




SECTION 1 

Shipping Release Form 







SECTION 2 

ABSA CRN Form 



9410 - 20 Ave N.W.

Edmonton, Alberta, Canada  T6N 0A4

Tel: (780) 437-9100 / Fax: (780) 437-7787

November 12, 2013

INDIANAPOLIS, IN   46206-0524

901 E BEECHER ST

PO BