Figures 4 and 5 for examples), except in the
conditions described below.

7.5.2 Film Side 1Ql(s): Where inaccessibility prevents hand placing the IQi(s) on
the source side, it shall be placed on the film side, in contact with the part
being examined. A lead letter "F” shall be placed adjacent to or on the
IQI(s), but shall not mask the essential hole where hole IQi(s) are used.

7.5.3 1Ql Location for Welds - Hole [Qls: The IQi(s) may be placed adjacent to or
on the weld, The identification number(s) and lead letter "F", where used,
shall not be in the area of interest, unless geometric configuration makes it
otherwise impractical.

7.5.4 |Ql Location for Welds - Wire 1Qis: The IQI(s) shall be placed on the weld so
that the length of the wires is perpendicular to the length of the weld. The

IQI identification and lead letter "F", where used, shall not be in the area of
interest, unless geometric configuration makes it otherwise impractical.

7.5.5 QI Location for Materials Other Than Welds: The IQI{s) with the QI
identification and lead letter "F", if used, may be placed in the area of
interest.
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Side Views of Hole Type Penetrameter Placements
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7.5.6 Alternative Locations for IQl(s): When configuration or size prevents

placing the IQl(s) as described above, it may be placed on a separate block
or like part/product).

7.5.6.1 The IQl on the source side of the separate block shall be placed no closer
to the film than the source side of the part being radiographed.

7.5.6.2 The separate block shall be placed as close as possible to the part being
radiographed.

7.5.6.3 The block dimensions shall exceed the QI dimensions such that the
outline of at least three sides of the IQI image shall be visible on the
radiograph.

7.6 Location Markers

7.6.1 The film shall be placed in intimate contact with the weld, if possible. In no
instance is the part to film distance to exceed 1/4 in. {6.35 mm).

7.6.2 The image of the location markers for the coordination of the part with the
film shall appear on the film, without interfering with the interpretation, with
such an arrangement that it is evident that complete coverage was
obtained. These marker positions shall be marked on the part, and the
position of the markers shall be maintained on the part during radiography.

7.6.3 Location markers which are to appear as radiographic images on the film,
shall be placed on the part, (Figure 6), not on the exposure holder/cassette.
Their locations shall be permanently marked on the surface of the part
being radiographed when permitted, or on a map, in a manner permitting
the area of interest on a radiograph to be accurately traceable to its location
on the part, for the required retention period of the radiograph. Evidence
shall also be provided on the radiograph that the required coverage of the
region being examined has been obtained. Location markers shall be
placed as follows.

7.6.3.1 Single-Wall Viewing

a) Source Side Markers. Location Markers shall be placed on the source
side when radiographing the following:

1) flat components of longitudinal joints in cylindrical or conical
components;
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7.6.3.2

7633

2) curved or spherical components whose concave side is toward
the source and when the source to material distance is less than
the inside radius of the component;

3) curved or spherical components whose convex side is toward the
source.

b) Film Side Markers.

1) Location markers shall be placed on the film side when
radiographing curved or spherical components whose concave
side is toward the source and when the source to material
distance Is greater than the inside radius.

2) As an altemative to source side placement in 7.6.3.1 a), location
markers may be placed on the film side when the radiograph
shows coverage beyond the location markers to the extent
demonstrated by (e) on Figure 6, and when this alternate is
documented in the examination report.

c) Either Side Markers.

Locations markers may be placed on either the source side or film
side when radiographing curved or spherical components whose
concave side is toward the source and the source to material
distance equals the inside radius of the component.

Double-Wall Viewing

For double-wall viewing, at least one location marker shall be placed on
the outside surface adjacent to the weld (or on the material in the area of
interest) for each radiograph.

Mapping the Placement of Location Markers

When inaccessibility or other limitations prevent the placement of markers
as stipulated above, a dimensioned map of the actual marker placement
shall accompany the radiographs and shall show that full coverage has
been obtained.
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8.0

RADIOGRAPHIC TECHNIQU

8.1

8.2

A single-wall exposure technique shall be used for radiography whenever
practical. When it is not practical to use a single-wall technique, a double-
wall technique shall be used.

Single-Wall Technique: In the single-wall technique, the radiation passes
through only one wall of the material or weld, which is viewed for
acceptance on the radiograph, An adequate number of exposures shall be
made to demonstrate that the required coverage has been obtained.

Source
i i
s dx 14
¥ %
+ ¥ Il 3

£ 4
‘ \J‘) . i

~—po
Expanenn.

8.3

8.3.1

Figure 7
Single Wall Radiographic Techniques
Double-Wall Technigue: When it is not practical to use a single-wall

technique, one of the following double-wall techniques shall be used.

Single-Wall Viewing: For materials, and for welds in components, a
technique may be used in which the radiation passes through two walls and
only the weld (material) on the film side wall is viewed for acceptance. An
adequate number of exposures shall be made to demonstrate that the
required coverage is met for circumferential welds (materials). A minimum
of three exposures taken at 120 degrees to each other shall be made.

8.3.2 Double-Wall Viewing: For materials and for welds in components 3-1/2 in.

(88.9 mm) or less in nominal outside diameter, a technique may be used in
which the radiation passes through two walis and the weld (material) in both
walls is viewed for acceptance on the same radiograph. For double-wall
viewing, a source side QI shall be used. Care should be exercised to
ensure that the required geometric unsharpness is not exceeded. if the
geometric unsharpness requirement cannot be met, then single-wall viewing
shall be used.
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b)

For welds, the radiation beam may be offset from the plane of the
weld at an angle sufficient to separate the images of the source side
and film side portions of the weld so that there is no overlap of the
areas to be interpreted. When complete coverage is required, a
minimum of two exposures taken 80 degrees to each other shall be
made for each joint.

As an alternative, the weld may be radiographed with the radiation
beam positioned so that the images of both walls are superimposed.
When complete coverage is required, a minimum of three exposures
taken at either 60 degrees or 120 degrees to each other shall be
made for each joint.

Additional exposures shall be made if the required radiographic
coverage cannot be obtained using the minimum number of
exposures indicated in (a) or (b) above.

" fim ' Eiim |

Exposate srrangement ~ § Exposure arrangement ~ G

~ Figure 8
Double Wall Radiographic Techniques
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9.0 EVALUATION

9.1  Eacilities for Viewing of Radiographs: Viewing facilities shall provide
subdued background lighting of an intensity that will not cause troublesome
reflections, shadows, or glare on the radiograph. Equipment used to view
radiographs for interpretation shall provide a variable light source sufficient
for the essential IQI hole or wire to be visible for the specified density range.
The viewing conditions shall be such that light from around the outer edge
of the radiograph or coming through low-density portions of the radiograph
does not interfere with interpretation.

9.2 Quality of Radiographs

All radiographs shall be essentially free from mechanical, chemical, or other
blemishes to the extent that they do not mask, and are not confused with
the image of any discontinuity in the area of interest of the object being
radiographed. Such blemishes include, but are not limited to fogging,
streaks, water marks, chemical stains, scratches, finger marks, dirt, static
marks, smudges, tear, poor detail due to poor film to screen contact, and
false indications due to defective screens.

A radiograph showing one or more of the above conditions in the area of
interest shall be discarded and the area radiographed again.

93 Radi hic Densi

9.3.1 The transmitted film density through the radiographic image of the
body of the appropriate hole penetrameter or adjacent to the
designated wire of a wire penetrameter and the area of interest shall
be a minimum 2.0 for gamma ray and 1.8 for X-ray. 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
4.0 for either single or composite viewing.

9.3.2 A tolerance of 0.05 density is allowed for variations between
densitometer readings.

9.3.3 If the density of the radiograph anywhere through the area of interest
varies by more than minus 15% or plus 30% from the density through
the body of the hole penetrameter or adjacent to the designated wire
of a wire penetrameter, within the minimum/maximum allowable
density ranges specified, then an additional penetrameter shall be
used for each exceptional area or areas and the radiograph retaken.
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NOTE: When calculating the allowable variation in density, the
calculation may be rounded to the nearest 0.1 within the
range specified.

9.3.4 When shims are used the plus 30% density restriction above may be
exceeded, provided the required penetrameter sensitivity is displayed
and the density limitations are not exceeded.

9.4 |Ql/Penetrameter Sensitivity

Radiography shall be performed with a technique of sufficient sensitivity to
display the designated hole IQl image and the essential hole, or the
essential wire of a wire IQl. The radiograph shall also display the identifying
numbers and letters. If the designated hole-type |Ql image and essential
hole or essential wire of a wire type I1Ql do not show on any film in a muitiple
film technique, but do show in composite film viewing, interpretation shall be
permitted only by composite viewing.

9.5 Excessive Backscatter

If a light image of the letter "B" appears on any radiograph of a darker
background, protection from scatter radiation shall be considered
insufficient and the radiograph shall be considered unacceptable. A dark
image of the "B” on a lighter background is not cause for rejection.

9.6 tric Unsharpness Limitation

9.6.1 For ASME B-31.3 Code examinations, the geometric unsharpness of
the radiograph shall not exceed the following:

Material
Thickness in. {(mm) Maximum Allowable Ug
Under 2 (50.8) 0.020 (0.51)
2 (50.8) through 3 (76.2) 0.030 (0.76)
Over 3 (76.2) through 4 (101.6) 0.040 (1.02)
Greater than 4 (101.6) 0.070 (1.78)

Note: Material thickness is the thickness on which the IQl is based.

9.6.2 For all other examinations, the above are to be used as guidelines for
geometric unsharpness, but not rejection unless the geometric
unsharpness exceeds 0.07 in. {1.78 mm).
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10.0 STANDARDS OF ACCEPTANCE

10.1 Level Il or Level lll personnel shall be responsible for the review,
interpretation and evaluation, and acceptance of the completed
radiographs. When required, level Il or level lil personnel shall also
determine the acceptability of the material, component, part or weld under
examination in terms of the applicable acceptance criteria for the referenced
Code, Standard, project or costumer specification.

10.2 Suppiement 1 — Radiographic Acceptance Standards. Shall be used with
this procedure to determine acceptability when one of the codes or
standards listed in Section 2.0, is referenced.

10.3 The acceptance standard used to determine acceptability shall be properly
documented on the Radiographic Examination Report.

11.0 RECORDS

11.1 The record of the radiographic examination is to be reported on a
Radiographic Examination Report, an example is shown as Exhibit 1.

Note: The required radiographic technique documentation shall be
completed prior to the evaluation.

11.2 The information reported is to include, but is not fimited to the following:

a)
b)

Job/contract number/identification

Location marker placement and, if used, a dimensional map
Number of radiographs (exposures)

X-ray voltage or isotope type used

X-ray machine focal spot size or isotope physical source size
Base material type and thickness, weld thickness, weld
reinforcement thickness, as applicable

Source-to-object distance

Distance from source side of object to film

Film manufacturer and type/designation

Number of film in each film holder/cassette

Single or double wall exposure

Single or double wall viewing

Procedure and/or Code references, examination resuits
Date of examination, name and qualification of examiners

Any drawings, component identification, or additional details will be provided
to the customer's representative, along with the examination report.
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11.3 Unless otherwise specified, all RT records and reports shall be maintained
for a minimum of three (3) years.

11.4 Documentation of Personnel and Procedure Demonstrations

11.4.1 Personnel or procedure demonstrations performed in compliance with the
requirements of reference 2.2 Article 1 shall be documented as specified by
the referencing Code section.

11.4.2 When documentation requirements for personnel or procedure
demonstrations performed in accordance with reference 2.2 Article 1 are not
specified by the referencing Code section, the following information shall be
recorded as a minimum:

a) Name of the organization responsible for preparation and approval of the
examination procedure

b) Examination method applied

¢) Procedure number and designation

d) Number and date of most recent revision

e) Date of the demonstration

f) Name and certification level (if applicable) of personnel performing the
demonstration
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Revision/Ch S
Revision or e
Change No. | Date Description
Updated references in Table of Contents for compliance with
latest editions of the codes.

Replaced first page of Table 341.3.2 in Attachment 3.
Revision 10 105-13-08 | Attachment 5 was reformatted in.AP1 1104 & was replaced in
its entirety herein.

Attachment 5 paragraphs 9.3.7.2,9.3.7.3 and 9.3.9.3 were
changed.

Added Confidentiality Notice to cover page.

Revised the code listing in the TOC.

Added item 8.0 ASME B31.5 to the TOC.

Added a Note following the TOC.

Revision 11 | 02-28-11 | Added paragraph 4.3 addressing the gap requirements for
socket-type weld joints,

Added section 8.0 ASME B31.5 Acceptance Citeria to the text.
Corrected typo in Attachment 1

Revised several Notes to Table 341.3.2 and added gap
requirements for RT of socket type weld joints in Attachment 3.
Added item 9.0 ASME B16.34 and Attachment 6 to the TOC.
Revision 12 | 03-04-11 | Added item 9.0 to the text.

Added section 9.0 ASME B16.34 (Appendix 1} Acceptance
Citeria as Attachment 6.

Updated the TOC, revised to latest code editions.

Revision 13 | 09-27-11 Revised paragraphs 1.2, 2.3 & 3.1.1.

Replaced Attachments 1 & 2 in theirentirety.

Revised Attachments 3 & 4.

Added paragraph 10.0 to the TOC.

Revision 14 | 11-30-11 Corrected typo in paragrah 8.1.

Added paragraph 10.0.

Added paragraph 11.0 to the TOC.

Revision 15 | 05-18-12 | Revised saveral page numbers in the TOC.

Added paragraph 11.0.
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RADIOGRAPHIC ACCEPTANC

When Acuren personnel perform radiographic interpretation, it shall be done in accordance with one of the
following criteria:

1.0  ASME SECTION VHI DIVISION 1 -51 ACCEPTANCE CRITERIA (Full Radiography of Welde
Joints)

1.1 Any indication characterized as a crack or zone of incomplete fusion or penetration is not acceptable,
nor are any of the following:

1.2 Any other elongated indication on the radiograph which has length greater than:

(a) Yin. (6 mm) for tup to % in. (19 mm)
(b) 1/3t for ¢ from % in. (19 mm) to 2-1/4 in. (57 mm)
{c) % in. (19 mm) for ¢ over 2-1/4 in. (57 mm)

Where:
t = the thickness of the weld excluding any allowable reinforcement.
For a butt weld joining members having different thicknesses at the weld, "¢" is the
thinner of these thicknesses. If a full penetration weld includes a fillet weld,
the thickness of the throat of the fillet shall be included in "¢".

1.3 Any group of aligned indications that have an aggregate length greater than "¢" in a length of 12, except
when the distance between the successive imperfections exceeds 6L where L is the length of the longest
imperfection in the group.

1.4 Rounded indications in excess of that specified by the acceptance the porosity of the standards given in
Attachment 1.

1.5 Any imperfections believed to be non-relevant shall be regarded as a discontinuity and shall be
re-evaluated by the same method or by another nondestructive method to determine the
relevance of the indication.

1.6 Indications shown on the radiographs of welds and characterized as imperfections are unacceptable
under the following conditions and shall be repaired as provided in UW-38, and the repair radiographed
to UW-51 or, at the option of the Manufacturer, ultrasonically examined in accordance with the method
described in Appendix 12 and the standards specified in this paragraph, provided the defect has been
confirmed by the ultrasonic examination to the satisfaction of the Authorized Inspector prior to making
the repair. For material thicknesses in excess of 1 (25mm), the concurrence of the user shall be
obtained. This ultrasonic examination shall be noted under remarks on the Manufacturer’s Data Report
Form.
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ASME SECTION VIII Division 1, UW-52 ACCEPTANCE CRITERIA (Spot Examination of Welded

Joints)
2.1

2.2

24

AS

3.1

The minimum length of spot radiograph shall be 6 in. Spot radiographs may be retained or be
discarded by the Manufacturer after acceptance of the vessel by the Inspector. The
acceptability of welds examined by spot radiography shall be judged by the following
standards.

Welds in which indications are characterized as cracks or zones of incomplete fusion or
penetration shall be unacceptable.

Welds in which indications are characterized as slag inclusions or cavities shall be unacceptable
if the length of any such indication is greater than 2/3¢ where “#” is the thickness of the weld
excluding any allowable reinforcement. For a butt weld joining two members having different
thicknesses at the weld, “¢” is the thinner of these two thicknesses. If a full penetration weld
includes a fillet weld, the thickness of the throat of the fillet shall be included in “¢”. If several
indications within the above limitations exist in line, the welds shall be judged acceptable if the
sum of the longest dimensions of all such indications is not more than “#” in a length of 6¢ (or
proportionately for radiographs shorter than 6¢) and if the longest indications considered are
separated by at least 3L of acceptable weld metal where “L” is the length of the longest
indication. The maximum length of acceptable indications shall be % in. (19 mm). Any such
indications shorter than % in. (6 mm) shall be acceptable for any plate thickness.

Rounded indications are not a factor in the acceptability of welds not
required to be fully radiographed.

.1 EPTANCE CRI

Any type of crack or zone of incomplete fusion or penetration is not
acceptable, nor are any of the following:

3.1.1 Any elongated indication which has a length greater than:
(a) Y4 in. {6 mm) for ¢ up to % in. (19 mm) inclusive;
(b 1/3t-for t from ¥ in. (19 mm) to 2-1/4 in. (57 mm) inclusive;
(©)  %in. (19 mm) for t over 2-1/4 in. (57 mm)

"¢ refers to the thickness of the weld being examined; if a weld
joins members having different thicknesses at the weld, " is the
thinner of these thicknesses.
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3.1.2 Any group of indications in line that have an aggregate length
greater than “” in a length of 12¢, except where the distance
between the successive indications exceeds 6L where L is the
longest imperfection in the group.
3.1.3 Porosity in excess of that shown as acceptable in Attachment 2.
3.1.4 Root concavity when there is an abrupt change in density as
indicated on the radiograph.
40 A 31.3 AC ANC E

4.1  Limitation of imperfections in welds and other components shall be as
stated in Attachment 3 or applicable referenced section for the degree of
radiography involved.
42  These acceptance criteria are not applicable to castings or Class K piping.
4.3  The gap requirements for RT of socket type weld joints are included in Attachment 3.

5.0 ASME SECTION I ACCEPTANCE CRITERIA
5.1 ASME Section 1, Power Boilers, acceptance criteria shall be in
accordance with Attachment 2 and sectionsl.1, 1.2 and 1.3.
6.0 SME TION IX ACCEPTA TE
6.1 ASME Section 1X, Welding and Brazing Qualification, acceptance criteria
shall be in accordance with Attachment 4,
7.0 ASMEB31.8/API 1104 ACCEPTANCE CRITERIA
7.1  ANSI B31.8 acceptance criteria shall be in accordance with API 1104,
Attachment 5.
8.0 ASME B31.5 ACCEPTANC I
8.1  ASME B31.5 acceptance criteria, unless otherwise specified, shall be at least that specified for
Normal Fluid Service in Table 341.3.2 of ASME B31.3, as provided in Attachment 3.
9.0 ASME B16.34 ACCEPTANCE CRITERIA
9.1  ASME B16.34 acceptance criteria shall be in accordance with Attachment 6.
10.0 API 650 ACCEPTANCE CRITERIA
10.1  API 650 acceptance criteria shall be in accordance with section 1.0.
Number Revision Date Page
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11.0 1620 ACCEPTANCE CRITERI

11.1  API 620 acceptance criteria shall be in accordance with section 1.0. The finished surface of the
reinforcement at the location of the radiograph shall either be flush with the plate or have a
reasonably uniform crown that does not exceed the following:

Maximum Thickness of Reinforcement on Welds for RT Examined Joints

Maximum Thickness
Plate Thickness (in.) Of Reinforcement (in.)
=¥ 1/16
>l-1 3/32
>1 1/8

11.2  Spot Radiography.

11.2.1 The requirements of 11.1 apply when spot radiography is required or specified. The
number and location of spot radiographs and the requirements for retests are to be in
accordance with AP1-620 Section 7.17.

Note: A spot radiograph shall not be considered equivalent to a recheck where complete
radiography is mandatory and applied.

11.2.2 Spot radiographic examination shall not be less than 6 in, extending along the weld.
Where spot radiographic examination is applied at joint intersections, the surface shall be
prepared for a distance of 3 in. on each side of the intersection, making the minimum
length of examination & in. on the horizontal weld and 3 in. on the vertical weld.

11.2.3 Retest radiographs when required by API-620 Section 7.17 shall comply with the
requirements of 11.1. Spot radiographs may be discarded after the tank has been accepted
by the inspector, unless previously requested by the Purchaser.

Number Revislon Date Page
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MANDATORY APPENDIX 4
ROUNDED INDICATIONS CHARTS
ACCEPTANCE STANDARD FOR
RADIOGRAPHICALLY DETERMINED
ROUNDED INDICATIONS IN WELDS

41 APPLICABILITY OF THESE
STANDARDS

These standards are applicable to ferritic, austenitic, and
nonferrous materials.

42 TERMINCLOGY

(a) Rounded Indications. Indications with a maximum
length of three times the width or less on the radiograph
are defined as rounded indications. These indications may
be circular, elliptical, conical, or irregular in shape and
may have tails. When evaluating the size of an indication,
the tail shall be included. The indication may be:from any
imperfection in the weld, such as porosity, slag; or lungsten.

(b) Aligned Indications. A sequence of four or more
rounded indications shall be considered to be aligned when
they touch a line parallel to the length of the weld drawn
through the center of the two outer rounded indications.

(c) Thickness 1. tis the thickness of the weld, excluding
any allowable reinforcement. For a butt weld joining two
members having different thicknesses al the weld, 7 is the
thinner of these two thicknesses. If a full penetration weld
includes a fillet weld, the thickness of the throat of the
fillet shall be included in 7.

4-3 ACCEPTANCE CRITERIA

(a) Image Density. Density within the image of the indi-
cation may vary and is not a criterion for acceptance or
rejection.

(b) Relevant Indications. (See Table 4-1 for examples.)
Only those rounded indications which exceed the following
dimensions shall be considered relevant.

(1) %ot for t less than % in. (3 mm)
(2) Y4 in. for ¢ from % in. 10 % in. (3 mm to
6§ mm), incl.

(3) Y in. for ¢ greater than 4 in. to 2. (6 mm to
50 mm), incl.
{4) g in. for ¢ greater than 2 in, (50 mm)

{c) Maximum Size of Rounded Indication. (See
Table 4-1 for examples.) The maximum permissible size
of any indication shall be %, or %, in. (4 mm), whichever
is smaller; except that an isolated indication separated from
an adjacent indication by 1 in. (25 mm) or more may be
Yt, or % in. (6 mm), whichever is less. Por f greater than
2 in. {50 mm) the maximum permissible size of an isolated
indication shall be increased 10 % in. (10 mm).

(d} Aligned Rounded Indications. Aligned rounded indi-
catjons are acceptable when the summation of the diameters
of the indications is less than ¢ in a length of 12¢, See
Fig. 4-1. The length of groups of aligned rounded indica-
tions and the spacing between the groups shall meet the
requirements of Fig, 4-2.

(e) Spacing. The distance between adjacent rounded
indications is not a factor in determining acceptance or
rejection, except as required for isolated indications or
groups of aligned indications.

() Rowunded Indication Charts. The rounded indications
characterized as imperfections shall not exceed that shown
in the charts. The charts in Figs. 4-3 through 4-8 illustrate
various types of assorted, randomly dispersed and clustered
rounded indications for different weld thicknesses greater
than J in. (3 mm). These charts represent the maximum
acceptable concentration limits for rounded indications.
The charts for each thickness range represent full-scale
6 in. (/50 mm) radiographs, and shall not be enlarged or
reduced. The distributions shown are not necessarily the
patierns that may appear on the radiograph, but are typical
of the concentration and size of indications penmitted.

{g) Weld Thickness t less than ’/3 in. {3 mm), For i
less than ¥ in. (3 mm) the maximum number of rounded
indications shall not exceed 12 in a 6 in, (150 mm) length
of weld. A proportionally fewer number of indications shall

Attachment |
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TABLE 4-1 be permitted in welds less than 6 in. (150 mm) in length,
Customary Uniits (h) Clustered Indications. The illustrations for clustered
- - indications show up to four times as many indications in
AM;:E:": :ﬁ“‘j’; a local area, as that shown in the illustrations for random
etior, T Maximum Size of  indications. The length of an acceptable cluster shall not
m“f:e“ s ml—-—* IN""“’::;"“‘ exceed the lesser of 1 in. (25 mm) or 2r. Where more than
kd “ Solated dication, 1. one cluster is present, the sum of the lengths of the clusters
Less than % Yt 4t shall not exceed 1 in. (25 mm) in a 6 in. (150 mm)
Yot length weld.

% 0.031 0.042 0.015

%o 0.047 0.063 0.015

% 0.063 0,083 0.015

% 0.078 0.104 0.031

% 0.091 0.125 0.031

%s 0.109 0.146 0.031

i 0.125 0.168 0.031

%o 0.142 0.188 0.031

% 0.156 0.210 0.031

Yo 0.156 0.230 0.031

% to 2, incl. 0.156 0.250 0.031

Over 2 0.156 6.375 0.063

St Units
Attachment 1
Number Revision Date Page
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FiG. 43 CHARTS FOR £ EQUAL TO % in. to ¥4 in. {3 mm to &6 mm), INCLUSIVE

Lt . L L . P . s . @ s ngt
) L (S 4 £,

hd ~ . " . - -
D LIS - ) LA 4 + . Lhal )

» T
- W »
. v o Pt o e - Biaiine
v ® L3 Ry
L] 1Y . » BT AT
™ . MR TS

_ 1in. (25 mm) l L‘lin.(lﬁmml X
haatt BN ) bt}

{b} Isoiated Indication [See Note {2)) {e) Cluster

NOTES:
{1} Typical concentration and size permitted in aay € in. {150 mm?) langth of weld,
{2} Maximum size per Tabla 4-1.

FIG. 4-4 CHARTS FOR ¢ OVER % in. to % in. (6 mm to 10 mm), INCLUSIVE

» . « * * ] » . »
0 h-. ~ " foa ) , » ' = ot * s, )
Yee " ‘.;‘ . . * o . hd ‘. .. . [ S 7 - ) o
{a) Random Rounded Indications [See Note {1}]
. » o, ® 0“.:‘ ]
» »* . b S 2 e Torn
. o S AL
+ ¢ * A » T .’ LTS
_ 1in. (25'mm) l l 1in. {25 mm)
{ head hagl RS el ¥
{b} isclnted Indication [Ses Note (2)] {c} Clustor
NOTES:

{1} Typical concentration and size permitted in any 8 in. (150 mm)} Jength of weld.
{2) Meaximum size per Table 4-1,

Attachment 1
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FIG. 45 CHARTS FOR { OVER % in. to % In. (10 'mm to 19-mm), INCLUSIVE
’
. ' : .. w¥ s * . . 5,
. L . ‘|.'.‘n‘. P . e ” o . a - [
] » [ < ~. _o. . " ‘;‘;:., . . LA ‘...
{a} Random Rounded tndications [Saa Note (1)}
“u »
.‘ul‘ . ® ""“.""‘}
N @ IO R
’ * * s - .‘ » ta ’ *
» ] * M -'-‘ PEPER Y
i (25 mm} _J L 1in. (25 mm) |
¥ 1 ¥ 1
{b) Isclated Indication [See Note {2)) {€) Cluster
NOTES:
{1} Typlcal econcentration and size permitted iri any 8 in. {150 mm) length of weid,
{2) Maximum size per Tabla 4-1.
Attachment 1
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F1G. 46 CHARTS FOR £OVER % in. to 2 in. (19 mm 10 50 mnt), INCLUSIVE
.. . , ] ' . L, . ) ] . ) . . LY .. . . ,
‘ * . - . - - . R : . - ’ . - s »
»E . i . ’ * " . .0 " . . » .D ¢ & »
{a} Rendom Rounded Indications {See Note (1)]
. N . .y .o -
- pe - W B F 4
s ~ 4
e & A %
: ’O.. . .- » a o‘.‘ * .‘
; 1in. (25 mm) 1 ’ 1 in. (25 mm} I
(b} isolatad indicatlon [See Note (2)} {c} Cluster
NOTES:
{1} Typical concentration and size permitted in'any 6 in. (150 mun) length of weld.
(2) Maximum size per Table 4-1.
Attachment |
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FIG. 4-7 CHARTS FOR ¢ OVER 2 in. to 4 in. (50 mm to 100 mm), INCLUSIVE
v - » LY ‘
v 'Y s ‘. L v ® . .- R » o » v
. . re . * L LY . » .
Y Y o *  » 4 . . »
b L] ' » 4 . 0 . ’ ] Y. v N LI
% A >
] . N , . “ * v Y] . ‘ . . T
. . v » R [ ’ .
{a) Rendom Rounded Indications [See Note (1))
LS * > "“ .." " .
L ] . . E Y . 5 £ - ‘ 'l .
d & » L * ‘ \' ’ ’.‘ .
. " [ . > % . ’. ¢ & " ‘,
’ ' Lo ¢’ o . ’
. &, " . ]
I z
1in. {26 mm) } I 1in. {256 mm)
{b} isolated indicatian [See Note (2)] {e} Cluster

NOTES:

{1} Typical concentration and size permitted in any 6 in. (1650 mm} length of weld.
{2} Maximum size per Table 4-1.

Attachment 1
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FIG.4-8 CHARTS FOR fOVER 4 in. (100 mm}
P « [ ]
., , ) , ', L 4 L "
» » N 3 . o
s . - ] . ] - ®
» .t ’
a ¢ ) Ll . ? .4 ' ;
'4 'y , ¢ o . ® . P
g - ’ A ® o, ’ L . f :
. ‘ 4 g N . -
» ¢ b
{a) Random Rounded Indlcations [See Note {1)]
* L4 +
. - 9 4 ’ .
» ', ‘ N M B
® e [ - . ‘ - ' '
¢ r : ’ ‘ * ' . ) . e
* » » ' - ‘. -
' ‘s ¢ ’ '- L d
4 v " o @
' e L ’,
: ] r] *
l 1in, (25 mm) l l 1in, {25 mm) '
{b) Isolated indication [Sae Note {2)) (c) Cluster
NOTES:
{1} Typical concentration and size permitted in any & in. (150 mm) length of weld.
{2} Maximum size par Table 4.1,
Attachment |
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ROUNDED INDICATION CHARTS

A-250 Acceptance Standard for Radlographically Determined Rounded Indications in Welds

A-250.1 Applicabliity of These Standavda.
These standards are applicable to ferritic, austenitic,
and non-ferrous materials,

A-250.2 Terminology.

A-250.21 Rounded Indications. Indications with 3
maximum length of three mes the width or less on the
radiograph are defined as rounded indications. These
indications may be circular, eliiptical, conical, or irregular
in shape and may have tails. When evaluating the size of an
indication, the tail shali be included. The indication may be
from any imperfection in the weld, such as porosity, slag,
or tungsten,

A-250.2.2 Aligned Indications. A sequence of four
or more rounded indications shall be considered to be
aligned when they touch a line paralle! to the length of the
weld drawn through the center of the two outer rounded
indications.

A-250.23 TYhickness t. ¢ is the thickness of the
weld, of the pressure~retaining materiai, or of the thinner
of the sections being joined, whichever is Jeast. If a full
penetration weld includes a fillet weld, the thickness of the
fillet weld throat shall be included in &

A-250.3 Acceptance Criteria.
A-250.31 image Density. Density within the image
of the indication may vary and is not a criterion for
acceptance or rejection,

A-250.3.2 Relevant Indications
{See Table A-250.3.2 for Examptes). Oniy those rounded
indications which exceed the following dimensions shall
be considered relevant:

(a) 3ot for ¢ less than Y in, (3 mm)

(B) Yau it (0.4 mm) for ¢ % tn.to ¥, in. (6 mm), indusive

{c) ‘2z in. (0.8 mm) far £ %, i, (6 mm) to 2 tn. (50 mm),
inclusive

(d) Yis in. (1.6 mm} for ¢ greater than 2 in, (50 mm)

A-25033 Maximum Slze of Rounded Indlcation
{See Table A-250.3.2 for Examples}, The maximum
permissible size of any indication shall be Yt, or % in.
(4 mm), whichever is smaller; except that an isolated
indication separated from an adjacent indication by 1 in.
(25 mnt} or more may-be %, or %, in. (6 mm), whichever
is less. For t greater than 2 in. (50 mm) the maximum
permissible size of an isolated indication shall be in-
creased to Y in. (10-mm).

A-250.3.4 Aligned Rounded indications. Aligned
rounded indications are acceptable when the summation
of the diameters of the indications is less than tin a length
of 12¢t (see Pig: A-250.3.4<1). The Jength of groups of
aligned rounded indicatiens and the spacing between the
groups shall meet the requirements of Figure A-250-3.4-2.

A-250.35 Spacing. The distance between adjacent
rounded indications is not a factor in determining
acceptance or rejection, except as requived for isolated
indications or-groups of aligned indications.

Table A-250.3.2
Maximum Permissible Size of Rounded
indication
(Examples Only)

U.S. Customary Units
Maxtimum Size of Acceptable  Maxinvne

Rounded indication, fu. Stze of
Nonrevelant
“Thickomess ¢, in. Random solated n,
Less than % Yt Yt Yiet
% oo:m 0062 0.015
¥a 0047 0063 0015
A 0.063 0083 0015
% 0.078 0.104 0.031
% oon 0128 0.031
%he 0309 0.146 aon
Y 0125 0168 6031
Yo 0142 0.188 0031
b’y 0156 0210 0032
e 0.156 0230 0.031
Yww2md 0156 0250 0031
Overz 0186 D375 0.063
51 Units
Maximum Size of Acceptable  Maximum
Rounded Indication, mm Size of
Nonrevelant
Tndication,
Thickness ¢ mm Random Isolated nun
Less than 3 et Yt Yot
3 078 1.07 038
5 119 1.60 038
6 160 21t 038
8 198 264 079
10 231 8 07
11 277 ER2Y w79
13 3.18 12 079
14 361 478 279
16 a6 53 (%]
17 396 584 0.7
19 t0 50 indl. 398 838 (%]
Over 50 396 9,53 1.60

A-250.3.6 Rounded Indication Charts. The
rounded {ndications characterized as Imperfections shall
not exceed that shown in the charts.

The charts in Figs. A-250.3.6-1 through A-2503.6-6
illustrate various types of assorted, randomly dispersed,
and clustered rounded indications for different weld
thicknesses greater than %, in. (3 mm). These charts
represent the wmaximum acceptable concentration limits
for rounded indications.

The chart for each thickness range represents
full-scale 6 in. {150 ‘mm) radiographs, and shall. not be
enlarged or reduced. The distributions shown are not
necessarily the pattérns that may appear on the radio-
graph, but are typical of the concentration and size of
indications permitted.

Attachment 2
Number Revisi Date Page
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A-2503.7 Weld Thickness t Less Than % in,
(3 mm). For ¢ less than % in. (3 mm), the maximum
number of rounded indications shall not exceed 12 in
a 6 in. (150 mm) length of weld. A proportionally fewer
number of indications shall be permitted in welds less
than 6 In. (150 mm) in length.

A-2503.8 Clustered Indications. The illustrations
for clustered indications show up to four times as many
indications in a local area, as that shown in the illustra-
tions for random indications. The length of an acceptable
cluster shall not exceed the lesser of 1 in. (25 mm) or 2t
Where more than one cluster is present, the sum of the
lengths of the clusters shall not exceed 1 in. {25 mm) in
a 6 in. (150 mm) length of weld.
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Flgure A-250.3.6-1
Charts for t % In. (3 mm) to ¥, In. (6 mm), inclusive

- o - o 0
. . - - * e ¢ P F g ] L .."r
. e b ¢ e o' » . . %9

GENERAL NOTE: Typical concentration and size permitted in any 6 in. {160 mm] length of weld

{a} Randem Rounded indications
e * '.' N ... e . c.. ‘::
§ . * .' L d (] . : : } g * 3:‘{::’.: : }
|-t in. (25 mm) ] |1 in. (28 mm) |
{b} Isclated Indication {c) Cluster
{Maximum size per Table A-250.3.2)
Flgure A-250.3.6-2
Charts for tover ¥; in. (6 mm) to %, in. (10 mm), Inclusive
L] o L] .. . ® . L] L] L d 8
‘e, '_..'.. L « 8., :.' . ,o'.
' e ® . L . o° LI . a . .‘ ° Py .

GENERAL NOTE: Typical concentration and size permitted in any 8 in. {1560 mm) length of wald
{a} Random Rounded Indications

*ae o Boitg e
. '..- ¢ \ ..;.. ...,::. :.
* ' Ve T g .:'.:'.o:
fetin. 25 mmi—+] o110, (25 mm) -+
{b) isolated Indication {c) Clustor
{Maximum size per Table A-250.3.2)
Attachment 2
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Figure A-250.3.6-3
Charts for t over % In. {10 mm) to ¥; in. (19 mm), Inclusive
L ] * » '3 ' '
. o . »
. « . " ¢ . " ¢ L .. . - .e . . I O. .
& ™) " [ g ) .l.. s . @ . .
- @ . . .': .. & - [ ) P :. . ¢ . sy
GENERAL NOTE: Typlcal concentration and size permitted in any 6 in. {180 mm} length of weid
{a) Random Rounded Indications
. -
e 0.5l
.. - ... N . : .0. -“.’n :. ‘..: .'. :': ¥
. L J A 4 :,..'.o.‘.:.' .
‘4—1 in. {25 mm) -»* F—‘I in, (25 mm)--§
{b) Isolated indication (e} Cluster
(Maximum size per Tabls A-250.3.2)
Figure A-250.3.6-4
Charts for t over % in. {19 mm) to 2 in. (50 mm), Inclusive
. . L I . e . . . - . P o - . - . . . . ' .
* .« , @ * » ‘ y “e . . ' . ¥ « " .
¢ - ¢+ » . L LY 1 o . *
‘ . .' . * LI | 3 - « © . ’ .’. L hd
«® * . . . . . . * - b ‘ .
GENERAL NOTE: Typical concentration and size permitted in any 8 in. (150 mm) length of weld.
{a} Random Rounded indications
. . v . ., % e
.O... . .o v.'...'."
L B . [ 4 " - .
AR @ Y T S e
. ® e, et @ v e
}4—1 In. {26 mm) -»{ l<-1 in. {28 mm)—»‘
{b) Isolated indication {c} Cluster
(Maximum size per Table A-250.3.2)
Attachment 2
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Figure A-250.3.6-5
Charts for t over 2 in. (50 mm) to 4 in, (100 mm), Inclusive
o ., ) . ° 4 » ] ® N . » ’. s ® A .
L} * o L) d ) L3 L] . * ) . :. * (2 ‘e a
‘e o ® - . I
¢ [ & » . * - ¢ [ .
. ‘e . ‘. * o s o S
» * ° ° hd - . -
GENERAL NOTE: Typical concentration and size permitted in any 6 in. (150 mam) length of weld.
(a) Random Rounded Indications
e o
* . . L ¢ 2t N
) s ° - ' . .i "'".’ . .
- . ”,& 7 « g *® ’ . ® .'.o .
L . o o L ...v .’
. . * b s X 4 o‘ [
- ® d ’ 8 o s » ':'c " ’
. .
fetin.@smmi-»]  |e1in. (25 mm) ]|
(b} Isolated Indication {c} Cluster
{Maximum size per Table A-250.3.2}
Attachment 2
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Figure A-250.3.6-6
Charts for t Over 4 in. (100 mm)
.l. . * * R - [ . * - « » .. M L]
(X .l.. l. ce » [ i i o : “0 . LI
- - * . []
L .' . = L T o & ® ‘. . . s '»
:-“ ". . i .. [ '. * “..:.:’ .-.".‘-
R P R T
‘.'.. > o ' LI ’ « 4, @ e ® 0 e
. ° ' - - . . o .
* . * e *

GENERAL NOTE: Typicat concentration and size permitted in any 8 in. {160 mm) length of weld.

{Maximum size per Table A-250.3.2)

{a} Random Rounded Indications
» * . b
b L ° '. -
. .
s, .. .‘- '." ""D
. . e.? ' "’ el
» ’ ") . . Q.
* ] o . [ 4
’ . - . t o9 ®
* ' » '. & : T ]
- ) - ¢ » .c [ 4 '
[
l<-1 In. {26 mm) ——' l<-l in. {256 mm} -4
{b) isolated indication {¢} Cluster
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Table 341.3.2 Acceptance Criteria for Welds and Examination Methods for Evaluating Weld Imperfections

Criterlz (A to M) for Types of Welds and for Service Conditions [Note (1)} Examination Methods
Normal and Category M Fluid
Service Severe Cyclic Conditions Category D Fiuld Service
Type of Weld Type of Weld Type of Weld
F g 5
5. £ £
w8 a s § zx
= 2 28 £ g z =
EE s | _ | #E(: (. |°® |&8 |- |¢% L |
Sg bt = S g ot = = o = @ T B
52 B | 58S Y g = | B £ £ | & @
2% s8] £ £3 58 | % = £8 | £ S s e |8
£¢ | 85| 8 g | 2. | 2 g 5s | 2 o L
= & =g = P =8 (=% = —_— S ] =
S = 2 ] €8 W 2 = = B I3 £ 2 5
-] == = [w] e = 2 £ e = = s é b
3 5 g s g g s 5 2 5 Weld tmperfection & 3
A A A A A A A A A A Crack ' v 7/ v
A A A A A A c A R/A A Lack of fusion v 4 .
8 A NfA A A N/A C N/A ] incomplete peretration 7 7/ .
E E NiA b o N/A NfA N/A K/A NiA intemal porosity . 4 .
ntemai sleg intlusion, tungsten
inctusion, or-elongated
G N/A F F NfA R/A N/K NFA N/A Indication ‘e 4
H A A A { A H H Undercutting '4 v ven Ve
Surface porosity or exposed slag
A A A A A A A A A A inclusion (Note (5)] ' van s
N/A N/A NiA | ! i N/A NfA NfA NiA Suitace finish v “en ves vrs
Concave oot surface
K K N/A K K N/A K K K/A « {suck up) v v car e
Weld reinforcement or Internal
L t L L L L M M M M protrusion 4 P
GENERAL NOTES:

{a} Weld Imperfections are evaluated by one or more of the types of examination methads given, as specified In pars. 341.4.1, 341.4.2,
341.4.3, and M341.4, or by the engincering design.

{b) *N/A™ indicates the Code does not establish acceptance criteria or does not require evaluation of this kind of imperfection for this type of
weld.

(c) Check {¥) indicates examination method generally used for evaluating this kind of weld imperfection.

(d) EMipsis (. .} indicates examination method not generally used for evaluating this kind of weld imperfection.

wewaiddng 3aN
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Criterion Value Notes for Table 341.3.2

LCriterion

Measure

Acceptable Value Limits [Note (6)]

Si
UOISIA9Y

€ JuauIysENY

areg

cl/i8lis

- = > - x

£xtent of imperfection

Cepth of Incomplete pesetration

Cumuiative length of incomplete penetration

Depth of lack of fuslen and incomplete penetration

Cumulative length of lack of fusion and incomplete
penetration [Note {7)]

Size and distribution of internal poroshy
Size and distribution of intemal porosity

Slag inclusion, tungsien inclusion, or elpngated indication
individual length
Individual width
Cumulative length

Slag inclusion, tungsten inclision, or elongated indicatian
Iridividual tength
Individuai width
Cumulative length

Oepth of undercut

Depth of undercut

Surfate roughness

Depth of root surface: contavity

Height of reinforcement or inlemat pratrusion [Note (8)] in
any plane through the weld shall be within limits of
the applicable height value in the tabiuletion at right,
except as provided in Note (9). Weld metal shall merge
smoothly ifto the component suffaces.

Height: of reinfarcement or intemal protrusion [Note {8)]
as described in L Note (9) does not apaly.

Zero (no evident imperfection}

$'1 mm {4, in) and s 0.2T,,
< 38 mm (1.5 in.) in any 150 mm (6 in.) weid length

5037,
£ 38 mm (1.5 in,) in any 150 mm {§ in.} weld length

See 8PV Cade,; Section VIil, Divisicn 1, Appendix 4

For :r:.s & mm (Y, in), limit s same as U
For Ty> 6 mm (Y In), mitis 1.5 x B

sT.03 -
< 2.5 mm (% dn) and 5 T, /3
< Ty in any 127, weld length

52T, N
s3mm (% in)and < T, /2
< AT, in any 150 mm (6 in,} weld length

s 1 mm (Y In) and < T f4

< 1.5 mm (% In) and < T /& ar 1 mm (%, in)]
< 500 min. R, in accordance with ASME B46.1
Total joint thickness, Incl. wetd reinf., 2 T,

for Ty mm (in) tright, mm {in)

6 (/) 15 Vg
> 6 (%), 51304 s300
>13('4), $25(1) s4 (%)
> 25 (1) €5 e

Limit Is twice the value applicable for L above

9£J0 52
oBed

Notes follow on next page

N3¥NOV

—
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TABLE 341.3.2 (CONT’D)
NOTES:
(1) Criteria given are for required examination. More stringent criteria may be specified in the engineering

2
&)

@
&)
6

9
®

®

design. See also paras. 341.5 and 341.5.3.
Branch connection weld includes pressure containing welds in branchies and fabricated laps.

Longitudinal groove weld includes straight and spiral seam. Criteria are not intended to apply to welds made in accordance with

a standard listed in Table A-1 or Table 326.1. Alternative Leak Test requires examination of these welds; see para. 345.9.
Fillet weld includes socket and seal welds, and attachment welds for slip-on flanges, branch reinforcement,

and suppotts.
These imperfections are evaluated only for welds <5 mm (3/16 in.) in nominal thickness.

Where two limiting values are separated by "and,” the lesser of the values determines acceptance. Where two sets of values are
separated by "or," the larger value is acceptable. T, is the nominal wall thickness of the thinner of two components joined by a

butt weld. »
Tightly butted unfused root faces are unacceptable.
For groove welds, height is the lesser of the measurements made from the surfaces of the adjacent components; both

reinforcement and internal protrusion are permitted in a weld. For fillet welds, height is measured from the theoretical throat,

Fig. 328.5.2A; internal protrusion does not apply.

For welds in aluminum alloy only, internal protrusion shall not exceed the following values:
(a) for thickness < 2 mm (5/64 in.): 1.5 mm (1/16 in.);

(b) for thickness > 2 mm and <6 mm (% in.); 2.5 mm (3/32 in.).

For external reinforcement and for greater thicknesses, see the tabulation for Symbol L.

4———»’— o= nominal pipe wall thickness
G ]

y Cytmind = 1.09 T, or the thickness
[~ of tha socket wall,
W i . whichavar i smalier
e e e Approximately 1.5 mim ("4 in) gep
_{ belore walding
min, *
*min,
3 AN

1.5 mm (*s.in)

approx. gap

-t Socket watl thickness
before weiding

Xmin = the lesser of1.4T or the hub thickness.

Figure 1 - Socket Welding Flange

gures 1 and 2

Figure 2 - Socket Welding Components other than Flanges

RIS alis]
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QW-190  OTHER TESTS AND
EXAMINATIONS
QwW-191 Volumetric NDE
QW-191.1 Radiographic Examination (b) Rounded Indications

QW-191.1.1 Method. The radiographic examination in
QW-142 for welders and in QW-143 for welding operators shall
meet the requirements of Article 2, Section V. The acceptance
standards of QW-191.1.2 shall be met.

QW-191.1.2 Radiographic Acceptance Criteria

QW-191.2.1 Terminology

Linear Indications. Cracks, incomplete fusion, inadequate
penctration, and slag are represented on the radiograph as linear
indications in which the length is more than three times the width.

Rounded Indications. Porosity and inclusions such slag or
tungsten are represented on the radiograph as rounded indications
with a length three times the width or less. These indications may
be circular, elliptical, or irregular in shape; may have tails; and
may vary in density.

QW-191.2.2 Qualification Test Welds, Welder and
welding operator performance tests by radiography of welds in
test assemblies shall be judged unacceptable when the radiograph
exhibits any imperfections in excess of the limits specified below.,

(a) Linear Indications

(1) any type of crack or zone of incomplete fusion or penetration
(2) any elongated slag inclusion which has a length greater than:

(a) %in. (3 mm) fort up to % in. (10 mm}), inclusive
(b) Yt fortover % in. (10 mm) to 2% in.

(57 mm), inclusive

() % in. (19 mm) for ¢ over 2% in. (57 mm)

(3) any group of slag inclusions in line that have an aggregate

length greater than ¢ in a length of 12¢, except when the distance
between the successive imperfections exceeds 6L where L is the

longest imperfection in the group.

(1) The maximum pemnissible dimension for rounded
indications shall be 20% of ¢ or %4 in.(3mm}), whichever is smaller.

(2) For welds in material less than %4 in.(3mm) in thickness,
the maximum number of acceptable rounded indications shall not
exceed 12 in a 6 in. (150 mm) length of weld. A proportionately
fewer number of rounded indications shall be permitted in welds
less than 6 in. (150 mm)in length.

(3) For welds.in material % in. (3 mm) or greater in
thickness, the charts in Appendix 1 represent the maxi-
mum acceptable types-of rounded indications illustrated
in typically clustered, assorted, and randomly dispersed
configurations. Rounded indications less than 1732 in. (.8 mm} in
maximum diameter shall not be considered in the
radiographic acceptance tests of welders and welding
operators in these ranges of material thicknesses,

QW-191.2.3 Production Welds. The acceptance standard
for welding operators who qualify on production wefds shall be
that specified in the referencing. Code Section. The acceptance
standard for welders who qualify on production welds as
permitted by QW-304,1 shall be per QW-191.2.2,
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APPENDIX I
ROUNDED INDICATION CHARTS
(See QW-191.2)

. * . . . e .
- e . -
. L .
- « » N : * P »
- . - .

Typical Quantity and 8ize Permitted
in 8 in. (150 mm) Length of Weld
Vg in. (3 mm) to Y4 In. {6:mm)
Thickness

Typical Quentity and Size Permitted
in 6 in, (150 mm) Length of Weld
Over 4 in. (8 mm) to g in. {13 mm)
Thickness

.
N « . * e " ‘
. . P
. .
-

-
MO

.
. - a

Typical Quantity and Size Permitted
in§in. {150 mm) Langth of Weld
Over 1, in. {13 mm)} to 1 in. (25 mm)
Thickness

Typleal Quantity and Size Permitted
in 6in. (160 mm] Length of Weld
Over 1 in. (26 mm) Thickness
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8 Ins tion and Testing of Production tce No. SNT-TC-1 A, ACCP or any other recognized national
Welds cf:rﬁﬁmn thod m;hn:“::veln nb!l.im s el shall
the test me! used. y or I personn
8.1 RIGHTS OF INSPECTION interpret test results.
The company shall have the right to inspect all welds by
nondestructive means or by removing welds and subjecting 842 Record
them to mechanical tests. The inspection may be made during . ;
the welding or after the weld has been completed. The fro- be" o l‘“’f““"m‘“ “W““m“ﬁ”md“m"mm .m“'“‘htg
quency of inspection shall be as specified by the company, maintzined by the company. The inchade ¢
results of certification tests, the agency and person granting
certification, and the date of certification, Nondestructive test-
82 METHODS OF INSPECTION ing personnel may be required to be recentified st the com-
Nondestructive testing may consist of radiographic inspec~ pany's option or if,any question arises.about their ability.
tion or another method specified by the company. The method Levels | and I nondestructive testing personnel shall be
used shall produce indications of imperfections that can be recertified a1 least every 3 years. Level I nondestructive test-
accurately interpreted and evaluated. The welds shall be sval- ing personnel shall be recertified at least every S years.
uvated on the basis of either Section 9 or, at the company’s ’
option, Appendix A. In the latter case, more extensive inspec- nce Standards for
tion 1o determine the imperfection size is required. Nondestructive Testing
Destructive testing shall cousist of the removal of com-
pleted welds, sectioning of the welds into specimens, and the 8.1 GENERAL
examination of the specimens. The specimens shall be pre- . .
pared in accordance with and shall meet the requirements of . mmlwlwmmmw%m
6.5, The company shall have the right to accept ot reject any me WW”' maguetic particle, lig-
weld that does not meet the requirements for the method by MWMWMW‘.’M?"“N
-~ . P y ¥ applied to visval imspection. Nondestructive testing shell not
which it was inspected. The welder who makes a weld that be used to select welds that are subj i destrIctive test-
fuils to comply with the requirements may be disqualificd ;14 in accondance with 6.5.
Operators of nondestructive inspection equipment may be .
required to demonstrate the inspection procedire’s capability $2 RIGHTS OF REJECTION
to detect defects and the operatar’s ability to properly inter- Al nondestructive test methods are limited in the informa-
p:etdnem@mnowmmbyl{loemnmk tion that can be desived from the indications they produce.
Trepanning methods of testing shall not be used. ‘The corapany may therefore rejéet any weld that appears to
meet these acceptance standards 1f; in its opinion, the depth of
8.3 gEU:UFICAS-ON OF INSPECTION an imperfection may be detrimental to the weld.
Welding inspection personnel shall be quslified by experi- 93 RADIOGRAPHICTESTING
s o lningf e sy ispcon ek 7 X o ADdnio e 1 3.1 g 3.3 b
Documentation of these qualifications shall be retained e ) .
lfry“ﬂw.wmpany and shell include but is not limited o the 93,1  inadequate Penetration without High-low
oliowing: .
. , Inadequate penetration without high-low (IP) is defined as
a. Education and experience. the incomplete filling of the weld root. This condition is
h"“""“‘s& st o shown schematically in Figure 13. IP shall be considered a
c. Results of any quatification examinations. defect should any of the following conditions exiis:
8.4 CERTIFICATION OF NONDESTRUCTIVE a. The length of an individual indication of IP exceeds | in.
TESTING PERSONNEL (25 mm). ‘
b. The aggregatc length of indications of IP in any continu-
84.1 Procadures ous 12 in. (300 mm) length of weld exceeds 1 in. (25 mm).
o Nondestructive testing personne} shall be centified to Level ¢. The sggregate length of indications of IP exceeds 8% of
Llorilin d with the dations of Ameri~ the weld length in any weld less than 12 in. (300. mm) in
can Society for Nondestructive Testing, Recommended Prac- length.
Attachment 5
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t—— Incomplate fifing at rool

Note: One or both root faces may be inadequately fillad at the inside surface.
Figure 13—inadequate Penetration without High-low (IP)

932 inadequate Penetration Due to High-low

Inadequate penetration due to high-low (IPD) is defined as
the condition that exists when one edffe of the root is exposed
(or unbonded) because adjacent pipe or fitting joints are mis~
aligned. This condition is shown schematically in Figure 14,
IPD shall be considered a defect should any of the following
conditions exist:

a. The length of an individual indication’of TPD exceeds 2 in.
(50 mm).

b. The aggregate length of indications of IPD in-any continu-
ous 12 in. (300 mm) length of weld exceeds 3 in. (75 mm).

93.5 Incomplete F.ualon Due to Cold Lap

Incomplete fugion. due to cold lap (IFD) is defined as an
imperfection between two adjacent weld beads or between
the weld metal and the base metal that is not open to the sur-
face. This condition is shown schematically in Figure 17. IFD
shall be considered a defect should any of the following con-
ditions exist:

a. ‘The length of an individual indication of IFD-éxceeds 2 in.
{50 mm).

b. The aggregate length of indications of IFD in any continu-
ous 12 in. (300 mimn) length of weid exceeds 2 in. (50 mm).
¢. The aggregate length of indications of IFD eiceeds 8% of

—~~
the weld length.
9.33 Inadeqguate Cross Penetration .
Inadequate cross penstration (ICP) is defined as a subsurfare 936 Intomal Concavity
mwﬁmwwﬁmgﬁmmﬂdemm}mgm Intemmal concavity (IC) is defived in 32.8 and is shown
pass that is caused by inadequately penewrating the vertical  gehematically in Figore 18, Any length of internal concavity
lnndﬁces.'miscc!miﬁcnisshownseh«naﬁﬂnyinﬁg_um_ls. is scceptable, provided the density of the radiographic image
ICP shall be considered a defect should any of the following of the intemal concavity does not exceed that of the thinnest
conditions exist: adjacent parent material, For areas that exceed the density of
DN . the thinnest adjacent parent material, the criteria for bum-
_gonm:‘t;,gmommmmmmoncpmzm. through (sec9.3.7) are applicabl.
b. The aggregate length of indications of ICP in any continu- 8.37 Burn-tiwough
ous 12 in. (300 mm) length of weld exceeds 2 in. (50 mm). .
8.3.7.1 A bum-through (BT) is defined as a portion of the
9.3.4 incompiete Fusion roat bead where excessive penetration has cansed the weld
puddle to be blown into the pipe.
Incomplete fusion (IF) is defined a5 a surface imperfection N iy o
between the weld raetal and the base material that is open to 9372 Fam?emthanoumdedxametetmumthmot
. i . . equal to 2.375 in. (60.3 mm), 2 BT shall be considered a
the surface. This condition is shown schematically in Figure defect of the follow " exist:
16. TF shall be considered a defect should any of the follow- should any Bowing conditions
ing conditions exist: 2. The maximum dimension exceeds /4 in. (6-mm) and the
ity i portion of the BTs i ceeds that of the
2. T length of an individualindicaion of F excoeds 1 in. e adimcrnt vttt -
(25 mm). o _ . b. The maximum dimension exceeds the thinner of the nomi-
b. The aggregate length of indications of IF in any continu- nal wall thicknesses joined, and the density in any portion of
ous 12in. (300 mm) length of weld exceeds 1 in, {25 mm). the BTs image exceeds that of the thinnest adjacent parent
- ¢. The aggregate length of indications of IF exceeds 8% of  matesial:
the weld length in any weld less than 12 in. (300 mm) in c. The sum of the maximum dimensiong of separate BTs
length, whose image density for any portion of the BTs exceads that
Attachment 5
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of the thinnest ndjacent parent material and exceeds '42 in,
(13 mm) in any continuous 12 in, (300 mm) length of weld or
the total weld length, whichever is less.

8.3.7.3 For pipe with an outside diameter Jess than 2.375
in. (60.3 mm), 8 BT shall be considered a defect when any of
the following conditions exista:

a. ‘The maximum dimension exceads /4 in. (6 mm) and the
density in.any portion of the BTs image exceeds that of the
thinnest adjacent parent material,

b, The maxirum dimension exceeds the thinner of the nomi-
nal wall thicknesses joincd, and the density in any portion of
the BTs image exceads. that of the thirmest sdjscent pasent
material,

¢. More than ane BT of any size1s presest and the density in
any portion of the BTs image exceeds that of the thinnest
-adjecent parent materisl. .

93,8 Siag Inclusions

8.3.8.1 A plag inclusion is defined as a sonmetallic solid
entrapped in the weld metal or between the weld metal and
the parent material. Elonpgated slag inclusions (ESIs)—e.g.,
comtinuous or broken slag lines or wagon tacks-are usually
found at the fosion zone. Isolned slag inclusions (ISIs) are
irregulardy shaped and may be located anywhete in the weld.
For evaluation purposes, when the size.of a rudiographic indi-
cation of slag ii measured, thé indication’s maximum dimen-
sion shall be considered its length.

8.3.8.2 For pipe with an outside dismeter greater than or
equal t0 2.375 in. (60.3 mm), slag inclusions shall be consid-
ered a defect should any of the following conditions exist:

8. Thelength of an ESI indication exceésds 2 in. (50 num),

Note: Paralle] ES] indications sepursted by spproximately the width
%?gzniggugl_igunﬂg-;g
tion unless the width of either of them exceeds /32 in. (0.8 mm). In
that event, they shall be congiderad separaie indications.

b. The aggrepate lepgth of ESI indications in any continuous
12 in. (300 min) dength of weld éxceeds 2 in. (SO mm).
¢. The width of an ESI indication exceeds 1/16 in. (1.6 mm).
d. 'The aggregate length of 18] indications in any continuous
12 i (300 mm) length of weld exceeds /210, (13 mm).

¢. The width of an ISI indication exceeds /8 in. (3 mm).

f. More then four IS} indications with the maximum width of
t/ in. (3 mm) arc present in any éontinuous 12 in. (300 mm)
length of weld.

8. The aggregate length of ESI and IS indications exceeds
8% of the weld length.

9.3.8.3 For pipe with an outside diameter less than 2.375 in.
(60.3 mm), slag inclusions shall be considered a defect
should any of the following conditions exjst:

NDE Supplement
- - tan .

& The length of an BSI indication exceeds three times the
thinner of the nomina] wall thicknesses joined.

Note: Paraliel ESI indicati parsied by appeoxi
of the root béad (wagon tucks) shall be considered » single indica-
tion unjess the width of either of them exceeds 1732 in. (0.8 mim). In
thiat ¢vent, they shd] be considercd sepuraie indications.

b. The width of sn EST indication exceeds Yis.in. (1.6 ).
¢. The aggregate length of IS indications exceeds two times
the thinner of the nominal wall thicknesses joined and the
width exceeds one-half the thinner of the nominal wall thick-
nesses joined.

d. The aggregate length of ESI and IST indications exceeds
8% of the weld leagth,

939 Porosity

8.9.8.1 Porosity Is defined as gas tapped by solidifying
wald metal before the gas has a chanee 10 rise to the surface
of the molien puddle and escape: Porosity is generally spheri-
cal but may be ekongated or inegular in shape, such as piping
(wormihole) porosity. When the size of the radiogeaphic indi-
cation produced by 2 pore is measured, the maximum dimen-

ly the widih

sivn of the indication shall apply to the criteria given in .

9.3.9.2 through 9.35.4.

9.3.9.2 Individual or scatiered porosity (P) shall be consid-
ered a defect shonld any of the following conditions exist:

2 The size of an individual pare sxceeds '/ in. (3 mm).

b. The size of an individual pore exceeds 25% of the thinner
of the nominal wall thicknesses joined.

¢. The distribution of scattered porosity exceeds the concen-
tration permaitted by Figures 19 or 20, )

9.3.08.3 Cluster porosity (CP) that occnrs in any pass except
the finish pass shall comply with the ctiteria of 9.3.9.2. CP
that oceurs. in the finish pasy shall be considered a defect
should any of the following conditions exist.

a The dismeter of the cluster exiesds 1/2 in. (13 mm).
b. The aggregate langth of CP in*any continuons 12 in. (300
mm) length of weld-exceeds 12 in. (13 mm).

9.99.4 Hollow-bead porosity (HB) is defined a3 elongated
linear porosity that occurs in the root pass. HE: shall be con-
sidered a defect should any of the following conditions exist;

a. The length of an individual indication of HB exceeds 12 in.
(13 mm).

b. The aggregate length of indicstions of HB in any continu-
ous 12 in, (300 mm) length of weld exceeds 2.in..(50 mm).

¢. Individual indications of HB, cach greawy than /4 in.
{6 mm) in length, are separated by less than 2 in. (50 mm).

d. The apgregate length of all indications of HB exceeds 8%
of the weld length.
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Figure 14--inadequate Penetration Due to High-Low (IPD)

\w/

wum\/

impertection
is surace-connocted.

Figure 16—Iincomplete Fusion at Root of Bead or Top of Joint (IF)

/v. /,
e Rl ~
Coid fap betwesn Coid lap betwaen
adjacent beads weld bead and parent matevial

Note: The cold lap shown is rot siuface-connested.

Figure 17—incomplete Fusion Due to Cold Lap (IFD)

Rool bead is fused 1o both suriaces,
but conter of root pass is slightty below
the pipe's inside surface.

Figure 18—intemal Concavity (IC)
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Notc: The size of the gas pockets s not drawn to scale; for dimensions, refer (09.3.9,

Figure 19—Maximum Distribution of Gas Pockets: Wall Thicknesses Less Than or Equal to 0.500 inch (12.7 mm)
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Note: The size of the gas pockets is.not drawn to scale: for dimensions, refer 109,39,

Figure 20—Maximum Distribution of Gas Pockets: Wall Thicknasses Greater Than 0.500 inch (12.7 mm)
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9.3.10 Cracks

Cracks (C) shall be considered a defect should any of the
foltowing conditions exists:
a. The crack, of any size or location in the weld, is not-a shal-
low crater crack or star crack.

b. The crack is a shallow crater crack or star crack with a
fength that exceeds ¥/32in. (4 mm).

Note: Shallow crater cyacks o star cracks are located at the stopping
pomtofmldhadsmdmﬂaemultclwddmlwmc&m
during solidification.

9.3.11 Undercutting

Undercutting is defined as a groove melted into the parent
material adjacent 10 the toe or root of the weld and left
unfilled by weld metal. Undercutting adjacent to the cover
pass (BU) or root pass (TU) shall be considered a defect
should any of the following conditions exists:

8. The aggregate length of indications of BU and IU, in.any
combination, in any contingous 12 in. (300 mum) length of
weld exceeds 2 in. (50 mym).

b. The aggregate length of indications of BU and IU; in any
combination, exceeds one-sixth of the weld length.

Note: See 9.7 for acceptance standards for undércutting when visual
and mechanical tneasorements are employed,

9.3.12 Accumulation of Imperfections

Excluding incomplete penetration due to high-low and
undercutting, any accumulation of imperfections (Al shall be
considered a defect should any of the following conditions
exist:
a. The aggregate length of indications in any continuous 12 in.
(300 mm}) length of weld exceeds 2 in. (50 mm).
b. The aggregate length of indications exceeds 8% of the
weld length.

9.3.13 Pipe or Fitting Imperfections

Imperfections in the pipe or fittings detected by radio-
graphic testing shall be reported to the company. Their dispo-
sition shall be as directed by the company.

9.4 MAGNETIC PARTICLE TESTING

9.4.1 Classification of indications

9.4.1.1 Indications produced by magnetic particle testing
are not necessarily imperfections. Magnetic and mesallurgical
varistions may produce indications that are similar to those
produced by imperfections but that are not relevant to accept-
ability. The criteria given in 9.4.1.2 and 9.4.1.3 apply when
indications are evaluated,

9.4.1.:2 Any indication with a maximum dimension of /16 in.
(1.6 mm) or less shall be classified as nonrelevant. Any larger
indication belicved to be nonrelevant shall be regarded as rel-
evant until re-examined by magneétic particle or arother non<
destructive: testing method to determine whether or nol an
actual imperfection exists. The surface may be ground or oth-
erwise conditioned before re-examination. After an indication
is determined to be nionrelevant, other nonselevant indications
of the same type need not be re-examined.

9.4.1.3 Relevant indications are those caused by imperfec-
tions. Linear indications are those in which the length is more
than three times the widih, Rounded indications are those in
which the length is three times the width or less,

9.4.? Acceptance Standards

Relevant indications shall be considered defects should any
of the following conditions exist:
a. Linear indications evaloated as crater cricks or ster cracks
exceed 532 in. (4 mm) in length,
b. Linear indications are evaluated as cracks other than crater
cracks or star cracks.
¢. Lincar indications are evaluated as IF and exceed 1 in,
(25 mm) in totm] length in a continuous 12 in. (300 mm)
length of weld or 8% of the weld length,

Rounded indications shall be svalvated according to the
critedia of 9.3.9.2 and 9.3.9.3, as epplicable. For evaluation
purposes, the maximum dimension of a rounded indication
shall be considered its size.
mmmmmumﬁmmﬁ*

vmﬁcmonmbeowudbymm

9.4.3 Pipe or Fitting imperfections

Imperfections.in the pipe or fittings detected by magnetic
particie testing shal! be reported to the company. Their dispo-
sition shall be as directed by the company. v

9.5 LIQUID PENETRANT TESTING
8,51 Classification of indications .

8.5.1.1  Indications produced by liquid penetrant testing are
lar to those produced by imperfections but that are not rele-
vant {o acceptability. The criteria given in 9.5.1.2'and 9.5.1.3
apply when indications are evaluated.

9.5.1.2 Anyindication with a maximunm dimension of /1.
(2 mm)or legs shall be classified as nonrelevant. Any larger
indication believed to be nonrelevant shall be regardsd as rel-
evant unti! re-examined by liquid penetrant or another nonde-
structive (esting method to determine whether or not an actusal
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ASME B16.34
(Appendix 1)

I-2 ACCEPTANCE CRITERIA

I-2.1  For wall thickness ¢ < 50 mm (¢ <2 in.) the comparative plates of ASTM E 446 define acceptable
indications as shown in Table I-1.

1-22  For wall thickness S0 mm <t <115 mm (2 in. <¢ <4.5 in.) the comparative plates of ASTM E 186
define acceptable indications-as shown in Table I-2.

I-2.3  For wall thickness 115 mm <7 <305 mm (4.5 in. <¢ <12 in.) the comparative plates of ASTM E 280
define acceptable indications as shown in Table I-3.

Table 1 Acceptance Criteria for Thickness per Table }-3 Acceptance Criteria for Thickness per

Para. 2.1 Para, 1-2.3
Acceptable Acceptable
Comparative Plate Comparative Plate
Discontinulty Type Category ASTM E 846 Discontinulty Type Category ASTM € 280
Gas A A2 Gas porosity A A3
Sand B 83 Sand and slag inclusions 8 83
Shrink, Type 1 c A2 Sheink, Type 1 C CA3
Shrink, Type 2 C CB3 Shrink, Type 2 < 83
Shrink, Type 3 C o Shrink, Type 3 C 3
Shrnk, Type & C 3 Crack D None
Hot tears and cracks D&E None Hot tcar E None
Inserts {chilts, chaplets) F None Insent F None
Table -2 Acceptance Criteria for Thickness per
Para. 2.2
Acceptatile
Comparative Plate
Discontinuity Type Category ASTM E 186
Gos porosity A A3
Sand and slag inclusions 8 83
Shrink, Type 1 C CA3
Shrink, Type 2 C (B3
Shrink, Type 3 C a3
Crack D None
Hot tear £ None
insert F None
Attachment 6
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Heat Exchanger Design, Inc.

P.O.Box 524

Indianapolis, IN 46206-0524 USA

Phone: (317)686-9000 « Fax: (317)686-9100

(7
e e
S

Liquid Penetrant (PT) Examination Report

Procedure Used: HED-PT1, Revision 4

prodtm(CanmcoCap)

Tvpe of Liquid Penetrat; Visible Type of Solvent Removable
Type of Liquid Penetrant Materials: All products mamfactured by Radnor Welding

a ma g’g’; ﬂmﬁgﬂ’

B ASME Sec.VIE Div.1, App. 8
O ASME Secl, pera PG-252.122
O ASMEB3LL, para. 136.44(B)

Personns] perfonming examinations are qualified in accordance with the
Procadure HED-PT1.

Examinations Performed By: <
%M#%

mf’é%? O Other (More restrictive client specifications)
WORK ORDER # Yy 7¢ Refer to fabrication drawing for component or weld location, 4
EXAMINATION RESULTS
Light Source Indications “When Performed
Component or Weld Material o F_‘W Acosgmble Rejected e T
A -ambient Type | None| Type| Size (mches) Remarks
N'C TN A | 19000 v Ferral 7-/6-13] 1:00p
| CB8T ICBJ:L %’A (900 v’ Weed Pzer 7-11-13 | §:008m|
caTs, cary Elaf12008] |~ =, 7-2343
CBTI-caT2 (22| g0cF v Fwal 7-2573| 200
bil- LL2 BN [ Frun( 7-26-13 Iovs’:M
FlA fe
Fla f
Fla £
FlA f
F|A fo
Fla fe
Fla f
Fla i VAR~
FlA fc 7 W‘TNE
Logend of Indication Tvpes: L Licar __ R—_Romded _ M-—Multiple mc:qmmJF -

75% =z Review R
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Heat Exchanger Design, Inc. (SR,
P. O. Box 524
Indianapolis, IN 46206-0524 USA
Phone: (317)686-9000 - Fax: (317)686-9100

63

Certificate of PT Personnel Qualification
Doug McKinney

The individual referenced above is qualified to perform Liquid Penetrant Examination (hereafter
referred to as PT) of products constructed by Heat Exchanger Design, Inc. by satisfying the
requirements as stated below.

References:

1) ASME Sec.VII], Div.1, para. UG-103 stipulates PT shall be done in accordance with Appendix 8.

2) ASME Sec.VIIL, Div.1, Appendix 8, para. 8-2 requires that personnel shall have their eyes tested
annually and that they are competent in the techniques of PT. Specific qualification criteria is
described in procedure HED-PT1.

Procedure:
HED-PT1 (Rev.4): Liquid Penetrant Examination Procedure (of Heat Exchanger Design, Inc.).

The individual referenced above has had on-the-job training in the techniques of performing,

interpreting and evaluating PT examination in accordance with procedure HED-PT1. The individual
has passed the prescribed written examination and the eye examinations consisting of correctly
reading a Jaeger No.2 Standard Chart at a distance no less than 12” and Ishihara color test plates.

; ; Eye Examination Record
Individual Certll)ﬁcatlon Exam Score Y
ate Date of Last Exam | Date of Expiration
Doug McKinney | 14-Feb-2008 95% 8-Feb-2013 8-Feb-2014

We do hereby certify that the information listed above is true. By virtue of these results and with
concurrence of the Authorized Inspector (AI), the individual referenced above meets the requirements as
specified by ASME Sec.VIII, Div.1 Code for the qualification of personnel performing PT.

Certified by:

- y WITNESS
David Freedingér, Manager of Q.C., HED, W éé/ REVIEW
pick Winde! ;/ 17
Serving 4

Petroleum, Petrochemical, Power, Food, and Industrial on Heat Transfer Equipmént

901 East Beecher Street
Indianapolis, IN 46203 USA

QD
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MAC

HED-PT1 (Rev. 4): LIQUID PENETRANT EXAMINATION PROCEDURE :

INTRODUCTION: 4 vemarone |
This procedure governs the Solvent Removable method of liquid penetrant (hereafter referred to as LP)
examination to be employed by the COMPANY, This procedure complies with the latest editions of the
ASME Section I, Section VIII, Division 1, B31,1 and Section V Code standards.

Non-porous metallic materials, whether ferrous or non-ferrous, may be examined by this procedure, Surface
discontinuities such as cracks, seams, laps, cold shuts, Jack of bond, laminations, etc. are possible indications
of this method of NDE.

Principally, the LP is applied to the surface to be examined and allowed to enter discontinuities. Excess
penetrant is removed, the part is dried and the developer applied. The developer acts as both a blotter to
absorb penetrant that has been trapped in discontinuities and as a contrasting background to enhance the
visibility of penetrant indications.

LP materials used shall be produced by Radnor Welding Products (Cantesco Corp.). Of which all shall beof
the solvent removable type. Intermixing materials of various methods is not allowed.

QUALIFICATIONS:
All personnel performing LP examinations shall be proven competent in accordance with Se¢. VIII, Div. 1,
App. 8 [see Sec. I, para. PG-25.2,1.2.2 and B31.1, para. 136.3.2] by passing the prescribed written or verbal
examination with a 90% minimum score and by satisfactory performance of the procedure as witnessed by
the Quality Control Manager. All personnel shall be tested annually for visusl acuity with a Jaeger Type #2
Standard Chart at a distance no less than 12" and with Ishihara color test plates.

PRE-CLEANING:

In general, results may be obtained when the surface of the part is in the as-welded or as-manufactured
condition. Surface preparation by grinding or machining may be required where surface irregularities could
mask indications of discontinuities. The surface to be examined and area within 1" shall be dry and free of
all dirt, paint, grease lint, scale, flux, weld splatter and other material that could interfere with the
examination, Typical cleaning agents are detergents, organic solvents, de-scaling solutions and paint
removers. Cleaning agent shall be applied repeatedly until no indications appear on a clean cloth or paper
towel. After cleaning, the surface shall be allowed to dry for a period not less than 5 minutes.

PENETRANT APPLICATION:
The dye penetrant is a penetrating liquid that enters surface discontinuities. The penetrant shall be applied
by the spray method but not until the pre-cleaning operation has been performed and the parts have been
completely dried. The temperature of the penetrant and of the surface in question is to be 50-125°F during
the entire examination procedure. Dwell time of the penetrant shall be no less than 10 minutes.

WORK MAY PROCEED.
AR RESUBMIT, WORK MAY PROCEED SUBJECT
ICATED,

o FEVISE 2D
ORPORATION OF CHANGES D)
wg»nmm SHALL HOT PROCEED.

2

S

6 REVIEWNOT REGURED. WORKMAY
v {f}? . ONEd

WITNESS ‘Q

RickWindell 7505~ review DA
264772




Rev.| By/Date Description Heat Exchanger Design, Inc. | Section | Page !
02 -Nov-03 | developer dwell was 7 min. Quality Control Records and Procedures 5
- e Volume I 1A | 20of2

03 9-Nov-04|added light intensity data

PENETRANT REMOVAL:
After the specified dwell time has elapsed, any excess penetrant on the surface shall be removed carefully.
Removal shall be accomplished by repeatedly wiping the surfaces witha clean, lint-free, dry material until
most traces of the penetrant have been removed. Then a similar cloth or paper towel lightlymoistened with
solvent shall be used to wipe the surfaces clean of all remaining excess penetrant.

Flushing the surface with solyvent is prohibited. After penetrant removal, the surfaces must be allowed to
dry by normal evaporation for a period of 10 minutes,

DEVELOPER APPLICATION: '
The developer serves two functions. ..as & contrasting background for the penetrant, and as a vehicle fo draw
the penetrant, in the discontinuities, to the surface of the developer film, thus revealing these discontinuities,

| A thin, even coating of developer shall be sprayed as soon as permissible after penetrant removal and drying, .
The developer is a liquid suspension of powdered material that must be thoroughly agitated prior to and
during application. The developer dwell time shall be 10 minutes minimum to 30 minutes maximum.

VIEWING TEST RESULTS:
Observation of the developer may take place immediately and may be accomplished in either natural or
artificial light; however, a minimum light intensity of 100fc (1000Lux) is required on the surface to be
examined. While some discontinuities can be detected almost instantly after the developer is applied,
-sufficient dwell time should be allowed for all discontinuities to be revealed.

INTERPRETATION of TEST RESULTS:
As the developer dries to a smooth, even, white coating...red indications will appear at the locations of
* discontinuities. Depth of surface discontinuities may be correlated with the richness of color and speed of
bleed-out.

Usually, cracks or similar openmgs will show a red line, tight cracks or a partially welded lap will show a
broken line. Gross porosity may produce large indications covering an entire area. Fine porosity is indicated
by random red dots. Acceptance criteria shall be based on PG-25.2.1.2.2 of Sec. 1, 136.4.4(B) of B31.1 or
App. 8 of Sec. VIII, Div. 1 as applicable unless more restrictive customer specifications apply.

Any indications with major dimensions greater than 1/16" shall be considered relevant. Since red flaw |
indications will remain visible until wiped off manually, there is no need to rework defective areas
immediately. In fact, if salvage is practical, parts can often be reworked with the location and extent of
discontinuities still showing, thus simplifying repair.

Re-inspect the parts after repairing discontinuities. The dry developer film can normally be removed during
the cleaning operation ptior to further processing. Usually it is not necessary to remove the developer at all.

REPORTING TEST RESULTS:
Test results shall be documented as required by Sec. V, Art. 6, para. T-690. The examiner shall complete the
“Liquid Penetrant Examination Report” for all mandatory examinations.

W WITNESS : D
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Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301: 80:4474
Eng: COS

DESIGN CALCULATION
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Analysis Performed by : HEAT EXCHANGER DESIGN
Date of Analysis ;. Aug 5,2013
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Bantrel PO# 1083-BC-4008
Nat'l Gas Heater, Item: BL-E-301; S80:4474

Eng: COS
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN
FileName : CC4474 SI Units  -=----ssmememccccmcor e
Shell Analysis : Shell Item: 1 12:22p Bug 5,2013
Input Echo, Component 1, Description: Shell

Design Internal Pressure 4 7.65 N/mm?
Temperature for Internal Pressure 177.79 C
User Entered Minimum Design Metal Temperature -28.89 C
Design External Pressure PEXT 0.10 N/mm?
Temperature for External Pressure 177.79¢ ¢
External Pressure Chart Name Cs-2

Include Hydrostatic Head Components NO
Material Specification (Not Normalized) SA-106 B
Material UNS Number K03006
Material Form used Smls. pipe
Allowable Stress At Temperature S 117897.66 kPa
Allowable Stress At Ambient SA 117897.66 kPa
Yield Stress At Temperature Sy 209788.91 kPa
Curve Name for Chart UCS 66 B

Joint efficiency for Shell Joint E 1.00
Design Length of Section L 6194.425 mm
Length of Cylinder for Volume Calcs. CYLLEN 6194.425 mm
Outside Diameter of Cylindrical Shell D 114.300 mm
Minimum Thickness of Pipe or Plate T 5.2673 mm
Nominal Thickness of Pipe or Plate Tnom 6.0198 mm
Shell/Head Int. Corrosion Allowance ca 1.5875 mm

Skip UG-16(b} Min. thickness calculation NO



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S50:4474

Eng: CO8

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  ==r--ecccmeccrcmccccrmr e ——————

Shell Analysis : Shell Item: 1 12:22p Aug 5,2013
Type of Element: Cylindrical Shell
Internal pressure results, Shell Number 1, Desc.: Shell

ASME Code, Section VIII, Division 1, 201l1la

Thickness Due to Internal Pressure (Tr):

(P*(D/2-CAE}) / (S8*E+0.4*P} per Appendix 1-1 (a) (1)

[}

(7.65*(114.3000/2-0.000)/(117897.66*1.00+0.4*7.65)

3.6159 + 1.5875 = 5.,2034 mm

Max. All. Working Pressure at Given Thickness (MAWP):

(S*E* (T-CA-CRE)) / ((D/2-CAE)-0.4* (T-CA-CAE}) per Appendix 1-1 (a) (1}

(117897.66*1.00*(3.6798))/(114.3000/2-0.000-0.4*%3.6798)

7.79 N/mm?

Maximum Allowable Pressure, New and Cold (MAPNC):

(SA*E*T) / (D/2-0.4*T) per Appendix 1-1 (a) (1)

]

(117897.66*1.00%5.2673)/(114.3000/2-0.4*5.2673)

]

11.28 N/mm?

Actual stress at given pressure and thickness (Sact):

{P*{{D/2-CAE}-0.4* (T-CA-CAE)}} / {(E*(T~CA-CAE)}

il

(7.65*(((114.3000/2-0.000)-0.4*({3.6798)))/(1.00*(3.6798})

115794.82 kPa

SUMMARY OF INTERNAL PRESSURE RESULTS:

Required Thickness plus Corrosion ARllowance, Trca 5.2034 mm



Bantrel PO# 1083-BC-4008
Nat'l Gas Heater, Item: BL-E-301; S0:4474

Eng: COS

PV Elite 2012 Licensea: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  -----——--=-——rmmmmrmr—m e

Shell Analysis : Shell Item: 1 12:22p Aug 5,2013
Actual Thickness as Given in Input 5.2673 mm

Maximum Allowable Working Pressure MAWP 7.792 N/mm?

Maximum Allowable Pressure, NC MAPNC 11.282 N/mm?

Design Pressure as Given in Input p 7.653 N/mm?

Hydrostatic Test Pressures ( Measured at High Paint ):

Hydrotest per UG-99(b); 1.3 * MAWP * Sa/$S 10,13 N/mm?
Hydrotest per UG-99(c); 1.3 * MAPNC 14.67 N/mm?2
Pneumatic per UG-100 ; 1.1 * MAWP * Sa/S 8.57 W/mm?

Minimum Design Metal Temperature per UCS-66 Curve : B
tg = 5.267 , tg_sr = 5.267 , tr = 3.616 , ¢ = 1.5875 mm , E* = 1.00

Stress Ratio = tr * (E*)/ (tg_sr - ¢) = 0.983 , Temp. Reduction=1C

Min. Metal Temp. w/o impact per Fig. UCS-66 ~-29 C

Min. Metal Temp. at Req'd thk. (UCS 66.1) -30 C

Min. Metal Temp. w/0 impact per UG-20(f) -29 C
ernal Pr T | hell N a8 |

ASME Code, Section VIII, Division 1, 2010, 2011a

External Pressure Chart Ccs-~2 at 177.79 C

Elastic Modulus for Material 186362.75 N/mm?

Results for Max. Aliowable External Pressure (Emawp):
Corroded Thickness of Shell TCA 3.6798 mm
Outside Diameter of Shell ODCA 114.300 mm

Design Length of Cylinder or Cone SLEN 6194.425 mm



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-~E~301; S50:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  ~--=------mecmmosoomoo—oco——aoo-
Shell Analysis : Shell Item

Diameter / Thickness Ratio (D/T) 31.0613
Length / Diameter Ratio LD 50.0000
Geometry Factor, A f£{DT,LD) A 0.0011401
Materials Factor, B, f{A, Chart) B 84397.3984 kPa
Maximum Allowable Working Pressure 3.62 N/mm?2
EMAWP = (4*B)/{3*(D/T)) = ( 4 *84397.3984 }/( 3 *31.0613 )} = 3.6229
Results for Reqd Thickness for Ext. Pressure (Tca):

Corroded Thickness of Shell TCA 1.0236 mm
Outside Diameter of Shell ODCA 114.300 mm
Design Length of Cylinder or Cone SLEN 6194.425 mm
Diameter / Thickness Ratio (D/T) 111.6639
Length / Diameter Ratio LD 50.0000
Geometry Factor, A £(DT,LD) A 0.0000882
Materials Factor, B, f(A, Chart) B 8661.3564 kPa
Maximum Allowable Working Pressure 0.10 N/mm?
EMAWP = (4*B)/{(3*(D/T)) = ( 4 *8661.3564 )/( 3 *111.6639 ) = 0.1034
Results for Maximum Length Calculation: No Conversion

Corroded Thickness of Shell TCA 3.6798 mm
Outside Diameter of Shell ODCA 114.300 mm
Design Length of Cylinder or Cone SLEN 0.915E+33 mm
Diameter / Thickness Ratio (D/T) 31.0613
Length / Diameter Ratio LD 50.0000
Geometry Factor, A £(DT,LD) A 0.0011401
Materials Factor, B, f(A, Chart) B 84397.3984 kPa

Maximum Allowable Working Pressure

EMAWP = (4*B)/{3*(D/T)) = { 4 *B4397.

3.62 N/mm?

3984 )/{ 3 *31.0613 ) = 3.6229



Bantrel PO# 1083-BC-~4008
Nat'l Gas Heater, Item: BL-E-301; 50:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  ~=r—ccccccmmrm e e e m

Shell Analysis : Shell Item: 1 12:22p BAug 5,2013

Summary of External Pressure Resuits:

Allowable Pressure at Corroded thickness 3.62 N/mm?
Reguired Pressure as entered by User 0.10 N/mm?
Required Thickness including Corrosion all. 2.6111 rmm
Actual Thickness as entered by User 5.2673 mm
Maximum Length for Thickness and Pressure 0.9150E+33 rmm
Actual Length as entered by User 6194.43 1mm

Weight and Volume Results, Original Thickness:

Volume ‘of Shell Component VOLMET 0.1277E+08 mm ~3
Weight of Shell Component WMET 970.8 N
Inside Volume of Component VOLID 0.5238E+08 mm ~3
Weight of Water in Component WWAT 513.5 N

Weight and Volume Resuits, Corroded Thickness:
Volume of Shell Component, Corroded  VOLMETCA 9541454.0 mm ~3
Weight of Shell Component, Corroded WMETCA 725.2 N
Inside Volume of Component, Corroded VOLIDCA 0.5564E+08 mm 3

Weight of Water in Component, Corroded WWATCA 545.4 N

PV Elite is a trademark of Intergraph CADWorx & Analysis Solutions, inc. 2012



Bantrel PO# 1083-BC-4008
Nat'l Gas Heater, Item: BL-E~301; S0:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units = ~-—-——emmmmmeme e ce oo
Shell Analysis : Inner Pipe/Tube Item: 3 12:22p Aug 5,2013
Input Echo, Component 3, Description: Inner Pipe/Tube

Design Internal Pressure P 10.03 N/mm?
Temperature for Internal Pressure 150.01 C
User Entered Minimum Design Metal Temperature -28.89 C
Design External Pressure PEXT 7.76 N/mm?
Temperature for External Pressure 177.79 C
External Pressure Chart Name Cs8-2

Include Hydrostatic Head Components NO
Material Specification {Not Normalized) SA-106 B
Material UNS Number K03006
Material Form used Smls. pipe
Allowable Stress At Temperature s 117897.66 KkPa
Allowable Stress At Ambient sa 117897.66 kPa
Yield Stress At Temperature Sy 213580.92 kPa
Curve Name for Chart UCS 66 B

Joint efficiency for Shell Joint E 1.00
Design Length of Section L 6292.850 mm
Length of Cylinder for Volume Calcs. CYLLEN 6292.850 mm
Outside Diameter of Cylindrical Shell D 73.025 mm
Minimum Thickness of Pipe or Plate T 4.5117 mm
Nominal Thickness of Pipe or Plate Tnom 5.1562 mm
Shell/Head Int. Corrosion Allowance CA 0.0000 mm

Skip UG-16(b) Min. thickness calculation YES



Bantrel PO# 1083-BC-4008
Nat'l Gas Heater, Item: BL-E~301; S0:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units = =----—=--—o-mrmmrcmme e ——e e

Shell Analysis : Inner Pipe/Tube Item: 3 12:22p Aug 5,2013
Type of Element: Cylindrical Shell

Internal pressure resuits. Shell Number 3, Desc.: Inner Pipe/Tube

ASME Code, Section VIII, Division 1, 20lla

Thickness Due to Internal Pressure (Tr):

{P*(D/2-CAE)) / {S*E+0.4*P) per Appendix 1-1 (a) (1)}

il

I

{10.03*(73.0250/2-0.000) / (117897, 66*1.00+0.4*10.03)

it

3.0045 + 0.0000 = 3.0045 mm

Max. All. Working Pressure at Given Thickness (MAWP):

(S*E*(T-CA-CAE)}) / ((D/2-CAE)~0.4*(T-CA-CAE)) per Appendix 1-1 {a) (1)

(117897.66*1.00*(4.5117)}/{73.0250/2-0.000-0.4*%4.5117)

15.33 N/mm?

1

Maximum Allowable Pressure, New and Cold (MAPNC):

f

(SA*E*T) / {D/2-0.4*T) per Appendix 1-1 (a) (1)

It

{117897.66*1.00%4.5117)/(73.0250/2-0.4*4.5117)

15.33 N/mm?

Actual stress at given pressure and thickness (Sact):

(P*{(D/2-CRE)-0.4* (T-CA~CRE)}) / (E*(T-CA-CAE))

li

{10.03*{((73.0250/2-0.000)~0.4*{4,5117)))/{1.00*(4.5117))

77172.37 kPa

It

SUMMARY OF INTERNAL PRESSURE RESULTS:

Required Thickness plus Corrosion Allowance, Trca 3.0045 mm



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S0:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  ~-—==---—-eccrmmcccmccre e

Shell Analysis : Inner Pipe/Tube Item:

Actual Thickness as Given in Input

Maximum Allowable Working Pressure MAWP
Maximum Allowable Pressure, NC MAPNC
Design Pressure as Given in Input P

Hydrostatic Test Pressures ( Measured at High Point ):
Hydrotest per UG-99(b); 1.3 * MAWP * Sa/S
Hydrotest per UG-99(c); 1.3 * MAPNC

Pneumatic per UG-100 ; 1.1 * MAWP * Sa/S

Minimum Design Metal Temperature per UCS-66 Curve : B
tg = 4.512, tg_sr=4.512, tr = 3.005, ¢ = 0.0000 mm, E* = 1.00

Stress Ratio = tr * (E*) / (tg_sr - ¢} = 0.666 , Temp. Reduction=19C

Min., Metal Temp. w/o impact per Fig. UCS-66
Min. Metal Temp. at Req'd thk. (UCS 66.1)

Min. Metal Temp. w/o impact per UG-20(f)

3 12:22p Aug 5,2013

4.5117

15.326

15.326

10.032

19.92 N/mm?
19.92 N/mm?

16.86 N/mm?

P r hell Number .: Inner Pipe/Tube

ASME Code, Section VIII, Division 1, 2010, 2011a

External Pressure Chart cs-2 at

Elastic Modulus for Material

Results for Max. Allowable External Pressure (Emawp):
Corroded Thickness of Shell TCA
Outside Diameter of Shell oDca

Design Length of Cylinder or Cone SLEN

177.79

196362.75

4.5117
73.025

6292.850

mm
N/mm?
N/mm?

N/mm?

N/mm?

10



Bantrel PO# 1083-~BC-4008

Nat'l Gas Heater, Item: BL-E-301; S0:4474
Eng: COS

PV Elite 2012 Licensea: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  -—-=c=rmemcco—mem— e
Shell Analysis : Inner Pipe/Tube Item: 3 12:22p Aug 5,2013
Diameter / Thickness Ratio (D/T) 16.1858
Length / Diameter Ratio LD 50.0000
Geometry Factor, A £(DT,LD) A 0.0041988
Materials Factor, B, f(A, Chart) B 110078.2812 kpa
Maximum Allowable Working Pressure 9.07 N/mm?
EMAWP = (4*B)/(3*(D/T)) = ( 4 * 0.1E+06 }/{ 3 *16.1858 ) = 9.0681
Results for Reqd Thickness for Ext. Pressure (Tca):

Corroded Thickness of Shell TCA 3.9926 mm
Outside Diameter of Shell ODCA 73.025 nmm
Design Length of Cylinder or Cone SLEN 6292.850 mm
Diameter / Thickness Ratio (D/T) 18.2903

Length / Diameter Ratio LD 50.0000
Geometry Factor, A £(DT,LD) A 0.0032882
Materials Factor, B, f{(A, Chart) B 106414.4609 kPa
Maximum Allowable Working Pressure 7.76 N/mm?
EMARWP = (4*B)/(3*(D/T}))}) = ( 4 * 0O.1E+06 )/( 3 *18.2903 ) = 7.7576
Results for Maximum Length Calculation: No Conversion

Corroded Thickness of Shell TCA 4.5117 mm
Outside Diameter of Shell ODCA 73.025 mm
Design Length of Cylinder or Cone SLEN 0.123E+08 mm
Diameter / Thickness Ratio (D/T) 16.1858

Length / Diameter Ratio LD 50.0000
Geometry Factor, A £(DT,LD) A 0.0041988
Materials Factor, B, f£{A, Chart) B 110078.2812 kPa
Maximum Allowable Working Pressure 9.07 N/mm?
EMAWP = (4*B)/{3*(D/T)) = ( 4 * 0.1E+06 }/{ 3 *16.1858 } = 9.0681

1



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-~E-301; S0:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

12

FileName : CC4474 SI Units  =--—=---oresmmccrmcccc e eee——

Shell Analysis : Inner Pipe/Tube Item: 3 12
Summary of External Pressure Results:
Allowable Pressure at Corroded thickness 9.07
Required Pressure as entered by User 7.76
Required Thickness including Corrosion all. 3.9926
Actual Thickness as entered by User 4.5117
Maximumn Length for Thickness and Pressure 0.1234E+08
Actual Length as entered by User 6292.85
Weight and Volume Resuits, No C.A. :
Volume of Shell Component VOLMET 6883961.5
Weight of Shell Component WMET 530.8
Inside Volume of Component VOLID (.2025E+08
Weight of Water in Component WWAT 198.4

PV Elite is a trademark of intergraph CADWorx & Analysis Solutions, Inc. 2012

:22p Aug 5,2013

N/mm?2
N/mm?2

mm

mm "3

mm ~3

N



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S0:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName CC4474 SI Units
Shell Analysis : Shell Cover HD

Input Echo, Component 4,

Design Internal Pressure

Temperature for Internal Pressure

User Entered Minimum Design Metal Temperature

Design External Pressure
Temperature for External Pressure

External Pressure Chart Name

Include Hydrostatic Head Components

PEXT

Material Specification (Not Normalized)

Material UNS Number

Material Form used

Allowable Stress At Temperature
Rllowable Stress At Ambient
Yield Stress At Temperature
Curve Name for Chart UCS &6

Joint efficiency for Head Joint

Qutside Diameter of Elliptical Head

Minimum Thickness of Pipe or Plate

Nominal Thickness of Pipe or Plate

Shell/Head Int. Corrosion Allowance

Aspect Ratio

Length of Straight Flange

SA

Sy

Tnom

CA

AR

STRTFLG

13

- ———— " o - - ——— — - —

4 12:22p Aung 5,2013

Description: Shell Cover HD

7.65

177.79

-28.89

0.10

177.7%

NO

Sa-516 70

K02700

Plate

137892.00

137892.00

227714.84

B

1.00

355.600

11.1760

12.7000

1.5875

2.0000

50.8000

N/mm?

N/mm?

kPa
kPa

kPa



Bantrel PO# 1083-BC-4008 14
Nat'l Gas Heater, Item: BL-E-301; S0:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  ---—r-memecmcrcecmrcr e

Shell Analysis : Shell Cover HD Item: 4 12:22p Aug 5,2013
Skip UG-16(b) Min. thickness calculation NO

Type of Element: Elliptical Head

nternal pr T k i r __4, Desc.: Shell Cover HD

ASME Code, Section VIII, Division 1, 201la

Thickness Due to Internal Pressure (Tr):

[}

(P* (D-2.0*CARE)*K} / ({2*S*E+2*P*{K-0.1)) per Appendix 1-4 {(c}

]

(7.65*(355.6000-2*0.000)*1.00)/(2*137892.00*1.00+2*7.65*% (1.00-0.1})

9.3984 + 1.5875 = 10.9859 mm

Max. All. Working Pressure at Given Thickness (MAWP):

il

{2*S*E* (T-CA-CAE}) / (K*(D-2*CAE)-2*(T-CA-CAE)*(K-0.1)) per Appendix 1-4(c)

(2*137892.00*1.00* (9.5885})/(1.00%*355.6000-2*(9.5885)*({1.00-0.1))

i}

7.82 N/mm?

Maximum Allowable Pressure, New and Cold (MAPNC):

{2*SB*E*T) / (K*D-2*T*(K-0.1)) per Appendix 1-4 (c)

(2*137892.00*1.00%11.1760)/(1.00*355,6000-2*11.1760* (1.00-0.1})

9.19 N/mm?

Actual stress at given pressure and thickness (Sact):

{P* {K* {D-2*CAE) -2* (T-CA-CAE} * (K-0.1))) / (2*E*{T-CA-CAE))

1]

(7.65*(1.00*355.6000~-2*(9.5885)*(1.00-0.1))}/(2*1.00*{9.5885))

135022.34 kPa

SUMMARY OF INTERNAL PRESSURE RESULTS:



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S0:4474
Eng: COS

PV Elite 2012 Licensea: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  -=-=-—--—-m——eeeeo
Shell Analysis : Shell Cover HD Item:

Required Thickness plus Corrosion Allowance, Trca

Actual Thickness as Given in Input

Maximum Allowable Working Pressure MAWP
Maximum Allowable Pressure, NC MAPNC
Design Pressure as Given in Input P

Hydrostatic Test Pressures ( Measured at High Point ):
Hydrotest per UG-99(b}; 1.3 * MAWP * Sa/S
Hydrotest per UG-9%{(c); 1.3 * MAPNC

Pneumatic per UG-100 ; 1.1 * MAWP * Sa/S

e e o e o e o et v

4 12:22p Aug 5,2013

10.9859 mm

11.1760 mm
7.816 N/mm?
9.187 N/mm?

7.653 N/mm?

10.16 N/mm?
11.94 N/mm?

8.60 N/mm?

Percent Elong. per UCS-79, VIII-1-01-57 {75*tnom/Rf)* (1-Rf/Ro} 15.244 %

Note: Please Check Requirements of UCS-79 as Elongation is > 5%.

Minimum Design Metal Temperature per UCS-66 Curve : B
tg=11.176 ,tg_sr=11.176,tr=9.398, c = 1.5875 mm , £* = 1.00

Stress Ratio = tr * {E*) / (tg_sr - c} = 0.980 , Temp. Reduction=1C

Min. Metal Temp. w/o impact per Fig. UCS-66
Min. Metal Temp. at Reqg'd thk. (UCS 66.1)

Min. Metal Temp. w/o impact per UG-20(f)

rnal Pri r l hell Numbe 4 ¢.: Sh

ASME Code, Section VIII, Division 1, 2010, 2011a

External Pressure Chart CsS-2 at

Elastic Modulus for Material

-25 C

-26 C

-28 ¢C

r H

177.7%9 C

196362.75 N/mm?

15



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E~301; S0:4474
Eng: COCS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  ~==-eem-s-ccccmcmcomoncoo—
Shell Analysis : Shell Cover HD Item: 4 12:22p Aug 5,2013

Results for Max. Allowable External Pressure (Emawp):

Corroded Thickness of Head TCA 9.5885
Outside Diameter of Shell ODCA 355.600
Diameter / Thickness Ratio (D/T} 37.0861
Geometry Factor, A £(DT,LD) A 0.0037450
Materials Factor, B, f£{A, Chart} B 108430.5078
Maximum Allowable Working Pressure 3.25
EMAWP = B/ (KO*(D/T}) = 0.1E+06/(0.9000 *37.,0861 ) = 3,2487

Resuits for Reqd Thickness for Ext. Pressure (Tca):

Corroded Thickness of Head TCA 0.9291
Outside Diameter of Shell ODCA 355.600
Diameter / Thickness Ratio (D/T) 382.7430
Geometry Factor, A £{DT,LD) A 0.0003629
Materials Factor, B, f(A, Chart} B 35627.0117
Maximum Allowable Working Pressure 0.10

EMAWP = B/(KO*(D/T)} = 35627.0117/(0.9000 *382.,7430 ) = 0.1034

Summary of External Pressure Resulits:

Allowable Pressure at Corroded thickness 3.25
Required Pressure as entered by User 0.10
Required Thickness including Corrosion all. 2.5166
Actual Thickness as entered by User 11.1760

Weight and Volume Resuits, Original Thickness:

Volume of Shell Component VOLMET 2501235.8
Weight of Shell Component WMET 190.1
Inside Volume of Component VOLID 4844414.0
Weight of Water in Component WWAT 90.9

o~

kPa

N/mm?2

kPa

N/mm?

N/mm?

N/mm?

mm "3
N
mm "3

N

16



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S0:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  ~==mrmemccec e ccccc e oo

Shell Analysis : Shell Cover HD Item: 4 12:22p Aug 5,2013
Inside Vol. of 50.80 mm Straight VOLSCA 4430867.0 mm "3
Total Volume for Head + Straight VOLTOT 9275281.0 mm ~3

Weight and Volume Results, Corroded Thickness:
Volume of Shell Component, Corroded  VOLMETCA 2188581.2 mm ~3
Weight of Shell Component, Corroded WMETCA 166.3 N
Inside Volume of Component, Corroded VOLIDCA 4984202.0 mm ~3
Weight of Water in Component, Corroded WWATCA 893.1 N
Inside Vol. of 50.80 mm Straight, Corr. VOLSCA 4515698.5 mm "3

Total Volume for Head + Straight Corroded VOLTCA 9495901.0 wmm ~3

PV Elite is a trademark of Intergraph CADWorx & Analysis Solutions, Inc. 2012



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S0:4474
BEng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

18

:22p Aug 5,2013

N/mm?

N/mm?2

kPa

kPa

kPa

FileName : CC4474 SI Units  =-==------m-- e

-8hell Analysis : Shell Cover SF Item: 5 12
Input Echo, Component 5, Description: Sheli Cover SF
Design Internal Pressure P 7.65
Temperature for Internal Pressure 177.79
User Entered Minimum Design Metal Temperature -28.89
Design External Pressure PEXT 0.10
Temperature for Bxternal Pressure 177.79
External Pressure Chart Name C38-2
Include Hydrostatic Head Components NO
Material Specification (Not Normalized) SA-516 70
Material UNS Number K02700
Material Form used Plate
Allowable Stress At Temperature S 137892.00
Allowable Stress At Ambient SA 137892.00
Yield Stress At Temperature Sy 227714.84
Curve Name for Chart UCS 66 B
Joint efficiency for Shell Joint E 1.00
Design Length of Section L 50.800
Length of Cylinder for Volume Calcs. CYLLEN 50.800
Outside Diameter of Cylindrical Shell D 355.600
Minimum Thickness of Pipe or Plate T 12.7000
Nominal Thickness of Pipe or Plate Tnom 12.7000
Shell/Head Int. Corrosion Allowance ca 1.5875
Skip UG-16(b) Min. thickness calculation NO



Bantrel PO# 1083-BC-4008 19
Nat'l Gas Heater, Item: BL-E-301; S50:4474

Eng: COS

PV Elite 2012 Licensae: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  -------ssscmemccccccccccconaoa—

Shell Analysis : Shell Cover SF Item: 5 12:22p Aug 5,2013
Type of Element: Cylindrical Shell

Internal pressure resuits, Shelt Number 3. Desc,: Shell Cover SF

ASME Code, Section VIII, Division 1, 201lla

Thickness Due to Internal Pressure (Tr):

[

{P*(D/2~CAE)) / (S*E+0.4*P) per Appendix 1-1 (a) (1)

(7.65* (355,.6000/2-0.000) /(137892.00*1.00+0.4%*7,65)

9.6536 + 1.5875 = 11.2411 mm

Max. All. Working Pressure at Given Thickness (MAWFP):

{S*E* {T-CA-CAE)) / ((D/2-CAE)-0.4* (T-CA-CAE)) per Appendix 1-1 (a) (1)

(137892.00%1.00*%(11.1125}}/(355.6000/2-0.000-0.4*11.1125)

8.84 N/mm?

[

Maximum Allowable Pressure, New and Cold (MAPNC):

(SA*E*T) / (D/2-0.4*T) per Appendix 1l-1 (a) (1)

]

(137892.00*1.00*12.7000) /{355.6000/2-0.4*12.7000}

10.14 N/mm?

Actual stress at given pressure and thickness (Sact):

{p*((D/2-CAE)-0.4*(T-CA-CRE))) / (E*(T-CA-CAE))

I

(7.65*%(((355.6000/2-0.000)~0.4*(11.1125)))/(1.00*(11.1125))

It

119386.89 kpa

SUMMARY OF INTERNAL PRESSURE RESULTS:

Required Thickness plus Corrosion Allowance, Trca 11,2411 mm



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL~E-301; S0:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  ----—----o-----—-
Shell Analysis : Shell Cover SF Item:

Actual Thickness as Given in Input

Maximum Allowable Working Pressure MAWP
Maximum Allowable Pressure, NC MAPNC
Design Pressure as Given in Input P

Hydrostatic Test Pressures ( Measured at High Point ):
Hydrotest per UG-99(b); 1.3 * MAWP * Sa/S
Hydrotest per UG-99{c); 1.3 * MAPNC

Pneumatic per UG-100 ; 1.1 * MAWP * Sa/S

20

i o i s o o

5 12:22p Aug 5,2013

12.7000 mm
8.839 N/mm?
10.139 N/mm?

7.653 N/mm?

11.49 N/mm2
13.18 N/mm?

9.72 N/mm?

Percent Elongation per UCS-79 ( 50 * tnom/Rf * (1-Rf/Ro) ) 3.704 %

Minimum Design Metal Temperature per UCS-66 Curve : B
tg=12.700, tg_sr=12.700, tr=9.654 , ¢ = 1.5875 mm, E* =1.00

Stress Ratio = tr * (E*) / ({g_sr - ¢) = 0.869 , Temp. Reduction=7 C

Min. Metal Temp. w/¢ impact per Fig. UCS-66
Min. Metal Temp. at Reqg'd thk. {UCS 66.1)

Min. Metal Temp. w/o impact per UG-20(f)

-21 C

-28 ¢

-29 C

External Pr re Results 1IN r Desc.: Shell Cover SF

ASME Code, Section VIII, Division 1, 2010, 2011a

External Pressure Chart cs-2 at

Elastic Modulus for Material

Results for Max. Allowable External Pressure (Emawp):

Corroded Thickness of Shell TCA

177.79 C

196362.75 N/mmn?

11.1125 mm
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Shell Analysis : Shell Cover SF Item: 5 12:22p Aug 55,2013
Outside Diameter of Shell ODCA 355.600 mm

Design Length of Cylinder or Cone SLEN 50.800 rmm

Diameter / Thickness Ratio (D/T) 32,0000

Length / Diameter Ratio LD 0.1429

Geometry Factor, A f(DT,LD) A 0.1134390

Materials Factor, B, f£(A, Chart) B 121289.8047 kPa

Maximum Allowable Working Pressure 5.05 N/mm?

EMAWP = (4*B)/(3*(D/T)) =

Results for Reqd Thickness for Ext. Pressure (Tca):

Corroded Thickness of Shell TCA
Outside‘Diameter of Shell ODCA
Design Length of Cylinder or Cone SLEN
Diameter / Thickness Ratio (D/T)
Length / Diameter Ratio LD
Geometry Factor, A f£(DT,LD) a
Materials Factor, B, f£(A, Chart) B

Maximum Allowable Working Pressure

EMARP = (4*B)/{3*(D/T)) =

Results for Maximum Length Calculation: No Conversion

Corroded Thickness of Shell TCA
Outside Diameter of Shell ODCA
Design Length of Cylinder or Cone SLEN
Diameter / Thickness Ratio {D/T)
Length / Diameter Ratio 1b
Geometry Factor, A £(DT,LD} A
Materials Factor, B, f£(A, Chart) B

Maximum Allowable Working Pressure

{4 * 0.1E+06 }/( 3 *32.0000 } = 5.0539

0.5063 mm

355.600 mm

50.800 mm

702.3177

0.142¢2

0.0005549

54477.3750 kPa

0.10 N/mm?

(4 *54477.3750 }/( 3 *702.3177 ) = 0.1034

11.1125 mm

355.600 mm

0.685E+31 mm

32.0000

50.0000

0.0010742

82863.1719 kpPa

3.45 N/mm?
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Shell Analysis : Shell Cover SF Item: 5 12:22p Aug 5,2013
EMAWP = (4*B)/(3*(D/T)) = ( 4 *82863.1719 )/{ 3 *32.0000 ) = 3.4527

Summary of External Pressure Resuits:

Allowable Pressure at Corroded thickness 5.05
Required Pressure as entered by User 0.10
Required Thickness including Corrosion all. 2.0938
Actual Thickness as entered by User 12.7000
Maximum Length for Thickness and Pressure 0.6847E+31
Actual Length as entered by User 50.80

Weight and Volume Results, Original Thickness:

Volume of Shell Component VOLMET 694999.9
Weight of Shell Component WMET 52.8
Inside Volume of Component VOLID 4350185.0
Weight of Water in Component WWAT 42.6

Weight and Volume Results, Corroded Thickness:

Volume of Shell Component, Corroded VOLMETCA 610940.7
Weight of Shell Component, Coxroded WMETCA 46.4
Inside Volume of Component, Corroded VOLIDCA 4434244.5

Weight of Water in Component, Corroded WWATCA 43.5

PV Elite is a trademark of Intergraph CADWorx & Analysis Solutions, Inc, 2012

N/mm?

N/mm?2

mm

mm

~3

~3

~3

~3
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Shell Analysis : C/D Reduction Item: 6 12
Input Echo, Component 6, Description: C/D Reduction

Design Internal Pressure P 9.93
Temperature for Internal Pressure 150.01
User Entered Minimum Design Metal Temperature -28.89
Design External Pressure PEXT 0.10
Temperature for External Pressure 150.01
External Pressure Chart Name cs-2
Include Hydrostatic Head Components NO
Material Specification (Not Normalized) SA-105
Material UNS Number K03504
Material Form used Forgings
Allowable Stress At Temperature S 137892.00
Allowable Stress At Ambient sA 137892.00
Yield Stress At Temperature Sy 219110.38
Curve Name for Chart UCS 66 B
Joint efficiency for Shell Joint B 1.00
Design Length of Section L 50.800
Length of Cylinder for volume Calcs. CYLLEN 50.800
Inside Diameter of Cylindrical Shell D 76.200
Minimum Thickness of Pipe or Plate T 7.9375
Nominal Thickness of Pipe or Plate Tnom 7.9375
Shell/Head Int. Corrosion Allowance cA 1.5875
Skip UG-16(b} Min. thickness calculation NO

:22p Aug 5,2013

N/mm?

N/mm?

kPa
kPa

kPa
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Shell Analysis : C/D Reduction Item: 6 12:22p Aug 5,2013
Type of Element: Cylindrical Shell

Internal pressure results, Shell Number 6, Desc.: C/D Reduction

ASME Code, Section VIII, Division 1, 20lla

Thickness Due to Internal Pressure (Tr):

il

(P*(D/2+CR)}) / (8*E-0.6*P) per UG-27 (c) (1)

(9.93*{76.2000/2+1.5875)}/(1378%2.00*1.00-0.6*3.93)

2.9865 + 1.5875 = 4.5740 mm

Max. All. Working Pressure at Given Thickness (MAWP):

{S*E* (T-CA-CAE)) / ((D/2+CB)+0,6* (T-CA-CAE)) per UG-27 (c) (1)

il

(137892.00%1.00* (6.3500) ) /{(76.2000/2+1.5875)+0.6*6.3500)

20.13 N/mm?

Maximum Allowable Pressure, New and Cold (MAPNC):

(SA*E*T)} / (D/2+0.6*T) per UG-27 (c) (1}

(137892.00%1.00%7.9375)/(76.2000/2+0.6%7.9375)

25.54 N/mm?

Actual stress at given pressure and thickness (Sact):

{P*{(D/2+CA}+0.6* (T-CA-CAE) )} / (E*{T-CA-CAE))

{9.93*((76.2000/2+1.5875})+0.6* (6.3500)))/{1.00* (6.3500}))

68008.34 kPa

SUMMARY OF INTERNAL PRESSURE RESULTS:

Required Thickness plus Corrosion Allowance, Trca 4.5740 mm
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Shell Analysis : C/D Reduction Item: 6 12:22p Aug 5,2013
Actual Thickness as Given in Input 7.9375 mm
Maximum Allowable Working Pressure MAWP 20.131 N/mm?
Maximum Allowable Pressure, NC MAPNC 25.536 N/mm?
Design Pressure as Given in Input P 9.928 N/mm?

Hydrostatic Test Pressures { Measured at High Paint }:

Hydrotest per UG-99(b); 1.3 * MAWP * Sa/S 26.17 N/mm?
Hydrotest per UG-99(c); 1.3 * MAPNC 33.20 N/mm?
Pneumatic per UG-100 ; 1.1 * MAWP * Sa/S 22.14 N/mm?

Minimum Design Metal Temperature per UCS-66 Curve : B
tg=7.938,tg_sr=7938,tr=2.987,c=1.5875 mm, E*=1.00

Stress Rafio = tr * (E*) / (ig_sr - ¢) = 0.470 , Temp. Reduction =39 C

Min. Metal Temp. w/o impact per Fig., UCS-66 -29 C
Min. Metal Temp. at Reg'd thk. (UCS 66.1) -48 C
Min. Metal Temp. w/0 impact per UG~20(f) -29 C
External P hell Number c.: C/D i

ASME Code, Section VIII, Division 1, 2010, 2011a

External Pressure Chart cs-2 at 150.01 C

Elastic Modulus for Material 199810.14 N/mm?

Results for Max. Allowable External Pressure (Emawp):
Corroded Thickness ¢f Shell TCA 6.3500 mm
Qutside Diameter of Shell OoDCA 92.075 mm

Design Length of Cylinder or Cone SLEN 50.800 mm
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Shell Analysis : C/D Reduction Item: 6 12:22p Aug 5,2013
Diameter / Thickness Ratio {D/T) 14.5000

Length / Diameter Ratio LD 0.5517

Geometry Factor, A f(DT,LD) A 0.0543067

Materials Factor, B, f£(A, Chart) B 122668.7188 kPa

Maximum Allowable Working Pressure 11.28 N/mm?

EMAWP = (4*B)/{3*(D/T)) = ( 4 * 0.1E+06 )/( 3 *14.5000 } = 11

Results for Reqd Thickness for Ext. Pressure (Tca):

Corroded Thickness of Shell TCA 0.2312
Outside Diameter of Shell ODCA 92.075
Design Length of Cylinder or Cone SLEN 50.800
Diameter / Thickness Ratio (B/T) 398.1975
Length / Diameter Ratio LD 0.5517
Geometry Factor, A £(DT,LD) A 0.0003082
Materials Factor, B, f{A, Chart) B 30886.9531
Maximum Allowable Working Pressure 0.10
EMAWP = (4*B)/(3*(D/T)) = ( 4 *308B6.9531 }/( 3 *398.1975 ) =
Results for Maximum Length Calculation: No Conversion

Corroded Thickness of Shell TCA 6.3500
Outside Diameter of Shell ODCR 92.075
Design Length of Cylinder or Cone SLEN 0.501E+32
Diameter / Thickness Ratio {D/T) 14.5000
Length / Diameter Ratio LD 50.0000
Geometry Factor, A f(DT,LD) A 0.0052319
Materials Factor, B, f(A, Chart) B 119631.2891
Maximum Allowable Working Pressure 11.00
EMAWP = (4*B}/(3*(D/T)) = ( 4 * 0.1E+06 )/{( 3 *14.5000 ) = 11.

.2801

kPa

N/mm?

0.1034

kPa

N/mm?

0008
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shell Analysis : C/D Reduction Item: 6 12:22p Aug 5,2013

Summary of External Pressure Results:

Allowable Pressure at Corroded thickness 11.28 N/mm?
Required Pressure as entered by User 0.10 N/mm?
Required Thickness including Corrosion all. 1.8187 mm
Actual Thickness as entered by User 7.9375 mm
Maximum Length for Thickness and Pressure 0.5009E+32 mm
Actual Length as entered by User 50.80 mm

Weight and Volume Results, Original Thickness:

Volume of Shell Component VOLMET 106582.8 mm ~3
Weight of Shell Component WMET 8.1 N
Inside Volume of Component VOLID 231666.7 mm ~3
Weight of Water in Component WWAT 2.3 N

Weight and Volume Results, Corroded Thickness:

Volume of Shell Component, Corroded  VOLMETCA 86875.0 mm "3
Weight of Shell Component, Corroded WMETCA 6.6 N
Inside Volume of Component, Corroded VOLIDCA 251374.4 rmm ~3

Weight of Water in Component, Corroded WWATCA 2.5 N

PV Efite is a trademark of Intergraph CADWorx & Analysis Solutions, Inc. 2012
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Nozzle Analysis : Nozzle A/B Item:

Input Echo, Nozzle Item 1, Description: Nozzle A/B

Design Internal Pressure ( Case 1 ) P
Temperature for Internal Pressure TEMP
Design External Pressure ( Case 2 ) PEXT
Temperature for External Pressure TEMPEX

Maximum Allowable Pressure New & Cold (Case 3)

Include Hydrostatic RHead Components

Shell or Head Material (Not Normalized oxr NA)

Material UNS Number

Shell/Head Allowable Stress at Temperature S
Shell/Head Allowable Stress At Ambient sa
Shell/Head Yield Stress at Temperature Sy
Outside Diameter of Cylindrical Shell D
Design Length of Section L
Actual Thickness of Shell or Head T
Corrosion Allowance for Shell or Head CaS

Is this Nozzle a Radial Nozzle

Is this Nozzle a Lateral Nozzle {Y-angle)
The Attached Flange is Class CL 600 Grade GR 1.1

Nozzle Material (Not Normalized or NA)

Material UNS Number

177.79

177.79

NO

SA-106 B

K03006

117897.66

117897.66

209788.91

114.300

6194.,425

5.2673

1.5875

YES

NO

SA-106 B

K03006

N/mm?

N/mm?

N/mm?

kPa
kPa

kPa
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Nozzle Analysis : Nozzle A/B Item: 1 12:22p Aug 5,2013
Nozzle Allowable Stress at Temperature SN 117897.66 kPa
Nozzle Allowable Stress At Ambient SNA 117897.66 kPa
Diameter Basis for Nozzle BASISN oD
Nominal Diameter of Nozzle DIA 50.800 mm
Nozzle Size and Thickness Basis DBN Nominal
Nominal Thickness of Nozzle THKNOM SCH 160
Corrosion Allowance for Nozzle CAN 1.5875 mm
Joint Efficiency of Shell Seam at Nozzle ES 1.00
Joint Efficiency of Nozzle Neck EN 1.00
Insert or Abutting Nozzle Type NTYP Insert
Outward Projection of Nozzle HO 152,400 mm
Weld leg size between Nozzle and Pad/Shell Wwo 6.3500 mm
Groove weld depth between Nozzle and Vessel WGNV 6.0198 mm
ASME Code Weld Type per UW-16.1 c

Method used for checking Nozzle opening UG-37
Method used for checking Large Nozzles App. 1-10

Is this is Manway/Access/Inspection Opening No
Skip Iterative Failure Thickness Calculations Yes

Reinforcement CALCULATION, Description: Nozzle A/B

ASME Code, Section VI, Division 1, 2011a, UG-37 to UG-45

Actual Outside Diameter Used in Calculation 60.325 wmm.

Actual Thickness Used in Calculation 8.738 mm
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1 12:22p Aug 5,2013

Nozzle Analysis : Nozzle A/B Item:

Internal Pressure Results for SHELL/HEAD ;

Reqd thk per UG-37(a) of Cylindrical Shell, Tr Internal Pressure

Thickness Due to Internal Pressure:

3.6159 + 1.5875 = 5.2034 mm

]

Reqd thk per UG-37(a) of Cylindrical Shell, Tr Mapnc case

Thickness Due to Internal Pressure:

I

3.615% + 0.0000 = 3.6159 mm

External Pressure Resuits for SHELL/HEAD :

Summary of External Pressure Results:

(7.65*{114.3000/2~0.000) / (117897.66*1.00+0.4*7.65)

{7.65%{114.3000/2-0.000) /({117897.66*1.00+0.4*7.65)

(P* (D/2-CRE)) / (S*E+0.4*P} per Appendix 1-1 (a) (1)

(p*(D/2-CBE}) / (S*B+0.4*P) per Appendix 1-1 (a) (1)}

Allowable Pressure at Corroded thickness 3.62
Required Pressure as entered by User 0.10
Required Thickness including Corrosion all. 2.6111
Actual Thickness as entered by User 5.2673
Maximum Length for Thickness and Pressure 0.9150E+33
Actual Length as entered by User 6194.43

Internal Pressure Resuilts for NOZZLE :

N/mm?

N/mm?
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Nozzle Analysis : Nozzle A/B Item: 1 12:22p 2Aug 5,2013

Reqd thk per UG-37(a) of Nozzle Wall, Trn Internal Pressure

Thickness Due to Internal Pressure:

]

{P*{D/2-CAE}} / {S*E+0.4*P) per Appendix 1-1 (a} (1}

]

(7.65%(60.3250/2-0.000)/(117897.66*1.0040.4*7.65)

1.9084 + 1.5875 = 3.4959 mm

Reqd thk per UG-37(a) of Nozzle Wall, Trn Mapnc case

Thickness Due to Internal Pressure:

{P*{D/2-CAE)) / (S*E+0.4*P) per Appendix 1-1 ({(a){1l)

(7.65*(60.3250/2-0.000) /(117897.66*1.00+0.4*7,65)

1.95084 + 0.0000 = 1.9084 mm

]

External Pressure Results for Nozzle per UG-28 :

Summary of External Pressure Results:

Allowable Pressure at Corroded thickness 20.98 N/mm?
Required Pressure as entered by User 0.10 N/mm?
Required Thickness including Corrosion all. 1.8712 mm
Actual Thickness as entered by User 8.737¢ mm
Maximum Length for Thickness and Pressure 0.2349E+33 mm
Actual Length as entered by User 152.40 mm

UG-40, Limits of Reinforcement : Internal Pressure
Effective material diameter limit, DL 92.050 mm

Effective material thickness limit, no pad  TLNP 9.200 mm

UG-40, Limits of Reinforcement : Mapnc case
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Nozzle Analysis : Nozzle A/B Item: 1 12:22p Aug 5,2013
Effective material diameter limit, DL 85.700 mm
Effective material thickness limit, no pad  TLNP 13.168 mm

NOTE : Taking a2 UG-36(c){3)(a) exemption for Nozzle A/B

This calculation is valid for nozzles that meet all the requirements of
paragraph UG-36. Please check the Code carefully, especially for nozzles
that are not isolated or do not meet Code spacing requirements. To force

the computation of areas for small nozzles, go to the Miscellaneous Tab.

Opening size: 46.025, Shell/Head Req. thk.: 3.616 mm

Weight of Nozzle, with Flange, Uncorroded 52.78 N

Weight of Nozzle, with Flange, Corroded 50.09 N

Minimum Design Metal Temperature (MDMT) Results :

MDMT of Shell, UCScurve: B

tg = 5.267 , tg_sr = 5.267 , tr = 3.616, c = 1.5875 mm, E* = 1.00

Stress Ratio = tr * (E*)/ (tg_sr - ¢) = 0.983 , Temp. Reduction=1C

Min. Metal Temp. w/¢ impact per Fig. UCS-66 -2% C
Min. Metal Temp. at Req'd thk. (UCS 66.1) -30 C
Min. Metal Temp. w/0 impact per UG-20(f) -29 C
MDMT of Nozzle Neck to Flange Weld, UCS Curve: B

- e o o . 0 o O P . . . s e ove Y (P P . T W Y P e e oy . A P . . o P T P o

tg=8.738, tg_sr=8.738, tr =1.908 , c = 1.5875 mm , E* = 1.00
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Nozzle Analysis : Nozzle A/B Item: 1 12:22p Aug 5,2013

Stress Ratio =tr * (E*) / (tg_sr - ¢) = 0.267 , Temp. Reduction=78 C

Min. Metal Temp. w/o impact per Fig. UCS-66 -29 C
Min. Metal Temp. at Req'd thk. (UCS 66.1) -104 C
Min. Metal Temp. w/o impact per UG-20(f) -29 C

MDMT of Nozzie-Shell/Head Weid for the Nozzle (UCS-66(a)1(b)), Curve:B

tg =5.267 , tg_sr =5.267, tr =3.616 , ¢ = 1.5875 mm , E* = 1.00

Stress Ratio =1r * (E*)/ (tg_sr - ¢) = 0.983 , Temp. Reduction=1C

Min. Metal Temp. w/o impact per Fig. UCS~66 -29 C
Min. Metal Temp. at Reqg'd thk. (UCS 66.1) -30 C
Min. Metal Temp. w/o impact per UG-20(f) -29 C
Governing MDMT of the Shell : -30 C
Governing MDMT of all the sub-joints on this junction : -30 C

Weld Size Calculations, Nozzle Number 1, Desc.: Nozzie A/B

Intermediate Calcs. for nozzle/shell welds Tmin 3.6798 mm

Results Per UW-16.1:
Required Thickness Actual Thickness

Nozzle Weld 2.5759 = 0.7 * Tmin 4.4901L = 0.707 * WO , Tam

M.A.W.P. Resuits Based on, Shell and Nozzie neck:

Converged M,A.W.P for given geometry AMAWP 7.792 N/mm?

33
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Nozzle Analysis : Nozzle A/B Item: 1 12:22p Aug 5,2013

Flange Pressure Rating for CL 600 GR 1.1 (ASME/ANSI B16.5/.47 2006 Ed.):
Pressure Rating for Bl16.5 Flange at : 178 ¢ is : 8.871 WN/mm?

Pressure Rating for B16.5 Flange at : 21 C is : 10.204 N/mm?

Minimum Design Metal Temperature of Flange Without Impact Testing, Curve: B
Stress Ratio, Sfrat = Design Pressure / Flange Rating at MDMT

= 7.65 / 10.20 = 0.750

Min. Metal Temp. w/o0 impact per UCS-66 (¢) -28 ¢
Reduction in Min. Metal Temp. per UCS-66.1 using Sfrat 14 C
Final Minimum Metal Temperature at Design Pressure -43 C

PV Elite is a trademark of intergraph CADWorx & Analysis Solutions, inc. 2012
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Nozzle Analysis : C/D Flg. Ref Item:

Input Echo, Nozzle Item 2, Description: C/D Flg. Ref

Design Internal Pressure ({ Case 1) P
Temperature for Internal Pressure TEMP
Design External Pressure { Case 2 } PEXT
Temperature for External Pressure TEMPEX

Include Hydrostatic Head Components

Shell or Head Material (Not Normalized or NA)

Material UNS Number

Shell/Head Rllowable Stress at Temperature S
Shell/Head Allowable Stress At Ambient SA
Shell/Head Yield Stress at Temperature Sy
Inside Diameter of Cylindrical Shell D
Design Length of Section L
Actual Thickness of Shell or Head T
Corrosion Allowance for Shell or Head CAS

Is this Nozzle a Radial Nozzle

Is this Nozzle a lateral Nozzle (Y-angle)

The Attached Flange is Class CL 900 Grade GR 1.1

Nozzle Material (Not Normalized or NA)

Material UNS Number

Nozzle Allowable Stress at Temperature SN

35

2 12:22p Aug 5,2013

9.93 N/mm?
150.01 ¢C
0.10 N/mm?

150.01 C

NO

SA-105

K03504
1378%2.00 kPa
137892.00 kPa

219110.38 kPa

76.200 mm
50.800 mm
7.9375 mm

1.5875 mm

YES

NO

SA-105
K03504

137892.00 kPa
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Nozzle Analysis : C/D Flg. Ref Item
Nozzle Allowable Stress At Ambient SNA
Diametex Basis for Nozzle BASISN
Inside Diameter of Nozzle DIA
Nozzle Size and Thickness Basis DBN
Actual Thickness of Nozzle THK
Corrosion Allowance for Nozzle CAN
Joint Efficiency of Shell Seam at Nozzle ES
Joint Efficiency of Nozzle Neck EN
Insert or Abutting Nozzle Type NTYP
Outward Projection of Nozzle HO
Weld leg size between Nozzle and Pad/Shell WO

Groove weld depth between Nozzle and Vessel WGNV

ASME Code Weld Type per UW-16.1

Method used for checking Nozzle opening
Method used for checking Large Nozzles
Is this is Manway/Access/Inspection Opening

Skip Iterative Failure Thickness Calculations

36
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137892.00 kPa

ID
76.200 mm
Actual
7.9375 mm
1.5875 mm
1.00
1.00
Abutting
228.600 mm
6.3500 mm
7.8375 mm
A
UG-37
App. 1-7
No
Yes

Flange Pressure Rating for CL 900 GR 1.1 (ASME/ANSI B16.5/.47 2006 Ed.):

Pressure Rating for Bl16.5 Flange at : 150 C

Pressure Rating for B16.5 Flange at 21 ¢C

is : 13.539 N/mm?

is : 15.306 N/mm?

Minimum Design Metal Temperature of Flange Without Impact Testing, Curve: B

Stress Ratio, Sfrat

= 9.93 / 15.31 = 0.649

Design Pressure / Flange Rating at MDMT



Bantrel PO# 1083-BC-4008
Nat'l Gas Heater, Item: BL-E-301; S0:4474

Eng: COS
PV Elite 2012 Licensgaa: HEAT EXCHANGER DESIGN
FileName : CC4474 SI Units  =—=mewsccmcocmcrcccrror e e ee———w
Nozzle Analysis : C/D Flg. Ref Item: 2 12:22p Aug 5,2013
Min. Metal Temp. w/0 impact per UCS-66(c) -29 C
Reduction in Min. Metal Temp. per UCS-66.1 using Sfrat 20 ¢
Final Minimum Metal Temperature at Design Pressure -48 C

PV Elite is a trademark of Intergraph CADWorx & Analysis Solutions, Inc. 2012
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Bantrel PO# 1083-BC-4008 38
Nat'l Gas Heater, Item: BL-E-301; $0:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  -~—-rmreececcecc e e m e — e —————

Horizves Analysis : $4474- Struct Item: 1 12:22p Aug 5,2013

Input Echo, Horizontal Vessel Item 1, Description: $4474- Struct (Looking at Saddie Only)

Design Internal Pressure 7.65 N/mm?
Design Temperature 177.79 ¢
Corrosion Allowance for Vessel 1.5875 mm
Shell Material SA-106 B

Shell Material UNS Number K03006

Shell Operating Allowable Stress 117897.66 kPa
Shell Ambient Allowable Stress 117897.66 kPa
Head Material SA-516 70

Head Material UNS Number K02700

Head Operating Allowable Stress 137892.00 kPa
Head Ambient Allowable Stress 137892.00 kPa
Density of Shell and Head Material 7750.399% kg/m?
Density of Stored Liguid 999.5419 kg/m?
Ligquid Height in Vessel 106.9403 mm

NOTE: Liquid Height is not entered, it is being set equal to the vessel ID.

Extra Weight 3780.800 N
Saddle Reaction Force Factor ftr 3.00
Distance from Center of Vessel to Support B 222.25 mm
Baseplate Length 279.4000 mm
Baseplate Thickness 12.7000 mm
Baseplate Width 76.2000 mm
Number of Ribs { inc. outside ribs ) 2



Bantrel PO# 1083-BC-4008
Nat'l Gas Heater, Item: BL-E-301; 80:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 8I Units  -=——-=-e——=cccccmcemo- e m——————
Horizves Analysis : S4474- Struct Item: 1 12:22p
Rib Thickness 6.3500 mm
Web Thickness 6.3500 mm
Web Location Side

Height of Center Web

158.7500 mm

Design Temperature of Base Structure 177.79 C
Saddle\Baseplate\Rib\Web Material SA-516 70
Saddle\Baseplate\Rib\Web Material UNS Numbex K02700
Operating Allowable Stress 137892.00 kPa

Ambient Allowable Stress

Force Coefficient (Shape factor) (04 4
Extra Area

Design Wind Code

Importance Factor

Wind Velocity

Exposure Category

Height above Grade

Type of Hill

Seismic Zone Idenifier, Zone

User Entered Seismic Zone Coefficient

Diameter Basis for Vessel

Shell Diameter

Shell Length Tangent to Tangent
Thickness of Shell

Shell Joint Efficiency

137892.00 kPa

0.600
0.0000 m?
ASCE 7-95
1.000
40.233 m/sec
c
1.829 m

None

4 Zone 3

0.2750

oD
114.300 nm
7.010 m
5.2673 rmm

1.0000

Aug 5,2013
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Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S0:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

1 12:22p Aug 5,2013

FileName : CC4474 SI Units  -—-=----=--c—ecmmcmccmm oo
Horizves Analysis : S4474~ Struct Itenm:

Head Type Flat

Head Thickness 74,6125 mm
Head Joint Efficiency 1.0000
Distance from Saddle to Vessel Tangent 1524.000 mm
Saddle Width 44.450 mm
Saddle Bearing Angle 150.0000 degrees
Wear Pad Thickness 0.0000 mm
Wear Pad Extension above Horn of Saddle 0.0000 mm
Wear Pad Width 0.000 mm
Stiffening Ring Present N

1 T = -

Wind Load Results per ASCE-7 95

alpha factor from Table C6-2 : 9.5

2g from Table C6-2 : 274.32 m

Velocity Pressure Exposure Coeff. Kz (C3) : 0.8489

Gust Effect Factor (Rigid) G per Eq. 6-4 : 0.8500

Wind velocity Pressure gz at mid from Eg 6-15 : 0.843 kPa

Wind velocity Pressure, P = gz * G : 0.716 kPa

Wind( ASCE #7 ) and Seismic Resulits :

Transverse Wind Load Component, Ftw:
Ftw = ( AFT * Cf * QZ * Cnv_Fac) * 0.5

Ftw = {( 1.227 * 0.600 * 0.7164 * 1000.22449)* 0.5
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Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; $0:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units ~ -—~—=--rr—-omesemce e
Horizves Analysis : 84474- Struct Item:

Ftw = 263.801 N

Longitudinal Wind Load Component, Fiw:
Flw = ( AFL * Q2 * Cnv_fac)
Flw = { 0.023 * 0.7164 * 1000.22449)

Flw

16.538 N

Transverse Earthquake Load Component, Fte:
Fte = ( Cs * Wo } * 0.5

Fte

{ 0.2750 * 5475.67 ) * 0.5

752.904 N

Fte

Longitudinal Earthquake Load Component, Fle:
Fle = Cs * Wo

Fle = 0.2750 * 5475.67

[

Fle

1505.809 N

Saddle Reaction Force due to Transverse Forces, Qr:

Or = ftr * Max( Ftw, Fte ) * B / E

Qr

Qr 4423.985 N

Saddle Reaction Force due to Longitudinal forces, Ql:

3.0 * Max( 263.80 , 752.90 ) * 222.2500 / 113.4721

1 12:22p

0l = Max( Flw, Fle, F1f, Flu ) * B / Ls
Q1 = Max( 16.54 , 1505.81 , 0.00 , 0.00 )} * 222.2500 / 3962.3999
Q1 = 84.460 N

Load Combination Results for Q + Wind or Seismic or Friction or User

Q = Wo/2 + Max{ Qr, Q1 )

Aug 5,2013
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Bantrel PO# 1083-BC-4008
Nat'l Gas Heater, Item: BL-E-301; S0:4474

Eng: COS

PV Elite 2012 Licensea: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units = ~~—=em=~ e ——————— e s —am————

Horizves Analysis : $4474- Struct Item: 1 12:22p Aug 5,2013
Q = 2737.83 + Max( 4423.99 , 84.46 )

Q 7161.819 N

Summary of Loads on this Saddle Support:

Vertical Load on this Saddle 7161.82 N

Transverse Shear Load on this Saddle 752.90 N
Longitudinal Shear Load on this Saddle 1505.81 N

Formulae and substitutions for ZICK Analysis

Shell and Head Required Thickness and MAWP :

Shell:

Thickness Due to Internal Pressure:

{P*{D/2-CAE)) / (S*E+0.4*P) per Appendix 1~1 (a) (1)

]

(7.65*(114.3000/2-0.000)/{117897.66*1.00+0.4*7.65)

]

3.6163 + 1.5875 = 5.2038 mm

Max. All. Working Pressure at Given Thickness (MAWP):

|.ess Operating Hydrostatic Head Pressure of 0.00 N/mm?

{S*E* (T-CA-CAE)) / ((D/2-CAE)-0.4* (T~-CA-CAE}) per Appendix 1-1 (a) (1)

]

(1176897.66*1.00*{3.6798))/(114.3000/2-0.000~0.4*3.6798)

7.79 - 0.00 = 7.79 N/mm?

Maximum Allowable Pressure, New and Cold (MAPNC):

(SA*E*T) / (D/2-0.4*T) per Appendix 1-1 (a) (1)

]

{117897.66*1.00*5.2673)/(114.3000/2-0.4*5.2673)

11.28 N/mm?
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Bantrel PO# 1083~BC-4008
Nat'l Gas Heater, Item: BL-E-301; $0:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  -——=—-——mmrmeem e

Horizves Analysis : S4474- Struct Item: 1 12:22p Aug 5,2013

Actual stress at given pressure and thickness (Sact):

(P* ( (D/2-CRE)-0.4* (T-CA-CAE))) / (E*{(T-CA-CAE))

(7.65*(({114.3000/2-0.000)-0.4*(3.6798)))/(1.00*(3.6798))

115810.67 kPa

Elat Head:
Thickness Due to Internal Pressure:

{D) * SQRT(Z*CF*P/(S*E)} per 0G-34 (c) (3)

{114.3000) *SQRT (1.00*0.30*7.65/(137892.00*1.00))

14.7497 + 1.5875 = 16.3372 mm

Max. All. Working Pressure at Given Thickness (MAWP):

Less Operating Hydrostatic Head Pressure of 0.00 N/mm?

({T-CA-CAE) /D)*2 * ((S*E)/{CF*Z)} per UG-34 (c} (3)

({73.0250) /114.3000)**2*({137892.00*1.00) /(0.30*1.00})

187.62 - 0.00 = 187.62 N/mm?

Maximum Allowable Pressure, New and Cold (MAPNC):

(T/D)*2* {(S*E) / (CF*Z)) per UG-34 {(c) (3)

(74.6125/114.3000) **2* ((137892.00*1.00) /(0.30*1.00))

195.87 N/mm?

Actual stress at given pressure and thickness (Sact):

(2*CEF*P) / (({({T-CA-CAE)/D)"2)*E)

{1.00*0.30*7.65)/(({(73.0250})/114.3000)**2)*1.00)

i

5625.51 kPa

Longitudinal Bending (+-) at Midspan

= ( 3*Q* L/12 * K.2 / ( PI * R*2 * ( T - CA )))
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Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E~301; S0:4474

Eng: COS

PV Elite 2012 Licensea: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  --=-—--ecmmmrccmcc e

Horizves Analysis : S4474-~ Struct Item: 1 12:22p Aug 5,2013

{ 3* 7161 /12 * 7.01 * 0.1306 } /

( PI * 53.4702 * 53.4702 * { 5.2673 - 1.5875 )})

49579.06 kPa

Compute the area ratio [K]:
= Pi * (Sin(Delta})/Delta - Cos(Delta) } / (Delta + Sin{(Delta) * Cos(Delta} -

(Delta + Sin{(Delta} * Cos(Delta) - 2 * Sin{Delta) * Sin{(Delta)/Delta)

3

Pi * (Sin(l.614 } / 1.614 - Cos(1.614 )) / { 1.614 + Sin{l.614 } *

Cos(1,614 ) - 2 * Sin(1l.614 ) * Sin(1.614 )/ 1.614 }

6.2238

Compute the moment fraction [X]:

(1 - (1 -A/L+ (R*-H*)/(2*2Aa*L ) )/{1 + (4*H )/( 3 * L) ))

= (1 - (1 - 127.000 /7.010 + (4.4562 - 0.0002}/( 2 * 127.000 * 7.010 ) ) /
(1 + (4 * 0.000 )/(3 * 7.010 ) ) )
= 0.2173

Intermediate Product [K.1]:

=K*X *4*A/L

1l

6.224 * 0.217 * 4 * 127.000 / 7.010 = 1.1758

Longitudinal Bending (+-) at Saddle

( 3*Q* L/12 * K.1 / ( PL * R*2 * { T - CA )))

I

{( 3* 7161 /12 * 7,01 * 1.1758 ) /

{ PT * 53.4702 * 53.4702 * ( 5.2673 - 1.5875 }))

446531.09 kPa

Longitudinal Pressure Stress

= DP* ({SID/2+CA)-0.4*(T-CA))/{(2.0* (T-CA}}



Bantrel PO# 1083-BC-4008
Nat'l Gas Heater, Item: BL-E-301; $0:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  ~--—--c-mrrecrermemccccccc e

Horizves Analysis : S4474- Struct Item: 1 12:22p Aug 5,2013

1l

7.7 * ({103.77 / 2 + 1.5875 - 0.4 * ( 5.267 - 1.5875 1)) /
{ 2.0* { 5.267 - 1.5875))

54070.90 kPa

fl

Note: The Longitudinal Stress from Zick Analysis is combined with the

Longitudinal Pressure Stress 1o get the total stress.

Tangential Shear in Shell near Saddle

Q * K.4 * ({ L-H-2A }/( L+H ))/( R*(T-CA))

b}

7161 * 0.7988 * (( 7.01 - 0.00 - 2 * 1.52 )/

{ 7.01 + 0.00 }}/( 53.4702 * { 5.2673 - 1.5875 ))

16435.22 kpPa

Circumferential Stress at Horn of Saddle (L >= 8R)
= -Q /(4*TEM* (SADWTH+1.56*SQRT (R* (T-CA} ) })~3.0*Q*K.7/ (2*TEB})
= -7161 /{ 4 * 3.6798 * (44.45 + 1.56*SQRT(53.4702 *3.6798 }})
-3 % 7161 * 0.0320 / ( 2 * 13.5411 )

-32723.00 kra

Circumferential Compression at Bottom of Shell

{Q*( K.9/( TEM9*( B+1.56 * SQRT( R * TEMY9 )}))

(7161 *(0.6733 /(3.6798 *{44.45 +1.56*SQRT{55.06 *3.6798 )}))

-19659.71 kPa

RESULTS for VESSEL RIBS, WEB and BASE

Moment of Inertia of Saddie - Lateral Direction

Y A AY Ay~2 Io
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Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S0:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  -—ce=-mcecmcccrcmercccmcc e

Horizves Analysis : S$4474~ Struct Item: 1 12:22p Aug 5,2013
Shell 2. 0. 148. 273. 91.
Wearplate 4. 0. 0. 0. 0.

Web 75. 0. 67682, 5066978. 1527035.
BasePlate 152. 0. 147484. 22476474. 13007.
Totals 233. 0. 215313. 27543726. 1540133.
Value C1 = Sumof (Ay}/Sumof (A) = 110. mm
Value I = Sumof (Ay? ) + Sumof (Io) - Cl*Sumof(Ay} = 5337772, mm**4
value As = Sumof({A) - Ashell = 0. m2

K1 = (l+Cos(b)~.5*Sin(b}~2 }/(pi-b+Sin(b)*Cos(b)) = 0.2594

Fh = K1 * Q = 0.2594 * 7161.819 = 1857.578 N

1]
[l

Tension Str., St { FPh/As ) = 992.4338 kPa

Allowed Str., Sa

i

.6 * Yield Stress

136628.9062 kPa

d = B - R*Sin(theta) / theta = 172.7638 mm
Bending Moment, M = Fh * d = 321.0524 N-m
Bending Stress, Sbnd = ( M * Cl / I ) = 6630.9019 kPa

Allowed Str., Sa = .66 * Yield Str. 150291.7969 kPa

Minimum Thickness of Baseplate

i

{ 3 * Q * BasePlateWidth / ( 2 * BasePlatelength *

AllStress ))¥

]

( 3 * 7161 * 76.20 / ( 2 * 279.400 * 150291.797 ))%

4.415 mm



Bantrel PO# 1083-BC-4008
Nat'l Gas Heater, Item: BL-E-301; S0:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileMame : CC4474 SI Units  -—=—--—rroec——cermcece e

Horizves Analysis : $4474- Struct Item: 1
Iculation of Axial Load, Infermediate Vai ngd Com| )

BEffective Baseplate Length (e)

{ Bplen - Clearance ) / { Nribs - 1)

i

{ 279.4000 - 25.4 ) / (2 -~ 1) = 254.0000 mm

Baseplate Pressure Area (Ap)

=g * Bpwid / 2

254.0000 * 76.2000 / 2 = 0.0097 m?

Axial Load (P)

Ap * Bp

9677.40 * 1239.31 = 3255.37 N

Area of the Rib and Web (Ar)

( Bpwid - Clearance - Webtk } * Ribtk + e/2 * Webtk

{ 76.200 - 25.4 - 6.350 ) * 6.350 + 254.0000 /2 * 6.350

0.001 m?

i

Compressive Stress (Sc)

= P/Ar

[

3255.37 / 0.0011 = 2990.2065 kPa

Check of Qutside Ribs

Inertia of Saddle, Outer Ribs - Axial Direction

Y A AY Ay~2
Rib 29. 0. 7489. 96315.
Web 3. 0. 2560. 31303.
Values 9. 0. 10050. 127618.

-

Io

57161.

5420.

62580.

47
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Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S0:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  ~—m-eveccccccmcccccccccc e

Horizves Analysis : S4474- Struct Item: 1 12:22p Aug 5,2013

KL/R < Cc { 14.9370 < 128.5732 ) per AISC E2-1 9th Edition

Sca = (1-(Klr)2/(2*Cc?))*Fy/(5/3+3*(K1lr)/(8*Cc)-(Klr3)/(B*Cc?)

Sca = ( 1-( 14.94 )2/(2 * 129,572 }) * 227714 /
{ 5/3+3*(14.94 )/(B* 129.57 )-( 14.94°)/(8*12%.572)
Sca = 132304.61 kPa

AISC Unity Check on Qutside Ribs { must be <= 1.0)

Check = Sc/Sca + {(Rm/Z)/Sha
Check = 2990.21 / 132304.61 + (67.59 /4594.738 } / 150291.80
Check = 0.12

PV Elite is a trademark of Intergraph CADWorx & Analysis Solutions, Inc. 2012
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Nat!'l Gas Heater, Item: BL-E~301; S0:4474

Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 8I Units  ~-——=cr—mcmecmrcccc e cr e e

Horizves Analysis : S4474- Leg Item: 2 12:22p Aug 5,2013

Input Echo, Horizontal Vessel Item 2, Description: S4474- Leg (Looks at each leg connection at the saddie.)

Design Internal Pressure 7.65 N/mm?
Design Temperature 177.719 C
Corrosion Allowance for Vessel 1.5875 mm
Shell Material SA-106 B

Shell Material UNS Number K03006

Shell Operating Allowable Stress 117897.66 kPa
Shell Ambient Allowable Stress 117897.66 kPa
Head Material SA-516 70

Head Material UNS Number K02700

Head Operating Allowable Stress 137892.00 kPa
Head Ambient Allowable Stress 137892.00 kPa
Density of Shell and Head Material 7750.3999 kg/m?
Density of Stored Liquid 989.5419 kg/m?
Liquid Height in Vessel 106.9403 mm

NOTE: Liquid Height is not entered, it is being set equal to the vessel ID.

Extra Weight 222.400 N
Saddle Reaction Force Factor ftr 3.00
Distance from Center of Vessel to Support B 222.25 mm
Baseplate Length .~ 279.400C mm
Baseplate Thickness 12.7000 mm
Baseplate Width 76.2000 mm
Number of Ribs ( inc. outside ribs ) 2



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S0:4474 >0
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units =  —mmemmemm e e e e
Horizves Analysis : 54474- Leg Iten 2 12:22p Aug 5,2013
Rib Thickness 6.3500 mm
Web Thickness 6.3500 mm
Web Location Side

Height of Center Web 158.7500 mm
Design Temperature of Base Structure 177.79 C
Saddle\Baseplate\Rib\Web Material SA-516 70
Saddle\Baseplate\Rib\Web Material UNS Number K02700
Operating Allowable Stress 137892.00 kPa
Ambient Allowable Stress 137892.00 kPa
Force Coefficient (Shape factor) ct 0.600

Extra Area 0.0000 m?
Design Wind Code ASCE 7-85
Importance Factor 1.000

Wind Velocity 40.233 wm/sec
Exposure Category Cc

Height above Grade 1.828 m
Type of Hill None
Seismic Zone Idenifier, Zone 4 Zone 3

User Entered Seismic Zone Coefficient 0.2750
Diameter Basis for Vessel oD

Shell Diameter 114.300 mm
Shell Length Tangent to Tangent 7.010 m
Thickness of Shell 5.2673 mm
Shell Joint Efficiency 1.0000

i



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E~301; S0:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  ——=--—emeseemmccce e
Horizves Analysis : S4474- Leg Item: 2 12:22p Aug 5,2013
Head Type Flat

Head Thickness 74.6125 mm
Head Joint Efficiency 1.0000

Distance from $Saddle to Vessel Tangent 1524.000 mm
Saddle Width 44.450 mm
Saddle Bearing Angle 180.0000 degrees
Wear Pad Thickness 0.0000 mm
Wear Pad Extension above Horn of Saddle 0.0000 mm
Wear Pad Width 0.000 mm
Ring Location oD

Stiffening Ring Material SA-516 70
Stiffening Ring Material UNS Number K02700

Ring Allowable Stress 137882.00 kPa
Ring Compressive Yield Stress at Temp. 227714.84 kPa
Stem Height, Thickness 50.8000 6.3500 mm
Cross Width, Height 0.0000 0.0000 mm

Its for Horizontal V. | Number Description: $4474- L

Wind Load Results per ASCE-7 95

Alpha factor from Table Cé6-2 ;9.5

2g from Table C6-2 : 274.32 m
Velocity Pressure Exposure Coeff. Kz (C3) : 0.8489
Gust Effect Factor (Rigid) G per Eg. 6-4 ¢ 0.8500

Wind velocity Pressure gz at mid from Eq 6-15 : 0.843 kPa

Wind velocity Pressure, P = gz * G : 0.716 kpPa
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Bantrel PO# 1083-BC-4008
Nat'l Gas Heater, Item: BL-E-301; S0:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units

Horizves Analysis : S4474- Leg Item:
el Str mma

Shell Allowable Stress used in Calculation

Shell Compressive Yield used in Calculation

Head Allowable Stress used in Calculation

Ring Allowable Stress used in Calculation

Volume of Vessel

Weight of Vessel, Empty

Weight of Vessel, Full

Shell Thk. + CA, Regd. vs. Actual 5.204

Head Thk. + CA, Reqd. vs. Actual 16.337

Shell M.A.W.P. , Regd. vs. Actual 7.65

Head M.A.W.P. , Regd. vs. Actual 7.65

Actual

Long. Stress at Top of Saddles 78826.45

Long. Stress at Bottom of Saddles 29315.35

Long. Stress at Top of Midspan 36963.81

Long. Stress at Bottom of Midspan 71177.99

Tangential Shear in Shell 2259.64

Circ. Compressive Stress in Shell ~6414.08 -

Stiffener Circ. Stress at Shell -1078.80 -

Stiffener Circ. Stress at Tip -2153.00 -

Wind( ASCE #7 ) and Seismic Results :
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117897.

209788.

137892

137892

1312.

1929,

66

91

.00

.00

.06

79

98

5.267

74.612

7

187.

Allowable

117897.

117897.

117897.

117897.

94318,

104894.

104894.

113857.

.79

62

66

66

66

66

12

45

45

42

kPa
kPa
kPa

kPa

**3

N/mm?

N/mm?

kPa
kPa
kPa

kPa

kPa

kPa

kPa

kPa



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S0:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  ---—-—-—rrrmmec e cc e
Horizves Analysis : $4474- leg Ttem:

Transverse Wind Load Component, Ftw:

Ftw = ( AFT * Cf * QZ * Cnv_Fac) * 0.5

o
£
]

{ 1.227 * 0.600 * 0.7164 * 1000.22449%)* 0.5

263.801 N

el
€
]

Longitudinal Wind Load Component, Fiw:
Flw = ( AFL * QZ * Cnv_fac)
Flw = { 0.023 * 0.7164 * 1000.22449)

Flw

16.538 N

Transverse Earthquake Load Component, Fte:

Fte = ( Cs * Wo ) * 0.5

Fte { 0.2750 * 1929.98 ) * 0.5

]

Fte 265.373 N
Longitudinal Earthquake Load Component, Fle:
Fle = Cs * Wo

Fle = 0.2750 * 1929.98

]

Fle = 530.746 N

Saddle Reaction Force due to Transverse Forces, Qr:

Qr = ftr * Max( Ftw, Fte ) *B / B

Qr = 3,0 * Max( 263.80 , 265.37 ) * 222.2500 / 117.4750

Qr 1506.170 W

Saddle Reaction Force due to Longitudinal forces, Qi:

Q1

Max{ Flw, Fle, F1f, Flu ) * B / Ls

Q1

[}

2 12:22p

Max( 16.54 , 530.75 , 0.00 , 0.00 } * 222.2500 / 3962.3999

Aug 5,2013
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Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S0:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  -=-e—eemrecacaco-—
Horizves Analysis : S4474- Leg Item:

Q1 = 29.76% N

Load Combination Results for Q + Wind or Seismic or Friction or User

Q = Wo/2 + Max( Qr, Ql )}
Q = 964.99 + Max( 1506.17 , 29.77 )
Q = 2471.162 N

Summary of Loads on this Saddle Support:
Vertical Load on this Saddle
Transverse Shear Load on this Saddle

Longitudinal Shear Load on this Saddle

Formulae and substitutions for ZICK Analysis

Shell and Head Required Thickness and MAWP :

Shell:

Thickness Due to Internal Pressure:

I

3.6163 + 1.5875 = 5.2038 mm

Max. All. Working Pressure at Given Thickness (MAWP):

Less Operating Hydrostatic Head Pressure of 0.00 N/mm?

I

i

7.79 - 0.00 = 7.79 N/mm?

Maximum Allowable Pressure, New and Cold (MAPNC):

{7.65*%(114.3000/2-0.000) /(117897.66*1.00+0.4*7.65)

2 12:22p Aug 5,2013

2471.16 N
265.37 N

530,75 N

(P*{D/2~-CRE)) / (S8*E+0.4*P) per Appendix 1l-1 (a) (1}

{S*E* (P-CA-CAE)} / ((D/2-CAE)-0.4* (T-CA-CAE)) per Appendix 1-1 (a} (1)

(117897.66*1.00*(3.6798))/(114.3000/2~-0.000-0.4*3.6798)
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Horizves Analysis : S4474- Lag Item: 2 12:22p Aug 5,2013

(SA*E*T) / (D/2-0.4*T) per Appendix 1-1 (a) (1)

{117897.66%1.00%5.2673)/(114.3000/2-0.4*5.2673)

11.28 N/mm?

Actual stress at given pressure and thickness (Sact):

(P*{{D/2-CAE)-0.4* (T-CA-CAE}}} / (E*(T-CA-CAE))

(7.65*({(114.3000/2-0.000)-0.4*(3.6798)))/(1.00*(3.6798))

n

115810.67 kPa

Flat Head:

Thickness Due to Internal Pressure:

(D) * SQRT(2*CF*P/(S*E)} per 0G-34 {c) (3)

(114.3000) *SQRT (1.00*0.30*7.65/(137892.00*1.00))

]

14.7497 + 1.5875 = 16.3372 mm

Max. All. Working Pressure at Given Thickness (MAWP):

Less Operating Hydrostatic Head Pressure of 0.00 N/mm2

]

({T-CA-CAE) /D)*2 * {{S*E)/(CF*2})) per UG-34 {c} (3)

It

({73.0250)/114.3000) **2* {(137892.00*1.00)/(0.30%1.00))

187.62 - 0.00 = 187.62 N/mm?

Maximum Allowable Pressure, New and Cold (MAPNC):

{T/Dy*2* ({S*E) / (CF*%)) per UG-34 (c) (3)

(74.6125/114.3000) **2* ({137892.00%*1.00)/(0.30%1.00})

If

195,87 N/mm?

Actual stress at given pressure and thickness (Sact):

(2*CF*P) / {(((T-CA-CAE)/D)"2)*E})

(1.00*0.30*7.65)/((((73.0250}/114.3000)**2)*1.00)
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Horizves Analysis : S4474- Leg Item:
= 5625.51 kPa

Longitudinal Bending (+-) at Midspan

( 3*Q* L/12 * K.2 / ( PI * R*2 * { T - CA )))

i

( 3* 2471 /12 * 7.01 * 0.1306 ) /

( PI * 53.4702 * 53.4702 * { 5.2673 - 1.5875 }})

It

17107.09 kPa

Compute the area ratio [K]:

56

2 12:22p Aug 5,2013

Pi * (Sin(Delta)/Delta - Cos{Delta} ) / (Delta + Sin{Delta) * Cos(Delta) -

(Delta + Sin{Delta) * Cos(Delta) - 2 * Sin{(Delta) * Sin(Delta)/Delta)

il

Cos(3.142 ) - 2 * Sin(3.142 ) * Sin{3.142 )/ 3.142 )

1.0000

Compute the moment fraction [X]:

Pi * (Sin{3.142 ) / 3.142 - Cos(3.142 )) / { 3.142 + Sin{(3.142 ) *

=(l~(lL-A/L+ (R -H?)}/{2*AL) )/(1L+ (4*8)/(3*L)))

(L + (4 *0.000)/(3 *7.010) ) )

0.2173

Intermediate Product {K.1]:

=K*X *4*A/L

1]

1.000 * 0.217 * 4 * 127.000 / 7.010 = 0.1889

Longitudinal Bending (+-) at Saddie

]

{ 3*Q* L/12 * K.1 / {( PI * R"2 * { T - CA )))

( 3* 2471 /12 * 7,01 * 0,1889 ) /

( PT * 53.4702 * 53.4702 * ( 5.2673 - 1.5875 }})

{1 - (1 - 127.000 /7.010 + (4.456* - 0.000%}/( 2 * 127.000 * 7.010 ) ) /
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FileName : CC4474 SI Units  ~-=----oemommmacen—
Horizves Analysis : S4474- Leg Item:

= 24755,55 kPa

Longitudinal Pressure Stress

DP* { (SID/2+CA}-0.4* (T-CA) )/ {2.0* (T-CA))

[

( 2.0 * { 5.267 - 1.5875 )}

54070.%0 kPa

Note: The Longitudinal Stress from Zick Analysis is combined with the

Longitudinal Pressure Stress to get the total stress.

Tangential Shear in Sheli near Saddle

( Q/(PI*SR*(T-CA))) * ((L-2R)/(L+(4/3) H))

{ 2471 / PI * 53.47 * { 5.2673 ~ 1.5875 )})

* ((7.01 -2 * 1.52)/( 7.01 + (4/3) * 0.00 ))

2259.64 kPa

Circumferential Compression at Bottom of Shell

{O*{ K.9/( TEM9*{ B+1.56 * SQRT{ R * TEM9 ))})

]

i

-6414.08 kpPa

Length of Shell included with the Ring

= 21.8823 mm

Moment of Inertia of the Ring only - Iring

= 0.0000 mm "4

Moment of Inertia of the Ring + the Shell - I

2 12:22p Aug 5,2013

7.7 * ({103.77 / 2 + 1.5875 - 0.4 * ( 5.267 - 1.5875)) /

(2471 *(0.6366 /(3.6798 *(44.45 +1,56*SQRT(55.06 *3.6798 ))))
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Horizves Analysis : S4474- Leg Item: 2 12:22p Aug 5,2013

= 0.1E+06 mm "4

Circumferentfal Stress in Shell at Stiffener

=-K.8 *Q / BRING + K.9 * Q * R / ZRING1

- 0.2520 * 2471 / 0.0004 + 0.0175 * 2471 * 53.47 /
4961.2661

= -1078.80 kPa

Circumferential Stress in stiffener at Tip

-K.8 * Q / ARING - K.9 * Q0 * R / ZRINGZ

-0.2520 * 2471 / 0.00 - 0.0175 * 2471 * 53.47 /

3802.5684

= -2153.00 kPa

RESULTS for VESSEL RIBS, WEB and BASE

Moment of Inertia of Saddle - Lateral Direction

Y A AY ay"2 Io
Shell 2. 0. 148. 273, 91.
Wearplate 4. 0. 0. 0. 0.
Web 75. 0. 67682. 5066978, 1527035.
BasePlate 152, 0. 147484. 22476474, 13007.
Totals 233. 0. 215313. 27543726. 1540133.
Value Cl = Sumof (Ay)/Sumof (A) = 110. mm
value I = Sumof (Ay?* } + Sumof(Io) - Cl*Sumof (Ay)} = 5337772. mm**4
Value As = Sumof(A) - Ashell = 0. m?
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Horizves Analysis : S4474- Leg Item: 2 12:22p Aug 5,2013

Kl = (1+4Cos(b)-.5*Sin(b)"2 }/(pi~b+Sin({b)*Cos(b)) = 0.3181

Fh = K1 * Q = 0.3181 * 2471.162 = 786.096 ¥

Tension Str., St = ( Fh/As ) = 419.9816 kPa
Allowed Str., Sa = .6 * Yield Stress = 136628.9062 kPa
d = B - R*Sin{theta) / theta = 178.1800 mm
Bending Moment, M = Fh * d = 140.1235 N-m

Bending Stress, Sbnd = ( M * Cl / I ) 2894.0598 kPa

Allowed Str., Sa = ,66 * Yield Str. 150291.7969 kPa

Minimum Thickness of Baseplate

{ 3 * Q * BasePlateWidth / ( 2 * BasePlatelength *

AllStress ))¥

{ 3 * 2471 * 76.20 / ( 2 * 279.400 * 150291.797 )%

2.59%4 mm

| jon of Axi d, Intermedi i nd Compressiv

Effective Baseplate Length (e)

( Bplen - Clearance ) / { Nribs - 1)

{ 279.4000 - 25.4 } / (2 - 1) = 254.0000 mm

i

Baseplate Pressure Area (Ap)

= e * Bpwid / 2

It

254.0000 * 76,2000 / 2 = 0.0097 m?
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Horizves Analysis : $4474- Leg Item: 2 12:22p Aug 5,2013

Axial Load (P)

[}

Ap * Bp

9677.40 * 427.62 = 1123.26 N

Area of the Rib and Web (Ar)
= ( Bpwid - Clearance - Webtk ) * Ribtk + e/2 * Webtk

{ 76.200 ~ 25.4 - 6.350 ) * 6.350 + 254.0000 /2 * 6.350

]

0.001 m?

Compressive Stress (Sc)

P/Ar

1123.26 / 0.0011 = 1031.7610 kPa

Check of Outside Ribs

Inertia of Saddle, Outer Ribs - Axial Direction

Y A AY Ay"2 Io
Rib 29. 0. 7489. 96315. 57161.
Web 3. 0. 2560. 31303. 5420.
Values 9. 0. 10050. 127618, 62580,

KL/R < Cc { 16.0561 < 129.5732 ) per AISC E2-1 9th Edition

Sca = (1-(Klr)2/(2*Cc?))*Fy/(5/3+3* (Klr)/ (8*Cc) -(Klr3)}/ (8*Cc?)
Sca = ( 1-{ 16.06 )2/(2 * 129.572 )) * 227714 /

( 5/3+3*{16.06 )/({8* 128.57 }-{ 16.06%)/(B*129.573)
Sca = 131920.70 kPa

AISC Unity Check on Outside Ribs { must be <= 1.0)

Check = Sc/S8ca + {Rm/2)/Sha



Bantrel PO# 1083-BC-4008

Nat'l Gas Heater, Item: BL-E-301; S50:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

———— o g 2 o

2 12:22p Aug 5,2013

FileName : CC4474 SI Units et e — e
Horizves Analysis : S4474- Leg Item:
Check = 1031.76 / 131920.70 + (25.61 /4594.738 } / 150291.80

Check = 0.04

PV Elite is a trademark of intergraph CADWorx & Analysis Solutions, Inc. 2012
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Horizves Analysis : S4474- Bundle Item: 3 12:22p Aug 5,2013

Input Echo, Horizontal Vessel Item 3, Description: S4474- Bundle Pull

Design Internal Pressure 7.65 N/mm?
Design Temperature 177.79 C
Corrosion Allowance for Vessel 1.5875 mm
Shell Material SA-106 B

Shell Material UNS Number K03006

Shell Operating Allowable Stress 117897.66 kPa
Shell Ambient Allowable Stress 117897.66 kPa
Head Material SA-516 70

Head Material UNS Number K02700

Head Operating Allowable Stress 137892.00 kPa
Head Ambient Allowable Stress 1378%2.00 kPa
Density of Shell and Head Material 7750.3999 kg/m?
Density of Stored Liquid 999,5419 kg/m?
Liquid Height in Vessel 106.9403 mm

NOTE: Liquid Height is not entered, it is being set equal to the vessel (D.

Extra Weight 0.000 N
Saddle Reaction Force Factor ftr 3.00
Distance from Center of Vessel to Support B 222.25 mm
Baseplate Length 279.4000 mm
Baseplate Thickness 12_.7000 mm
Baseplate Width 76.2000 mm
Number of Ribs ( inc. outside ribs ) 2
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Nat'l Gas Heater, Item: BL-E-301; S0:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units = =~=-=----me——rrmrmmmmm e
Horizves Analysis : S$4474- Bundle Item: 3 12:22p Aug 5,2013
Rib Thickness 6.3500 mm
Web Thickness 6.3500 mm
Web Location Side
Height of Center Web 158.7500 mm
Design Temperature of Base Structure 177.79 C
Saddle\Baseplate\Rib\Web Material SA-516 70
Saddle\Baseplate\Rib\Web Material UNS Number K02700
Operating Allowable Stress 137892.00 kPa
Ambient Allowable Stress 137892.00 kPa
Wind Loads Present N
Friction Coefficient mu 0.20

User defined Longitudinal Force Flu 2224.00 N
Seismic Loads Present N
Diameter Basis for Vessel oD
Shell Diameter 114.300 wmm
Shell Length Tangent to Tangent 7.010 m
Thickness of Shell 5.2673 mm
Shell Joint Efficiency 1.0000
Head Type Flat

Head Thickness 74.6125 mm
Head Joint Bfficiency 1.0000
Distance from Saddle to Vessel Tangent 1524.000 mm
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PV Elite 2012 Licenses:

Saddle Width
Saddle Bearing Angle

Wear Pad Thickness

HEAT EXCHANGER DESIGN
FileName : CC4474 SI Units
Horizves Analysgis : S4474- Bundle

Item: 3 12:22p Aug 5,2013

Wear Pad Extension above Horn of Saddle

Wear Pad Width

Stiffening Ring Present

Results for Horizontal Vi | Number

Vessel Stress Summary

Shell Allowable Stress

44.450 mm
150.0000 degrees

0.0000 mm

0.0000 mm

0.000 mm

ription: $4474- Bund|

used in Calculation

Shell Compressive Yield used in Calculation

Head Allowable Stress

Volume of vVessel

used in Calculation

Weight of Vessel, Empty

Weight of Vessel, Full

Shell Thk. + CA, Regqd.
Head Thk. + CA, Reqd.
Shell M.A.W.P. , Reqd.

Head M.A.W.P. , Reqgd.

Long. Stress at Top
Long. Stress at Bottom

Long. Stress at Top

vs.

vs.

vSs.

vs.

of

of

of

Actual
Actual
Actual

Actual

Saddles
Saddles

Midspan

5.204

16.337

7.65

Actual

114685.05

-6543.25

47340.81

117897.66 kPa

209788.91 kPa

137892.00 kPa

1077.68 N

1684.87 N

5.267 mm

74.612 mm

7.79 N/mm?

187.62 N/mm?

Allowable

117897.66 kPa

~117238.69 kPa

117897.66 KkPa
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Horizves Analysis : S4474- Bundle Item: 3 12:22p Aug 5,2013
Long. Stress at Bottom of Midspan 60800.98 117897.66 KkPa

Tangential Shear in Shell 2230.99 94318.12 kPa

Circ. Stress at Horn of Saddle -4441.97 -176846.48 kPa

Circ. Compressive Stress in Shell ~2668.70 -104894.45 kPa

Longitudinal force due to Friction, FIf:
F1f = mu * W0/2

F1f = 0.200 * 847.43

4

Flf 169.487 N

Saddle Reaction Force due to Longitudinal forces, QI

Ql = Max{ Flw, Fle, F1f, Flu ) * B / Ls
0l = Max{ 16.54 , 530.75 , 169.49 , 2224.00 ) * 222.2500 / 3962.3999
Ql = 124.744 N

Load Combination Results for Q + Wind or Seismic or Friction or User
Q = Wo/2 + Max{ Qr, Q1 )
Q = 847.43 + Max( 1506.17 , 124.74 )

Q = 972.178 N

Summary of Loads on this Saddle Support:

Vertical Load on this Saddle 972.18 N
Transverse Shear Load on this Saddle 0.00 N
Longitudinal Shear Load on this Saddle 2224.00 N

Formulae and substitutions for ZICK Analysis

Shell and Head Required Thickness and MAWP :
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Horizves Analysis : S4474- Bundle Item: 3 12:22p Aug 5,2013

Shell:

Thickness Due to Internal Pressure:

(P* (D/2-CAE}) / (S*E+0.4*P} per Appendix 1-1 (a} (1)

(7.65*(114.3000/2-0.000)/(117897.66*1.00+0.4*7.65)

)

3.6163 + 1.5875 = 5.2038 mm

Max. All. Working Pressure at Given Thickness (MAWP):

Less Operating Hydrostatic Head Pressure of 0.00 N/mm?

(S*E* (T-CA-CAE})} / ((D/2-CAE)-0.4* (T-CA-CAE)) per Appendix 1-1 (a) (1)

(117897.66*1.00*(3.6798))/(114.3000/2~0.000-0.4*3.6798)

7.79 - 0.00 = 7.79 N/rm?

Maximum Allowable Pressure, New and Cold (MAPNC):

i

(SA*E*T) / (D/2-0.4*T) per Appendix 1-1 (a} (1)

(117897.66%1.00%5.2673)/(114.3000/2-0.4*5.2673)

11.28 N/mm?

Actual stress at given pressure and thickness (Sact):

(P*((D/2-CAE)-0.4* (T-CA-CAE})) / (E*{T~CA~CAE))

{7.65*({{114.3000/2-0.000}-0.4*(3.6798)))/(1.00%(3.6798))

115810.67 kPa

Flat H

Thickness Due to Internal Pressure:

(D) * SQRT(2*CEF*P/(S*E}) per UG-34 (c} (3)

(114.3000) *SQRT {1.00*0.30*7.65/ (137892.00*1.00))

]

14.7497 + 1.5875 = 16.3372 mm

I
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Horizves Analysis : S4474- Bundle Item: 3 12:22p Aug 5,2013

Max. All. Working Pressure at Given Thickness (MAWP}:
Less Operating Hydrostatic Head Pressure of .00 N/mm?

({T-CA-CRE)/D)*2 * ((S*E)/(CF*Z}) per UG~34 (c)} (3)

((73.0250)/114.3000)**2* ((137892,00%1.00)/(0.30*1.00))

187.62 - 0.00 = 187.62 N/mm?

Maximum Allowable Pressure, New and Cold (MAPNC):

(T/D)"2* ((S*E)} / (CF*Z)} per UG-34 (c) (3)

i

(74.6125/114.3000) **2+* ((1378%2.00*1.00)/(0.30*1.00)}

195.87 N/mm?

Actual stress at given pressure and thickness (Sact):

i

(2*CF*P) / {({(T-CA-CAE}/D)"2)*E)

[

(1.00%0.30*7.65) /((((73.0250)/114.3000)**2)*1.00)

5625.51 kPa

il

Longitudinal Bending (+-) at Midspan

( 3*Q* L/12 * K.2 / ( PIL * R*2 * (T - CA)))

L]

( 3* 972 /12 * 7.01 * 0.1306 ) /

( PT * 53,4702 * 53.4702 * { 5.2673 - 1.5875 )))

6730.09 kPa

Compute the area ratio [K]:
= Pi * {Sin(Delta)/Delta - Cos{Delta) ) / (Delta + Sin(Delta) * Cos(Delta) -

{(Delta + Sin(Delta) * Cos{Delta} - 2 * Sin(Delta) * Sin(Delta}/Delta)

Pi * (Sin(1.614 ) / 1.614 - Cos(1.614 }} / ( 1.614 + Sin(1.614 } *

Cos(l.614 ) - 2 * Sin(l1.614 )} * Sin{l1.614 )}/ 1.614 )

6.2238

A
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Horizves Analysis : $4474- Bundle Item: 3 12:22p Aug 5,2013

Compute the moment fraction [X]:

= (1-(1-A/TL+ (R* -H?)/(2*B*L ) }/{1+ {(4*H )/( 3 *L ) })

(L - {1 - 127.000 /7.010 + (4.4562 - 0.0002)}/¢( 2 * 127.000 * 7.010 } ) /
(L + (4 * 0.000 )/{3 * 7.010 ) } )

0.2173

Intermediate Product [K.1}:

=K*X *4*a/L

]

6.224 * 0.217 * 4 * 127.000 / 7.010 = 1.1758

Longitudinal Bending (+-) at Saddle

{ 3*Q* L/12 * K.1 / ( PI *R*2 * (T - CA }))

{ 3* 972 /12 * 7,01 * 1.1758 } /

{ PT * 53.4702 * 53.4702 * ( 5.2673 - 1.5875 }))

60614.15 kPa

Longitudinal Pressure Stress

1

DP* { (SID/2+CA)-0.4*(T-CR}}/ (2.0* {T-CA)}

I

7.7 * ({103.77 / 2 + 1.5875 - 0.4 * { 5.267 - 1.5875 )} /

(2.0 * ( 5.267 - 1.5875 ))

54070.90 kPa

Note: The Longitudinal Stress from Zick Analysis is combined with the

Longitudinal Pressure Stress to get the total stress.

Tangential Shear in Shell near Saddle
=Q * K.4 * (( L-H-2A )/( L+H ))/{ R*(T-CA))
= 972 * 0.7988 * ({ 7.01 - 0.00 - 2 * 1,52 }/

( 7.01 + 0.00 }}/{ 53.4702 * ( 5.2673 - 1.5875 ))
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Horizves Analysis : S4474- Bundle Item: 3 12:22p Aug 5,2013
= 2230.99 kPa

Circumferential Stress at Horn of Saddle (L >= 8R)
= =Q /(4*TEM* (SADWTH+1.56*SORT (R* (T-CA))))-3.0%Q*K.7/ (2*TEB)
=-972 /( 4 * 3.6798 * (44.45 + 1.56*SQRT{53.4702 *3.6798 )))
-3 * 972 * 0.0320 / ( 2 * 13.5411 )

-4441.97 kPa

]

Circumferential Compression at Bottom of Shell

(O*( K.9/( TEM9*{ B+1.56 * SQRT( R * TEM9 }))}

(972 *(0.6733 /(3.6798 *(44.45 +1.56*SQRT(55.06 *3.6798 ))))

-2668.70 kPa

RESULTS for VESSEL RIBS, WEB and BASE

Moment of Inertia of Saddle - Lateral Direction

Y A AY Ay~2 Io
Shell 2. 0. 148. 273. 91.
Wearplate q. Q. Q. 0. 0.
Web 75. 0. 67682, 5066978. 1527035.
BasePlate 152. 0. 147484. 22476474, 13007.
Totals 233. 0. 215313. 27543726. 1540133.
Value C1 = Sumof (Ay)/Sumof (A) = 110. mm
Value I = Sumof{Ay? )} + Sumof(Io) - Cl*Sumof (Ay} = 5337772, rmm**4
Value As = Sumof(A) - Ashell = 0. m?

KL = {1+Cos(b)-.5*Sin(b)"2 }/ (pi-b+Sin{b)*Cos(b)) = 0.25%4
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FileName : CC4474 SI Units  -—--=------oormoooommmeece e ———ee

Horizves Analysis : $S4474- Bundle Item: 3 12:22p Aug 5,2013

Fh = Kl * Q0 = 0.2594 * 972.178 = 252.156 N

Tension Str., St

{ Fh/as ) = 134.7174 kPa

Allowed Str., Sa = .6 * Yield Stress 136628.9062 kPa

d = B - R*Sin(theta) / theta = 172.7638 mm

Bending Moment, M = Fh * d = 43.5811 N-m

Bending Stress, Sbnd = { M * C1 / I )

900.1086 kPa

Allowed Str., Sa = ,66 * Yield Str. 150291.7969 kPa
Minimum Thickness of Baseplate
= ( 3 * Q * BasePlateWidth / ( 2 * BasePlatelength *

AllStress ))3

( 3 * 972 * 76.20 / ( 2 * 279.400 * 150291.797 )}

1.627 mm

Calculation of Axial Intermediate Values and Compressive Stress:

Effective Baseplate Length (e}

]

( Bplen - Clearance } / ( Nribs - 1)

{ 279.4000 - 25.4 ) / (2 - 1)

254.0000 mm

Baseplate Pressure Area {(Ap)

= e * Bpwid / 2

]

254.0000 * 76.2000 / 2 = 0.0097 m?

Axial Load (P)



Bantrel PO# 1083-BC-4008
Nat'l Gas Heater, Item: BL-E-301; S0:4474
Eng: COS

PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN

FileNane
Horizves Analysis

: CC4474 SI Units
: 84474~ Bundle

Ap * Bp

9677.40 * 168.23 = 441.90 N

Area of the Rib and Web (Ar}

0.001 m2

Compressive Stress (Sc)

P/Ar

441.90 / 0.0011 = 405.%041 kPa

Check of Qutside Ribs

Inertia of Saddle, Outer Ribs - Axial Direction

Y A AY
Rib 29, 0. 7489.
Web 3. 0. 2560.
Values 9. C. 10050.

{ Bpwid - Clearance - Webtk ) * Ribtk + e/2 * Webtk

( 76.200 - 25.4 - 6.350 } * 6.350 + 254.0000 /2 * 6.350

Ay~2
96315.
31303.

127618.

KL/R < Cc { 14.9370 < 129.5732 ) per AISC E2-1 9th Edition

- s o St i o i S . . o . o . v o S A M A o

Io

57161.

5420.

62580.

Sca = (1-{Klr)3/(2*Cc?})*Fy/(5/3+3*(Klr)/(8*Cc)-(Klr?)/(8*Cc?)
Sca = ( 1-( 14.949 }2/(2 * 129.572 )) * 227714 /

( 5/3+3*{14.84 )/(8* 129.57 }-( 14.942}/(8*129.573)
Sca = 132304.61 kpPa

AISC Unity Check on Outside Ribs ( must be <= 1.0)

Check

I

Sc/Sca + (Rm/Z)/Sha

]

Check

405.90 / 132304.61 + (99.83 /4594.738 ) / 150291.80



Bantrel PO# 1083-BC-4008
Nat'l Gas Heater, Item: BL-E-301; S0:4474

Eng: COS

PV Elite 2012 Licensea: HEAT EXCHANGER DESIGN

FileName : CC4474 SI Units  —=rmrecewcmcccccccccccc e

Horizves Analysis : $4474- Bundle Item: 3 12:22p Aug 5,2013

Check = 0.15

PV Elite is a trademark of Intergraph CADWorx & Analysis Solutions, Inc. 2012
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SECTION 8

Nozzle Loads
Provided By Client For Verification By HED
Purposes Only




Shell In/Out (A/B)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda

Note; round inside edges per UG-76(c)

Location and Orientation

Located on:

Orientation:

Nozzle center line offset to datum line:
End of nozzle to shell center:

Passes through a Category A joint:

Nozzle

Access opening:
Material specification:
Description:

tw(lower) =0.237in

Leg, = 025in

BANTREL Jos I VPNO. REV

VENDOR FRINT l% 7.4 ég}“'p- Ho 1y
NUMBER L E ”50 ‘

CLIENT
CROSS REF

——

Pemission to proceed does not constitute acceplance or approval of
design details, calculations, analyses, {est methods or materials
developad or salected by the suppier aud does not relieve the supplier
from full with

i

‘Work may proceed.

zD Revise and it. Work may p
of changes indicated.

3. O Revise and resubmit, Work SHALL NOT proceed.

2 7"“'"”“"%4/4 2,

d subject to incorp

'

Shell
00

6in
825in
No

No
SA-106 B Smls pipe (II-D p. 10, In. 40)
NPS 2 Sch 160

Inside diameter, new: 1.687 in
Nominal wall thickness: 0.344 in-
Corrosion allowance: 0.0625 in
Projection available outside vessel, Lpr: 2.87 in
Projection available outside vessel to flange face, Lf: 6 in
Local vessel minimum thickness: 0.2074 in
Liquid static head included: 0 psi
Longitudinal joint efficiency: 1
ASME B16.5-2009 Flange
Description: NPS 2 Class 600 WN A105
Bolt Material: ng)—193 B7 Bolt <=2 1/2 (II-D p. 334, In,
% witngss [
Rick Windell & REVIEW




Blind included:
Rated MDMT:
Liquid static head:
MAWP rating:
MARP rating:
Hydrotest rating:
PWHT performed:

Circumferential joint radiography:

No

-43.6°F per UCS-66(b)(1)(b)
0 psi

1,286.6 psi @ 352°F

1,480 psi @ 70°F

2,225 psi@ 70°F

No

None UW-11(c) Type 1



Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (inz)

UG-45 Nozzle Wall

1 Thickness Summary (in
For P =1,130.39 psi @ 352 °F The noxzle passes U'g_gs )
A A A
A A t .
required available ALl A 3 S welds Teq tnin

This nozzle is exempt from area calculations per UG-36(c)(3)(a)

0.301

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

e Required weld |  Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg, ) 0.1014 0.175 | weld size is adequate

Calculations for internal pressure 1,130.39 psi @ 352 °F

Fig UCS-66.2 general note (1) applies.

Nozzle is impact test sxempt per UCS-66(d) (NPS 4 or smaller pipe).

Nozzle UCS-66 governing thk: 0.2074 in
Nozzle rated MDMT:

-155 °F

Parallel Limit of reinforcement per UG-40

Le

il

MAX(d, R + (tn - Cn) +(t-C)
MAX(1.812, 0.906 + (0.344 - 0.0625) + (0.2074 - 0.0625))

1.812in

Outer Normal Limit of reinforcement per UG-40

L

H

MINQ.5*(t - C), 2.5%(t, -C ) +t))
MIN(2.5%(0.2074 - 0.0625), 2.5*(0.344 - 0.0625) + 0)

0.3623 in

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

t =
m

P*R_/(S *E - 0.6*P)



1,130.39*0.906 / (17,100*1 - 0.6*1,130.39)
0.0624 in

Required thickness t from UG-37(a)

t
r

P*R /(S*E+0.4*P)

1,130.39*2.25 / (17,100*1 + 0.4*1,130.39)
0.1449 in

This opening does not require reinforcement per UG-36(c)(3)(a)
UW-16(c) Weld Check

Fillet weld: tin =~ lesser of 0.75 or tort= 0.1449 in
t «(min) = lesser 0of 0.25 or O.7*tmin =0.1014 in
tc(acmal) =0.7*Leg=0.7%*0.25=0.175in
The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch
(c-¢e).

UG-45 Nozzle Neck Thickness Check

t

a Ud- P*R / (S*E - 0.6*P) + Corrosion

27
= 1,130.39%0.906 / (17,100*1 - 0.6*1,130.39) + 0.0625
= 0.1249in

LU

2l = 0.1225in

22

ty = max[t, ;o o0t gz
= max[0.1249,0.1225 ]
= 0.1249in

t, = P*R /(S*E+0.4*P)+ Corrosion
= 1,130.39*2.25/ (17,100*1 + 0.4*1,130.39) + 0.0625
= 02074 in

by = max[t, .t 6]

= max[0.2074,0.125]
= 0.2074in



= min{t,.t,]
= min[0.1973, 0.2074 ]
= 0.1973in

tygas = max[t, 6]
max| 0.1249, 0.1973 ]
= 0.1973 in

Available nozzle wall thickness new, tn =(.875%0.344 = 0.301 in

The nozzle neck thickness is adequate.



Applied Loads

Radial load: P= _46lb;
Circumferential moment: Mc = 1,300 lbf'in
Circumferential shear: V.=  -200lb;
Longitudinal moment: M = 1,300lbsin
Longitudinal shear: Vo= -247lb;
Torsion moment: M= 1,300lbsin
Internal pressure: P=1,130.39psi
Mean shell radius: R = 2148in
Local shell thickness: t= 0.1449in
Shell yield stress: S, = 30,400psi

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

R _/t=2.148/0.1449 = 14.8237

Pressure stress intensity factor, I = 1 (derived from PVP-Vol. 399, pages 77-82)

Local circumferential pressure stress = I*P*R. / t=16,191 psi

Local longitudinal pressure stress = I“P“Rl / (2*t)=8,096 psi

Maximum combined stress (PL+Ph+Q) = 50,883 psi

Allowable combined stress (PL+Pb+Q) =+-3*S = +-51,300 psi

The maximum combined stress (PL+P|;+Q) is within allowable limits,

Maximum local primary membrane stress (PL) = 23,234 psi

Allowable local primary membrane stress (® ) =+-1.5*8 = +-25,650 psi

The maximum local primary membrane stress (PL) is within allowable limits.

Stresses at the nozzle OD per WRC Bulletin 107
Figure value B Al AMIB | B ICICID | D
3C* 0.9233 0.4837 0 0 0 0] 1,234} 1,234} 1,234} 1,234
4Cc* 1.6524 0.4837] 2,209} 2,209| 2,209] 2,209 0 0 0 0
1C 0.0551 0.4837 0 0 0 ¢| 6,550} -6,550} 6,550| -6,550
2C-1 0.0163 0.4837{ 1,938] -1,938] 1,938] -1,938 0 0 0 0




3A* 0.5883 0.4837 0 0 0 0l -2,3658-2,365] 2,365] 2,365
1A 0.0686 0.4837 0 0 0 0 24,527 24,527|24,527 24,527
3B* 1.2026 0.4837] -4,834| -4,834| 4.834] 4,834 0 0 0 0
1B-1 0.0145 0.48371 -5,184] 5,184} 5,184{-5,184 0 0 0 0
Pressure stress* 16,191] 16,191 16,1911 16,191 16,191] 16,191 | 16,191 ] 16,191

Total circumferential stress 10,320416,812{30,356 | 16,112 -2,917 | 33,037 | 50,867 | , 287‘
Primary membrane circumferential stress* | 13,566 113,566 123,234 {23,234 15,060115,060] 19,790 19,790
3C* 0.9233 0.4837] 1,234] 1234| 1,234} 1,234 0 0 0 0
AC* 1.6524 0.4837 0 0 0 0] 2,209) 2,209] 2,209] 2,209
1C-1 0.0318 0.4837] 3,780] -3,780] 3,780| -3,780 0 0 0 0
2C 0.0302 0.4837 0 0 0 0| 3,590{-3,590{ 3,590} -3,590
4A* 1.6009 0.4837 0 0 0 0} -6,435] -6,435] 6,435] 6,435
2A 0.0328 0.4837 0 0 0 0 11,727 11,727 11,727 11,727
4B* 0.5954 0.4837]-2,393| -2,393| 2,393] 2,393 0 0 0 0
2B-1 0.0257 0.4837) -9,189] 9,189} 9,189]-9,189 0 0 0 0
Pressure stress* 8,096 8,096] 8,006] 8,096| 8,096] 8,096] 8,096] 8,096

Total longitudinal stress 1,528 12,346 124,692 | -1,246 | -4,267112,007{32,057] 1,423
Primary membrane longitudinal stress* 6,937} 6,937111,723{11,723| 3,870} 3,870]16,740] 16,740
Shear from M, 1,013 1,013] 1,013} 1,013] 1,013 1,013] 1,013} 1,013

Circ shear from V . =370 -370 370 370 0 0 0 0

Long shear from Vo 0 0 ] o| 4s57] 457 -457] -457
Total Shear stress 643§ 643 1,383] 1,383| 1,470} 1,470] 5561 556
Combined stress (P +P +Q) 10,36716,903 | 30,676 {17,577} -5,210 33,139} 50,883 | 12,759

Note: * denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads

Sy pmy~ LR /(2% - P/ (1t*(Ro2 -R2)+M*R /1
=1,130.39%0.906 / (2%0.2385) - -416 / (x*(1.18757 - 0.9062)) + 1,838.5*1.1875 / 1.0326

= 4,486 psi

The average primary stress P (see Division 2 5.6.a.1) across the nozzle wall due to internal

pressure + external loads is acceptable (< S = 17,100 psi)

Shear stress in the nozzle wall due to external loads




— 2 2,0.5
cshear - (VL + Vc ) /(W*Ri*tn)
= (247% +200%)%7 / (1*0.906*0.2815)
=397 psi

- 2

Gtorsion N Mt / (2*“*Ri *tn)
= 1,300/ (2*1*0.906>*0.2815)
= 895 psi

Siotal - 0.shear + Storsion
=397 + 895
= 1,292 psi

UG-45: The total combined shear stress (1,292 psi) is below than the allowable (0.7*Sn =
0.7*17,100 = 11,970 psi)



Reinforcement Calculations for MAP

The attached ASME B16.5 flange limits the nozzle MAP.

UG-37 Area Calculation Summary (in?)
For P = 1,480 psi @ 70 °F

UG-45 Nozzle Wall

Thickness Summary (in)
The nozzle passes UG-45

A A A
required available A A 4] s welds freq Cmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1348 0.301

UG-41 Weld Failure Path Analysis Summary
The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

__ Required weld]|  Actual weld
Weld description | . 0o¢ size (in) | throat size (in) Status
Nozzle to shell fillet (Leg,,) 0.1452 0.175 | weld size is adequate

Calculations for internal pressure 1,480 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

i

L

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

MAX(1.687, 0.8435 + (0.344 - 0) + (0.2074 - 0))
1.687 in

Outer Normal Limit of reinforcement per UG-40

L MIN(2.5%(t - C), 2.5%(t -C )+t )
MIN(2.5%(0.2074 - 0), 2.5%(0.344 - 0) + 0)

0.5185 in

H

i

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

t
™

P*R / (Sn*E - 0.6*P)

1,480*0.8435 / (17,100*1 - 0.6*1,480)
0.077 in

Required thickness t_from UG-37(a)

-+
]

P*R_/(S*E + 0.4*P)
1,480%2.25 / (17,100%1 + 0.4*1,480)




10

= (.1882in
This opening does not require reinforcement per UG-36(c)(3)(a)
UW-16(¢) Weld Check

Fillet weld: tmin = lesser of 0.75 or tort= 02074 in
= lesser of 0.25 or ().7"‘tmin =(.1452 in
=(.7*Leg=0.7*¥0.25=0.175 in

tc(min)

tc(actual)
The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch
(c-e).

UG-45 Nozzle Neck Thickness Check

ta UG- _
27

P*R / (S*E - 0.6*P) + Corrosion

1,480%0.8435 / (17,100*1 - 0.6%1,480) + 0
0.077 in

ta UG- _
22

0.0743 in

~—
Il

max[t, ye.27> tauc.22 ]
max[ 0.077 , 0.0743 ]
0.077 in

—
|

P”‘R0 !/ (S*E + 0.4*P) + Corrosion

1,480%2.25/(17,100*1 + 0.4*1,480) + 0
= 0.1882in

bl

ty = max[ty, .t 6]
= max[0.1882, 0.0625 ]
= (.1882in

tb = min[ tb3 ’ tb] ]
= minf[0.1348,0.1882 ]
= (0.1348in

tigas = Mmax(t,.t]
= max[0.077,0.1348 ]



=  0.1348 in

Availa le nozzle all thickness ne , t = 0.875 0.344 =0.301 in

The nozzle nech thickness is ade uate.

11



Reinforcement Calculations for MAEP

UG-37 Area Calculation Summary (inz)
For Pe =520.7 psi @ 352 °F

UG-45 Nozzle Wall
Thickness Summary (in)
The nozzle passes UG-45

A A A
required available Al M2 A | A welds breg tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1302 0.301

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

. Required weld| Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg,,) 0.1014 0.175 ] weld size is adequate

Calculations for external pressure 520.7 psi @ 352 °F
Parallel Limit of reinforcement per UG-40

Ip

MAX(d,R_+(t_-C )+ (t-C)

MAX(1.812, 0.906 + (0.344 - 0.0625) + (0.2074 - 0.0625))
1.812in

Outer Normal Limit of reinforcement per UG-40

Ly

MIN(2.5%(t- C), 2.5%(t_-C_)+1)

MIN(2.5*(0.2074 - 0.0625), 2.5*(0.344 - 0.0625) + 0)
0.3623 in

It

Nozzle required thickness per UG-28 tm =0.0652 in
From UG-37(d)(1) required thickness t = 0.1449 in

This opening does not require reinforcement per UG-36(c)(3)(a)
UW-16(c) Weld Check

Fillet weld:t . =lesserof 0.75 ort_ort=0.1449 in
min n

tc(min) = lesser of 0.25 or 0.7"‘tmin =0.1014 in

12



tc(actual)

=0.7*Leg = 0.7*0.25=0.175 in

The fillet weld size is satisfactory.

13

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch

(c-€).

UG-45 Nozzle Neck Thickness Check

L, UG-

28

ta UG-

22

t

a

2

%2

tG4s =

0.1277 in

0.0958 in

max{t, ygo8 + taug-22

max[ 0.1277,0.0958 ]
0.1277 in

P*R / (S*E + 0.4*P) + Corrosion

520.7023*2.25 / (17,100*1 + 0.4*520.7023) + 0.0625
0.1302 in

max{ 5% ugie )
max[ 0.1302 , 0.125 ]
0.1302 in

min[ tys , t, |
min[ 01973, 0.1302 ]
0.1302 in

max| ta’tb]
max[ 0.1277, 0.1302 ]
0.1302 in

Available nozzle wall thickness new, t= 0.875*%0.344=0.301 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 352 °F) UG-28(c)

L/D
0
D/t
o

6.3389/2.375
2.375170.0652

2.669Q
36.4249



Fromtable G: A
From table CS-2: B

0.002179
14,224.8916 psi

P = 4B/(3*D, /1)

a
4*14,224.89 / (3*(2.375 / 0.0652))
520.7 psi

no

Design thickness for external pressure P_=520.7 psi

t, = t+Corrosion = 0.0652+ 0.0625 = 0.1277"

14
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TSS4474 R2 (Normal Case}-S! Units.xls

Heat Exchanger Design, Inc.

P.O.Box 524 Tel:(317)686-9000
Indianapolis, IN., 46205 Fax:(317)686-9100
HEAT EXCHANGER SPECIFICATION SHEET Page 1
Job No. 4474
Customer Cenovus Energy Purchase Ordar No. 1083-BC-4006
Address Proposal No. _616-12 -
Plant Laocation Date 3/19/2013 Rev 0
Service of Unit Natural Gas Heater (Normal Case) Item No. 8L-E-301
Size 90 x 65 x 6096mm Type SH4K1-20-00-24UV-2C3D Horz. Conn.in 1 Parallel 1 Series
Surf/Unit (Gross/Eff) 8.30/8.27 m2 Shell/Unit 1 SudfShell (Gross/Eff) 8.30/8.27 m2
_ __PERFORMANCE OF ONE UNIT .
Fluid Aliocation 1 Shell Side | Tube Side
Fluid Name Ethylene Glycol (50 wi%) / H20 [Natural Gas
Fluid Quantity, Total kagfhr 1638.01 3616.00
Vapor {In/Out) 3616.00 3616.00
Liquid 1638.01 1638.01
Steam
Water
Noncondensables
Temperature (In/Cut) C 150.00 100.00 5.00 35.00
Density kg/m3 990.40 1034.1 63.200 53.190
| Viscosity mN-s/m2 0.3640 0.7100 0.0128 0.0130
Molecular Weight, Vapor 17.16 17.16
iMolecular Weight, Noncondensables
Specific Heat kJ/kg-C 3.7401 3.5401 2.8401 2.6700
Thermal Conductivity Wim-C 0.3905 0.3915 0.0381 0.0410
Latent Heat kJdikg
Inlet Pressure kPa 997.345 6981.50
Velocity mi's 0.15 5.39
Pressure Drop, Allow/Calc _kPa 70.001 | 0.628 70.001 1 3.209
Fouling Resistance (min m2-KIW 0.000180 0.000180
Heat Exchanged MegaWatts 0.0829 MTD (Corrected) 1048 C
Iransfer Rate, Service 95.67 Wim2-K Clean 171.69 Wim2.K Actual 150.79 W/m2-K
CONSTRUCTION OF ONE SHELL - Sketch (Bundle/Nozzle Orientation)
ShellSide | Tube Side
Design/Test Pressure kPaG 7650 / Code 19930/ Code oo} e
Design Temperature [o] -28.8/178 -28.8 /150
|No Passes per Shell 1 1
Corrosion Allowance mm 15 1.5 {except tube)
Connections  |in mm 1@ 2' 600# RF 1 @ 3" 900# RF
Size & out  mm 1 @ 2" 600# RF 1 @ 3" 900# RF
Ratin Intermediate
Inner Pipe - (1) 2 1/2" Sch 40 pipe {73mm OD) Length 6.096m nom
Tube Type Longitudinal Fin - (24} 12.7mm fins x 0.89mm thk X 6096mmM J Material SA-106B, C Sti Fins
Shelf 4" Sch 40 SA-106B Pipe  {114.3mm OD) _ iShelt Cover SA105/516 70 Weldment
{Channel or Bonnet SA-516-70/105 Weldment Channel Cover N/A
Tubesheet-Stationary $SA-516-70 Tubesheet-Floating N/A
Floating Head Cover N/A Impingement Plate None
Baffles-Cross N/A Type NONE
Baffles-Long NIA Seal Type
Supports-Tube N/A U-Bend Type
Bypass Seal Arrangement Tube-Tubesheet Joint Welded
| Expansion Joint N/R Type
Rho-V2-Inlet Nozzle 57.59 kg/m-s2 Bundie Entrance 0.00 Bundie Exit  0.00 kg/m-s2
Gaskets-Shell Side Kammpro type Tube Side Kammpro type
-Floating Head N/A
Code Reguirements ASME Section Vill, Div. | TEMA Class
Weight/Shell _804.22 Filled with Water 921.2 Bundie 150.62 —ka

Remarks: 1. Lifting & Grounding lugs required. 2, Insulation is included in quote, but due to potential damage during shipment, HED

strongly advises that insulation is installed on site, and cannot be respensible for damage te Insulation during shipment. 3. Maximum Jength

is 6500mm. 4. This is HED's standard separated head double pipe hairpin design with independent bolting. 5. Hydrotest at minimum 1 hour with
chart. 6. Note that due to manufacturing restrictions on finned pipe inner pipe will be fabricated using return bend and straight pipes with two
circumferential welds.

Reprinted with Permission (v6 SP3)

WITNESS O




BANTREL JOB VP NO. REV

VENDOR PRINT, 1083-BC- L[LOD@' 20D | &_
noweer | = E-3D|

CLIENT
CROSS REF —

Permission to proceed does not constitute acceptance or approval of
deslign detalls, calculations, analyses, test methods or materials
developed or selected by the supplier and does not relieve the suppiier
from full compliance with contractual obligations.

1. EZ/Work may proceed.
2. [J Revise and resubmit. Work may proceed subject to incorporation
of changes indicated.

3. O Revise and resubmit. Work SHALL NOT proceed.

f

4, O R?v not required. Work may proceed.

BY: % 7 DAT&. {g{f 2/ 7 Zﬁlg

~ /7 WITNESS O

Rick W;le\\ W }



TSS4474 R2-S| Units.xls

Heat Exchanger Design, Inc.

P.O.Box 524 Tel:(317)686-9000
Indianapolis, IN., 46205 Fax:(317)686-9100
HEAT EXCHANGER SPECIFICATION SHEET Page 1
Job No. 4474
Customer Cenovus Energy Purchase Order No. 1083-BC-4006
Address Proposal No. _616-12
Plant Location Date 3/19/2013 Rev O
Service of Unit Natural Gas Heater (Maximum Case) ltem No. BL-E-301
Size 90 x 65 x 6096mm Type SH4K1-20-00-24UV-2C3D Horz. Conn. Ir 1 Parallel 1 Series
Surf/Unit (Gross/Eff) 8.30/ 8.27 m2 Shell/Unit 1 Surf/Shell {(Gross/Eff} 8.30/8.27 m2
L PERFORMANCE OF ONE UNIT —_
Fluid Allocation } Shell Side 1 Tube Side
Fluid Name FEthzxene Glycal (50 wid%) / H20 [Natural Gas
Fluid Quantity, Total kghr 3591.00 7926.02
Vapor (InfOut) 7926.02 7926.02
Liquid 3691.00 3581.00
Steam
Water
Noncondensables
Temperature (in/Out) o] 150.00 100.00 5.00 35.00
Density kgim3 990.40 1034.1 63.900 53.190
Viscosity mN-s/m2 0.3640 0.7100 0.0128 0.0130
Molecutar Weight, Vapor 17.16 17.16
Molecular Weight, Noncondensables
Specific Heat A kkg-C 3.7400 3.5400 2.8400 2.6700
Thermal Conductivity Wim-C 0.3904 0.3914 0.0381 0.0410
Latent Heat kJikg
nlet Pressure kPa 987.332 6981.50
Velocity m/s 0.32 11.82
Pressure Drop, Allow/Calc _ kPa 70.000 1 2.569 70.000 ] 14.945
Fouling Resistance (min} __ m2-K/W 0.000180 0.000180
Heat Exchanged MegaWatts 0.1818 MTD (Corrected) 1048 C
Transfer Rate, Service 209.70 W/m2-K Clean 297.66 _Wi/m2-K Actual 239.96 W/im2-K
CONSTRUCTION OF ONE SHELL - Skeich (Bundle/Nozzle Orisntation}
SheliSide | Tube Side
Design/Test Prassure kPaG 7650 / Cade [9930 / Code L- P
Design Temperature C -28.8 /178 -28.87 150
No Passes per Shell 1 1
Corrosion Allowance mm 1.5 1.5 {except tube)
Connections  §in inch 1@ 2" 600 RF 1 @ 3" 900# RF
Size & Out inch 1 @ 2" 600# RF 1@ 3" 900# RF
Ratin |ntermediate | —
Inner Pipe - {1) 2 1/2" Sch 40 pipe {73mm OD) L ength 6.096m nom
[ Tube Type Longitudinal Fin - (24) 12.2mm fins x 0.88mm thk x 6096mm | Material SA-106B, C Sl Fins _
Shefl 4" Sch 40 SA-1068 Pipe  (114.3mm OD)  §Shell Cover SA105/516 70 Weldment
Channel or Bonnet SA-516-70/105 Weldment Channel Cover N/A
Tubesheet-Stationary SA-516-70 Tubesheet-Floating  N/A
Floating Head Cover NIA Impingement Plate None
Baffles-Cross N/A_ Typea NONE
Baffles-Long N/A Seal Type
Supporis-Tube  N/A U-Bend Type
Bypass Seal Arrangement Tube-Tubesheet Joint Welded
Expansion Joint NIR Type
Rho-V2-Inlet Nozzle 276.81 kag/m-s2 Bundle Entrance 0.00 Bundie Exit  0.00 kg/m-s2
Gaskets-Shell Side Kammpro type Tube Side Kammpro type
-Floating Head N/A
Code Requirements ASME Section VI, Div. | TEMA Class
Weight/Shell _804.22 Filled with Water 921.2 Bundle 150.62 e

Remarks; 1. Lifting & Grounding lugs required, 2. Insulation is included in quote, but due to potential damage during shipment, HED
strongly advises that insulation is installed on site, and cannot be responsible for damage to insulation during shipment. 3, Maximum length
is 6500mm. 4. This is HED's standard separated head double pipe hairpin design with independent bolting. 5. Hydrotest at minimum 1 hour with
chart. 6. Note that due to manufacturing restrictions on finned pipe inner pipe will be fabricated using return bend and straight pipes with two
circumferential welds.

Regprinted with Permission {v6 SP3)




TSS4474 R1 (Turndown Case)-S| Units.xls

Heat Exchanger Design, Inc. B

P.O.Box 524 Tel:(317)686-9000
Indianapolis, IN., 46205 Fax:(317)686-9100
HEAT EXCHANGER SPECIFICATION SHEET Page 1
Job No. 4474
Customer Cenovus Energy Purchase Order No. 1083-BC-4006
Address Proposal No___616-12 -
Plant Location Date 2/22/2013 Rev 0
Service of Unit Natural Gas Heater (Turndown Case) Item No. BL-E-301
Size 90 x 65 x 6096mm Type SH4K1-20-00-24UV-2C3D Horz. Conn.Ir___ 1 Paraliel 1 Series
Surf/Unit (Gross/Eff) 8.30/8.27 m2 Shell/Unit 1 Surf/Shell (Gross/Eff) 8.30 / 8.27 m2
B PERFORMANCE OF ONE UNIT —
Fluid Allocation | Shell Side ¥ Tube Side
Fluid Name {Ethylene Glycol (50 wt%) / H20 {Natural Gas
Fluid Quantity, Total kafhr_ 897.750 1981.50
Vapor (In/Out) 1981.50 1981.50
Liquid 897.750 897.750
Steam
Water
Noncondensables
Temperature (In/Out) [o] 150.00 100.00 5.00 35.00
Density kg/m3 990.40 1034.1 63.900 53.190
Viscosity mN-s/m2 0.3640 0.7100 0128 _—14 — _-0.0430_
|Molecular Weight, Vapor rd ERFN
Molecular Weight, Noncondensables T N AL A A
Specific Heat kJ/kg-C 3.7400 3.5400 2.8400 2.6700
Thermal Conductivity W/m-C 0.3904 0.3914 0.0381 0.0410
Latent Heat kJ/kg
Inlet Pressure kPa 997.332 6981.50
Velocity m/s 8.117e-2 2.95
Pressure Drop, Allow/Calc  kPa 70.000 | 0.199 70.000 1 0.999
IFouling Resistance (min) ___m2-K/W 0.000180 _ 4001 80
Heat Exchanged MegaWatts 0.0454 MTD (Corrected) 1048 C
Transfer Rate, Service 52.43 W/im2-K Clean 108.81 Wim2-K Actual _ 100.02 W/m2-K
CONSTRUCTION OF ONE SHELL —_— Sketch (Bundle/Nozzle Orientation)
Shell Side | Tube Side
Design/Test Pressure kPaG 7650 / Code 9930 / Code 1 L i w
Design Temperature C -28.8/178 -28.8 /150 — T, T
No Passes per Shell 1 1 I ] D H 2]
Corrosion Allowance mm 1.5 1.5 (except tube) i i -
Connections  |In mm 1@ 2"600%# RF 1@ 3" 900# RF
Size & {out mm 1@ 2" 600# RF 1@ 3" 900# RF
‘ Ratin Intermediate -
Inner Pipe - (1) 2 1/2" Sch 40 pipe (73mm OD) Length 6.096m nom
Tube Type Longitudinal Fin - (24) 12.7mm fins x 0.89mm thk x 6086mm g _ [Material SA-106B, C Stl Fins
Shell 4" Sch 40 SA-106B Pipe  (114.3mm OD) _|Shell Cover SA105/516 70 Weldment
Channel or Bonnet SA-516-70/105 Weldment IChannel Cover N/A
Tubesheet-Stationary SA-616-70 {Tubesheet-Floating N/A
Floating Head Cover N/A limpingement Piate None
Baffles-Cross N/A Type NONE
Baffles-Long N/A Seal Type
Supports-Tube N/A U-Bend Type
Bypass Seal Arrangement Tube-Tubesheet Joint Welded
Expansion Joint N/R Type
Rho-V2-Inlet Nozzle 17.30 kg/m-s2 Bundle Entrance 0.00 Bundle Exit  0.00 kg/m-s2
Gaskets-Shell Side Kammpro type Tube Side Kammpro type
-Floating Head N/A
Code Requirements ASME Section VIII, Div. | TEMA Class
Weight/Shell 804.22 Filled with Water 921.2 Bundle 150.62 kg —_
[Remarks: 1. Lifting & Grounding lugs required. 2. Insulation is included in quots, but due to potential damage during shipment, HED
strongly advises that insulation is installed on site, and cannot be responsible for damage to insulation during shipment. 3. Maximum length
is 6500mm. 4. This is HED's standard separated head double pipe hairpin design with independent bolting. 5. Hydrotest at minimum 1 hour with
chart. 6. Note that due to manufacturing restrictions on finned pipe inner pipe will be fabricated using return bend and straight pipes with two
circumferential welds.
Reprinted with Permission (v6 SP3)

APPAOVAL OF DESIGN DETAILS, CALULA™ »S . t(YSES, TES

PERMISSIONS TO PROCEED DOES NOT COMST. . = '5.ZPTANCE Ml

METHODS O MATERLALS DEVELDPED O SELECT-{ | ¥ 1IES

AND DOES NOT RELIEVE SUPPLItn FsOM FULL 08 L N0, | veuo. | Rev
COMPLIANCE WITH CONTRACTUAL 0BLIBANGS5, <l
1 workmavprocem. 1) |1 Crmment Ri-E -30|

2. REISE AND RESUBMIT WORK MAY PROCEEQ SUBJECT
TO INCORPORATION OF CHANGES INDICATED
3. _____ REWISE AND RESUBMIT. WORK SHALL NOT PROCEEQ

4. REVIEW NOT REQUIRED. WORK MAY PROCEED.
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SECTION 10

Weld Procedures & Welder Certifications

. \NITNESS D

Lo

Rick Windel

¢_{



Heat Exchanger Design, Inc
901 East Beecher St

Welding Procedure Specification (WPS)

WPSNo.: {T¢ . . Dae 8141996  Rev.Noo 7 Date: 9672012 Pagetof2
Supponting PQR(s): I1T1, IT/M1-S, IT/MI-S-BHN, (TI-IT2 )
Welding ?mi:f(es) Typetsy (1) GTAW / Manual

Joint Design (QW-402)

Wetd Type: Groove and filléy welds
...JointType Backing ~~ RootOpening  Greove Angle Root Face Groave Radius

Single-V groove No backing 3/16" max 50 deg min. 1/8" max

o Singlebevel o No backing 3/16" max 43 deg min. 18" max -
Single-V groogve ... Gouged & back welded 14" max 50 deg min 3/16" max

Double bevel ) Gouged & back welded i max  45degmin 316" max
..... Double-V groove Gouged & back welded VA'mas  43degmin  ETmMAN e

Squaregeoove o Mdeim 0 1732" max S

... . Syuare groove O bACKIOR, 332" max

Fillet Wekds: Al fillet sizes on all base metal thicknesses and all dianeters.
Retainers: None e e s i i e it s s
WELD JOINT DESCRIPTIONS SHOWN ARE NOT INCLUSIVE OF ALL THOSE FOUND ON-A JOB. WELD JOINT DESIGN
REFERENCE IN AN ENGINEERING SPECIFICATION OR A DESIGN DRAWING SHALL TAKE PRECEDENCE OVER WELD
JOINTS STIOWN IN TTIIS WPS.

Base Metals (QW-403)

P-No. I GroupNo. 1&72  Thickness Range: (L0623 in. fo 10.6480 in.
twPNo. 1 (CioupNe j&2
Preheat (QW-406) Postweld Heat Treatment (QW-407)
Minimum Preheat 'emperature: 30 L% PWHT Type: No PWIHT will be performed N
Maximum Interpass Temperature: 264 i PWITT lempertore ¢ ‘ None e e
Preheat Maintenanee; o None PWHT Holding Time: Nong
1) Maximum interpass temp, 2617 ¥ apphics 1o impact applications
only.

23 Prehent (o 200° F min. i1 weld deposit » 1.25% and <= | 50",

Initial and {nterpass Cleaning: With wire brush ¢lean [ inch (25 ;mm) on buth sides of weld joint

Methad of Back Gouping:  When required. grind untif all defects are rempved,

1} Minimumn preheat must be maintained during thermal cutting, tacking, and weiding operations

2) Weids shall be cleaned between each pass. When compieted, remove all stag and projections.

3) Charpy Impact qualified to -53° F. See PQR 171472 for details.

4) impact qualified: -63° F for 0.094" min. base metal thknss, 45673 J/in. max. keat input, 50° F min. preheat & 261° F max.
interpass temp. All positions qualified per QW-4085.2. Any combination of Group 1 and 2 materials qualified,

5) See PQR's 1T/M1-S-BHN and 1T1-172 for hardness test results.

Rev. 7. Re-performed PQR 171-1T2. Revised notes accordingly. This WPS and existing PQR's 1T1, 1T/M1-S and 1TM1.5.BHN
transferred to new forms.

We eertify that the sitements in this record aree
requirements of Seetion TX af the ASMRYL

ekt and that thetest welds were prepared. welded, and wested o accordance with the

Prepared amd \ecepted By: 962012 Qualin Conteod Manager

bawoat Progdamger ixate

HETNOUS 0F MATERIALS DEVELOPED OF SELECTED 8Y THE

AND DOES NOT a;uevemw“mm FRON FULY 0% S 18 Dl __e_g} e
m‘n/nmmwmmn ] SAUPN - QL.-E 201
WORK MAY PROCEED, : -

AND RESUBMT WORK MAY FROCEED SUBRCT
ZW?mmmnmarmsmm
3 AEWSE ANDRESUBMIT WORK SHALL NOTPROGEED.

4. FEVEWE NOT REQUIRED WORK MAY PROCEED.

5; WTr oe Marchi4, 2013 %

witness [

Wit Form o} < Formst ¢

/}EVIEW %




Heat Exchanger Design, inc

Welding Procedure Specification (WPS)

WPS No.: 1T} Rev.No: 7 Page Zof'2
First Process: GTAW Type: Manual

Filler Metal (QW-404)

Weid Deposit Limits: 1,500 in. maximum

AWS Classitication: ER70S-2 o SFASpecitication: 318 F-No.. 6
A-No. or Chemical Composivion: b

Filler Metal Product Form: Bare (Soiid)

Consumable Insert: IR [ GTAWFING i N i
Position (QW-4085) Technique (QW-410)

Position of Joinl: | All Positions Stringer or Weave Bead: | Stringer and weave bead
Weld Progression: ARy Nozzle/GasCupSize:  ~  #Sw#io
Gas (QW-408) Peeming:  Nome .

Shielding: 100% Argon 4182 CFH Multipie/ Smgl: Pnsscpc,r s;de) . Singleor multipasy
Backing:  100% Argon (asnecded)  / 515  CFH

frailing: None L CFH

Electrical Characteristics (Qw-m)

Current Type und Polarity: ~ DCEN (straight}

Pulsed Current: ~ N/A

r‘mESlcn T)‘DC: Ew*!-l}_w;hv ’ ( Size: e

Max, HeatInput (Jfiny. 45673

o3

Maximum Heat inpul applies to Supplementary Essential applications (Impacts). Cansider qualified base metal mnges when deriving value,

Vaiue derived from lormuta:

Volts x Amps x 60

I'ravel Speed (inches/ninute)

Layerts) B Filler Metal
and/or AWS
Pass{es) Clussification
Any ER70S-2
Any ER70S-2
Ay ) ER708-2 .
Any LR708-2

First Procgss Welding Parameters

Size
(i)
I/16
332

I8
it

,,,,, Current
ype and
.. Polarity
DEEN (straight)
DCEN {sirigh()

DCUEN tstraight)
DCEN (straight)

] Fravel Speed
Ampersge Voltage Range
Range . Range . {in/min)
70-130 ‘ Vartuhle . Vuriable
80- 180 Variuhle  Varigble
130-273 i Variable . Viwiable
200-375 Variable . Variable

%W

Rick Wlnde‘

1081 Fura 061 - Farow( {

WITNESS A

REVIEW o =



Heat Exchanger Design, Inc
901 East Beecher St

Procedure Qualification Record (PQR)

PQR No.: IT} Date: 829/1988
Welding Process{es)/ Typeis): (1) GTAW/ Manual

WPS No.:

1T1 Page [of 2

Joint Design (QW-402)

Buse Vietals {(QW-403)

Weld Type: Groove weld ... Specification Type and Grade:

Groove Type: Single-V proove SA-106.GradeB . o SA-106. GradeB. .
Backing: __ Nene PNo. I  GroupNo._ 1} to P-No. |  GroupNo. }
RootOpening: 0063 ~ in. RootFace: 0063  in Thickaesstin.): 0358

Groove Angle: 60 ~ ° Diameter (in.}: ___ 1.313

Preheat (QW-406)
Minimum Preheat Temperature: .~~~ 50 °F

1) Peening was not used with this weld test,
23 No retainers ased,

o Tdag- Prehent Maintenance: None
m Maximum Intcrpass Temperature: 400 of
Postweld Heat Treatment (QW-407)
4 Type: . NoPWHTperformed
T PWHT Tempersuee: __ None ___ °F
' /4 PWHT Holding Time: __ Nome ____ br.
\ t l t—!l!ﬂ't W/?
e g e
SINGLE VEE GROOVE
- First Process: CTAW Type: Manual
" Filler Metals (QW-404) Electrical Characteristics (QW-409)

AWS Classilication: R ER708-2 Current Type-and Polurity: DCEN (straighy)
SFA Specification: 5,18 F-No.: 6 fungsten Type: EWTh- Size: 332
A-No. or Chemical Compaosition: o b Pulsed Current: None 3
Filler Metal Product Form: . Bare (Solid) Welding Details
Consumable Insert; None Filler Metal Size (in.): 332 - -
GTAW Flux: Nome Ampernge Uséd: [ E I .
Weld Deposit 't {in.x: 0.358 Voltage Used: Vagies | - -
Positions (QW-405) Fravel Speed (i/min): Varies 1 - -
Position of Joint: 6(i « 45 degree pipe Max. Heat nput (Jin): NiR
Weld Progression: Venicalup Technique {QW-410)
Gas (QW-408) Therma Processes: . No ™
Shiclding: 1t1)% Argon / 20 CEH Stringer or Weave Bead: Stringer and weuve bead
Backing: None - CFH Nozzle ! Gas Cup Size: . ,
Teniling: None - CFIE Muliiple  Single Pass {per sider; Multipass

WITNESS D

5§ REVIEW (ﬂ—
p- &7

Rick Windel!

204{ Form 031 - Fermas (



Heat Exchauger Desiga, Inc
Procedure Qualification Record (PQR)

PQRNo.; T Page 2 0f2
— Tensile Test (QW-150) .
Diameter Area Uitimate Total Lhtimate Unit Failure Type
SpecimenNo.  {in}) {in*} Load (Ib) Stress (PSI) and Location
A 1315 10711 75000 70021 Base metal
2 1315 1.0720 v 75750 0662 ~ Base metal
o Guided Bend Tests (QW-160)
. Type and Figure No. Result » Type and Figure No, Result
o OW-462 3(a) Facebend Acceplable QW-462.3(n) Root bend Acceptable .
QW-462.3¢a) Face bend Acceptable QW-462.3{a) Root bend Acceptable
Data transferred 10 new form 6-Sep-2012. » e
Welder's Name: Darrell Wi, i WD D I StampNo: D .

PQR was done and welding of coupan was witnessed by: Heat Exchanger Design. fog

Test conducted by Professional Serviee Industries, Ine. {PS1}

We certify that the statcments in this record are correct s
requirements of Scetion IX of the ASME

Vo

62012

Prepared and Accepted By:
Dmie

LabTestNo.: 88618 .

# that the test welds were prepaned. welded. and tested in accordance with the

Quality Control Manager

-~

Rick Winde

wn‘NESS D

| ._%
g

111 Form 915~ Fermac ¢

REVIEW ’BA\



PQRNo: ITIMIS

Date: 3/12/1999

Heat Exchanger Design, Inc¢
901 East Beecher St

Procedure Qualification Record (PQR)

WPS No.: IT1 and IMI-S

Page | of 3

Welding Process(es) / Typelsy: (33 GTAW/ anual {2) GMAW / Semiautomatic

Joint Design (QW-402)

Base Metals {QW-403)

1) Peening was not aved with this weld wsi,
2) Nu pass ~ 1.2" thick,

4

Weid Type: Groove weld . Specification Tyvpe and Grade:
Groove Type: _ Doubie-V groove SA-516. Grade 70 . o SA-516. Grade 70
Backing: Back-gouged and back weided P-No. 1|  QGroupNo. 2 to P-No._ 1  GrowpNo. 2
Root Opening: 0,063 ~ in.  RootFace: __ 0.063 in. Thickness (in.): 8 to 1.3
Groove Apgle: 60 Preheat (QW-406)
Minimum Preheat Temperature: 30 °F
Prehieat Maintenance: Wone o
poddidng Maximum Interpass Temperuture: 550 °F
m Postweld Heat Treatment {(QW-407)
N Type: No PWHT performed
> PWHT Temperatuns: Nong F
T < mrxmz-% PWHT Holding®ime: _  Nome  hr
\ s
it | Ry
e 4 N8
DOUBLE VEE GROOVE
First Process: GTAW Type: Manual
Filler Metals {(QW-404) Electrical Characteristics (QW-409)
AWS Classilication: oo ER70S-2 ) ... Current Tvpe and Polarity: DCEN (straigh)
SEA Specilication: 5.8 F-No. 6 . Tungsten Type: EWTh-2 Size: 332
A-No. or Chemical Composition: o I Weiding Details
Filler Metal Product Forme _ Bare (Selid) Filler Metal Size (in 3 3z - § -
Consumable Insert: . Nope Amperage Uscd: 150 P i
GTAW Flux: ) _ Nope Voltage Used: Varies | - { -
Weld Depasit 't tin.): 0.75 Travel Speed (in/min): Varies - i -
Positions (QW-405) Mix. Heat Input (Jin): NiR
Pasition of Joint: 16 - Flut . Technique (QW-410)
Weld Progression: . N/A Thermal Provesses: . Ne v
Gas (QW-408) Stringer or Weave Bead. Stringer and weave bead
Shiclding: 100" Argon L2 CFH Nozzie ! Gas Cup Size: Ly
Backing: None - CFI Multiple / Single Pass (per side); Multipuss
Priling: Nome - Crit

WITNESS

REVIEW

« Windell
Ric r CP” (3

28t} Forn 0t - Formar

O
B



Heat Exchanger Design, lnc

Procedure Qualification Record (PQR)

PQR No.: _IT/MI-S Page 2 of 3
Second Process: GMAW Type: Semiautomatic
Fitler Metals (QW-404) Electrical Choracteristics (QW-409)
AWS Classification: ER70S-6 Curreni Type and Polarity: DCEP {reverse)
SFA Specification: 518 F-No.: _ Transfer Mode: Spray-arc
A-No. or Chemical Composition: { Welding Details
Fitler Metal Product Form: Bare {Solid) Fiiler Metal Size {in. 2 0.045 - } =
Supplemental Fitler Metai: None Amperage Used: .80 1 - b
Weld Deposit '’ tin.): [ Wire Feed Speed (in/min): __ Varies | - B
Pass Greater Than %™ No Voltage Used: ] - L
Positions (QW-408) Travel Speed (in/min}; Varies | - ooh -
Position of foint: _— IG-Flat  Max. Heat Input (Jin): o NR
Weld Progression: o DA i, Techuique (QW-410)
Gas (QW-408) Thermal Processes: No e
Shielding: 99% Argon. %02 .28 . CFH SwingerorWeaveBeod:  Stringerbesd
Backing: CFH Nozzle / Gas Cup Size: . o
Trailing: CFH  Contact Tubeto Work Distance:  14%10 122"

Multiple / Single Pass(persidey: ~ Multipass

11 Peening was not used with this weld test,

2) No pass >

2" thick. »

A7

Rick windel

N WITNESS

qu% REVIEW

2014 Form Uit~ Fornu
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Heat Exchanger Design, Inc
Procedure Qualification Record (PQR)

PQRNo.: IT/MI1-S Page 30f 3
_Tensile Test (QW-150) o
Diameter Arei Ultimate Total Uftimate Unit Failure Type
Speeimen No. {in.} (in?) Load {ib) Stress {PSI) and Location
IT 0.496 0193 14934 77400 Ductile - BM
iB 0.498 0.195 14940 76600 Ductile -BM
oo 0.496 0.193 15006 77800 . Ductile - BM
2B 0.498 0.195 14976 76800 Ductile - BM
. Guided Bend Tests (QW-160) o I
o Typeand Figure No. Resuft Type and Figure No. o Result
. QOW-462.2 Side bend Acceptable QW-4622 Side bend Acceptable
L OW-462.2 Side bend Acceptable QW-462 2 Side bend ... Acceptable
Hardness Test - Rockwell-B hardness e
R ... )1 Readings .
SA-516,. Grade 708M 76 . R T . "
. SA-316.Grade 70HAZ 83 B e L . B
Weld metal 90 ' . o R . s = )

Data rensferred to new form 6:3¢p-2012.

Welder's Naome: Evans, Robent . iD:E v  StampNo: E
PQR was done and welding of coupon was witnessed by:  Heat Exchanger Design, Ing e o o
fest condueted hy:  Sherry Laboratories - Muncie, IN . o o ) Lab Test No.: 1999030779

We certify that the siatements in this record are ¢
ECode. |

requirements of Section IX of the AS

Prepared and Aceepted By:

of and that the est welds were prepared, swelded. and tested in accordance with the

/A Y62012  Quality Control Manager
Datg

Dood Frecdinger

_— wvess L
W QK review DE:

Rick Windell

2011 torm ol - Fermer



PQR No.: _IT/MI-S-BHN

Date: _1/15/1997

Heat Exchanger Design, Inc
901 East Beecher St

Procedure Qualification Record (PQR)

WPS No.: IT1 & IMI-§

Welding Process{es) 7 Type(sy: (13 GTAW / Manual (2) GMAW / Semiautomatic

Page 1 of 3

Joint Design (QW-402)

Base Metals (QW-403)

Weld Type: . Groove weld Specification Type and Grade:

Groove Type: Double-V groove SA-516. Grade 70 to _SA-316, Grade 70

Backing: Back-goupged and back weld PNo._ | GroupNo. 2 to P-No._1 GroupNo 2

Reot Opening: _ 0.063  in.  RootFace: 0063  in. Thickness (in.): 05

Groove Angle: 60 © Preheat (QW-406) -
Minimum Prehest Temperature: 50 %F
Preheat Maintenance: None

Shites Maximum Interpass Temperalure: 550 °F
Postweld Heat Treatment (QW-407)
\ Type: No PWHT performed . ...
PWHT Tcmpcrn(un. e None . .
T < mrtusz-ﬁ PWUT Holding Fime: None e
i | Ry
vert 11
DOUBLE VEE GROOVE
: First Process: GTAW Type: Manus!

Filler Metals (QW-404) Electrical Characteristics (QW-#09)

AWS Classification: ER70S-2. , Current Type and Polarity: DUEN (siright)

SFA Specification:  5.18 F-Nu.: 6  Tungsten Type:  EWTh2 Size: a3

A-Nu, or Chemical Composition: Welding Details

Filler Metal Product Form: Filler Metal Size (in.): 0333 - ‘

Consumable Insert: Amperage Used: 150 i .

GTAW Flux: Voltage Used: I5 L

Weld Deposit ' {in.): 025 Travel Speed tin/min): 7 -

Positions (QW-405) Max. Heat input 3/in); 19286

Pasition of Joint: G < Flat Technique (QW-410)

Weld Progression: N/A Fhermal Provesses: ] ) No

Gas (QW-408) Stringer or Weave Bead: . Stringer ane

Shiclding: 100% Argon ! CFH  Nozzle 7 Gas Cup Size: 6

Backing: None ‘ - CF Multiple 7 Single Pass tper sidey; Multipass

Praiting: None 4 - cr

1) Peeping was aol ased with this weld sest.
2) Nos pusy > §27 thick,

WITNESS D

REVIEW DE/\

@«?&'&

2003 Form 011 - Forms¢ C



Heat Exchanger Design, Inc

Procedure Qualification Record (PQR)

PQR No.: IT/MI-S-BHN Pape 2 0f 3
Second Process: GMAW Type: Semiautomatic
Filler Metals (QW-404) Electrical Characteristics (QW-409)
AWS Classification: ER70S-6 . Current Type and Polarity: DCEP (reverse)
SFA Specification: ___ 5.18 =~ FNo: 6 Transfer Mode: Spray arc
A-No. or Chemical Composition; | Welding Details
Filler Metal Product Form: ___ Bare {Solid) Filler Metal Size (in.}: 0045 v - { .
Supplemental Filler Metal: None v Amperage Used: .29 . § .
Weld Deposit ‘' {in.): - 0.25 Wire Feed Speed (in‘miny: __ vades  § - i -
Pass Greater Than 4" o No - Voltage Used: s i - H .
Positions (QW-405) Travel Speed {i/miny: 6§ = L -
Position of Joint: 1G-Flat ~ Max. Heat Input (Jin): 84100
Weld Progression: _NA N Technique (QW-410)
Gas (QW-408) Thermal Processes: e No
Shielding: 99% Argon, 1%02 ¢/ 28 . CFH StringerorWeaveBead:  Stringerbead
Backing: ___ None A= CFH Nozzle /Gus Cup Stmer 2
Irailingg.  Nete ¢ - CFH Conlacl lube to Wark D:stnnu.

1) Peening was not used with this weld test,
2) No pass > 172" thick.

/- WITNESS |
W REVIEW B

Rick Windell 4~

10t Form @t - Formm C



Heat Exchanger Design, inc

Procedure Qualification Record (PQR)
Page 3ol

- Tensile Test (QW-150)
Diameter Area Uhtimate Total titimate Unit Failure Type
Specimen No, {in) {in*) Load (Ib} Stress (PSH and Location

[ - > e o o ledl’m Te’t - Brim" hl"dnm sealcipevens, scet - P —
Location - Readings = . .. ) N

SA-516. Grade 70 BM - GMA__ 165 o i R
SA-516, Grade TOBM - GTA 165 _ -

SA:316. Grade JOHAZ-GM 176 : ) e et e
SA-316. Grade TOHAZ-GTA 176 . I SO S—
Lo Weldmewl 218 . et e e

{Hardness testing performed using a Telebrinelier kit ] o o

Data transferred to new form 6-Sep-2012. o e
Welder's Name: Manor, Greg . .. D G ... o SampNe: G o

PQR was done and welding of coupon wis witnessed by:  Heat Exchanger Design, fne U OV
Test conducted by:  Heat Exchanger Desipn, fne e btab TestNo: =

and that the test welds were prepared. welded. and tested in-accordanee with the

We cenify that the statements in this record are cor
requirements of Section {X of the AS,

962012 Quality Control Manager

Prepured ind Accepied By:
Dane

winess [

(G2 REVIEW <

% .

Rick Windell

308§ Fornr 08 - Foramat (



Heat Exchanger Design, Inc
901 East Beecher St

Procedure Qualification Record (PQR)

I 16" size Giller used Radpor best 2 SAOE28:4: 3. 32 sive filler used ESAR heat 4 065938,

A7

Rick Wind

PQR Nu.: ITI-IT2 - Date: 821/2012 WPSNo,: 1Tl . Page [ of 3
Welding Process(es) / Tvpe(s): {13 GTAW / Manual

Joint Design (QW-402) Base Metals (QW-403)

Weld Type: Groove weld Specitication Type and Grade:

Groove Typer  Single-V proove SA-285. Grade C to  SA-316. Grade 70

Backing: Oren butt, no back weld P-No. 1 GroupNo. [ to P-No. |  GrowpNe. 2

RootOpening: 0063 in.  RootFace: Q063  in. Thickness(in)y 0875 1o UI875

Groave Angle: 60 .~ Preheat (QW-406)
Minimum Preheat Temperatre: 139 °F
Preheat Maintenance: Nane

m"’""" Maximum Interpass Temperature: 161 oF
Coupon preheated to 139° F.
Postweld Heat Treatment (QW-407)
Type: No PWEHT performed
T r\ PWHT Temperature:  None ¥
J_ PWIIT Holding Time: Nope  hr
l T-\mr £
18+ 116"
SINGLE VEE GROOVE

First Process: GTAW Type: Manual

Filler Metals (QW-404) Electrical Characteristics (QW-409)

AWS Classification: . ER70S-2 o Curvent T'vpe and Polarity:

SEA Specification: 518 F-No.. 6 Tungsten Type: EWTh-2

A-No. or Chemical Composition: o ] Puised Current:

Filler Meta Trade Nami: Radnor & £SAR Welding Details

Filter Metal Product Form: Bare (Solid) Filter Metal Size tin. ) e 332

Consumable Insent: None Amperage Used: L10-121 o3

GTAW Flux: . NA Voltage Used: .7-16.1 17.9

Weld Deposit v tin.): 0.1875 Uravel Speed tin/min): 1.30 388

Positions (QW-405) Max. Heat Input (Jin): 43673

Position of Joini: 3G - Vertical Technique (QW-410)

Weld Progression: Vertical ap Thermal Provesses: ~No

Gas (QW-408) Stringer or Weave Bead: Stringerand weave bead

Shiclding: 10 Argon 23 CFIT Nozzle # Gas Cap Stees #7

Backing: None CEIT Multiple * Single Pass (per side: Single aml multipass

Fraiting: None - QRN

W\TNESS

% REVIEW L\/ﬁi
e

2011 Foras 841 - Fermat ¢



Heat Exchanger Design, Inc

Procedure Qualification: Record (PQR)

PQR No.: ITI-IT2 Page 2 of 3
R Additionai Welding Parameters e
Layer(s) _— Filler Metal Current B Travel Speed
and/or AWS Size Type and Amperage Voliage Range
Passics). Process Classification _ (in) Polarity Range Range tin/min)
I GTAW ER70S-2 U6 DCEN (straighty ___ 110-12] 14.7-16.1 330
2 GTAW ER70S-2 332 _DCEN (straight) 113-165 15.4-17.9 388
3 GTAW  ER70S-2 332 DCEN {straight) 76-111 133170 265
4 GTAW ___ER70S-2 332 DCEN (straight) 92-177 _ 13.5-14.3 40

“Pass layer #4 applicd trom the back side after back grinding.

TEST TEMPERATURE DETERMINA TION:

Test temp. determined per UG-84(c){ 5K b): 1est shall bee conducted at a temp. lower than the MDMT by an amount equal to thedifference of
the temp. reductions in Table UG-84.2 Jor the actual material thickness and the specimen thickness....

Actugl material thickness: 0.1875" "femp Reduction: 22°F (interpolated)
Specimen thickness: 0.131° Temp Reduction: 35°F

Applicable test temp. reduction: 353° minus 22° F = [3°F

Test temperature difTerential per labie G-84.4:
SA285-Cmin Y =30ksi:  SAS16-70 min Y = 38 ksi
therefore 10° F est temip. eredit.

Final result is the <367 I 1¢es1 temperature gualities for -53° F,

W WITNESS D
> pevew R

Rick Wlndell

20§ Form 04} < Fermat €



Heat Exchanger Desiga, lnc

Procedure Qualification Record (PQR)

PQRNo.: ITI-IT2 Page 3 of'3
e Toughness Tests (QW-170) v
Test Impact ' Drop
Specimen Notch Notch Temp. Value Lateral Expansion Weight
Number Location Tape °F) {R-ib} (Mils) .. Break
! o HAZ28S VY =56 2 . L S
B e JHAZBS VY 23 - 0 T
3 liAZ28s "y R W .
4 o Weldmetal v 17 o 3 -
3 Lo Weldmetal V" 9 3 - .
6 Weldmewl o tVT 2 - 4
7 v I3 30
8 . _HAZS6 V' 86 6 T
IV S R S TR 3 -
o .. Hardoess Test-Vickershardness )
CLocation e e . Readmps
SA-MWS Grade CBM 152 182 163 . e e
SA-285. Grade CHAZ - 133 (136 N7 - S,
SASI6.Grade TOBM 138 173 180
SA-516. Grde J0HAZ 0 204 094 193 e o S -
. Weldmewd - 156 36 — B S
S!\Slb-w min, J;u.:hcd vield = 38 ksi: Min. impact results of full size y) _Qg_umcn; = 15 FIVLB per Fig, UG-84.1,
\‘lny nnpugxgulls of full size specimens = ]ﬁl T8 per Fig. UG-84.1,
size | est sps.umm size of =0.33 Factor.
1B N 033 =4, 95! LB min, avermge. 493 FIABN0.66 =327 i'i 113 min. »mg.lu specimen.
See. W\Jd Detaif page for determination of w\t le.mp‘.mmn. )
Welder's Name: Curtds, David ) LD X Stamp No.. X
PR was done and welding of coupon was witnessed h\ Lleat £xchanger Design. ine.
l'est candueted by Sherry Labormories - Broken Arrow, OK Lab Fest No.: 12084888

wed it the test wekds were propared, welded. and 1ested in accortance with the

We certily that the statements in this record are cormne
requirements ol Section [X ol the ASME

96:2002  Quality Comtral Manager

Prepared and Accepted By
e

Fraedinger

WITNESS D

1014 Farm BEd - Formut €



Heat Exchanger Design, Inc
901 East Beecher St

Welding Procedure Specification (WPS)

WPS No.. _1MI-S Date: 7221996  Rev.Nos 6 Dae: 9672012 Page | of 2

Supporting PQR{s): I T/M1-S, IT/M1-S-BHN, IM1-S-CIT
Welding Processies}’ Tapets): (1) GMAW / Semizatomatic
Jaint Design (QW-402)

Weld Iype: __ Grooveund (illet welds
_Jdoint T J; Batkm_g_ o _ RootOpening _ Groove Angle Root Face  _Groove Radius
_ _ Single-V grosve No backing_ __3/16" max . 50 degmin 1B max
Singlebevel  _ Nobacking 316" max . 45.deg min 18" mox
Singhe-V groove _GuuLd & back m:lded oo tmax | 50degmin 36" max
Double bevel Gouped & back welded _ Ld"max  35degmin 316 man
.. Double-V yrooye Gouged & back welded 14" max 4Sdegmin | 3H6"may
Square groove _T-joint 1:32" man
Syuateproove _ Nobacking 332" max

Fitlet Welds: All fitlel sizes on nll base metal thicknesses and all diameters.

Retainers: None

WELD JOINT DESCRIPTIONS $) I(JWN ARE NOT INCLl SIVE OF ALJ I'HOGE FOUND ON AJOB WEI DIOINT DESIGN
REFERENCE IN AN ENGINEERING SPECHICATION OR A DESIGN DRAWING SHALL. TAKE PRECEDLNCE OVER WEIT D
JOINTS SHHOWN IN THIS WPS

Base Metals (QW--IOJ)

P-No. 1 . GroupNo. 1&2  [hickness Range: 01875 in, to 10.6400 in.
o P-No, 1 GroupNo. &2
Preheat (QW-406) Postweid Heat Treatment (QW-167)
Minimum P*reheat Femperature: 30 ¢ PWILT lype: No PWHIT will be performed
Muasimum [nterpass Tempertare: 293 oF PWEH Temperature Nonv 3}
Preheat Maintenance: None PWHT Holding Fimer None
1) Maximum interpass temp, 293° F applies to impact applications
oniy

2) Preheat (0 200° T min. il weld deposit > 1.25%and = 150"

Injtinl and Interpuss Cleaning:  With wire brush clean | inch {235 mim} on buth sides of weld joim

Methad ol Buchk CGouging: When required, prind until alf deleets are removed.

1) Minimum preheat must be maintained during thermal cutting, tacking, and welding operations

2) Weids shall be cleaned between each pass When compieted, remove all siag and projections.

3) Charpy impact qualified lo -53° F. See PQR 1M1-S-CIT for details

4) Impact qualified: -53" F for 0.094" min. {limited lo 0.1875" mun.) base metal thknss. 23627 Jfin max heat input. 50° F min
preheat & 293* F max. interpass femp Fiat and honzontal positions only qualified. Any combination of Group 1 and 2 matenals
qualified

5) See PQR's 1T/M1-8-BHN and IM1-S-CIT for hardness lest results

Rev. 6 Re-performed PQR 1M1.S.CIT Rewised notes accordingly This WPS and exisling PQR's 1T/M1-S and 1T/M1-S-BHN
transferred to new forms.

W certith that the statements in his record are eorrecppnd hat the test welds were prepaned, weided. and tested m twcordance wth the
reguirertients af Section 1X oF the ASVL Cude

62012 Qusdins Control Manager
Dot

Prepired dnd \ceepil By

Pl /3

witness [ ]

PERAISSIONS TO RRCEED DOES NOT CONSTITUTE ACCEPTARLE

APPROVAL OF DESIGN DETMLS, CALCULATIONS, AALYSER, f’
METHODS OR MATERALS DEVELOPED 06 SELECTED &Y “ - :
ALQ 0053 WOT RELIEVE SUPdLich FAON FOL MM ! ; REVIEW >§;

COMPLIANCE WITH CONTRACTUAL OBLIGATIO

C 132 WORK MAY PROCEED

2. nsusemmmwmxwmmmcv
- "TO INCOFFORATION OF CHANGES INDICATE
msamnmmmmmummm

4. REVEWNOT RECISAED WORK MAY PROCEED,

E'__ﬁ.‘_ﬁ__.__ oaT, A‘f*’il 0,203

_TFw cormmert is Jeleted .



Heat Exchanger Design, fnc

Welding Procedure Specification {(WPS)

WPSVO.;—L!:I__!:_S:—M—:”_: =2 XS Rl.'\r NO.:‘ LI - .
First Process: GMAW Type:
Filler Metat (QW-04)
Weld Deposit Limits: _____ 1.500 in. maximum __ No Pass Grenter Fhan =" Adowed
AWS Classilication: ~ ER70S-6 SFA Specification; 5.18
A-No. or Chemival Compusitio:- S
Filler Metal Product Form: . Bare (Soiid)

Supplemental Filler Metal: Nope
Position (QW-405)

Technique (QW-410)

Position of Joimt Al Positions Stringer or Weave Bead

Weld Progression. Any Nozzle - Gas Cup Size:

Gas (QW-408) Peening: o
Shielding: 99% Arpon. 1% 02 2540 CFll  Contact Tube to Work Distance:
Backing: None - CFH  Multiple Single Pass (per sidel:
Trailing: None - (& }]]

Electrical Characteristics (QW=-109)

Current Type and Pularity: DCEP {reverse)

Transfer Mode: Spra arc

Max. [leat Input (/in): 23627

Semiautomatic

Pogelof2

{-No. 6

Stnnger bead |
 38'ws58T
None )
Lo 2
Single or multipuss

Maximum Eleat Input applics to Supplementury Essential applications (Impacits). Consider yoalified base meta! ranges when deriving value,

Value derived from formula:

Valts x Amips ¥ 60
I'ravel Spevd (inches/minute)

First Process Welding Prrameters

Luyerts} Filler Mol Current Wire fravet Speed
andfor AWS Nize {ype and Amperage Feed Speed Vaoltage Range
Pass(es) Classilication {in.} Polarity Range {in.-mm) Range (invmin}
Any ERTUS-6 0.035 DCEP {reverse) 160225 Variahle 14.32 Viriable
Any ERT05-6 0.043 DCEP (reverse) 190-350 Variable .34 Variahle
i ER0S-0 L 16 DCER (revers) 240 Viriable 29.34 Variuhle
% witness ]

Rick Windell REwe.w

2053 Fom 81D« barmu €



PQR No: 1T/ML-S

Jaint Desngn (QW-402)

Weld fype: Groove weld

Date: 3/12/1999 e
Wcidmg Prou:ss(es) T)pelsi (l)GTAWIManunI () GMAW/ Semnu(omanc

Heat Exchanger Desipa. lne
90t East Beecher St

Procedure Qualification Record (PQR)

WPS No.. 1T1 and Iv(-§

Page | of 3

Base Metals (QW-H)S)
Specification Type and Grade:

Groove Type: _ Double-V groove SA-516. Grade 70 _ 1 SA-516.Grade70 _
Backing . Back-gouged and back welded P-No. 1 GroupNo, 2 to P-No | = GrospNo, 2
Root Opening: 0.063  in. Root Face: 0.063 __ in. 'Ihtckness(ml . H3 Ll ts
Grogve Angle: 60 ° Preheat (QW-406)
Minimum Precheat | empersture: 50 Ok
Preheat Maintesance, L Nong e
bt kg daximum Interpass Tempenlur: w330 F
W Postweld Heat Treatment (QW-407)

\ Type: .. NoPWHT perfoomed

> P\VHI'Tt.mpcralure e None oF

\ T G,-,,m$ PWH I Holding Time: None ~__hr

e | Ry
116 £ 1118°
DOUBLE VEE GROOVE

First Process: GTAW Type: Moanual
Filler Metals {QW-104) Electrical Characteristics (QW-$09)
AWS Classilication: ER70S-2 Current s pe aml Polarity : DCLN (atraighty
SFA Specilication: SR F-No.: 6 Fungsten [ype LWih-2 Size: 32
A-No. or Chemical Composition: l Welding Details
Filler Metal Praduet Form: Bare (Solid) Filler Metal Size {in.): I - -
Consumuble [nsert: None Amperage Used: 150 - -
GTAW Flux: None Voltage LUsed; Varies -
Weld Deposit 't* (in.): 0.75 Travel Speed (niming: Vuries -
Positions {QW-405) M. Heat Input (J:-in): NR
Position ol toint: 1G - Flat Technique (QW-410)
Weld Progression: NEA hermal Processes: No
Gaus (QW-408) Stringer wr Weave Bend: Stringer and weave bead
Shielding: t00% \rgon el i) CFI Nozzle Gas Cup Size. 47
Buching: None - (BT Muliple  Single Pass tper side) Mudiipass
tiailing Some . CH1

1) Peenting swiis ot ised with this weld test,
2No pass 1 2 thich

%

WITNESS

Rick Windell /f’ é RlEVIEW

it Form 811 Formar

O
p=a



PQR No.. _IT/MI-5

Heat Exchanger Design, Inc

Procedure Qualification Record (PQR)

Pege 2 of 3

Second Process:
Filler Metals (QW-i04)
AWS Classification. __

GMAW

ER70S-6

SFA Specification: ____ 5.8

A-No. or Chemical Composition:
Filler Metat Product Form: _
Supplemental Filler Metal:

Weld Deposit "t' (in.): .

Pass Greater Than '2*:

Positions (QW-40S)
Position of Joint:

Weid Progression:

Gas (QW-408)

Shielding: 99% Argon, 1% 02
Backing: None
Fraifing: None

_ ..Bore(Solidy _
_..None
073
No

28 CFH
. CFH
- ui

1) Peening was rot used with this weld test.

2) No pass > {.2" thick.

%

Rick Windell

Type:
Electrical Charscteristics {QW-409)
Current Type end Polarity:
Transfer Mode:
Welding Details

Filler Melal Size tin.) 0045
Amperage | sed: 280

Wire Feed Speed {'n.miny:  Varies
Voitage Used- 28
Trave! Speed (‘n:min): Vunes ¢
Max. Heat input (Jin):

Technique (QW-410)

oo DCEP {reverse)
. Spry arc

Semiautomatic

Thermal Processes: » B ~ Ne

Stringer or Weave Bead.
Noszie - Gas Cup Sizer
Contact Tube 10 Wark Distanee
Muiuple - Single Pass {per side)

WITNESS

Stringerbead

2

14012
Muitipass

2001 Ferm 031 bormmi



Heat Exchanger Design, Inc

Pracedure Qualification Record (PQR)

PQRNo.: fT/IMIS Page Y of 3
o '!'ensi!e'[est(QW-lSO)’mm__ o
Dismecter Aren Ultimate Total Ultimata Unit Faiture Type

Specimen No. tin ) (in?) ., Londtiby _ Swess(PSly  _ __ andLocation

r — 0496 _ 0193 14934 77400 _ Ductile-BM |
v 1B 0498 0.195 4940 76600 Ductile-BM |
. 0496 | 0093 15006 77800 . —Ductile - 8M
.._..28 0498 0195 _..4497%6 76800 _ Ductile - BM,

. Guided Bend Tests (QW-160) _

| DweandPwweNo  _ Resh | TvpeondFigmeNo _ __Result
QW-462.2 Side bend . Acceptabie e L QW622 Side bend . Acceplable
—QW-d62.2 Side bend Acceplable e QW-622 Sadebend Acceplable
— — Harduess Test - Rackwell-8 hardness
Location - - e Repdings
$AS16, Grade 70 BM 7%
SA-516.Gmde T0 AL~ 83
Weld metal 90, . -
Data transferred 1o new form 6-Sep-2012.
Welder’s Name:  Lvans. Robert 1.D. E Stamp No.. E
PQR was done and welding of coupun wis wilnessed by 1 Heat fxchanger Desiga. Inc
fost conducted bn: Shern | aboratortes - Muncie, IN lah fest Noo 19990301779

We certify that the stiaements in this recoed are coreegy and that the test welds were prepaced. welded. and tesied n stecordance with the

requirements ol Section [X ol the AS ode,

A 962012 Quality Control Manager
Date

Prepared and Acvepied By :
David | reechnper

% . WITNESS

L]
2040 baem 811 « Formmt {
Rick Windell /S’Jf
; REVEw N~



Heat Exchanger Design, In¢
901 East Beecher St

Procedure Qualification Record (POR)

PQR No.: _[T/M1-S-BHN Date: _1/15/1997 WPS No.: ITI & IMI-S Page 1 of 3
Welding Process(es}/ Type(si: (1) GTAW / Manual (2) GMAW / Semiautomatic
Joint Design (QW-402) Base Metals (QW-403)
Weld Type: Grogve weld Specification Type and Grade:
Groove Type: Double-V proove SA-516. Grade 70 to SA-516. Grade 70 ____
Backing: Back-gouged and buck weld P-No. 1 GroupNo. 2 10 P-No. _I  GrowpNo. 2
Root Opening: ____ 0063 _ in.  RootFace: 0063 in. Thicknesslin): ___ 05
Groove Angle: 60 ° Preheat (QW-406) T -
Minimum Preheat Temperature: 50 _CF
Preheat Maintesance: None
Wt T8 do Maximum Interpass Tempemture: 550 _°F

Postweld Heat Treatment (QW-407)

\ Y Type: B No PWIIT pertormed e
4 PWHT lemperature: None P
T __&mr . PWHT llolding T'me: Non hr,
et
DOUBLE VEE GROOVE
First Process; GTAW Type: Manual
Filler Metais (QW-404) Electrical Characteristics (QW-409)
AWS Classilication: ER70S-2 Current Pype and Polurity @ DCEN (strnight}
SFA Specification: 5.18 F-No : 6 Tungsten Fype: EWTh-2 St 32
A«No. or Chemical Composition: | Welding Details
Filler Metal Product Forny: Bare (Soltd) Filler Metal Size {in.): 332 . -
Consumable Insert: None Amperage Used: 150 - -
GTAW Flux: Nane Voltage ¢ sed: 5 - -
Weld Depasit '€ (in.). 0.25 ravel Speed tin/min ). 7 - .
Positions (QW-405) Max. {leat Input {J/fin): 19286
Positian of fomt: G -Fln Technique (QW-$10)
Weld Progression: NA thermal Processes: No
Gas (QW-408) Stringer or Weave Bead: Stringer and weave bead
Shiclding: 100°a Argon 20 CFIL Noszie - Gus Cup Size: 6
Bucking, None - CFIl Multiple  Single Puss (per side): Multipass
Fraiting: None - CFH

1) Peening was nof used with ths weld fest,
2} No pass - { 2" thick

WITNESS
% Dltll Farm Uil Formm €

Rick Windell Review BT



Heat Exchanger Design, Inc

Procedure Qualification Record (PQR)

PQR No.. IT/M1-S-BHN Page 20f3
Second Pracess: GMAW Type: Semiautomatic

Filler Metals (QW-404) Electrical Characteristics (QW-409)

AWS Classification: __~~  ER7086 ___ Courrent Type and Polacity. ... .DCEP (reverse) ..
SFA Specification: __ 518 FNo:___ 6 __ . TrnsferMode _ . Spray arc e
A-No. or Chemicol Composition: | __ Weiding Details

Filler Metal Product Form: __Bore(Solidy ___ Filler Metal Size(in.) 0045 - i L
Supplemental Filler Metal" . Nope _ Amperage Used - | U S S B
Weld Deposit V' {in: 025 . WireFeed Speedtinimin): _ varies  §_ .. L
PassGreater Than =", . No . . __ . Volioge ised: S N
Pasitions (QW-408) Iravel Speed (iWmini: 6 (< | s .
Position of Joimi: 1G - Flat ) Max Heatlnput¢Jany _ __  _B4W0OO .
WeldProgression . NA Technique (QW-410)

Gas (QW-408) Mhermal Processes: No___ e
Shielding: 99% Argon. [% (02 28 CFH  Stringer or Weave Bend: Stringerbead
Backing: o None - CFtt  Nozzle - Gas Cup Size R

[railing: None - CFH  Contact Fube to Wark Distance: f4"tw0 §2*

Multiple  Single Pass {per side): Multipass
1) Peening was not used with this weld tesi.
2) No pass > 172 (hick.
% wrrness [
Wi Form 011 - Farmal €

Rick Windell ‘_CZ’ REVIEW



Heat Exchanger Design, Inc

Procedure Qualification Record (PQR)

PQR No.: IT/ML-S-BHN _ Page 3 of3
U .. Tensite Test (QW-150) e
Diameler Aren Ultimate Total Ultimate Uit Foilure Type
SpecimenNeo, (i) Lotiny Load {1b) _Suess(PSl) ~ ___sndlocaton
) L Hnrdnm‘l‘at-Bringl[ i}qr_!_rggjg__
e . . localion = . et ..Readings :
SA-516,Grade 70 BM -GMA_ 165 e e - — R
_5A-316.Grade 70BM-GTA | 165 e . o et e
SA-516. Grade 70 HAZ - GM 176 . —— e - e e
SA-516.Orde 70 HAZ -GTA 176 . . .. .. - - e
. Weldmetal a8 . e = e
Hapdness testing performed using a Telcbrinelfer kit._ —— - . R
Dotn transferred 10 new form 6-Sep-2012,. L )
Welder's Name: Manor. Greg . . LD, G StampNo G
PQR was done and welding of coupon wis witnessed hy: | leat Exchanger Design, Inc N
Fest conducted by. 1leat Exchanger Design. Ine . Lah TestNo -

We certifi that the statements in this record are cor and that the test welds were prepared. welded. and tested in aceardance with the

reguirements of Seetion 1X ol'the AS

Preprred and A\ceepted 8y i 962012  Quality Controf Manager
nte
% witness [
083 FormUll - trrmat €

Rick Windell 7/ S¢ REVIEW :B/\



PQR No.: _IM{1-S-CIT

Heat Exchanger Design, Inc
901 Enst Beecher St

Procedure Qualification Record (PQR)

Date: 8/21/2012 WPS Na.: _IM{-S

Welding Process(es) 7 Tvpe(s): (1) GMAW / Semiautomatic

Page 1 of 3

Joint Design (QW-402)

Base Metals {QW-403)

2

Weld Type: Groove weld Specification Type and Grade:

Groave Type: _Single-Vgroove _ _ SA-285 Grade C to _SA-3{6. Grade 70

Backing: Back-souged and back weld _ P-No._ 1 GroupNe. | (0 P-No.__{  GroupNo, _2

RootOpening: 0.063 _ in. RootFace: 0063  in. Thickness(iny ___ 0.1875 to 0.1875

Groove Angle: 60  ° Preheat (QW-406)
Minimum Preheatl Temperature: 143 F
Preheat Maintenance: .. None .

80 Jo 75 deg- Maximum Interpass Temperature: 193 . °F
Coupon preheated to [43°F.
\(_7/ Postweld Heat Tmtmenl (QW-407)
Type: No PWHT performed .
T r\ PWIHIT Temperatun: None °F
PWHT {lolding I'ime: None _ hr,
| T—mr: wr
e £ e
SINGLE VEE GROQVE

First Process: GMAW Type: Seminutomatic

Filler Metals (QW-404) Electrical Characteristics (QW-409)

AWS Classiliention: ER708-6 Current $vpe and Polurity: DCLP (reverse)

SFA Specitication: 5.18 [«No.: 6 Cransler Mode: Spruy are

A-No, or Chemical Composition: 1 Welding Details

Filler Metal Frade Nane: Nationul Standard Fitler Metul Size (in ) 0.0435

Filler Meta! Product Form: Bure (Solid) Amperuge Used 350

Supplemental Filler Vietal: None Wire Feed Speed {infmin) 330

Weld Deposit 'I' {in.): U.1875 Voltuge Lised: 25

Pass Greater Than "2™ No Travel Speed {ininin )i 22.22-26.32

Positions (QW-405) Mux, Heat fnput tJ/in): 23627

Positisn ol Joimnt; 26 - orizontal Technique (Q\W-410)

Weld Progression; N/A e Provesses: No

Gas (QW-i08) Stringer or Weuve Bead: Stringer beud

Shiclding: Y99 Argon. [°a 02 0 CFIt Mozsic  Gas Cup Size: [

Backing: None - CFI Contaet Fube 0 Work Distance: {d"-1 2"

[riling None - CHIL MVultiple  Single Pass tper side: Singhe and muitipass

Filler metal heat # PRO322  Chemical clements verilicd ias C = D D7 00 = LAB: Si =084,

Wire fecder seiting 4 312

A%

Rick Windell

&

2081 barm O . Fermal C

WITNESS

REVIEW



Heat Exchanger Design, Inc

. Procedure Qunlification Record (PQR)

PQRNo.: IMLS.CIT = Page 2 of 3
e Additional Welding Parameters
Layer(s) v o Filler Metal Cumrent Trvel Speed

and/or AWS Size Type and Amperage Voltuge Range
Passies) | Process Classification ___ tin.}. Polarity Range  Range  {in/min)
o GMAW _ER705-6 332 DCEP{reversey 350 23 21
2 GMAW ER70S-6 = _ 332 DCEP (reverse) 50 .3 23
GMAW_ ER70S-6 332  DCEPgreversey 350 - S £ | .

“Pass iayer # 3 upplied from the back side after hack grinding.

ST TEMPERATURE DETERMINATION:
Test iemp. determined per UG-84(c)i(SKb): test shall be conducted a1 a temp. lower than the MDMT by an amount equal (o thedifference of
the temp. reductions in Table 1:G-84.2 lor the actugf material thickness and the specimen thickness....

Actual materinl thickness: 0.1875"  Temp Reduction: 22°F (interpaiated)
Specimen thicknress: 0.131" Temp Reduction: 35°F

Applicable test temp. reduction: 35° minus 22° ¢ = 1371
I est femperature dilferential per Table UG-84.4:
SA2B5-Cmin Y = 30 ksi:  SA316-70 muin Y = 38 ksi

therelore 10° F st temp, coedit,

Final result is the -36° F st wmperature guadilics for -53° F,

wirngss [ ]

3011 Yorws BH - Farmad ¢

& REVIEW K

H 7

Rick Windell



Heat Exchanger Design, Inc
Procedure Qualification Record (PQR)
PQR No.; IMI-S.-CIT Page 3 of 3

e e i . Toughness Tests (QW-170) S

Test Impact Dtop
Specimen Notch Notch Temp. Value Lateral Expansion Weight
Number _ __ Location e CFY (k) %Shear __ (Mils) ___ Break
i HAZ2BS v 6 Wy . 38, 26 .
- MHAZ-285 v 56 .8 %
.3 .. _HAZ-285 e 6 L SO - .36 Lo
A Weldmetal  °v* 6 2w »
50 Wddmetl Ve s6 1. LA M
6 Weldmetal _ - "V -56 .30 T - S B L -
7 ... BAZS6 o tvr o 560 7. .. 35 18 .
8 _HAZS16 v 366 o 5 . 17 -
9 HAZ-516 W6 7 B 1 N .
o ___ Hardness Test - Vickers hardness
Logation B S Rendings .
. 5A-285. Grade C BM 156 157 .. -
5A-285. Grade C HAZ 163 _ . 186 .
SA516.Crade TUBM 172 195
SA-516. Grude 70 HAZ 03 23
Weld metal o...)%0 196

SA316-70 min. specified yield © 38 ksi: Min. impact results of Tull size specimens = 13 F1:1.8 pul ig- L'G-84.1.

SA’SS-C min. speeiticd yiekd yield = 30 ksi: Min, impact resulls of Tull size specimens - 15 LT per Fig. UG-84.1.
IMPACT TESTING NOTES:

Full sice specimen = 10mm. best specimen © suc uf 3.3mm =0.33 Factor,

ISr11B«0.33 =493 FALB min, averape. 495 FT1B x 0.66 =3.27 1 LB min. single specinien.

See Weld Detail puge lor dclemﬁ_ngﬁpg ol test ié_iiinbmluru.

Welder's Name:  Curtis, David . LD X Stamp No.+ X

POR was done and welding ol coupon was witnessed by Heat Exchanger Design, Inc.

Test conducted by Shery Laborutories - Broken Arrow, OK Lab lest No.. Bi2081887

We certily that e statements in this n.uml ane cort
requirements oF Section 1X of the AS,

and that the test welds were prepared. welded. and tested m secordunce with the

Prepured and Accepred Ry :

9:6.2012  Quality Control Vanager
Dae

VATNEDD 3

-r

W
é’ REVIEW %

Rick Windell



HEAT EXCHANGER DESIGN INC.
901 East Beecher Street » Indianapolis, IN, 46203 3
WELDER OR WELDING OPERATOR PERFORMANCE QUALIFICATION
Stamp: A Welder's Name: N _ALLISON

A et E—
WPS No: 1T1 Rev:05 WPQ Number: Date:

Welding process used: GTAW / manual

Base material(s): SA-106, Grade B to SA-106, Grade B
Welding variables (QW-350) Actual Values Range Qualified
Type of weld joint........... Pipe Groove Groove and Fillets

*#% Backing (QW-402)...000v No backing used With or Without backing
P-No. to P-No. (QW-403)..... 1 to 1 P-~1 thru P-11,P-4X & P34
Pipe diameter - groove (in.) 2.3750 1.00" minimum

Base metal thickness (in.)... 0.4360 WPS limits

AWS classification {(info).... ER708-2

Filler metal spec. (SFA No.) 5.18 5.XX

Filler metal F-Number........ 6 F 6

Consumable insert............ No _insert used Without insert only
Weld deposit -~ groove (in.).. 0.4360 0.8720" maximum
Welding position (QW-405}).... 6G ~ 45 Deq. All positions

Weld progression............. Vertical Up Vertical Up (n4)
Backing gas (QW~-408)......... _No backing gas used With/Without backin as
GTAW welding current/polarity DCEN (straight) DCEN (straight) only
Machine welding (QW-~360) Actual Values Range Qualified
Direct/Remote visual control. n.a. n.a.

Automatic joint tracking..... n.a. n.a.
Single/multiple pass per side n.a. n.a.

Fillet Welds: All base material thicknesses, fillet sizes, and diameters.
*% Welds with backing include fillets and double-welded joints.
Notes:

(n4) The root pass when it is removed to sound weld metal in the preparation

for welding the second side and the cover or wash pass may be up or down.
Guided Bend Test Results

Figure No. and Type Result Figure No. and Type Result
None None
None None

Radiographic test results: Acceptable per QW-302.2 and QW-191

Other test notes : Vigual examination satigfactory per QW-302.4 and OW-190.

Welding test conducted by: Heat Exchanger Design
Mech. tests conducted by: US INSPECTION . Lab test no. IN-62123

We certify that the statements in this record afe correct and that the test
coupons were prepared, welded, and tested ih accordance with the requirements
of Section IX of the ASME.gode.

Certified By: ( 10/17/02 )y Quality Control

l-\

© winess [

Zﬁ% Rgvggw i




HEAT EXCHANGER DESIGN INC.
901 East Beecher Street @ Indianapolis, IN. 46203

WELDER 65 WELDING OPERATOR PERFORMANCE QUALI

Stamp: A Welder's Name: JON ALLISON
WPS No: 1M1-8 Rev:04 WPQ Number: Date: 10/17/02

Welding process used: GMAW / semi-auto

Base material(s): S8A~-516, Grade 70 to SA~-516, Grade 70
Welding variables (QW-350) Actual Values Range Qualified
Type of weld joint........... Plate Groove Groove and Fillets

*% Backing (QW-402)..,...... Backing used With backing only
P-No. to P-No. (QW-403)..... 1 to 1 P-1 thru P-11, P-4X & P34
Pipe diameter - groove (in.) n.a. 2.875" minimum
Base metal thickness (in.)... 0.6250 WPS limits

BWS classification (info).... ER70S~6

Filler metal spec. (SFA No.) 5.18 5.XX

Filler metal F-Number..,...... 6 F 6

Consumable insert............ R.a, n.a.

Weld deposit - groove (in.).. ' 0.5000 WRS. limits

Welding position {QW-405).... 26 -~ Horizontal Flat & Horizontal
Weld progression............. n.a. n.a,

Backing gas (QW-408)......... _No backing gas used n.a.

GMAW transfer mode...... feeaa Spray Arc Spray, Pulse, or Globular
Machine welding (QW-360) Actual Values Range Qualified
Direct/Remote visual control. n.a. n.a.

Automatic joint tracking..... n.a. n.a.
Single/multiple pass per side n.a. n.a.

Fillet Welds: All base material thicknesses, fillet sizes, and diameters.
*%* Welds with backing include fillets and double-welded joints.
Notes:

Guided Bend Test Results

" Figure No. and Type Result Figure No. and Type Result
None : None
None None

Radiographic test results: Acceptable per OW-302.2 and QW-191

Other test notes : Visual examination satisfactory per OW-302.4 and QW-190.

Welding test conducted by: Heat Exchanger Design Inc.
Mech. tests conducted by: US INSPECTION SERVICES Lab test no. IN-L6212RB

We certify that the statements in this record are correct and that the test
coupons were prepared, we d, and tested in accordance with the requirements
of Section IX of the AS de.

L. 4;> { 10/17/02 ) ©Quality Control

W wriness [

Rick Windell éﬁ/o/’ &wéw ;E./__

Certified By:




Heat Exchanger Design, Inc
901 East Beecher St

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: _Hart, Elmer Stamp: K

Test WPS No.: 1Tl Rev.: 07 WPQNo.: )
Welding process(es) / type(s) used: “GTAW / Manual

Type of joint welded: : Pipe Groove weld Joint type(s) gualitied: Groove and Fillet Welds
Base metal(s) welded: SA-106, Grade B to SA-106, Grade B :

Date: 2/22/2013

Actual Values Used

Welder Variables (QW-350) Range Qualified

P- or S-Number to P- or S-Number P-No. 1 to-P-No. 1 P-1-thru P-15F,P-34 & P-4X

Base metal thickness (in.) 0.436 WPS: Limits

Pipe diameter (in.) 2.375 - 1.00" minimum
GTAW / Manual GTAW / Manual

Backing ** No backing used With or without backing

AWS classification ER70S-2

Filler metal specification (SFA) 518 5.xX

Filler metal F~No. 6 F-No. 6

Filler metal product form - Bare (Solid) Bare /' metal cored

Consumable insert No insert used - Without insert only

Deposit thickness (in.) [>= 3 layers] 0.436 [N/A) 0:8720" maximum

Welding position 6G - 45 degree pipe All'Positions

Weld progression - Vertical up Vertical up {n4)

Backing gas No backing gas used With or Without backing gas

GTAW welding current / polarity DCEN (straight) DCEN (straight)

Machine Welding Variables (QW-360) Actual Values Used Range Qualified

Direct / remote visual control N/A N/A

Automatic voltage control N/A N/A.

Automatic joint tracking N N/A

Welding position N/A N/A

Consumable insert N/A N/A

Backing ** N/A N/A

Single / multiple pass per side N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.

** Welds with backing include fillets and double-welded groove welds.

Notes: ( n4 ) The root pass, wheu removed to' sound weld metal in preparation for welding the second side, and the cover or wash pass may be
up or down.

Guided Bend Test (QW-160)

Figure Numberand Type Result Figure Namber and Type Result
None None
None None
None None

Visual examination results:. Visual exam satisfactory pér OW-302.4 and OW-194
Volumetric test results: Acceptable Per QW-302.2 and QW-191 -

Welding test conducted by: Heat Exchanger Desigi, Ine
Mechanical/Radiographic tests conducted by: _Acuren - Indianapolis, IN

Labtestno.. 342032

We certify that the siatements in this record are correct and that the test welds were preparet, weldéd, and tested in accordance with the

requirements of Section IX of the ASME Code.

Certified By:

Organization: Heat Exchanger Design, Inc

2/25/2013

A

Quality Control Manager

David Freedinger

Date

J

WITNESS D
é_.,

REVIEW &
LS
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Heat Exchanger Design, Inc
901 East Beecher St

Welder or Welding Operator Perforniance Qualification (WPQ)

Welder's Name: _Hart, Elmer Stamp: _E_

Test WPS No.: 1M1-S - Rev.. 06 = WPQNo.: ’ Date: 2/22/2013
Welding process(es) / type(s) used:  GTAW / Manual and GMAW/ Scmmummatxc
Type of joint welded: Plate Groove weld Joint type(s) qualified: Groove and Fillet Welds
Rase metal(s) welded: _SA-516, Grade 70 to SA-516, Grade 70 :
Welder Variables (QW-350) Actual Values Used : Range Qualified
P- or S-Number to P- or S-Number ~_P-No. 1 to P-No. | ) P-1 thru P-15F.P-34 & P-4X
Base metal thickness (in.) ‘ 0.625 WPS Limits
Pipe diameter (in) N/A 2.875" minimum

GTAW /Manual | GMAW /Semiauto GTAW /Manual GMAW / Semiauto
Backing ** No backing used Backing used With or without backing With backing only
AWS classification ER70S8-2 ER708-6
Filler metal specification (SFA) 5.18 5.18 » 5.xx N 5.%%
Filler metal F-No. 6 ) 6 - F-No. 6 F-No. 6
Filler metal product form Bare (Solid) O N/A Bare / metal cored N/A
Consumable insert No insert used N/A Without insert only O NiA
Deposit thickness (in.) [>= 3 layers] 0.125 [N/A] 0.5 [Yes] - 0.2500" maximum WPS Limits
Welding position 1G - Flat 2G - Horizontal Flat only Flat & Horizontal
Weld progression N/A - N/A NA ‘ N/A '
Backing gas No backing gasused | No backing gas used W/WO backing gas W/WO backing gas
GTAW welding cusrent / polarity DCEN (straight) - NIA DCEN (straight) N/A
GMAW / FCAW transfer mode N/A : “Sprayarc N/A Spray, Pulsed; or Globular
Machine Welding Variables (QW-360) Actual Values Used » : Range Qualified
Direct / remote visual control N/A N/A N/A N/A
Automatic voltage control N/A N/A N/A - N/A
Automatic joint tracking N/A N/A o _N/A N/A
Welding position N/A N/A CONFA i N/A
Consumable insert N/A NA N/A N/A
Backing ** N/A: N/A N/A N/A
Single / multiple pass per side N/A N/A : N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on' all base material thicknesses and plpe diameters of any size.
** Welds with backing include fillets and double-welded groove welds:

| Notes: Root pass of 1/8" thk deposit per WPS 1T1 (GTAW) present when IM1-S applied. Apphcd 0.5" thick deposit of GMAW process.
' Guided Bend Test (QW-160)

Figure Number and Type Result - Figure Number and Type Result
None ‘ - None
None : None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194

Volumetric test results: _Acceptable Per QW-302 .2 and QW-191

Welding test conducted by: Heat Exchanger ‘[)esign, Inc

Mechanical/Radiographic tests conducted'by: _Acuren - Indianapolis; IN Lab test no.: 342032

We certify that the statements i this recard groycorect and that the test welds were prepared, welded, and tested in-accordance with the
requirements of Section IX of the ASME @od¢.

Organization: . Heat Exchanger Design, Inc

Certified By: 2/2512013  Quality Contral Manager

i David Freedinger g/ Date

W ) wirness L1
Rick Windell ﬂ Review KL

2013 Form 011 - Format C




Heat Exchanger Design, Inc
901 East Beecher St

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: _Burd, Dustin Stamp: U
Test WPS No.: _1T1 Rev.:. 07  WPQNo.:

Welding process(es) / type(s) used: GTAW / Manual

Date: 9/4/2012

Type of joint welded: Pipe Groove weld Joint type(s) qualified: Groove and Fillet Welds

Base metal(s) welded: SA-106, Grade B to SA-106, Grade B

Welder Variables (QW-350) . Actual Values Used Range Qualified

P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X

Base metal thickness (in.) } A 0.436 WPS Limits

Pipe diameter (in.) 2.375 1.00" minimum
GTAW / Manual GTAW / Manual

Backing *¥ No backing used With or without backing

AWS classification ER70S-2

Filler metal specification (SFA) 5.18 5.xx

Filler metal F-No. 6 F-No. 6

Filler metal product form Bare (Solid) Bare / metal cored

Consumable insert No insert used Without insert only

Deposit thickness (in.) [>= 3 layers] 0.436 [N/A] 0.8720" maximum

Welding position 6G - 45 degree pipe All Positions

Weld progression Vertical up Vertical up (n4)

Backing gas No backing gas used With or Without backing gas

GTAW welding current / polarity DCEN (straight) DCEN (straight)

Machine Welding Variables (QW-360) Actual Values Used Range Qualified

Direct / remote visual control N/A N/A

Automatic voltage control N/A N/A

Automatic joint tracking N/A N/A

Welding position N/A N/A

Consumable insert N/A N/A

Backing ** N/A N/A

Single / multiple pass per side N/A N/A

** Welds with backing include fillets and double-welded groove welds.

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.

Notes: (n4 ) The root pass, when removed to sound weld metal in preparation for welding the second side, and the cover or wash pass may be

up or down.
' Guided Bend Test (QW-160)
Figure Number and Type - Result Figure Number and Type Result
None None
None None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194

Volumetric test results: Acceptable Per QW-302.2 and QW-191

Welding test conducted by:-_Heat Exchanger Design, Inc

Mechanical/Radiographic tests conducted by: _Acuren - Indianapolis, IN

We certify that the statements in this record ar
requirements of Section IX of the ASME Code.

Certified By: A/ 9/5/2012

{ “~Tavid Freedinger 5 v Date

.

Lab test no.: 317581-1

rrect and that the test welds were prepared, welded, and tested in accordance with the

Organization: Heat Exchanger Design, Inc

Quality Control Manager

Rick Windell

wirness [

[CE— review i NA
PALS
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Heat Exchanger Design, Inc
901 East Beecher St

Welder or Welding Opérator Performance Qualification (WPQ)

Welder's Name: _Burd, Dustin

Test WPS No.: 1M1-S Rev.: 06

Stamp: U _
WPQ No.:

Welding process(es) / type(s) used: _GMAW / Manual

Date: 9/472012

Type of joint welded: _Plate Groove weld

Base metal(s) welded: _SA-516, Grade 70 to SA-516, Grade 70

Joint type(s) qualified: Groove and Fillet Welds

Welder Variables (QW-350)

Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X
Base metal thickness (in.) 0.625 WPS Limits
Pipe diameter (in.) N/A 2.875" minimum

GMAW / Manual GMAW / Manual

Backing ** Backing used With backing only
AWS classification ER70S-6
Filler metal specification (SFA) 5.18 5.xx
Filler metal F-No. 6 F-No. 6
Filler metal product form Bare (Solid) Bare / metal cored
Consumable insert No insert used Without insert only
Deposit thickness (in.) [>= 3 layers] 0.5 [Yes] WPS Limits
Welding position 2G - Horizontal Flat & Horizontal
Weld progression N/A N/A
Backing gas No backing gas used With or Without backing gas
GMAW / FCAW transfer mode Spray arc Spray, Pulsed, or Globular
Machine Welding Variables (QW-360) Actual Values Used - Range Qualified
Direct / remote visual control N/A N/A
Automatic voltage control N/A N/A
Automatic joint tracking N/A N/A
Welding position N/A N/A
Consumable insert N/A N/A
Backing ** N/A N/A
Single / multiple pass per side N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

Notes: Root pass of 1/8" thk deposit per WPS 1T1 (GTAW) present when 1M1-S applied.

Guided Bend Test (QW-160)

Figure Number and Type Result Figure Number and Type Result
None None
None None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194

Volumetric test results: Acceptable Per QW-302.2 and QW-191

Welding test conducted by: _Heat Exchanger Design, Inc

Mechanical/Radiographic tests conducted by: _Acuren - Indianapolis, IN

Lab test no.: 317581-1

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

requirements of Section IX of the ASME Code. .

Certified By:

Organization: Heat Exchanger Design, Inc

9/5/2012

David Freedinger

)

Date

(7

Quality Control Manager

Rick Windell A

witness - [ ]

review B

g

2011 Form 011 - FormatC



Heat Exchanger Design, Inc.
901 East Beecher Street
Indianapolis, IN 46203

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: _Curtis, David Stamp: X

Test WPSNo.: 1T1 ~ Rev.: 05 WPQNo..__ Date: _8/16/2007
Welding process(es) / type(s) used: _GTAW / Manual ’
Type of joint welded: Pipe Groove weld Joint type(s) qualified; _Groove and Fillet Welds
Base metal(s) welded: SA-106, Grade B to SA-106, Grade B
Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. 1 to P-No, 1 P-1 thru P-11,P-34 & P-4X
Base metal thickness (in,) 0.436 WPS Limits
Pipe diameter (in.) 2,375 1,00" minimum
GTAW /Manual : GTAW / Manual
Backing ** No backing used With or without backing
AWS classification ' ER70S-2
Filler metal specification (SFA) 5.18 5.xx
Filler metal F-No., 6 : . F-No, 6
Filler metal product form Bare (Solid) . Bare / metal cored
Consumable insert No insert used Without insert only
Deposit thickness (in,) [>= 3 layers] 0.436 {N/A] 0.8720" maximum
Welding position 6G - 45 degree pipe All Positions
Weld progression Vertical up . Vertical up (n4)
Backing gas No backing gas used With or Without backing gas
GTAW welding current / polarity DCEN (straight) DCEN (straight)
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control N/A N/A
Automatic voltage control N/A _ . N/A
Automatic joint tracking N/A N/A
Welding position N/A ' N/A
Consumable insert N/A N/A
Backing ** , N/A N/A
Single / multiple pass per side N/A N/A
Fillet Welds: Qualified to make fillet welds of any size on all base materjal thicknesses and pipe diameters of any size,
** Welds with backing include fillets and double-welded groove welds.
Notes: (n4) The root pass, when removed to sound weld metal in preparation for welding the second side, and the cover or wash pass may be
up or down,
Guided Bend Test (QW-160)
Figure Number and Type Result _Figure Number and Type Result
None None
None None
None : None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194

Radiographic test results: _Acceptable Per QW-302.2 and QW-191

Welding test conducted by: Heat Exchanger Design, Inc.

Radiographic tests conducted by: U S Inspection Services Lab test no,: 78035

We certify that the statements in this record grg correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME ¢gdg.

Organization: Heat Exchanger Design, Inc,

Certified By: 7/31/2007  Quality Control Manager
L David Freedingey Date
% winess L

REVIEW ><E

Rick Windell
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Heat Exchanger Design, Inc.
901 East Beecher Street
Indianapolis, IN 46203

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: _Curtis, David Stamp: X
Test WPSNo,: 1IMI-S  Rev.: 04  WPQNo.:
Welding process(es) / type(s) used; _GMAW / Semiautomatic

Type of joint welded: Plate Groove weld Joint type(s) qualified: Groove and Fillet Welds
Base metal(s) welded: SA-516, Grade 70 to SA-516, Grade 70

Date: 8/28/2007

Welder Variables (QW-350) Actual Values Used Range Qualified

P- or S-Number to P- or S-Number P-No, 1 to P-No, 1 P-1 thry P-11,P-34 & P-4X

Base metal thickness (in.) 0.625 WPS Limits

Pipe diameter (in.) N/A 2.875" minimum
GMAW / Semiauto GMAW / Semiauto

Backing ** Backing used With backing only

AWS classification ER708-6

Filler metal specification (SFA) 3.18 5.xx

Filler metal F-No. 6 F-No, 6

Filler metal product form N/A N/A

Consumable insert N/A N/A

Deposit thickness (in,) [>=3 layers] 0.5 [Yes] WPS Limits

Welding position 2G - Horizontal Flat & Horizontal

Weld progression N/A N/A

Backing gas ) No backing gas used With or Without backing gas

GMAW / FCAW transfer mode Spray arc Spray, Pulsed, or Globular

Machine Welding Variables (QW-360) Actual Values Used Range Qualified

Direct / remote visual control N/A N/A

Automatic voltage control N/A N/A

Automatic joint tracking N/A N/A

Welding position N/A N/A

Consumable insert N/A N/A

Backing *¥ N/A N/A

Single / multiple pass per side N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size,
** Welds with backing include fillets and double-welded groove welds,
Notes: Root pass of 1/8" thk deposit per WPS 1T1 (GTAW) present when 1M1-S applied,

Guided Bend Test (QW-160)
Figure Number and Type Result Figure Number and Type Result
None None
None None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194
Radiographic test results; _Acceptable Per QW-302.2 and QW-191

Welding test conducted by: Heat Exchanger Design, Inc.

Radiographic tests conducted by: _U S Inspection Services

Lab test no,; 80439

We certify that the statements in this record are
requirements of Section IX of the ASME cod

rrect and that the test coupons were prepared, welded, and tested in accordance with the

G Organization: Hcat Exchanger Design, Inc,
Certified By: /@ 8/24/2007  Quality Control Manage
{ David Freedinger 0 Date .

WITNESS D
REVIEW 4%_.

WFPQIX - C- WPW 7,0.4
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SECTION 11

Chart, Gauges & Chart Recorder

Calibration Records
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tapair from svery

Report of Calibration

Client Information Unit Submitted for Calibration
[ HEAT EXCHANGER ) (" Asset ID: ASH3000B I
SR ACARAD AL !
| 90t E BEECHER STREET Serial Number: UNKNOWN
. INDIANAPOLIS, IN 46203 Manufacturer: ASHCROFT |
i Purchase Order #: 003601-00 ) Model Number: 3000 X 20 PSIG
Description: PRESSURE GAUGE, DIAL TYPE §
" Calibration Performed h Calibration Date:  June 17, 2013
. . Interval: 12 MONTHS
and Verified By: W Wdﬂ Due Date: June 17, 2014
Titie: TECHNICIAN Temperature: 23.2°C Physicai Condition: SERVICEABLE l
L Location: INDIANAPOLIS LAB Humidity: 46 %/ \Cahbratwn Result: PASS /
Calibration Procedure Calibration Artifacts
i . s f . .pn
. Procedure Code Revision l | Artifact ID Due Date Traceability }
CP-00047 C TL90000045 0111172015 800191241

This instrument has been processed in accordance with the Tangent labs quality system and is traceable to the International System of Units through the National instifute of
Standards and Technology, other national or intemational standards, or acceptable intrinsic standards. The Tangent Labs qualty system is accredted to ISOAEC 17025:2005 oy
AZLA and is compiiant with 1SO-10012, MIL-STD-45662A, and cGMP21CFRB20. The resuits represented on this report relate only fo the tem and date described on page one of
tus report.  Afthough the item calibrated may meet perfoomance specifications at the time of calibration, the calibration due date of the unit does not imply continuing conformance
to specffications during the caiibration interval. Any number of facdtors may cause the unit to dnft out of specification and/or performance. This report may not be reproducec.
except in full, without the written approval of Tangent Labs.

A F indicates the measured vaiue was outside the fimits for the test point Any ‘F' results in a 'Fail calibration result An ‘A’ indicates an adjustment was made to the uni
petwean the ‘As Received and 'As Retuned measurement runs. Any 'A' results in an ‘'Adjusted calibration resuit. A 'R indicates a retum of value only and no passfai
determination was made. Any 'R’ results in a 'ROV calbration result. A ‘Pass’ calibration result means that all measured values fall within the unmodfied tolerance limits. % does
not constitute a certification that the true vaiues are within the tolerance limits, as that woutld require the tolerance limits to be reduced by the uncertainty.

Measurement uncertainty was calculated in accordance with the I1SO Guide to the Expression of Uncertainty in Measurement using a coverage factor of 2 {(k=2) providing a
corfidence levei of approximately 95% Measurement uncertainties are available by request or Calibration and Measurement Capabilties are available at  www.tangentlabs.com
We weicome your feedback. Please contact us so we know how we are performing.

Calibration Notes

J

Accredited

i Parameter Nominal As Received As Returned -Tol. Limit +Tol. Limit Units
0% Increasing Pressure 300 0300 280 320 psig
50% shqrea_sing Pressure 1500 1480 1480 1480 1520 ~ psig
30% Increasing Pressure ‘ 2700 2680 ) 2680 2880 2720 psig
90% Decreasing Pressure 2700 2680 2680 2680 2720 » psig
SG% Decreasing Pressure - 1500 714_80 _____ v 1,4.80 1480 1520 psig
10% Decreasing Pressure o \;00 o 300 W3}00 i - 280 v32(_) ‘ psig

End of Data Section

Q

NITNES®
2845 Tobey Drive indianapolis, iN 46219 Report No.. 800208863

TE 317 487.2378 rax 317.487.2375 E 701
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Calibration, Sales & Repair from every angle.

Report of Calibration

Client Information Unit Submitted for Calibration
(" HEAT EXCHANGER ) (Asset ID: ASH5000B N\
UL U

901 E. BEECHER STREET Serial Number: UNKNOWN

INDIANAPOLIS, IN 46203 Manufacturer: ASHCROFT
S Purchase Order #: 003601-00 ) Model Number: 1279-5000 X 50 PSIG

Description: PRESSURE GAUGE, DIAL TYPE
g Calibration Performed ' ) Catibration Date:  June 17, 2013
d Verified By: W WV-‘ Interval: 12 MONTHS

an ' y: Due Date: June 17, 2014

Title: TECHNICIAN Temperature: 23.4°C Physical Condition: SERVICEABLE
L Location:INDIANAPOLIS LAB Humidity: 48 %) KCaIibration Result: PASS /'
Calibration Procedure Calibration Artifacts
rLProcedure Code Revision ] [ Artifact ID Due Date Traceability ]

CP-00047 C TL90000045 01/11/2015 800191241

This instrument has been processed in accordance with the Tangent Labs quality system and is traceable to the Intemational System of Units through the National Institte of
Standards and Technology, other national or intemational standards, or acceptable intrinsic standards. The Tangent Labs quality system is accredited to ISOAEC 170252005 by
A2LA and is compliant with 1SO-10012, MIL-STD45662A, and cGMP21CFR820. The results represented on this report relate only to the ttem and date described on page one of
this report.  Although the item calibrated may meet performance specfications at the tme of calibration, the calibration due date of the unt does not imply continuing conformance
to specifications during the calibration interval. Any rnumber of factors may cause the unit fo drift out of specification andlor performance. This repot may not be reproduced,
except in full, without the written approval of Tangent Labs.

A 'F indicates the measured vaiue was outside the limits for the test point. Any 'F results in a 'Faif calibration result. An ‘A’ indicates an adjustment was made to the uni
between the 'As Received and ‘As Retumed” measurement runs. Any ‘A’ resuts in an ‘Adjusted calibration resuft. A 'R indicates a retum of value only and no passfail
determination was made. Any 'R results in a 'ROV -calibration resutt. A 'Pass' calibration resut means that all measured values fall within the unmodified tolerance limits. R does
not constitute a certification that the true values are within the tolerance limits, as that would require the tolerance limits to be reduced by the uncertainty.

Measurement uncertainty was calculated in accordance with the ISO Guide to the Expression of Uncertaimty in Measwement using a coverage factor of 2 (k=2) providing a
confidence level of approximately 95%. Measurement uncertainties are available by request or Calibration and Measurement Capabilties are available at www.tangentlabs.com
We welcome your feedback. Please contact us so we know how we are performing.

Calibration Notes

\emess i

!
i
L

Accredited
{ Parameter Nominal As Received As Returned -Tol. Limit +Tol. Limit Units
10% Increasing Pressure 500 500 500 450 550 psig
50% Increasing Pressure 2500 2500 2500 2450 2550 psig
90% Increasing Pressure 4500 4450 4450 4450 4550 v psig
'90% Decreasing Pressure 4500 4450 4450 4450 4550 psig ‘
50% Decreasing Pressure 2500 2500 2500 2450 2550 psig
10% Decreasing Pressure 500 500 500 450 550  psig
End of Data Section

\N\TNESS
2845 Tobey Drive Indianapolis, IN 46219 Report No.: 800208871
317.487.2378 317.487. .701.
Page 1 of 1 e tamgentlabesom TP free 888.701.2378 UL VOO W
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Caitbration, Sales & Repair from every angile.

Report of Calibration

Client Information Unit Submitted for Calibration
( HEAT EXCHANGER W /Asset ID: 0727Y774747200006
AR LRI Illllll IIIIIIIII!IIIII

901 E. BEECHER STREET Serial Number: 0727Y7747472000

INDIANAPOLIS, IN 46203 Manufacturer: HONEYWELL
L Purchase Order #: 003074-00 ) Model Number: DR45AT + 425H3-18

Description: PRESSURE RECORDER
4 Calibration Performed ) Calibration Date: February 15, 2013
4 Verified By: W W interval: 12 MONTHS

and Verified By: Due Date: February 15, 2014

Title: TECHNICIAN Temperature: 23.2°C Physical Condition: SERVICEABLE
S Location: INDIANAPOLIS LAB Humidity: 35 %) Calibration Result: PASS j
Calibration Procedure Calibration Artifacts
| Procedure Code Revision | | Atifact ID Due Date Traceability |

CP-00047 C TLS0000045 01/11/2015 800191241

This instument has been processed in accordance with the Tangent Labs qualty system and is traceable to the Intemational System of Units through the National Institute of
Standards and Technology, other national or intemational standards, or acceptable intrinsic standards. The Tangent Labs quality system is accredited to ISOAEC 17025:2005 by
A2LA and is compliant with {SO-10012, MIL-STD-45662A, and cGMP21CFR820. The results represented on this report relate oniy to the item and date described on page one of
this report.  Although the #em calibrated may meet performance specifications at the time of calibration, the calbration due date of the unit does not imply continuing conformance
to specifications during the calibration intervai. Any number of factors may cause the unit to drft out of specification andlor performance. This report may not be reproduced,
except in full, without the written approval of Tangent Labs.

A ‘F' indicates the measured value was outside the timits for the test point. Any 'F' results in a ‘Faif calibration resuit. An ‘A’ indicates an adjustment was made to the unit
between the 'As Received' and ‘As Retumed measurement mns. Any ‘A’ results in an ‘Adjusted’ calibration resutt. A 'R indicates a retum of vaiue only and no passfail
determination was made. Any ‘R results in a 'ROV calibration result. A 'Pass' calibration resut means that all measured values fall within the unmodified tolerance limits. It does
not constitute a certification that the true values are within the tolerance limits, as that would require the tolerance limits to be reduced by the uncertainty.

Measurement uncertainty was calculated in accordance with the iSO Guide to the Expression of Uncertainty in Measurement using a coverage factor of 2 (k=2) providing a
confidence level of approximately 95%. Measurement uncertainties are available by request or Calibration and Measurement Capabilites are available at www.tangentlabs.com.
We welcome your feedback. Please contact us so we know how we are performing.

Calibration Notes

Calibrated as a system with H168987

[E:rameter Nominal As Received As Returned -Tol. Limit +Tol. Limit Units
Display | — 0 B 0 100 100 psig
1000 970 970 900 1100 psig
2000 1958 1858 1900 2100  psig
3000 2954 2954 o 2900 3100 psig
wo s ot e e . -
ST " S Y - e
1000 a0 970 900 1100 ) psig
2000 1960 1960 1900 2100  psig
wo w0 B o T v -
... . 4000 3960 3960 300 4100 psig
End of Data Section D

2845 Tobey Drive indianapolis, IN 46219 7 Report No.: 800195574
TE 317.487.2378 rax 317.487.2375 rree 888.701.2378
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SECTION 12

Surface Preparation / Coating Inspection
Reports & Procedure
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Heat Exchanger Design, Inc.

P. O. Box 524
Indianapolis, IN 46206-0524 USA

Phone: (317)686-9000 = Fax: (317)686-9100

Date Performed: 9-17-13

Coating Inspection Report

Entire Unit

Readings Taken By: Doug McKinney QC Inspector

Air Temp | Surface Temp . . .-
(Must be 5°F > Dew Poinf)_ Dew Point Relative Humidity
774°F 76.8 °F 68.6 °F 739 %
Coating Used Batch Number(s) Required D.F.T. Actual D.F.T.
Carboline Carbozinc 11 HS 3.11 mils
Part A Batch# 13AD5770L 2-3 mils -
Part B Batch# 13AD8049Z Average of (30) Readings

**Painting performed indoors in a controlled environment**

Rick
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Heat Exchanger Design, Inc.

P. O. Box 524
Indianapolis, IN 46206-0524 USA
Phone: (317)686-9000 = Fax: (317)686-9100

Surface Preparation Inspection Report

Date Performed: 9-16-13 Readings Taken By: Doug McKinney QC Inspector
Air Temp ] Surface Temp . . sy
Dew P
(Must be 5°F > Dew Poinf) ew Point Relative Humidity
75.6 °F 74.2°F 68.1 °F 69.8 %

Preparation Required: Blast per SSPC-SP10 Required Profile Depth: 2-3 mils min.
Testex PRESS-O-FILM™ HT ‘Testex PRESS-O-FILM™ HT

X-Coarse puwwlestelspecom .. X-Coarse

2.0 ik e . RS sz
. r20}\ a CLQN2 - 2L - Mad%'e's";‘:ﬁv“ 5201& @ CLXQ)2 X Mad?t'glﬁ
H{-ZH-S il HHFS mil
Component Component
Examined: Shell Examined: Shell

Inspections Performed By: Doug McKinney QC Inspector

**Blasting performed indoors in a controlled environment**




BANTREL JOB VP NO. REV

VENDOR PRINTl  1083-BC-4006-0022 0

UIPMENT
S OMEER BL-E-301

CLIENT
CROSS REF

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 the supplier
from full compliance with contractual obligations.

1. B/V;Iork may proceed.
2. [ Revise and resubmit. Work may proceed subject to incorporation
of changes indicated.
O

. 0 Revise and resubmit. Work SHALL NOT proceed.
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P. 0. Box 524
Indianapofis, IN 46206-0524 USA
Phone: (317)686-8000 » Fax: (317)686-9100

Heat Exchanger Design, Inc. ng;}
3¢

Surface Preparation and Paint Procedure
Revision 0 June 3,2013
Customer: Cenovus Energy, Inc.

Purchase Order #:  1083-BC-4006
Item# BL-E-301
Work Order #: 4474

Scope:
This document outlines the requirements for surface preparation and coating of the equipment referenced above
that is to be applied after construction is complete.

References:

This procedure meets or exceeds the requirements set forth in the clients Specification, Steel Structures Painting
Council (SSPC) Surface Preparation Specification SP10 and the paint manufacturer’s instructions for mixing
and application. Paint products used are manufactured by the Carboline® Protective Coating Company.

Preparation;
During fabrication, all surfaces to be welded shall be ground and wire brushed clean to insure that all scale, rust
and foreign matter has been removed from an area 2” either side of the center of the weld.

Before proceeding with surface preparation and coating, all welds shall be complete and inspected for integrity
and size, vessel dimensions shall be verified and all applicable Non Destructive Examination shall have been
performed.

After performing hydrostatic testing, all parts shall be unbolted so that each component may be treated
separately. Mask gasket surfaces and openings to prevent blast media and coating from damaging the sealing
surfaces or entering inside the vessel. The items are now ready for external surface preparation and coating,

All operations are performed indoors.

Final Surface Preparation;
All external surfaces shall be sandblasted accordingly as described below. Profile shall be measured by use of
Tes-Tex tape. Be sure to blast all flange faces (except gasket surfaces) and bolt holes. Blast media used is coal
slag abrasive. Blasting shall nof be performed when:

1} relative humidity exceeds 85%

2) surface temperafure is less than 5°F greater than dew point

Blast to SSPC-SP10 to a profile of 2-3 mils.

Primer:
Vessel shall be primed immediately after sandblasting with 2-3 mils DFT average of inorganic zinc {Carbozinc
11® by Carboline). The primer shall be applied by the conventional spray method. Apply primer when:

1} ambient temperature is in the range of 40°F to 130°F

2) relative bumidity is in the range of 30 to 95%

3} metal surface temperature is more than 5°F greater than dew point

WHNES® D

My
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901 East Beecher Street R'\C\ON.\“de“ / ;ﬁ XW éd ﬁ

Indianapolis, IN 46203 USA

Serving
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Page 2

Thickness Measurement:
After primer has dried, the dry film thickness (DFT) shall be measured using a digital coating thickness gage. If
the readings result in a low average, a subsequent coating shall be applied as required.

Documentation:;
Environmental conditions and thickness readings shall be documented as required.

Order of Events and Assembly:
1) All components and sub-assemblies will be blasted and fully coated as described above.

2) After coating has cured adequately to handle, the vessel shall be re-assembled using service bolting and new
gaskets.

W winess L3
Rick Windell éﬁ/ ;REWEW p=
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Selection & Specification Data

Substrates & Surface Preparation

Generic Type Solvent Based Inorganic Zinc General Surfaces must be clean and dry. Employ adequate
Description Time-tested corrasion resistant primer that protects methods to remove dirt, dust, oil and all other
steel galvanically in the harshest environments. For conl.aminants that could interfere with adhesion of the
aver five decades, Carbozinc 11 (CZ 11) has been the coating.
industry standard for high-performance inorganic zinc Steel Non-immersion: SSPC-SP5 and obtain a 1.0-3.0 mil
protection on steel structures worldwide. {25-75 micron) angular blast profile (Reference ASTM
Features + Carbozinc 11 meets Class B slip co-efficlent and D4417)
creap testing criteria for use on faying surfaces.
« Rapid cure. Dry 1o handle in 45 minutes at 60°F Performance Data
{16°C) and 50% relative humidity. —
+ Low temperature cure down to 0°F (-18°C). Test Method System Resuits
+ High zinc loading. AASHTO M300 Bullet 1 ct, CZ11 over No blistering or
« Maets FDA raquirements in gray color. Hole immersion Abrasive blasted steel | rusting of coating or
+ Very good resistance to salting. Paragraph 4.6.9 rusting of bare stes!
« May be applied with standard airless or conventional area after 650 hrs.
spray equipment. _ immersion in 5% sod
+ VOC compliant in certain areas ASTM A-325 Blasted Steel 1 0.68; meets requirement
Color Green (0300); Gray (0700) Slip Co-efficient ct. CZ 11.@6 mils for Class B rating
. {150 microns})
Finish Flat ASTM B117 Salt Spray | 1 6LCZ1Tal2mils | No rusfing biistenng
Primers Self Priming dry fllm thickness cracking delamination
Topcoats May be coated with Acrylics, Epoxiss, or over blasted steel. after 43000 hfs.
Polyurathanes depending on exposure and need. Moderale salting
) ) ) of the surface only.
e oo codain condafions, & et coat ASTM D3363 Tet. CZ1 Pencil Hardness “2H" |
Pencil Hardness
Service Untopcoated
Temperature  Continuous: 750°F (400°C) Tostreports and adions! data avaiasi upon writen request
Non-Continuous: 800°F (427°C) . —
ommended hi topcoats: Mixing & Thinning
Continuous: 1000°F (538°C) - .
Non-Continuous: 1200°F (848°C) Mixing :’c‘rlwer ngx base, ﬂ:i;n combln.::';q ;:ower mix ?fb
) . i follows. Pour zinc filler very sl into premixed base
Dry Film 2.0 - 3.0 mils (51 - 76 microns) per coat with continuaus agitation. Mix until free of lumps. Pour
Thickness mixture through a 30 mesh screen. DO NOT MIX
Dry {im thickness up to 5.0 mils {150 microns) i acceptable PARTIAL KITS.

. . Tip: Sifting zinc through a window screen will aid in
Solids Content By Weight 79% the mixing process by breaking up or catching dry zinc
Zinc Content in DryBy Weight 85% lumps.

Fiim Thinning May be thinned up to 5 oz/gal {(4%) with #26 or #33 for
Theoretical 1000 square feet at 1 mil {24.5 square metersfliter ambient and wam surfaces. For extremely warm or
Coverage Rates  at 25 microns) DFT; 333 square feet at 3 mils (8.2 windy canditions {(above 85°F/29°C)may be thinned
square meters/liter at 75 microns) DFT. up 1o 8 ozfgal (6%) with #254, In cool weather (below
; . ' 40°F (4°C)), thin up to 7 oz/gal (6%) with #21. Use of
VOC Values A“:ms.:?phed EPA Method 24: 4.0 Ibs./gal (479 g/l) thinners olher than those supplied of recommended by
7 oxlgal wi #21: 4.1 (bs.Jgal (452 g) Carboline may adversely affect product performance
S ozigal w/ #26: 4.1 thsJgal (492 gA) and void product warranty, whether expressed or
5 ozigal w! #33: 4.1 lbsgal (452 gh) implied.
8 oxjgstwf #254: 4.0 Ihs.Jgal {507 gh)
These are nominal values. Ratio 1 Gal. Kit - Part A - .75 gal
1 Gal Kit - Zinc Filler - 14.6lbs
5 Gal Kit - Part A - 3,75 gal
5 Gal Kit - Zinc Filler ~ 73 Ibs.

Pot Life 8 Hours at 75°F (24°C) and less at higher
temperatures. Pot life ends when ccating becomes too
viscous to usa.

 winess L
March 2013 Kf' MMK 0250
Ta the best of our knowladge the technical data conlained herein Is true and accurate on the date of publicatlon and is subject to [ge without prior nofice. Atontact Company
to varify carractness before specifying or ardering. No af y I8 given or implied. We guarant form to Carbolina guality . Wa no responsibility for

coverage, pesformance or injurias resulling from use. Liabliity, if any, Is limiled to replacement of products. ER WARRANTY OR GUARANTEE OF ANY KIND IS MADE BY CARBOLINE,
EXPRESS OR IMPLIED, STATUTORY, BY OFPERATION OF LAW, OR OTHERWISE, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Carboline® and Carboguard®
are regi rks of Carboline C
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Carbozinc® 11

Application Equipment Guidelines Cleanup & Safety

Listed below are general equij for thi of this product, Job site conditions
may require modifications tothese guldelnet to amlave 1he desired resuls.

Spray Application The following spray equipment has been

{General) found suitable and is available from equipment
manufacturers. Keep material under mild agitation
during appiication. If spraying stops for more than
10 minutes, recirculate the material remaining in the
spray line. Do not leave mixed primar in the hoses
during work stoppages.

Agitated pressure pot equipped with dual regulators,
3/8" 1.D. minimum material hose, with 2 maximum
length of 50 feet; 0.070" .D. fluid tip and appropriate
air cap.

Pump Ratio: 30:1 (min.)

GPM Qutput: 3.0 (min.)

Malerial Hose: 3/8" I.D. (min.}

Tip Size: 0.019-0.023"

Qutput PSI: 1500-2000 Filter Size: 60 mesh

PTFE packings are recommended and available from
the pump manufacturer,

For touch-up of areas less than one square foot only.
Use medium bristle brush and avoid rebrushing.
Not recommended.

Application Conditions

Condition Material Surface Ambient Humidity
Mimimum | 0 °F (18 °C) | 0 °F (-18 °C) | 0 °F {-18 °C) 30%
Maximum 130 °F (54 'C) 200 °F (93 °C)|130 °F (54 *C) 95% ‘
This product simply v the to be abova the dew point. Condeansation

due to subsirate temperatures below the dew pom can cause flash rusling on prepared steel and

interfera with proper adhasion to the substrate. Special application techiniques may be required
above or balow normal appiication conditions.

Curing Schedule

Conventionat
Spray

Airless Spray

Brush

Roller

Surface Temp. & 50% Dry to Handle Dry to Recoat
Relative Humidity & Topecoat w/
other finishes
0 °F {-18 "C) 4 Hours 7 Days
40 °F (4 °C) 1 Hours 48 Hours
60 °F (16 °C) 45.0 Minutes 24 Hours
80 °F (27 "C) 45.0 Minutes 18 Hours
100 °F {38 °C) 15.0 Minutes 16 Hours
‘These limes ace based ¢n a 3,04.0 mil (75-100 micron) dry fiim thick Higher fitm th

Insufficient ventilation or cocler tamperatures will require innger cure times and could result in
solvent enirapment and premaiure failure, Humidity leveis below 50% will require longer cure Gmes,
Notes: Any salxlng thal appun on the zinc surface as a rasult of prolonged weathering exposure
must be 1o the of additionat coatings. Also, lsose zinc must be removad
fra-nmcwedfh-nbymbbmwﬂhﬁbamlasssamwmﬂ 1) The Carbozinc 11 is o be used
without a topcoat in immersion service and "zine piek up” could be detrimental, or 2) When “dry
spraylovarspray” Is evident on the cured film and a topcoal will be applied. For accslerated curing
of whare the relative humidity I's balow 40%, allow an initial 2-hour ambient cure, Follow 2 hour
cure with water misting or steam o keep the coaled surfacs wet for a minimum of B hours and unfil
{he coated surface achleves a “2H" pencil hardnass per ASTM D3363,

Cleanup

Safety

Ventilation

Use Thinner #21 or Isopropyl Alcohol. in case of
spillage, absorb and dispose of in accordance with
local applicable regulations.

Read and follow all caution statements on this praduct
data sheet and on the MSDS for this product. Employ
normal workmaniike safety precautions.

When used as a {ank lining or in enclosed areas,
thorough air circutation must be used during and after
application until the coating is cured. The ventitation
system should be capable of preventing the solvent
vapor concentration from reaching the lower explosion
limit for the solvenis used. In addition to ensuring
proper ventilation, appropriate respirators must be
used by all application personnel.

Packaging, Handling & Storage

Shelf Life

Shipping Weight
(Approximate)
Storage
Temperature &
Humidity

Flash Point
(Setaflash)

Storage

Part A: 12 months at 75°F (24°C)
Part B: 24 months at 75°F (24°C)

*Shelf Life: (actus! stated shelf ite) when kept at recommanded storage
conditions and in original unopened containers.

1 Gallon Kit - 23 1bs {10 kg)
5 Gallon Kit - 113 Ibs (51 kg)

40° -100°F (4-38°C).
0-80% Relative Humidity

Part A: 55°F (13°C)
Zinc Filler: NA

Store Indoors.

carboling;

Coniings - Linings - Finpoofing
2150 Schuetz R, 5t. Lowis, MO 63146

. : < Toli-Free: 800-845.
W WHHESS D PGB 6441000 Toh e I00 454545
revew “EF— RPM
Rick Windel RE An Company
March 2013 4/3 0250
To the best of our viedge the data inad herein Is irus and accurate on the dala of publi d is sub}ed to change without prior notice. Ussr must contact Carboline Company
to verky bafore sp g of 3. No of Y is given or imptied, We g owr p 1o o ine quality controf. We assume na responsibility for

coverage, perfarmanca orln]urios tauuhng from use, Liabfiity, if any, Is imited o replacemsent of pmducls. NO OTHER WARRANTY GR GUARANTEE OF ANY KIND 1S MADE BY CARBOLINE,
EXPRESS OR IMPLIED, STATUTORY, BY OPERATION OF LAW, OR OTHERWISE, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPQSE. Carboline® and Carboguard®
are reg of Carb Ci

Page 2 of 2



SECTION 13

Certificate of Compliance & Dimensional
Verification




Heat Exchanger Design, Inc.
P. O. Box 524

Indianapolis, IN 46206-0524 USA

Phone: (317)686-9000 = Fax: (317)686-9100

Certificate of Compliance

Customer: Cenovus Energy, Inc.
Purchase Order #:  1083-BC-4006
Item#: BL-E-301
Sales Order #: 4474

We do hereby certify that the vessel(s) referenced above has been designed, constructed and tested
in accordance with the relevant drawings, the customer specifications and the A.S.M.E. Section VIII,
Division 1 Code as applicable.

The documents contained within the Manufacturer’s Equipment Record Book verify that proper
selection of materials, Non-Destructive Examination and testing have been applied.

The vessel dimensions have been checked and verified to be within acceptable tolerances as
stipulated on the applicable drawings.

Certified by:

Quality Control Inspector, H.E.D., Inc. %

Rick Windell

witness [

(S review :E/_
Serving

Petroleum, Petrochemical, Power, Food, and Industrial on Heat Transfer Equipments

901 East Beecher Street
Indianapolis, IN 46203 USA
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Performance Guarantee




Heat Exchanger Design, Inc.

P. O. Box 524
lndlanapohs IN 46206-0524.

Phone: (317) 686-9000 » Fax: (317) 686-9100
wyww.hed-inc.cont , e-mail: solest@hed-inc.com

May 29, 2013

To whom it may concern,

Heat Exchanger Design, Inc. does hereby in writing guarantee the thermal, mechanical,
and hydraulic design for the heat exchangers we are providing on our SO 4474, Bantrel's
1083-BC-4008. The pressure drop and flow induced vibrations are within acceptable

limits as per the data provided.

el e K—

David E. Bradshaw

Rick Windell
Perroteanm, PefF m [~

BANTREL
VENDOR

NUMBER

EQUIPMENT

JOoB VP NO.

REV

PRINT|

05 - 1o 001 4

0

W -£-3p\

CLIENT
CROSS R

EF

N —

-1

J*s»

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 the supplier
from full compliance with contractual obligations.

1. O Work may proceed.
2. [0 Revise and resubmit. Work may proceed subject to incorporation
of changes indicated.

evise and resubmit. Work SHALL NOT proceed.

N W%y Work may proceed. ‘ Z /4 3

WITNESS

REVIE\A{

Cd

Fd

rm er. Fouod. uml Industriat on Heat Troasfer Equipment

901t East Btecher Street.

Indianapolis, IN 46203, USA
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Inspection & Test Plan

~ /7 winess L1
M NN i

Rick Windell



BANTREL JOoB VP NO. REV

VENDOR PRINT 1083-BC- QCQQ_:QO | ’1" i

EQUIPMENT P

NUMBER b(_." E d %O\
CLIENT

CROSS REF

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 the supplier
from full compliance with contractual obligations.

1. [E/Work may proceed.

2. [ Revise and resubmit. Work may proceed subject to incorporation
of changes indicated.

3. O Revise and resubmit. Work SHALL NOT proceed.

4, U Revi quirad. Work may proceed.
BY: W ,f DM!{;
=~ |

) g s O
Rick Windell /5' G—  REVEW =
Pz



Heat Exchanger Design, Inc.
P.O. Box 524

Indianapolis, IN 46206-0524 USA

Phone:; (317)686-8000 - Fax: (317)686-9100

Rick Windeli REVIEW

Inspection and Test Plan
Revision 1 28-May-2013
Customer: Cenovus Energy, Inc, P.0. # 1083-BC-4006 Item # BL-E-301
Description: Natural Gas Heater Work Order #: 4474
PERFORMED
NO. ACTIVITY BY: REMARKS
Vendor| Client
1 |Inspection of raw material: Qty, Markings, MTR’s etc, All pressure boundary materials| P
and welded attachments are in accordance with A.S.M.E. Sections I and VIII, Div.l| & 4 !
Codes. 35':@ )
Inspection of machined parts, ,z)(;)(—— P
In process fabrication inspection: ' R P
a) verification of WPS/PQR(s) Rkt P
b} verification of filler metal D{_L(_ P
¢) verification of welder’s qualifications B P
d) inspection of weld joint preparations and fit-ups B~ P
¢) inspection of root pass and final welds Rkt P
1) verification of appurtenance layout Bk P
Confirmation of valid NDE personnel qualifications & proper NDE procedures. B L+ P
5 |Perform PT examination of: pid L - "
a) areas as required by A.SM.E. Sec.VIIL, Div.] Code P (2
b) lift lug final welds B P @2 40,/
6 |Final visual inspection of welds, dimensions and orientations. Bulﬂ— P ﬁ//
Perform Spot RT of shell and tube sides. Verify film and review reader sheet. 5u{-- R Subcontracted
8 Perform hydrostatic testing w/potable water per ASME Code @ 50°F min. Hold P H [)
pressure in each chamber individually for | hour using chart recorder. EU(" a
Perform blast and paint per client specificaion TR-43-SPC-00-019-01 and
manufacturer’s recommendations. Each sub-assembly shall be treated individually prior
o |to final assembly to insure flange faces and bolts holes are coated. Inspect surface| P
preparation & verify blast profile and coating thickness & appearance. Blast per SSPC-
SP10 and prime 2-3 mils DFT Carbozinc 11. B
10 |[Confirm Canadian Registration (CRN) through province of Alberta is received. thh ~ P
11 |Verification of nameplate stamping. 'DL“’ P ép
P . . S , B Subcontracted — certification
12 |Verify insulation installed per client specification TR-43-SPC-00-021-02. B R M“PPH od by insiller
Inspection of shipment preparation. Blow completely dry, oil flange faces, bolted wood . . .
B overs & plastic wrap. Verify one(1) set of spare gaskets is included. Bk P Hy \Client perform final inspection
. . . . 4 N [Client provide after final
14 | Acquire Inspection / Shipping Release from client. B Cd" P H mspec fion
15 |Review of Manufaclurer’s Equipment Record Book & Dispaich Dossier ﬁ'_:‘:]"" P R &P
INOTES: LEGEND: P -Perform
“Vendor” :refers to Heat Exchanger Design, Inc. R—Review
W ~ Witness
“Client”  :refers to Cenovus Energy or their assigned Third Party Inspector H — Hold (must be present)
- 7 RI- Random Inspection
witness ]




SECTION 16

Material Test Reports

Rick W“"de“
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Job Order Detailed BOM Report Tme - 142426

Job Order Detail BOM Report, Ordered by Component Part Number Page # 1
Job Order Number Equal to 00834-0000

Job Part Number Rev Quantity Status 8$.0. Customer
00834-0000 Default 1.0000 EA RELEASED 004474 000207 CENOVUS ENERGY, INC
SH4K1-20-00-24UV-2C3D NS
Item No. Facility Component Part Rev Component Part Description LOGH HEAT# Quantity Required
Default ELBOW 2.5 S40 90° LR BW NS  2.5" SCH 40 LONG RADIUS 90° BUTT WELD ELBOW - SA234-WPB— TOE LB702 2.0000 EA
BOM Memo: INNER PIPE
Default FLANGE 14 600 XS RFWN NS 14"-600# RFWN ANSI FLG - XS BORE - SA105— TJS 694A0 1.0000 EA
BOM Memo: SHELL COVER ASS'Y
Default FLANGE 2 600 $160 RFWN 000  2"-600# RFWN ANSI FLG - SCH 160 BORE - SA105N— HW2 BAOY 2.0000 EA
BOMMemo: NOZ"A &B"
Default FLLANGE 3 900 RFLWN NS 3"-900# RFLWN ANSI FLG X 9" LG - SA105— TKU G807 2.0000 EA
BOM Memo: MODIFY BY MACHINING ENDS - NOZ "C & D"
Default GASKET 14 800 STD RING NS 14"-600# STD RING GASKET - CS/GRAPHITE W/ 18.375" OD GAUGE RING 3.0000 EA

BOM Memo: KAMMPRO TYPE CS/GRAPHITE - STYLE ZG
(1) TEST; (1) RE-ASSEMBLY; (1) SPARE
Default GASKET RING NS RING GASKET - 3/16" THK X 3.938" OD X 3.063" ID - CS/GRAPHITE 6.0000 EA

BOM Memo: 3/16" THK KAMMPROFILE STYLE PN - CS/GRAPHITE
(2) TEST; (2) RE-ASSEMBLY:; (2) SPARE

Default HEAD 2:1 SE 0.5 X 14 OD NS 14" OD X 0.5" NOM (0.44" MIN) THK X 2" SF— TRW AVJA-2506448 1.0000 EA
BOM Memo: 30° SINGLE OUTWARD BEVEL - SA516-70N - SHALL CONFORM TO UG-79, UG-81 & UCS-79

Default LIFT LUG SIZE 2 000 SA516 70N CIT -50F—— OXG 1616/1 2.0000 EA

Default NAME PLATE KPA ooo METRIC "KPA" NOTATION - SS316 1.0000 EA

Default NAME PLATE MAEWP 000  EXT. PRESSURE NOTATION - 55316 1.0000 EA
BOM Memo:

Default NUT .75-10 HEAVY HEX NS 3/4"-10 HEAVY HEX NUT - SA194-2H 48.0000 EA

Default NUT 1.375-8 HEAVY HEX NS 1.375"-8 HEAVY HEX NUT - SA194-2H 40.0000 EA

Default PIPE 2 S160 SA106B NS 2" SCH 160 PIPE X 8" LG - SA106-B— TLW 105825 1.0000 EA
BOM Memo: HED CUT (2) 3.75" LG - NOZ "A & B"

Default PIPE 2.5 S40 FINNED NS 2.5" SCH 40 PIPE X 20-7.75" LG - SA106-B - W/LONG. FINS— TRJ 335364 2.0000 EA

BOM Memo: PIPE FINNED WITH:
(24) 0.035" THK x 0.5" HIGH LONGITUDINAL FINS x 20' LG - C-STL

w/ 5" and 2.75" BARE ENDS WITNESS L




Default

Default

Default

Default

Default

Defauit

Default

Default

Default

Default

Default

Default

Default

Default

Default

Job Order Detailed BOM Report

Job Order Detail BOM Report, Orderad by Component Part Number
Job Order Number Equal to 00834-0000

PIPE 2.5 S40 SA106B 000 2.5" SCH 40 PIPE - SA106-B-— MPX A82443
BOM Memo: CUT (1) 2.5" LG - INNER PIPE SHORT SPOOL
PIPE 4 S120 SA106B 000 4" SCH 120 PIPE - SA106-B— ODF 77223K
BOM Memo: CUT (1) 4" LG - MACHINE INTO (4) SP4474 SPLIT RINGS
PIPE 4 S40 SA106B NS 4" SCH 40 PIPE X 20'-6" MIN R/L - SA106-B— TLX 26598, TLY B05997
BOM Memo: HED CUT (2) x 20'-3.875" LG
PIPE SPECIAL SA106B NS 425" CD X 1" WALL PIPE X 15" L.G - SA106-B— TLZ 221868
BOM Memo: MACHINE INTO (2) T4474 TUBESHEETS
PLATE 0.25 SA516 70 000 1/4" THK PLATE - SA516-70 —— ORM W7K692

BOM Memo: CUT:
(2) 23" x 8.5" BURNED SHAPES - SUP'T WEB PLATES
{1) 7" x 13" - NPL BRKT FACE PLATE
(1) 4" x 13" - NPL BRKT STAND-OFF

PLATE 0.375 SA240 304/L 000 3/8" THK PLATE - SA240-304/304L~— PiD 4TJ4
BOM Memo: CUT (2) 5.5" X 2" BURN SHAPES - EARTH LUGS

PLATE 0.5 SA516 70N 000 1/2" THK PLATE - SA516-7ON~ PFP R0473-11AB
BOM Memo; CUT (2) 3" x 11" BURN SHAPES - SUP'T BASE PLATES

PLATE 2 SA516-70N 000 2" THK PLATE - SA516-70N —— RXX 8778
BOM Memo: CUT (2) 8.5" OD x 3.75" ID BURNED RINGS; MACHINE INTO (2) TPF4474 FLANGES

PLATE 2 SA516-70N 000 2" THK PLATE - SA516-70N—— RXX 8778
BOM Memo: CUT (2) 8.5" OD x 2.75" |D BURNED RINGS; MACHINE INTO (2) TF4474 FLANGES

PLATE 2 SA516-70N 000 2" THK PLATE - SA516-70N~— RXX 8778
BOM Memo: CUT (2) 8.5" OD x 3.75" ID BURNED RINGS; MACHINE INTO (2) SPF4474 FLANGES

PLATE 2 SA516-70N 000 2" THK PLATE - SA516-7T0N—— RXX 8778
BOM Memo: CUT (2) 8.5" OD x 3.75" ID BURNED RINGS; MACHINE INTO (2) SF4474 FLANGES

PLATE 3.25 BURNED DISC NS 3.25" THK X 24.13" DIA BURNED DISC PLATE - SA516-70N— TMI] C5506
BOM Memo: MACHINE INTO (1) CF4474 FLANGE

SR4-2 000 SEAL RING SA106B
BOM Memo: (2) TEST; (2) RE-ASSEMBLY; (2) SPARE

STUD .75-10X 5 000 3/4"-10 X 5" LG STUD - SA193-B7
BOM Memo: 5"LG END-TO-END

STUD .75-10X 6 000 3/4"-10 X 6" LG STUD - SA193-B7

BOM Memo: 6" LG END-TO-END

wness

/<1 §’ review  CE—
el

A

Rick Windell

Date: 08/02/2013
Time - 14:24:25
Page# 2

0.2083 FT

0.3333FT

2.0000 EA

1.0000 EA

3.7084 SQF

0.1528 SQF

0.4583 SQF

1.0035 SQF

1.0035 SQF

1.0035 SQF

1.0035 SQF

1.0000 EA

6.0000 EA

16.0000 EA

16.0000 EA



Job Order Detailed BOM Report T 142428

Job Order Detail BOM Report, Ordered by Component Part Number Page# 3
Job Order Number Equal to 00834-0000

Default STUD 1.375"-8 X 10 LG NS 1.375"-8 X 10" LG STUD - SA193-B7 . 20.0000 EA
BOM Memo: 10" LG END-TO-END

Default WASHER 0.75 SAE N FLAT 000 3/4" SAE "N" NARROW FLAT WASHER 48.0000 EA
BOM Memo: ZINC PLATED WROUGHT STEEL

Default WASHER 1.375 SAE N FLAT NS 1.375" SAE "N" NARROW FLAT WASHER 40.0000 EA

BOM Memo: ZINC PLATED WROUGHT STEEL

End Of Report

This report was requested by BHUSSONG




INSPECTION CERTIFICATE

PANTECH STEEL INDUSTRIES SDN. BHD. surw
LOT 13268 & 13250, Jalan Haj Abd. Menan,

OF Jalan Meru, £2200 KGang, Selangor, Malaysia.
Tek 603-3303 1633 Fax: 603-3393 1733 E-mall; pentach2@streamyxcom

WROUGHT CARBON STEEL BUTTWELDING ATTINGS
FISPECTION DOCUMENT: EN10204:2004 Typa 3.1

Puchosss:  ALLEED ATTIG CORP ] OE- Dats: ! m

Ordler No. Iervoica No, Spacification for Pipe Speciication for Fitings: Made from Sesmiess Pipe Specification for inspeciion
221082 £esy7 A A e oot Gc.B ASTMAZ34 - 07 / ASME SA 234 - 07 WPS ASME 8169 - 07
Heat Mo. Product & Size Q‘(:;” Pipe M8 Pige Hest No.
2 e +* 90 DEG LR $70 ELAOW 7000 NINMETALS TINGKOU MEDUNIPLATE T2084087
LB9OZ ]2 46 DEG LR STD ELBOW ™ JANGYIN CITY BEAMLESS STERL TUBE 0TI
N0 |7 45DEGLASTO ELBOW 186 YANTAL STEEL PPE PLANT L0
L4t [ |2 43 DEGLR 870 ELBOW 127 SANGYM CITY SEAMLESS STEEL TUBE 0921327
1870z V|2 112 W DEGLR STO ELBOW " 300 HOASMAN RON & STEEL TS
Visual Exarvination Disnensionsl inspaction ) Hegt Traatment Magnetic Paricis Testing -
GOOD Q000 H ’ A
GODD GOOD H NA
GOOD @000 [ NA
000 GOCD o BA
G000 GO0D M NA
Specication Chemical Camposition (%) - Tenaile Test Hariooss
c S | m ? ] M e | Mo |t v 1 ce] vs| 718 3
Win x108 | 2100 | x100 | x1000 | 1000 | x100 | xv00 | x100 § x100 | xto00 oo | &stives) | o (H8)
Max . 10 % . - - - . - . . 240 ] 415 | 22 .
Heat No. 30 - 108 | %0 58 40 40 18 0 0 50 . 55 N 197
cZ 1% ) 25 53 17 1 1 3 2 7] 0.1 M | 32 | w5 | @mp 135
8%z . n 35 ) 5 1 1 e 1 2 2 | 2 | ©7 | ®a ")
303 2 2 “ 15 ) 2 3 1 1 10 at | 30 | a0 | @5 [
L& ) 2 57 ar s ] 1 3 1 3 ¥ | 3 | sau | BA B4
1B 702 ' 2 . 7] . 3 a 1 8 ] 4 | 30 | 1 | ws 128
mnmﬁnmmrmmmmm&ummmmm.mmumnmwmﬂmmiwmmmm

AND PURCHASE DRDER; AND SATISFIED THE REGUIREMENTE.
TENSLE REQUIREMENT: CONFORMS TO ASTM ASI0 STANDARD, LONGITUDINAL DIRECTION, GAUGE LENGTH 2° (50mar)

NOTE:

N: Normakised #1 9%°C ¥S: Yeoud Swengh
Ce Nostad t» P1OC and Guansit in wihi. TS Tensia Strength
T Tampar betwesn S00°C - 890°C. € Slongation

§: Stees veloved in Datwannt 585°C - 690°C:and Gooled in vl wir.

M Hot furned in temperaium Sateasn 20°C - 960°C ond cusied in s8B20.

%;( Windei:‘/éi' 4;}29” / .



CLIENTE [ Gustomer / Chient
e CERTIFICADO DE INSPECCION |, o
ORGI FLANGES&ATTINGS L1.C. -
€000 RARWGOD DRIVE, Inspection Certificate - Certificat de Réception 50 10¢74/2.1
suUlESB
HOUSTON, T 11078 e " wou .
Dals; 12112/2010  ho. Page; 1 20047 ULMAFORJA, 5.CO0P.
B Zubillags, 3 - Apdo. 14
PRODUCTO FLANGES SU PEDIDO N.* DE Cerliflad acc. PED B7/24EC+ADZ000-WO 20560 ORATI (Gipuzkoa) SPAIN
Arlicis - Frodult Your OnderNo.  1T4523-NDIANAPOLIS of -te HOBI2040 by TOY Ripiniand Tel; 34 - 943 780952
Vatrs Cda, M.* N® D7 202 E/D 08 7443 Feoc 34 - 043 781808
NORMAS APLICABLES ASME B16.5-0% 5 E-mak: ulmagBuimapiping.com
" - Normes Agy MARCA DEL FABRICANTE
Mark of factory B35S
MATERIAL CORRESPONDIENTE ASTMATCSN-08 Margue diu fabricant :

Materia! Comespondont - GuaRts ASME SA105N-09

MODO DE FUSION () NACE MR-01-75015018156-2-05 & MR-01-03/03 DEPARTAMENTO  QUALITY ASSURANCE
Steei Making - Efaboration de fecisr Section
E=Eic Y= Oxigano basico Dépariamment
P
PARTIDA CANTIDAD DESCRIFCION CASERV) COLADA K. m i RESILIENGIA DUREZA
ltem Quatity Descriplion Remarks HeatNo | 7.Skengn | Y.Sinngth Rec.Ame | jmpact lest Hardness
Foste Quankts Dascripiion Obsorvations | N.*Coulds | RealstRupt| 0.2% Locdd | Stickon Résiance :Eﬂ Dunte
&) Nuwz | N2 % % Joukss LT-; b HB
45 F1I2WA120 30 | WN 12 150LB 520 RF A105N NE 68540 436 315{ 2860 | 5400 147 155
78 FiBA100 36 | BLIND 10 15018 RF A105N NE 674A0 502 311{ 2000 5450 148 158
120 FIBWA160 10 | WN 16 300LB XS/40 RF AI06N NE 858A0 518 17| 3010} 85580 180 157
140 F310WA120 4 | YN 12 300LB 5100 RF A105N NE 406A0 519 38| 3070| 5800 150 157
220 FGBWA140 5 | WN 14 60OLB XS RF A106N NE ssm f A1 302| 2830| 5520 149 158
220 FEBWA140 9 | VAN 14 600LB XS RF A105N NE 6B4AD 516 318 | 29,80| 86,00 150 187
250 FERJ12WADBD B | YWN 8 600LB S120 RTJ A105N NE B73M0 531 372| 380 E700 154 180
cﬁe{;mﬁ-' COMPOSICION QUIMICA -~ STEEL MAKER'S LADLE ANALYSIS - ANALYSE CHIMIQUE - Laa dimensionas y i s hakarun i
NCoue | G | Si% | Mnds| P%| S% | Crd| M%| Mo%| Nb%| V% | Cu%| A% | Ti%| N | CEgM| e e e e e e
- Los materisias ciiacos cumplen fas nommas apicabiss.
496A0 0210 | 0260 | 0,860 | 0,010 | 0,001 | 0,110 | 0,080 | 0040 | D002 | 0,001 | 0220 | 0,040 | 0000 | 0,000 | 0,404 - 7 am
658A0 0,200 | 0230 | 0B40 ! Q011 | 000t | 0080 | 0,100 | 0040 [ DOOt1 | 0002 [ D210 | 0,030 | 0000 | 0000 { 0,387 « Lo nonmos apploebles sont respocites.
666T0 0,190 | 0170 | 0,800 | 0,024 | 0042 | 0050 | 0110 [ 0018 } 0003 [ 0,001 | 0370 { 5,000 | 0,000
eTaMs | 0180 | 0230 | 1,210 | 0,013 | 0005 ) 0050 | 0076 | 00CP | D002 | 0,064 | 0,130 | 0,029 | 0,000
674A0 0,190 0780 | 0836 | 0,012 | 0008 | 0060 | 0080 | 0010 | 0,00t | 0002 ! 0,440 | 0,027 | 0,000
B94AD 0,200 | 0,240 | 0880 { 0,009 | 2008 | 0080 | 0080 | 0050 | 0004 | 0002 | 0230 | 0,031 | 0000
8D5A0 G180 | N80 | 0830 | 0025 [ 0005 | 0,070 | 0,070 {.0008 | 0,002 | 0,003 | 0440 | 0,020 | 0,000
(% OBSERVACIONES:
Remerks -
Obssivatipns N_NORMALIZED AT 800 C AND ALLOWED TQ COOL IN STILL AIR

Bt $-343

N

W

-

st et on B e st

RN

TR




PRGE: 81

317-639-4567

SERVICE PIPE

DEC-26 99 18:58 FROM

PR & SUPPLY

IN 463203

T0:317 686 S1P@

o WNRE XH NORM.
20 0 WN RF XH:
o 0. WN RF 160
40 WN RF 160\/
IIM  HEATLNO, - r§$rfg',uuf,
10 AX! B 0.190 9:200 0,910 i
20 A i 0.170 0.220° 0.840
30 A o 0.1%0 0.220 -1.050
do0 B . 0.31%0 0.260° 0.890
i} TENSILE ~ ELONG. = -RED.
16 " 775,500 31.20  55.00 152 LT
20 470 75,940 320.00  69.00 159-163
30 ] 70,840 18.40 61.70143-143
40 70,896 33.10 - 62,20 147-147

__ITEMNOTES

— 1o NORN & TE50F . A/T

20

30 NORM @ 1550F 3 HRS A/C
40\/Nonu @ 1675F 4 HRS A/C

Addtional Notes of Comments:

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

ORDER NOTES

,Z’//'q 7

Aﬂiah . ‘i’ c‘ - /o | |

Piping Products, inc.

~;Z??f§%§;éidé%§;ii’§? winy )

Rick Windeit /

fovieW E’\
&3



. Page 1 of 1
74527 Smith Rd. REPORT NUMBER 74405

3 FORGED :
}C Fr ’ mcacumsm Humble, Texas 77396 . DATE 4/26/2013
‘ e 2471 B eenastaes FCI ORDER NUMBER 60366

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

CUSTOMER ORDER NUMBER 8077

SOLD/SHIPPED TO TEXAS FLANGE & FITTING SUPPLY, INC.

P.0O. BOX 2889
PEARLAND TX 77581 USA
ltem Quantity Description
| ‘{ |< u TAG# J290-20203
1 ] 3" X900 X 9" LG RF LWN
HEAT NUMBER: MATERIAL TYPE:
G807 : SA105N LAW. ASME 2010 ED 11AD.

CHEMICAL ANALYSIS PHYSICAL PROPERTIES

C . .185

.940

o 0310 Yield PSI 54,157

S 0240 Tenslle PSI 80,550

Si 220 Elongation ‘ 35

Cr .070 Reduction of Area 85

Mo 010 Hardness 156 HBW

\"} .004

Cu .020

Ni .020

Cb .001

Al 021

) W witness [
CE .36 .
Rick Windell }%7 REVIEW :ﬂ/

Heat Treatment NORMALIZED

Temperature 1670 °F

Time at Temperature 1/2 HR/IN THK MIN

Cooling Media AIR

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

Prepared by \’@W
C; ) / /
~/

Name: Rene Ordonez Title: QA Representative

Page 1 of 1 Date printed: 4/26/2013 12:04:18 PM
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FORT WORTH F & D HEAD CO
P.0. BOX 79700 |
FORT WORTH, TEXAS 76179-0700

COVER SHEET
CUSTOMER CUSTOMERS P.O. kNUMBER DATE
HEAT EXCHANGER ’ 3375-00-LOST 06/03/13
CODE LETTER QTY. | SIZE-OD. ORID. | THICKNESS| PLATE MFG. ' | HEAT NUMBER | SLAB NUMBER
AVJA 1 14"0D 1/2"NOM NUCOR 2506448 01

TRW

’

/L P
Rick Windell REVIEW .
HOT FORMED &) %W@ B
MATERIAL SA516-70 STYLE 2:1 ELLIPTICAL
SF: 2"
BEVEL: OUTSIDEL] INSIDE ]
MIN: 46" LAND ICR

WO# . 155028

FORT WORTH F & D HEAD COMPANY CERTIFIES THAT HEADS MANUFACTURED FROM MATERIAL
REPRESENTED BY THiS REPORT COMPLY WITH ASME CODE SECTION 1l & SECTION VIii, DIVISION I, ALL
HEADS COMPLY WITH UG-81(a) AND UG 79.

WE CERTIFY THAT THESE HEADS WERE HOT FORMED ABOVE 1,650 DEGREES FAHRENHEIT, HELD FOR A
MINIMUM OF 30 MINUTES, AND AIR COOLED.

RUH €-10-15 Rotarmt Taylor

FORT WORTH F & D HEAD CO.




Qasans

M™MLUEOR rosxm . : & ,
’ = winton, NC 27985 Mill Test Report 3 ML O .
PLATE MILL (262) 358-3700 Page 1 v e cur Nuoture:
—— — — . "
Issuing Date : OB/18/2012 BiLNc.: 336863 Load No.: 338034 Our Ordsr No.: 10488272 Cust. Order No.: 11248 _
Vehicle No: ALY 91688 Sold To: RANGERSTEEL SERVICES Ship To: RANGERSTEEL C/O AHR TRUCIONG
Speciication : 0.5000" x §8.000” x 450,000™ 1228 NORTH LOOP W. 8TE 850 AND STORAGE :
ABTM A518 70-10/ASKE SAS18 70 FVQ 2011 Addenda Cu .16 Max, 8n  HOUSTON,TX 77000 BNSF TRACK §13
.020 Max Normalized Test Coitpons at 1650 F FT WORTH,TX 78179
Marking : ‘ ] z(k/
| Heatho - © Mn P 8 8 Cu N C Mo Af§ V N T N Ca B Sn CEQ PCM
2506448 0.18 .00 0015 0.002 0.21 0.13 0.14 005 0.02 0024 0.004 0001 0.001 0.0011 0.0002 0.007 0.38 0.26 = VFA
2506450 018 101 0011 0002 020 015 013 006 002 0028 0004 0.001 0.001 0.0008 0.0003 0.008 0.38 0.25
Tenstle Test Champy Impacts
Piste Sorial - o) - on (/] (] -] ) ) Win
No Plces Tons Dir.  Yisld Tomslls %W2 %Nins" r. 1 ohewr 2 shear §  shesr Ave  shesr Stze Toop  Ave
2508448-01 4 1308 T 80,000 74,200 23.0"—>- ;]
T 54300 72,600 24.9 N AV- A
2506450-04 6 1860 T 47,400 74,700 24.6
2606450-05 5 1833 T 48,800 76,500 241
2506450-04 8 1980 T 45700 72,200 275 N
2508450-05 5 1633 T 45700 71,700 24.4 N
Wit
REVIEW %
HRC 22
Test coupons only, nommalized 60 minutes per inch of thickness st 1880 F £ 25 F, Hold 30 minutss minkmums, ;
Mamgackied to By Kided fine oraln practice DY Eomine Aro I - ; Derfonmad on this metare) s FBDO K10 RCCLH d correct, Al tes! s
Marcury hes not been used in the direct manutacturig of this material, Produced aa continuaus cast dlecrete piste ss-rofed, and performed by the manufachurer are in compiance with the
otharwise noted in Specification, epplonble specifications, inchuding cusiomer specifications. :
Yieid by OSEUL method untess olerwisa specifed, Cexy = CHMVEH(CHIOWVIEH{CUHN)HS)
Maltact and mamulactured in the USA, {E0 8001:2008 curtiled (2006063 by SRI Quaity Systom Reglttrar (#0585-00). PED BY/2WEC 712 Annex 1, Pars. 4.3 Compilant. 0B/20/2012 8 18:01 AM
cenificale 08-MMPGA-548

DIN £0049 3.1.5/EN 10204 3.18(2004), DN EN 10204 3. 1(2005) compliarit. For ABS gredes only, Quelity Assurence

Q.C. By
J.D.

: T.A;w',.o:"lﬁ(as.%




INC.

To: HEAT EXCHANGER DESIGN,

07/30/2008 From: AMERICAN ALLOY STEEL

P.O.# :5631-AAS5-14064

AR PL#:5074388

S.0.# :326629

(1L PC) 1" X 60" X 120"

:1

Item

Yxpauna METANNYPMMYECKMIA KOMBMHAT «A3OBCTANb»

CXE

Ulkraine AZOVSTAL IRCN AND STEEL WORKS

CEPTMOUKAT KAYECTBAMNE oo ot fwct - w o Rucros
QUALITY CERTIFICATE No 09729326 pate 06.10-2008  Sheet of 1 . Sheets

1.yh, mmrwwmmmm)n .70-00

ﬁ:m c:ugmmm MCTITARBAX N 10204-3.1 PasynLTaTel uCNuITaHri Test results
Komparr Me  1g; .23 [JasogcxoR saxas Ne
ConrectNo . m?gﬁﬂ'glhimu&mm‘s production order No 400706-0537 2 3 -‘i ZE 2 ) v| af ol w
- L, - L]
Refirence No 23, ij !é ;.E HE: ﬁ? ij HEIE
- Peaxmex a “Sleman CAH Zz ] i §8 ! F19F 2’!
Customer ‘eme Commodiies A" company gz‘i; L 50 2|8
Barw N 9ECTBC TORAPS, IIT: o
RW- Cer No 54765789 IQuanmyofgoof;?pm . 5 £ s __
Haricropanie Tosapa !1 Toncram & F [Ew]ws F Fom | 0a fsz,| REA | R8T | REE | REF
ID:saiptionofgoojl:_ Heavy plates oo inch bst 1w %
ASME ﬁSASlEH-D‘ -
[P, BRI v S o raactenrs O I o L L
LV A‘g"ﬁ Aznfmhzwon e 186 250103 L | 50 CRIENES ES
3 [1een 050 T |65 |60 [17.6] 2
Bumiasxs 006 NPOMEEAACTED 4 | 18162 "Jo2afoas] L | S EXEREEE]
Steelmaking process Made by the BOF Frocess 5 [ewrn 0,50 T |+68 |568]703] 30
[e Jaeszit 0ol L |- N ERER K]
Delirery e adition Hopanaosan 1742°F 0.6 howinch | [7 Fiewsn 650 T |68 |55 |83 8 -
0 X1 035 J038| L |40 - | 7|6
Mupmponu Mﬂfm%m m%mwmrr'rcasrw,'rsrm 5 [iesz 0.50 T | +60 | 544 [763 ] 30
fidhBisve 039 ose] L | 40 74 | 52 | @6 | 67
cdgu' pevd rkinel WIPOBKA 1 CEE RED STRIPES, ) Knmwieckuil cocras, % Chemical composition, %
Pasaoper, Aoi E Macca, ) [ |5 nmeame | Cfmn[si]s P le|nle(® i m|mw]y
Napras N/ Dimensions, inch 1R Mams,t §| costro -
Moswyn | Nnaaxa N | Wapenues Me =Moo T e | [ mm Janor [x0.001 |0.001 | 20.01 | w0 | 201 {x0001 [x001 | xn01° | 40001 | x0000
HtamNo-| ‘Cast No TestNo | Tonupwa Jusipuia | grunea § 8 § | rercra mucron i [1 ]8908/ | 20 107|253 | 5 |16 | 3 |33 | 1 |32 | 15 | <1 |<10] <&
PraduciNe | Thickness | Widih [Lengin{ 2 3| Nstio | Neto | [2-10404 18 1109] 2571 5 |11 ] 4 J]27] 2 |48 ]<5]1<1]14{<5
plate [ plets 3|3 fo405 18J308]251 5 [11 ] 4 J27] 2 [48]<5]1<1]14]<5
10 | eso08 &‘,‘,ﬁf 1 120 | 480 | 2 {7410 | 14820 -
1 10 | 940 et 1 120 | 480 | 1 7410 7.410 (Y KG—
10 3 22.230 . 3
. 1815/ 1 » ot AIPY of - t - /\ a -— ?g
13 9495 114 120 480 2 | 9262 | 18.524 L artfcu f -
2 = oviginal, reisined in owr ‘e, bE ¢
13 2 18.528 ' ;:D{"S‘lm-"
. Inspector of
Quality Controf Depattment
It is hereby certified that produdis listed in this cerficate iested jand comply
with contracts terms.logrsepxgaen, 4HTO NPORYKUMA, YNAZAHHAA B HACTOA-
eI CEPTMCIMKATE, WMCIBITANE ¥ COOTBETCTBYET YCNIOBKAM KOHTPAKTA.
Al/ANI S ' o
Tols! 5 40.75

Qv

.8 d"’D& Rick Windell ;__SK
OD
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RECEIVED ©5/18/2013 15:25 3176869100 HED INC

- 2013-05-10 15:09 ODFLIND 15> 3176869100 P 11/31
. L.6 | ——
o~ TUBOS REUN OS INDUSTRIA
X3 Barrio Sagarr B?& q‘ﬂ% RAMlUshllb
EN 10204:2004 / 3.1
CERTIFICADO DE CALIDAD
MikL TESY CERTIFICATE

R

TLW

. PAD. 414
N°® 000030036811 Rev. 000
CLIENTE PECERAL STEEL SUPRLY, INC PELIDO / PAATION jme
({7311 # ORDEN 1Y
: N SOLDA I :
IAHETO UBASOCOAUIA MMCA N CAITS LR g
GXTREMOS  BISELADOS PROTECCION SUPERF LAGA SECA EXTERIOR
Enes SEVEVLED CNODD - BN goating O QAY LACOUERED
NORMA/ GRAD PROCESOFUSION M cra
AR ATANBARD -uowm mg"“& Ilh,s"'&l.‘ MELTG PRGCESD ) h Igg:: g f‘:}jm ”ﬁ'ﬁvgﬁgmo
: 102, FAB, OE PALANOUILLA. LADA CONTINUA
LGS LLosmame  GAAg

g QL 0Hs

direRicL

SURNACE CONDRTION “
FEDERAL STIH “HPPLY, N

%‘:ﬂﬁzﬂ‘sﬂl THESE TEST RbPOR‘I‘i APPLY TO!

tOUR PO, e e e

MARCAS.  BSTAMPADO,
MARRIND OF SraMand

PSS AL MR AL
K e

{33&%“v‘35$?%’ﬂﬁmmwmﬁf Mgmmx (008 CURIERTOS POR EBTE GERTIFICADO CUMPLEN LOB REGUISITOS um.J

Mimnut mm mu Adl Tk TURDE GOVERED by 'ml cmwmu cmm TN OROCR ARCUIAEMENTE AND ARGYE MENTIONTD APECH CATIGNE,

Ay

AMURAIO 02022011




RECEIVED ©5/18/2013 15:25 3176869180 HED INC
2013-05-10 15:10 ODFLIND 1> 3176869100 P 12/31

LSRRI

EN 10204:2004 / 3,1

CERTIFICADO DE CALIDAD
MILL TEST CERTIFICATE

Trw

o o © PAG. 2/4
[.....N’0000300368/1 Rev. 000 |
TRAY, TEAMICO. , BR ,
w'l;' ‘f'nu:«m m UTO LAM. ENFR AL AIRE 7AS ROLLED CAGLED IN ST AIR
g o Buton 1088
ing List
RESCRIPRION AUMBMATRD | e acms it QENERY :
ITEMFAR,  ITEMCLIL LONG.INOWV (F LONG.
ELX L I BT INAVIOUM, LN h’c . %?'.f.ﬂ" mﬁge ON%IQLAL"H Pﬁqnﬁm B
ORGR ¥ WG @en ToREdY R CF 10+ S ) T
TOTAL a8 2761.02) 11044
ENSAYDANO AESIRIANVON Loy
ENBAYD 7 emr WCONTROL / rear margimy  REQUISITOS / agouinenanTa RESULTADD /remun y
VISUAL Y DIMENBIONAL 100% QK
VIBUAL & DIVENBIONAL NSk
P.RIDROSTANCA 100% 2.800.0 PR) & BEC. +] 4
T .
: T3
AL Ll oo 0
ENSAYOA THCNOLORIGAS Y MEYAI IRGICOS £ UCHNOLAGIOA. AN NEIALISAIEALTERY
QOBLADOD AC! ATSASYSA 106/8L, -OK
AENBING
ANALISIS.DE COLADAL UANTAKAL LECS
N Mo € V AN 1N N B CE

m Z?,f 0.‘-‘0 ow 180 & : 10
AV T gﬁ!mz%%w 002 5,004 3,057 0001 35

AMLIRAIO 02022031 CONTROL D8 Gﬁmsﬁg aps NEUNIUOG
PR AEUNDOH TV SONTHOL)

- WITNESS D

A Wi it

PR

smren seeoperea il P T P S O T PR Y TR s e 2T e B T ] ' - .



RECEIVED ©5/18/2813 15:25

2013-05-10 15:10 ODFLIND

' e -

!

MO

agarriba 470 A

@ Barrl oo

EUNIDOS INEPS’T A
(Spain

EN 10204:2004 / 3.9

CERTIFICADO DE CALIDAD
MILL TESY CERTIFICATE

TLLO

3176869108

HED INC
3176869100 P13/31

 —

1 »>

R

. _ PAG. $14
N° 0000300368/1 Rev. 000
€ M % P 5 G N Mo Cu V N T M "8 CE
MIN ozl 0,10 )

Ty 7 81 g !
0435 010 o.a; o‘n omo oom 0100 110 0.0¢0 om omooo' oom ooo: T g0
EORMLLAR
A YT
) 1 0,150
I T ¥ -
10M28 0570  odwe

T ARG
i

1 i A
fABY m 7"#"3'}'3{'?““'" W? m
0000 TON0
w
00826 L P 067 ROJM4 60638 BYBOI B2 'R
10583 L P 0640 x 0184 50481 SVE » 8
{3 &% LONGITUDINAL f T TRANSVERSAL
(21 Y & Ful) g tubs # P 3 Sinp spheaman
{3) yeold poun) (0.2%)
{4) Lo+ 7 {508 mm)

"HLLETS ARE PRODUCED AT QUR AMURRID STREL PI.ANT (QMIN). WHICH (8 ALSO
CERTIFIED TO 150 5007, THE BAME AS LR TURE PLANT™,

* MBRCURY PRRE
* NO WELD REPAIR
¢ LACQUER FRER OF LEAD"

AMURRIO 02 023014

ey ——— . v -

CONTROL DE CALL 8 REUNIDOS
upcd ‘wmm%w [N

WITNESS

Rick Windell f é// 7 REVIEW %

18 e b e e 4 o0 ..;.,... -



RECEIVED ©5/18/2013 15:25 3176869100 HED ING
2013-05-10 15:10 ODFLIND 1> 3176869100 P 14/31

§ ERSLRNEL Db

BN 10204:2004 /3.1

CERTIFICADO DE CALIDAD
MILL TESY CERTIFICATE

T L]
[ "N°0000300368/1 Rev. 000 )
AHEXDA L aunes,
* TOLERANCES (N ACCORDANGE WITH ABTWASME ATBASID.

PAG, 414

VA 5.4, HAB A QUAUTY MAREQEMENT SYATEM APPROVED @Y AGNOR
IN ADRERMENT WITH FOINT 4.3 ANNEX | OF THE RED 9741RC

EDERAL 5. GEL SUPPLY |
HI) m? ALP}{C\VED

g % -
DATL 5}2‘:’ ” == ]

(eI ]

MURRIQ 02022051 CONTROL B¢ GAMBQ% 3 REUNIDOB
TUSSA BRUMHON NG TY SONTROL)

Rick Windell

wiiness ]

V. SV P



INSPECTION CERTIFICATE DIN EN 10204: 2005-01 3.1 / Ne1-0202 / - :

Quality management system has been ceriified according to ISO 95001:2008 by Bureau Veritas Cerlification (Certificate Number UA 226868/1)
Environmental management system has been certified according to iSO 14001:2004 by Bureau Veritas Certification {Certificate Number UA 226869)
Occupational health and safety management system has been certified according to OHSAS 18001:2007 by Bureau Veritas Ceriification (Certificate Number UA 226339)

Description of the goods: Hot strained seamless pipes for oll-and-gas Contract N 12025764 appendix 2
Industry. . KoHTpasT Ne .
Onucanve Tosapa: TpyGh GeciliosHbis FOpRYEABHOPMUPOBEHHLIS ANA PO number 10P§585SHE
sedrre- ¥ Fasonposo0B. Wagon Ne 66401802
Final appication: portati terns for petrol foatont
Open Joint-Slock Company “Byelorussian Steet Works — managem and ,,;&,a; m°'.'£:££"“‘ frans onsys fm‘v e Country of destination: USA
company of ‘Byelorussian Metallurgical Company” holding® " oot firm wpyGonp P HE CHCTER ANA TRl 1 risonc Crpma e eI
POAARBAEHHOTTI, Consignes: Co., LLC
37, Promyshlennaya street 247210 Znlobin - Belarus Dellvery Conditional: Normalized - Toryamens 11‘;‘6’;:;@“ Ave.,
Tel. +375 (2334) 5-41-29, Fax +375 (2334) 5-60-42 Yonoews nocTasil; Hopmanusoaaxa CA 90670 Santa Fe Springs
‘ www.belsleel.com qualdir@bmz.gomel.by R . USA
Nt | wumber of heat Number oflotf  Gradastee! i3tandard Chomical : . I PV IO
pos. Houep Homap Magom crandCrisyapT sl €| s || 2} sl cc|mjo]ln|m!v|a]miwmvPll v processt |
ARBEKA napTHde . +Cuy
o, cocTae, % .
Lo BIC gcc. to ASTM A108-2011 - mox | min { 29- | max | max | max | max | wmax max | max max
/ BIC acc. to ASME 3A106-2001 | Moo | 55 | o | 305 | o35 |35 | an | 40 | a0 15_§ .8 1.00
! 3s6384 130253 150 £5358-2:2003 ond E+ACD
. PED $7/23EC, oty | 24| w | o | o5 o o7 | as ) s oz | 018 52 | a8
NACE MR 0103-2010




INSPECTION CERTIFICATE DIN EN 10204: 2005-01 3.1 7 Ne1-0202 / o i

Quality management system has been ceriified according o 1SO 8001:2008 by Bureau Veritas Certification {Certificate Number UA 225978)
Environmental managsment system has been certified according to 1ISO 14001:2004 by Bureau Veritas Cortification {Certificate Number UA 225979)
Qccupational heath and safety management system has been cerlifled according fo OHSAS 18001:2007 by Bureau Veritas Certification (Certificate Number UA 226339

N Dhnemslons ~Panepet Quantity - Korsworso Hal'dmu Mechanical —~ MexanHocHs CATHOTRR Personat for NDT-methods
po o Length N | Guacly | Welght, ko Total length —‘Tﬂ"r—mﬁﬂ‘r s Tast— wm ] impactTest, KV and UT Is
5. Mauerp -rm._u, Amaa o of Boe, o hempecusl, verpae mua PacTRISIG Pabora ypapa qumllfied acc.to EN 473, lov
Rea, of m‘: "5 Lonpitudinal direction -
ges | pes 2:2009 Longitudinial Strip Test
Kan- | Konpo : Towpaoors Specimans
ad Kk , m 56320 8 BRAS BOGOC S HEORONAAOM
secr | hexerax 0175.2:2003 WARPSARAN
ur, dimsension of lpef.lmen 0,751n
- ASTMMT!
mm | bch | mm | Inch m r kg | Gross, m R Tonslle Yield | Elongation Impact energy, KV, T
e 1 opoke | e | gt " o Herro, kg N G sirength, |strength,{ Yanuisise ’ e
- Epyrro, foxgmarpud | ipegpn An % Paliore yaspa
r soswme-| R Ty
psi Rias
1 pod 1 2] 3 javena
| HewW ge
min min Cpomi
70000 | 40000 | ™In ¥
1] 720 | 2876 | 518 | 0200 | 540 28 1 7 | e |1rees| 17074 { 100153 ] esase [180 Lm 81200 | 5800 85
. " 0440.10) | {-0/0.33) :
TO‘I'AI. 1 7 17348 § 47374 | 199153 | 68336
-Itlsluabycerﬁﬁldﬂmtpmduds cmwmmmmmmhdmdhmmmmmmdhm al.Col nspoehu--—-—-'r—g—
- [oATeegmacks, UTO NPOAYKLILA, VKRSGHHER B HECTORLLISK CADTIKDHAGTS, KCTLITGIHA W CCOTOGTUTEYET YGAUBIAM EDHTRANTL o .s.mcvmmrf’?f_efw_;m
-Vlsuallymeasuﬂngbstmsperfonnedwlthsaﬂsfacmrymsmt 1 A }
= Bisyanvho- hSMepHiemHLIt KOHTPONb NPoBEAEH C YA0BNSTEOPHTRNLHLIM PESYNLTATOM.
- No weld ropair. Fres of mercury and mercuty containing compounds.
- Be3 cnepoe sraicnot ceapadi. 5ea pryTv W pry .._.,—-—?

wirness [

-S’ é REVIEW ‘ E:
L3

7

Rick Windell
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. CERTIFIED TEST REPORT

SHIP TO
MCJUNKIN CORP
MCJUNKIN ROAD
NITRO WV251430513
MANUFACTURER
US STEEL LLC
USS DIVISION
P.O. BOX 3180
PITTSBURGH PA152194776
HEAT # A82443?//
MCJUNKIN PO NUMBER S002633048
SHIPPED
VENDOR ORDER NUMBER
SPECIFICATIONS *-*
PIPE CARBON SMLS STD PIP® API
L-1 GRADE B AND GRADE X42 AS
B QUAD STENCIL ASME SAS53-
EDITION GRADE B CARBON EQUIV
MILL COAT PE BEV 30 DEG MEETIN
NTS OF NACE STANDARD MR-01-75
MANUFACTURED IN THE USA.
MERCURY OR MERCURY COMPOUNDS
MERCURY BEARING EQUIPMENT

Aok ok -k NOTES Aokokok

* - %

SHIP FROM

US STEEL , LLC
USS DIVISION
PITTSBUGH

MANUFACTURING PLANT

PA15219

US STEEL , LLC
USS DIVISION
PITTSBUGH PA15219
PART # 0320-0216 LINE # 01
04/07/16
DR2549601

5L- 42ND EDITION DATED 1/00 PS
TM A53- 01 ASTM Al06- 99 GRADE
2001 EDITION ASME SA106- 2001

ALENT .43 MAX TO SR18 BLK REG

G ALL THE APPLICABLE REQUIREME
2002 -

NO REPAIRS BY WELDING. NO

ARE ADDED TO THE STEEL AND ALL

THIS IS TO CERTIFY THAT THE PRODUCT DESCRIBED HEREIN WAS
MANUFACTURED, SAMPLED, TESTED AND/OR INSPECTED IN ACCORDANCE
WITH THE SPECIFICATION AND FULFILLS THE REQUIREMENTS IN

SUCH RESPECTS.
Q.A. USS TUBULAR PRODUCTS

*_%-% DESCRIPTION *-%-%
2.8750 INCH OD X 0.2030 INCH
CHEMICAI ANALYSIS-PRODUCT

AL c CB
0.036 0.22 0.001

NI P s
0.02 0.012 0.006
CHEMICAL ANALYSIS-HEAT

AL c CB
0.038 0.19 0.001

NI P S
0.03 0.012 0.003
CARBON EQUIVALENT
0.40
YIELD STRENGTH
ULTIMATE STRENGTH
PERCENT - ELONGATION
FLATNESS
ROCKWELL B

*-% CONTINUED

PREPARED BY THE OFFICE OF: S.ANADELL MGR.

WALL GRADE B SML
CHEMISTRY
CR cu MN
0.09 0.02 1.09
ST v
0.18 0.002
CHEMISTRY
CR cu MN
0.12 0.02 1.06
ST v
0.18 0.001
PHYSICAL
YIELD
TENSILE
ELONGATION ‘%

MO

MO
0.01

PSI

WITNESS

O

156" v



CERTIFIED TEST REPORT
HEAT # AB82443

HYDROTEST PRESSURE . HYDRO PRESSURE 3000 PSI
HYDROTEST DURATION HYDRO PRESSURE 5 SEC
QUALITY ASSURANCE CONTACT S. ANADELL

US STEEL LLC

THIS INFORMATION WAS RECEIVED ELECTRONICALLY FROM THE MANUFACTURER IDENTIFIED
ABOVE.

*-+ END OF REPORT *-%*
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From: AMERICAN PIPING PRODUCTS Date; 12/27/2007 To: HEAT EXCHANGE DESIGN SO#: 5202337 Ln#: 5
PO#: 12813 Part: 4500437 Qly: 0 Heat#: 77223K
) Bl ArcelorMitial
! = Inspection certificate “3.1* (EN 10 204)
A3 _Document No.: 418/07/BP
#or | Customer's Order {P.O.) No.Jtem No ; a8 | Manufachurer's Works Order No.:
P10278/10066874 AMERICAN PIPING PRODUCTS 1521/4410207
A1 | Supplier's Order No.: : A1o | Advice - Note No.: .
SAP : 3150020888
oas| Quantity defivered: < BIY Aolue’ asen A08 | Customer / Consignes:
pes mirs kgs
A— _ fest —
] 1081870 30398 I~ ]
3649,786 ‘
11} Dimensions: P F
r‘ 4" x 0.438” (114.3 x $1.10 mm) D
oz | Bisel & designstion:
B8/X42
501 | Product, condtlions and terma of delivery: - —
| L EE———
B¢ | Ssamiass stesl line pipes ace. tn API 81,43 odit. 04 PSL-1/ ASTM A§I-06 / AOME SAB3-04 7 ASTIE A106-08 / ASME SA106-04
I NACE MR{178-03, grade B/X42, bavelled erids acc. to API 8L, in DRL, lacquer finished, cartified ace. to BN 10204/3,1-2004
Hot rofled aa rolled
- 2% |:] continues on appandlx
R Marking: Wanaackors?s mark, mill inspactor's stamp %
MITTAL STEEL
OSTRAVA, as.
7194 Heat chemical analysis (%) | cmo Stael made by bauc process, fully killed, strand cast.
a7 |HeatNo. | C | Man | s | P Cu Cc [ M| v ]imnl e | N] cs
T7223K 7| o168 080 | 0230 | 0.007 | 0.008 008 0.02 0.04 | 0.004 | <0003 | <0009 | <00008] <0ony | 0283
=| 0| wnﬁnuea on appendix
Test resulta: psi fi-lb HRB
807 | Heat No  coo Specimen No. | c11 Yield Puint cuTmllo Strength| ¢1a Elongaﬂun cac43 impact Test c30-32 Hardnesa
Longitudina strip specimen - 1° :
B 35000 min, 80000 min. 2 min.
cx | Requirements: X42 42000 min, 60000 min, 26 min. €9 max.
77223K 42081 67162 382 714
2] [ | continuea on appendix
par | Visual and dimensional inspaction with ps1 | Hydraulic test - min. test presaure psi/s 300075
satisfactory resuits X and test pressure duration
¢ | Flatiening test - satistactory BJ | o | The pipes tested on Gghiness by NDT -
cs1 | Expanding test - satisfactory in ace. fo
=2 | Bonding test - satisfaciory , n
¢ | Ring expanding test (DIN EN 10236) - satislaciory | LJ | om | Nondesiruchiva Elektromagnetic Testing
©s¢ | Ring tensile teat (DIN EN 10237 - satisfactory ]
2 HRC = 98 HRB max.
MSNA Order No.: P10276/10056874  Customer Name : AMERICAN PIPING PRODUCTS Vesssl name : SOCOL 1
201 | All pipes conform fo the above mentioned standards and ordering requirements and agreements,

Al
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INSPECTION CERTIFICATE

(8BS EN 10204 3.1: 2004 - |SO 10474 3.1B: 1851)

Huraber | Nimero Page I Pagina:
696198 5716
Date | (ke Fabruary 22, 2002

kbl ————ee —
mm:mma-m ‘ﬁ:su-m;m_na-u T3 POr Oveier 3 F Contamnactin dn Ve
SI9503 .

TypeT ¥oo ox Fromeis. FSapericm
CARBON 3TEEL PWPE BARE FEXT Vi
A Grade iGneas e aoem: Enenos
TMASEE AJSATEE +~ ASAKS +» RACE MRONTS NALE MROISI + PED SHZVEC 3 ’asnsamm

1ELOFT
16T KGAa

[ oamat W 7 e Moo

e e —
— - et T
s AT ept ek,

CINOROLS™

SWISUAL SN DRENSICMAL INSPECTION . SATISFALTORY
FMATIERIAL COMETIONS ™

HOOT REFARED BY WELEING.

PNE GESTANTEE TRAT THE G CGATING DUNSTARS & SOAR- 0% Ph.
" STANDANDS” . :
FEDTION ©F REGRATION ASTMASYA S0M 301

FEDMION OF REGULATICH: ASTMA 10624 10512011

HEDNTION REGULATION: ASME 54, 1057 2070

ERNTION OF REGULATICH NALE MR-Lrd-L0 EXHIICH XD
HESNTION ©3F REGRATION: RACE MR UT-75- ISD 35¢56-2 ; 2008

J-COMTRG, WISUIAL ¥V DSGERSIDNAL : SATISRACTORG.
“COMICIONES. DEL MATERIRL .

™~ POR .
GARANTIZMMDS GUE B RECUBHR: EXTERNO €

"ROBARS .

L ENREI06 DE LA NTRMAA ASTIMASHN 534 - 2012 ©

HECMCICRE DE £ SOAMIR ASTH A TSI $ON-20TT R
HEDNCIN DE LA WORIMA: ASIEE SA 1064 201D -
- EDICIN TS LA NORMEA: MAGCE M0-0n-0% ENcad 2500

Q1S OEFY

LECACICN DE LA .acﬁmmqs-ms?z_ﬁ&zzm

- fakstomsl tnforrabon
Sdonaciln Adsciomal .
TEM I EONG. JEXT Y MDTCH 5 %
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Poodeact Fhene: * CarBion Sin Snamiers Line Pipe Costnmer PIO Mo, 2 ST4T
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Avtodoroga 7.8, Volzhsky,
$04116, Russla

R

286002
Emalt ViZiiva

'MANUPACTURER:
VOLIZHSKY PIPE PLANT OJSC
#4T19, VOLZHSKY
VOLEGGRAD REGION
BUSSIA

| Hat Giaished seanaless tibes- necordiog to ASTN-ASE9-06,
ASTM A 106IALHM11, ASME SAT086-10.

Hardacis pir NACT MR USFSASD 18156.3:2009.

[Tiibes shall sanforgs to ASTM A 10514 [ ASVIE SAI0S-0T
{only: for chicinfcul rijuirementy).

[Broduced avd corified o the Intest rdlsiontrevisicms fo:all
|Eecgoiag staistacily.
GRADE: 1026 85 per ASTM AS197 B; C s por ASTN

AT06  ASMF, SAKDG, .

| 5845767, 265 Warvenvilic Moad, Selte 709,
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INC.

To: HEAT EXCHANGER DESIGN,

06/05/2008 From:AMERICAN ALLOY STEEL

P.O.# :5631-AAS-13881

AR PL#:5085495

5.0.# :322566

:8 (4 PC) 1/4" X 60" X 96"

Item

@ISO

13609 Industrial Road, Houston, TX 77015

Test Certifiéate

AVIEKIL

PLATE#

OrM

Form TC1: Revision 1: Date 31 Oct 2000

Customer P.O. No.: 73374

| Mt Order No.: 41-199629-02 | Shipping Manifest : HT047095

Customer:
AMERICAN ALLOY STEEL - ASME SAS16-TH{O4ED.
A NOSTH HOUSTON ROSSLYN R | Prodwet Description: ASTM AS16-7006). 1641 ) Ship Date: 10Jan 08 | CertNo: 831875465
P.0. BOX 40469 CertDate: 10Jan08 | (Page lof 1)
HOUSTON
TX 77240 0469
Size: 0.250 X 96.00 X 360.0 (IN) -
Tested Pieces Tensiles Charypy Impact Tests
Heat Plece Piece Tst] Y8 [UTS [eRa % [Tst | Average | Abs, % Shear Tet Tst| BDWIT
1] I3 Dimensions Lod (PSD) |(®SD Zin 8in Hardness [1 2 3 Awg {1 2 3 Avg [Top Skz | Tmp %Shr
W7K592 0574 0.250 X 96.00 (I.L.O) |L 25 T
7 . TLO 1054000 24 T
T154000 174000 Z5
QRGN |
USA
MERCURY IS NOT A METALLURGICAL COMPONENT OF THE STEEL AND NO MERCURY WAS INTENTIONALLY ADDED
DURING THE MANUFACTURE OF THIS PRODUCT
KILLED STEEL, PRODUCED TO A FINE GRAIN PRACTICE
CEV (IIW) = C + MN/6 + (CR+MO+V)/5 + (NI+CU)/15
MATERIAL MARKED WITH AN ASTERISK IS PRODUCED FROM COIL
100% MELTED AND MANUFACTURED IN THE U,S.A.
* W7K692 0574 "PCES: 7, WGT: 17152
Certified a true copy of ihe
original, retained in our file.
AMERICAN LLOY STEEL
% wrness [ ]
(\égl% Rick Windell 7255~ neview |
s RLP— &-(7-05
. -~
4] . ‘WE HEREBY CERTIFY THAT THIS MATERIAL
Cust Part # : 73374 WAS TESTED IN ACCORDANCE WITH THE Jason Thomas
APPROPRIATE SPECIFICATION CEO Y




6870 Hl way 42 East
NASYJ NORTH AMERICAN METALLURGICAL TEST REPORT Ghen 045 9615
STAINLESS (502)
p Mall To: "Ship To:
Certificate: 442736 Q2 RO vs ROLLED ALLOYS Date: 12/195/2008 Page: 1
. 6555 SOUTH S7TE WEST AVENUE 6555 HOUTH 57TH WEST AVENUE
Customer:2830 023 TOLSA, OR 74131 TULSA, OK 74131 Steel: 304/304L
Finigh: ERAP
Your Oxrder:S01065 NAS Order: AN 0409547 04 Corrosion: ASTM A262/02ak;180Bend-OR
P : REMARKS::
STAINLESS STERL PIATE, ERAP; UNS 30400/30403 Hat‘’l is FPree of Mercury Contamination. NHo weld repairs,
ASTM A240/08,R480/082,A666/03; ASME SA240/07,8A480/07,8A666/07 EN 10204:2004 3.1; QQ8763F Cond A; RoES Compliant
CHEM ONLY ON FOLLOWING ASTM: A276/06a,A479/06a,Ad84/06b,A312/07 Materlal is Free of Radicactive Contamination
CHEM ONLY ON FOLLOWING ASME: SA312/07,SA47%/07 NAS Steel Making Process: EAF¥, ACD, & Cont. Casting
AMS5511H/5513H XMRK; MIL-S-5059D AMD3 (X CRN MEAS); MIL-8-4043B Product Mfg.by a Quality Mgt.Sys. in Conf. w/IBO 9001:2000
NACE MRO0175/01, MRO103/07; QQS766D-A X MAG PERM *Molted & Manufactured in the USA; Mat‘l is DFARs Compliant
MIN. SOLUTION ANNEAL, TEMP 1900F, WATER QUENCHED EN 10204 3.1.B/DIN S0049
skia # Prod # Thickness Width Weight ———===-c Length-—=——-—-~ Mark Pieces
P76436 * 044TI4 .3750 60.0000 7,835 PLATE 240.00 5

CHEMICAL ANALYSIS

CM(Country of Melt) ES(Spain) US{United States) ZA(South Atrica) JP(Jzpan)

HEAT cM c co CR cu MN MO N NI P
4TJ4 \/ us .0230 <1720 18.2225 .4825 1.7675 .4250 .0708 8.3305 .0360
I UL MRRRURE
i i e
.0010 .2880 ;
. TRACER® 182821 TRACER* 1808821
MECHANICAL PROPERTIES
a
z 4 UIS .2% Y8 ELONG Hard Rof A
skigd # Prod # e r Ks8I KSI %-2" RB % ’
P76436 044774 FT 82.89 57.93 81.50 70.32
N T I
L L mmunm - |
TRACER® 18282 1 TRACER# 188821 TRACER® 18082 1 oATE \R QB -oF% !
.

NAS hereby certifies that the analysls on this
material meets the specifications stated

Z:Z/‘{—f
ERIC HESS

12/19/2008




12/:1/2008 From: AMERICAN ALLOY STEEL To: HEAT EXCHANGER DESIGN, INC.
P O.# :5631-AAS-14627 S.0.# :337319 AA PL#:5908507
Item :2 (1 PC) 1/2" X 60" X 120"

:TAG: (2) 3952C, (1) 3952E

PFP

TEST CERTIFICATE
ARCELORMITTAL PLATE LLC PAGE NO: 01 OF 02
SHIP_ TO: FILE NO: 0284-01-32
AMERICAN ALLOY STEEL , MILL ORDER NO: 20619-003
6230 N HOUSTON ROSSLYN RD MELT NO: RQ473
NORTH HOUSTON TX 77091 SLAB NO: 11?5/
DATE: 09/30/08
SOLD_TO: SEND TO: - 01-¢
AMERICAN ALLOY STEEL, INC
P. O. BOX 40469
HOUSTON TX 77240-0469
PLATE DIMENSBIONS / DESCRIPTION
TOTAL PIECE
QTY GAUGE  WIDTH  LENGTH  DESCRIPTION  WEILGHT
1 .5" 120" 480" RECTANGLE 81684
CUSTOMER INFORMATION Certified a true copy of the
CUSTOMER PO: 76647 original, retained in our file,
AMERICAN ALLOY STEEL
SPECIFICATION(S) KR N-ED O
THIS MATERIAL HAS BEEN MANUFACTURED AND TESTED IN ACCORDANCE WITH PURCHASE
ORDER REQUIREMENTS AND SPECIFICATION (S) .
AM ALLOY-TUF-37 REV 8 YR 06
ASME SAbB16 R
ASME SAB16 ED 04 GRADES 60 55470 06 ADDENDA
MATERIAL PRODUCED UNDER A IFIED QUALITY MGMT SYSTEM COMPLYING WITH

ISO 9001 ABS-QE CERT. NO,

CHEMICAL COMPOSITION

c MN P s cu sI NI CR MO
MELTROA'IB/ .19 .98 ,005 .001 ,04 .35 .25 .06 .01

AL CB SB AS SN CEF
030 .001 .0010 .0030 004 .39

v TI B
MELT:R0473 .001 .004 .0003
CARBON E UIVALENT F? (CEF &
+ 667) + ((CR + MO + V) * ,2000) + ((CU + NI) * .0667)

MANUFACTURE
FINELINE - VACUUM DEGASSED - MCQUAID-EHN GRAIN SIZE PER E112 - 7-8

HEAT TREAT CONDITION %

WITNESS D

MATL
OR HEAT TREAT NOM HOLD COOL i
TEST DESCRIPTION  TEMP MINS MTHD REVIEW
PL/TEST NORMALIZE 1650F 18 AIR COOL g’ 7 \ﬁ
V4
TENSILE PROPERTTIES ?
YIELD TENSILE ELONGATION
SLAB STRENGTH STRENGT GAG
NO. LoC DIR BST ® 100 BSI X180 LCTH % *R.A.
11AB  BOT. TRANS. 519 735 8.00" 25.0 68.0

WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:

2038053

QUALITY ASSURANCE LABORATORY
COATESVILLE, PA 19320



‘ : 12/:7/2008 From:AMERICAN ALLOY STEEL To: HEAT EXCHANGER DESIGN, INC.
P.O.§ :5631-AAS-14627 S.0.# :337319 . AA PL#:5908507
Item :2 (1 PC) 1/2" X 60" X 120"

:TAG: (2) 3952C, (1) 3952E

TEST CERTIFICATE
NO: 02 OF 02
ILE NO: 0284-01-32
MILL ORDER NO: 20619-003
MELT NO: R0473
N SLAB NO: 1
DATE: 09/30/08

GENERALVINFORMATION

ALL STEEL HAS BEEN MELTED AND MANUFACTURED IN THE U.S.A
MATERIAL HAS BEEN VACUUM DEGASSED AND CALCIUM TREATED
FOR SULFIDE SHAPE CON'I'

FINELINE MOD FOR SULPHUR

TEST CERTS. ARE PREPARED IN ACCORD. WITH PROCEDURES
OUTLINED IN EN 10204 2004 PARA 3.1

B/L #49724 TTJX 81022

PFP

WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:

QUALITY ASSURANCE LABORATORY
COATESVILLE, PA 19320 ELINORE ZAPLITNY
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05/08/2013 From:AMERICAN ALLOY STEEL To: HEAT EXCHANGER DESIGN, INC.
P.0.# :003408-00 S.0.# :449980 AA PL#:5130237
Item :3 (1 PC) 3-1/4" X 24.13* OD

+TAG 00831-0000

PLATE LiC TEST cenn: n‘e‘o'
ARCELORMITTAL :
SHIP T0: REE NO: oges-o ~os
ALLOY STEEL INC MILL ORDER NO: 802-001
L E R =
, DATE: 02/05/13
TO: SEND TO: 01-C
" yRircw psoy smest., e
HOUSTON TX 77240-0469
PLATE DIMENSIONS / DESCRIPTION
A P
’3%" GAUGE WIDTR  LENGTH  DESCRIPTIOR  WETGET
1 3,28~ 96" 240" RECTANGLE 212364

CUSTOMER INFORMATION . ... .
CUSTOMER PO: 93229-NY __':i:-: -
PART NO. 9 ‘/V\'j:__

SPECIFICATION({S)

BEEN TESTED IN ACCO
gnls MATERIAL HAS 1o M%(S) ACCORDANCE WITH PURCHASE

ASME ¥R 1 70 11A
mmlggmlgges 1A
MR e 2
az SYSTEMS mmcgvﬁ F THIS PRODU CERTIFIED
T 88::3“92}“230 (cnnntxcm'z NO. 30 o? AND IS0 14001 %lmrxgm
CHEMICAL /COMPOSITION
c ™ P D St NI
MELT:C5506 ‘26 "Sq¢ .012 .30e 25 .21 .15 ?11!5 ’.‘85
v *T B AL
MELT:C5506 .002 ,002 .0001 .029 .ggz .
Centified a uue copy ot ihe
HEAT TREAT CONDITION original, retained in our file.
\ATL AMERICAN ALLOY STEEL
OR HEAT TREA N y:
TEST nxscnznxgn ‘ra% g%ig ﬁ%% y ¢

PL/TEST NORMALYZE 1650F 2 AIR COOL

TENSILE PROPERTIES
YIELD TENSILE ELONGATION
SLAB STRENGTH STRENGTH
NO. LoC DIR PSI X 100 PSI XGIOO LGTH ]
L] BOT.’ TRANS. 538 824 - 2.00" 26.0

#3ALVig

OTTV NVORaWY

WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:

ARCELORMITTAL PLATE LLC
ASSURANCE LABORATORY

QUALITY
13% MODENA ROAD
COATESVILLE, PA 19320

%

Rick Windel)




05/08/2013 FProms AMERICAN ALLOY STEEL

P.O.# :003408-00

Ttem :3 (1 PC) 3-1/4" X 24.13° OD
:TAG 00831~0000

S.0.# :449980

To: HEAT EXCHANGER DESIGN, INC.
AA PL#:5130237

CHARPY V-NOTCH IMPACT RESULTS

SLAB LOC
5 BOT.

DIR
LONG.

GENERAL

TEST
OUTLINED

FOR MORE 'I.‘ION
W .COM,

B/L #13647 BVRY 63011

WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:

ARCELORMITTAL PLATELLC
QUALITY ABSSURANCE LABORATORY
139 MODENA ROAD

COATESVILLE, PA 19320

INFORHATION

PROCE NG
PLATEINFORMATI

TEST CERTIFICATE

I

TEMP
-20F

SIzZE
FULL

NO: 02 OF 02
MILL o%z% No: 333359 o>
"MELT NO:
* SLAB NO:
DATE: /05113
FT. 1BS.
18 24 31

IN THE U.8.A.

%

15'2&4.20 4%‘? WETH PROCEDURES

ELINES, REFER TO

WITNESS D
Rick Windell
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HEAT EXCHANGER DESIGN, INC. 1
Installation, Operation & Maintenance Manual

HEAT EXCHANGER PERFORMANCE

Satisfactory operation of heat exchangers can be obtained only from units which are properly designed and
have built-in quality. Correct installation and preventive maintenance are user responsibilities.

A POSSIBLE PERFORMANCE FAILURES

The failure of heat exchanger equipment to perform satisfactorily may be caused by one or more
factors, such as:

* Excessive fouling

* Air or gas binding resulting from improper piping

* Operating conditions differing from design conditions.

« Poor flow distribution in the unit.

» Excessive clearances between the baffles and shell and/or tubes, due to corrosion.

« Improper thermal design

The user's best assurance of satisfactory performance lies in dependence upon manufacturers
competent in the design and fabrication of heat transfer equipment.

II HEAT EXCHANGER INSTALLATION
A HEAT EXCHANGER SETTINGS

1

Client: Cenovus Energy, Inc. P.O.#: 1083-BC-4006

CLEARANCES

For straight tube exchangers with removable bundles, provide adequate clearance at the stationary
head end to permit removal of the bundle from the shell and provide sufficient space beyond the
rear head to permit removal of the shell cover and/or floating head cover.

For fixed tubesheet exchangers, provide adequate clearance at one end to permit withdrawal and
replacement of the tubes and enough space beyond the head at the opposite end, to permit removal
of the bonnet or channel cover.

For U-tube heat exchangers, provide adequate clearance at the stationary head end to permit
withdrawal of the tube bundle, or at the opposite end to permit removal of the shell.

FOUNDATIONS

Foundations must be sufficient to negate or eliminate settling of, or excessive strains on the
exchanger. Foundation bolts should be set to allow for setting inaccuracies. In concrete footings,
pipe sleeves at least one size larger than bolt diameter slipped over the bolt and cast in place are
best for this purpose, as they allow the bolt center to be adjusted after the foundation has set.

MOUNTING BOLTS

Mounting bolts should be loosened at one end of unit to allow free expansion of shells. Slotted

holes in supports are provided for this purpose. B
WITNESS M/
REVIEW

S.0.#: 4474
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HEAT EXCHANGER DESIGN, INC. 2
Installation, Operation & Maintenance Manual

LEVELING

Exchangers must be set level and square so that pipe connections may be made without forcing.

B CLEANLINESS PROVISIONS

1

CONNECTION PROTECTORS

All exchanger openings should be inspected for foreign material. Protective plugs and covers
should not be removed until just prior to installation.

PARTICULATE MATTER REMOVAL

The entire system should be clean before start-up. Under some conditions strainers in the supply
side piping may be required.

CLEANING FACILITIES

Convenient means should be provided for cleaning the unit as suggested under "Heat Exchanger
Maintenance” (Paragraph IV).

C FITTINGS AND PIPING

1

BY-PASS VALVES

It may be desirable to provide valves and/or by-passes in the piping system to permit inspection
and/or repairs.

TEST CONNECTIONS

When not integral with the exchanger nozzles, thermometer well and pressure gage connections
should be installed close to the exchanger in the inlet and outlet piping.

VENTS

Vent valves should be provided so units can be purged to prevent vapor or gas binding. Special
consideration must be given to discharge of hazardous of toxic fluids.

DRAINS

Drains may discharge to atmosphere, if permissible, or into a vessel at lower pressure. They
should not be piped to a common closed manifold.

PULSATION AND VIBRATION

In all installations, care should be taken to negate or eliminate transmissions of fluid pulsations
and physical vibrations to the heat exchangers.

SAFETY RELIEF DEVICES

The ASME Code defines the requirements for safety relief devices. When specified by the
purchaser, the manufacturer will provide the necessary connections for the safety relief devices.
The size and type of the required connections will be specified by the purchaser. The purchaser
will provide and install the required relief devices.

Client: Cenovus Energy, Inc. P.O.#: 1083-BC-4006 Item#: BL-E-301 S.0.#:4474
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HEAT EXCHANGER DESIGN, INC. 3
Installation, Operation & Maintenance Manual

III OPERATION OF HEAT EXCHANGERS
A DESIGN AND OPERATING CONDITIONS

Equipment must not be operated beyond the conditions listed on vessel nameplate(s).
B OPERATING PROCEDURES

Reference should be made to the exchanger drawings, specification sheet(s) and name plate(s) for any
special instructions before placing exchanger in operation. Jurisdictional safety and health
regulations must be considered. Improper start-up or shut-down sequences, particularly of fixed
tubesheet units, may cause leaking of tube-to-tubesheet and/or bolted flanged joints.

1

START-UP OPERATION

Exchangers shall be placed in service by first establishing circulation of the colder medium,
followed by the gradual introduction of the hotter medium. During start-up all vents should be
opened and left open until all passages have been purged of air and are completely filled with
fluid. For fixed tubesheet exchangers, fluids must be introduced in a manner to minimize
differential expansion between the shell and tubes.

SHUT-DOWN OPERATION

For exchangers with removable bundles, the units shall shut down by first gradually stopping the
flow of the hotter medium and then stopping the flow of the colder medium. If it is necessary to
stop the flow of colder medium, the circulation of hotter medium through the exchanger should
also be stopped. For fixed tubesheet exchangers, the unit must be shut down in a manner to
minimize differential expansion between shell and tubes. When shutting down the system, all
units should be drained completely when there is the possibility of freezing or corrosion damage.
To guard against water hammer, condensate should be drained from steam heaters and similar
apparatus during start-up or shut-down. To reduce water retention after drainage, the tube side
of water cooled exchangers should be blown out with air.

TEMPERATURE SHOCK

Exchangers shall not be subjected to abrupt temperature fluctuations. Hot fluid must not be
suddenly introduced when the unit is cold, nor cold fluid suddenly introduced when the unit is
hot.

BOLTED JOINTS

Heat exchangers are pressure tested before leaving the manufacturer's shop in accordance with
ASME Code requirements. However, normal relaxing of the gasketed joints may occur the
interval between testing in the manufacturer's shop and installation at the job site. Therefore, all
external bolted joints may require tightening after installation and, if necessary, after the
exchanger has reached operating temperature.

Client: Cenovus Energy, Inc. P.O.#: 1083-BC-4006 Itern#: BL-E-301 S.0.#: 4474
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HEAT EXCHANGER DESIGN, INC. 4
Installation, Operation & Maintenance Manual

5 RECOMMENDED BOLT TIGHTENING PROCEDURE

It is important that all bolted joints be tightened sequentially & uniformly in a diametrically
staggered pattern, except for special high pressure closures when the instructions of the
manufacturer should be followed

IV HEAT EXCHANGER MAINTENANCE
A INSPECTION OF UNIT

Regular periodic examination should be made of interior and exterior condition of the unit. Neglect
in keeping all tubes clean may result in complete stoppage of flow through some tubes which could
cause severe thermal strains, leaking tube joints or structural damage to other components.
Sacrificial anodes, when provided, should be inspected to determine whether they should be cleaned
or replaced.

1 INDICATIONS OF FOULING

Exchangers subject to scaling or fouling should be cleaned periodically. A light sludge or scale
coating on the tubes greatly reduce their efficiency. A marked increase in pressure drop and/or
reduction in performance usually indicates cleaning is necessary. The unit should first be
checked for air or vapor binding to confirm that this is not the cause for the reduction in
performance. Since the difficulty of cleaning increases rapidly as the scale thickness or deposit
increases, the intervals between cleaning should not be excessive.

2 INSPECTION OR CLEANING DISASSEMBLY

Before disassembly, the user must be assured that the unit has been depressurized, vented and
drained, neutralized and/or purged of hazardous material.

To inspect the inside of the tubes and also make them accessible for cleaning, the following
procedures should be used:

a) Stationary Head End
i) TEMA Type A, C, D & N remove cover only
ii) TEMA Type B, remove bonnet
b) Rear Head End
i) TEMA Type L, N & P, remove cover only
ii) TEMA Type M, remove bonnet
iif) TEMA S & T, remove shell cover and floating head cover
iv) TEMA Type W, remove channel cover or bonnet
3 LOCATING TUBE LEAKS
The following procedures may be used to locate perforated or split tubes and leaking joints
between tubes and tubesheets. In most cases, the entire front face of each tubesheet will be

accessible for inspection. The point where water escapes indicates a defective tube or
tube-to-tubesheet joint.

Client: Cenovus Energy, Inc. P.O.#: 1083-BC-4006 Item#: BL-E-301 S.0.#: 4474
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HEAT EXCHANGER DESIGN, INC. S
Installation, Operation & Maintenance Manual

a) Units with removable channel cover: Remove channel cover and apply hydraulic pressure in
the shell.

b) Units with bonnet type head: For fixed tubesheet units where tubesheets are an integral part
of the shell, remove bonnet and apply hydraulic pressure in the shell. For fixed tubesheet
units where tubesheets are not an integral part of the shell and for units with removable
bundles, remove bonnet, re-bolt tubesheet to shell or install test flange or gland, as
applicable, and apply hydraulic pressure in the shell.

¢) Units with TEMA Type S or T floating head: Remove channel cover or bonnet, shell cover
and floating head cover. Install a suitable test ring and bolt in place with gasket and packing.
Apply hydraulic pressure in the shell. When a test ring is not available it is possible to
locate leaks in the floating head end by removing the shell cover and applying hydraulic
pressure in the tubes. Leaking tube joints may then be located by sighting through the tube
lanes. Care must be exercised when testing partially assembled exchangers to prevent over
extension of expansion joints or overloading of tubes and/or tube-to-tubesheets joints.

d) Hydrostatic test should be performed so that the temperature of the metal is over 60 F. unless
the materials of construction have a lower nil-ductility transition temperature.

B TUBE BUNDLE REMOVAL AND HANDLING

To avoid possible damage during removal of a tube bundle from a shell, a pulling device should be
attached to eye bolts screwed into the tubesheets. If the tubesheet does not have tapped holes for eye
bolts, steel rods or cables inserted through tubes and attached to bearing plates may be used. The
bundle should be supported on the tube baffles, supports or tubesheets to prevent damage to the
tubes.

Gasket and packing contact surfaces should be protected.
C CLEANING TUBE BUNDLES
1 CLEANING METHODS

The heat transfer surfaces of heat exchangers should be kept reasonably clean to assure
satisfactory performance. Convenient means for cleaning should be made available.

Heat exchangers may be cleaned by either chemical or mechanical methods. The method
selected must be the choice of the operator of the plant and will depend on the type of deposit
and the facilities available in the plant. Following are several cleaning procedures that may be
considered:

+ Circulating hot wash oil or light distillate through tubes or shell at high velocity may
effectively remove sludge or similar soft deposits.

» Some salt deposits may be washed out by circulating hot fresh water.

Client: Cenovus Energy, Inc. P.O.#: 1083-BC-4006 Item#: BL-E-301 S.0.#: 4474
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HEAT EXCHANGER DESIGN, INC. 6
Installation, Operation & Maintenance Manual

» Commercial cleaning compounds are available for removing sludge or scale provided hot
wash oil or water is not available or does not give satisfactory results.

 High pressure water jet cleaning.

 Scrapers, rotating wire brushes, and other mechanical means for removing hard scale, coke, or
other deposits.

» Employ services of a qualified organization that provides cleaning services. These
organizations will check the nature of the deposits to be removed, furnish proper solvents
and/or acid solutions containing inhibitors, and provide equipment and personnel for a
complete cleaning job.

2 CLEANING PRECAUTIONS

Tubes should not be cleaned by blowing steam through individual tubes since this heats the tube
and may result in severe expansion strain, deformation of the tube, or loosening of the
tube-to-tubesheet joint

When mechanically cleaning a tube bundle, care should be exercised to avoid damaging the
tubes.

Cleaning compounds must be compatible with the metallurgy of the exchanger.
D TUBE EXPANDING

A suitable tube expander should be used to tighten a leaking tube joint. Care should be taken to
insure that tubes are not over-expanded.

E GASKET REPLACEMENT

Gaskets and gasket surfaces should be thoroughly cleaned and should be free of scratches and other
defects. Gaskets should be properly positioned before attempting to tighten bolts. It is recommended
that when a heat exchanger is dismantled for any cause, it be reassembled with new gaskets. This
will tend to prevent future leaks and/or damage to the gasket seating surfaces of the heat exchanger.
Composition gaskets become dried out and brittle so that they do not always provide an effective seal
when reused. Metal or metal jacketed gaskets, when compressed initially, flow to match their contact
surfaces. In so doing they are work hardened and, if reused, may provide an imperfect seal or result
in deformation and damage to the gasket contact surfaces of the exchanger.

Bolted joints and flanges are designed for use with the particular type of gasket specified.
Substitution of a gasket of different construction or improper dimensions may result in leakage and
damage to gasket surfaces. Therefore, any gasket substitutions should be of compatible design.

Any leakage at a gasketed joint should be rectified and not permitted to persist as it may result in
damage to the gasket surfaces.

Client: Cenovus Energy, Inc. P.O#: 1083-BC-4006 Item#: BL-E-301 S.0.#: 4474
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HEAT EXCHANGER DESIGN, INC. 7
Installation, Operation & Maintenance Manual

Metal jacketed type gaskets are widely used. When these are used with a tongue and groove joint
without a nubbin, the gasket should be installed so that the tongue bears on the seamless side of the
gasket jacket. When a nubbin is used, the nubbin should bear on the seamless side.

F SPARE AND REPLACEMENT PARTS

The procurement of spare or replacement parts from the manufacturer will be facilitated if the correct
name for the part, is given together with the serial number, type, size, and other information from the
name plate. Replacement parts should be purchased from the original manufacturer.

Client: Cenovus Energy, Inc. P.O.#: 1083-BC-4006 Item#: BL-E-301 S.0.#: 4474
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BANTREL JOoB VP NO. REV

VENDOR PRINT 1083-BC- QCQQ_:QO | ’1" i

EQUIPMENT P

NUMBER b(_." E d %O\
CLIENT

CROSS REF

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 the supplier
from full compliance with contractual obligations.

1. [E/Work may proceed.

2. [ Revise and resubmit. Work may proceed subject to incorporation
of changes indicated.

3. O Revise and resubmit. Work SHALL NOT proceed.

4, U Revi quirad. Work may proceed.
BY: W ,f DM!{;
=~ |

) g s O
Rick Windell /5' G—  REVEW =
Pz



Heat Exchanger Design, Inc.
P.O. Box 524

Indianapolis, IN 46206-0524 USA

Phone:; (317)686-8000 - Fax: (317)686-9100

Rick Windeli REVIEW

Inspection and Test Plan
Revision 1 28-May-2013
Customer: Cenovus Energy, Inc, P.0. # 1083-BC-4006 Item # BL-E-301
Description: Natural Gas Heater Work Order #: 4474
PERFORMED
NO. ACTIVITY BY: REMARKS
Vendor| Client
1 |Inspection of raw material: Qty, Markings, MTR’s etc, All pressure boundary materials| P
and welded attachments are in accordance with A.S.M.E. Sections I and VIII, Div.l| & 4 !
Codes. 35':@ )
Inspection of machined parts, ,z)(;)(—— P
In process fabrication inspection: ' R P
a) verification of WPS/PQR(s) Rkt P
b} verification of filler metal D{_L(_ P
¢) verification of welder’s qualifications B P
d) inspection of weld joint preparations and fit-ups B~ P
¢) inspection of root pass and final welds Rkt P
1) verification of appurtenance layout Bk P
Confirmation of valid NDE personnel qualifications & proper NDE procedures. B L+ P
5 |Perform PT examination of: pid L - "
a) areas as required by A.SM.E. Sec.VIIL, Div.] Code P (2
b) lift lug final welds B P @2 40,/
6 |Final visual inspection of welds, dimensions and orientations. Bulﬂ— P ﬁ//
Perform Spot RT of shell and tube sides. Verify film and review reader sheet. 5u{-- R Subcontracted
8 Perform hydrostatic testing w/potable water per ASME Code @ 50°F min. Hold P H [)
pressure in each chamber individually for | hour using chart recorder. EU(" a
Perform blast and paint per client specificaion TR-43-SPC-00-019-01 and
manufacturer’s recommendations. Each sub-assembly shall be treated individually prior
o |to final assembly to insure flange faces and bolts holes are coated. Inspect surface| P
preparation & verify blast profile and coating thickness & appearance. Blast per SSPC-
SP10 and prime 2-3 mils DFT Carbozinc 11. B
10 |[Confirm Canadian Registration (CRN) through province of Alberta is received. thh ~ P
11 |Verification of nameplate stamping. 'DL“’ P ép
P . . S , B Subcontracted — certification
12 |Verify insulation installed per client specification TR-43-SPC-00-021-02. B R M“PPH od by insiller
Inspection of shipment preparation. Blow completely dry, oil flange faces, bolted wood . . .
B overs & plastic wrap. Verify one(1) set of spare gaskets is included. Bk P Hy \Client perform final inspection
. . . . 4 N [Client provide after final
14 | Acquire Inspection / Shipping Release from client. B Cd" P H mspec fion
15 |Review of Manufaclurer’s Equipment Record Book & Dispaich Dossier ﬁ'_:‘:]"" P R &P
INOTES: LEGEND: P -Perform
“Vendor” :refers to Heat Exchanger Design, Inc. R—Review
W ~ Witness
“Client”  :refers to Cenovus Energy or their assigned Third Party Inspector H — Hold (must be present)
- 7 RI- Random Inspection
witness ]
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. 1t
Heat Exchanger Design, Inc. R
P. O. Box 524 It
Indianapolis, IN 46206-0524 USA
Phone: (317)686-9000 = Fax: (317)686-9100

The list below is not meant to cover every possible scenario and is only a general list of procedures that can be
incorporated to reduce the amount of corrosion until the exchangers/vessels are placed into service. If an area
is not addressed adequate measures should be put in place to address the possibility for corrosion.

Short-Term and Long ~Term Storage for Pressure Vessels & Heat Exchangers

1.) Intemal surfaces may be protected against conmosion by the use of a desiccant, a rust inhibitor or
blanketing with an inert gas {pressure up to 5 psig)

2)) Kleftun-blanketed all machined surfaces to be coated with rust inhibitor.

3.} Un-painted exterior surfaces should be treated with rust inhibitor, insulated or covered to reduce
moeisture and comosion.

4 Ifleft un-blanketed internal surfaces should be visually inspected and/or flushed to remove any residue
prior to start-up.

5.) All machined surfaces should be cleaned and gaskets visually inspected prior to start-up.

6.) Random inspections should be incorporated based on climate and environmental conditions to insure
that adequate measures are in place and functioning to reduce corrosion.

VP NO. REV

BANTREL JoB

VENDOR PRINT| l K3~ b( — L'I(CQ@"@O’ < O
[EQUIPMENT -
NUMBER bl_’ E - éo l
CLIENT
CROSS REF
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 the supplier
from fuil compliance with contractual obligations.

1. OO Work may proceed.

2. [0 Revise and resubmit. Work may proceed subject to incorporation
of changes indicated.

3. [ Revise and resubmit. Work SHALL NOT proceed.

4, un?d Work may proceed.
BY: DATE: // %

= .

Serving %

Petroleum, Petrochemical, Power, Food, and Industrial on Heat Transfer fiﬁﬁ

901 East Beecher Street d: S /}

Indianapolis, IN 46203 USA

witNess ]
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Sling / Lifting Arrangement Drawing

W winess L3

% REVIEW E_
784

254






	Index Sheet
	Section 1
	Inspection Release
	Section 2
	CRN
	Section 3
	Record Book Cover
	Section 4
	U1
	Section 5
	NPL
	Section 6
	NDE Documents
	Section 7
	Code Calcs
	Section 8
	Nozzle Loads
	Section 9
	TSS
	Section 10
	Weld Documents
	Section 11
	Hydro Documents
	Section 12
	Paint Documents
	Section 13
	C of C
	Section 14
	Performance Guarantee
	Section 15
	ITP
	Section 16
	MTR Cover & MTRs
	Section 17
	IOMM
	Section 18
	As Built Dwgs
	Section 19
	Section 20
	Short-Long Term Storage Procedure
	Section 21
	Lift Arrangement Dwg

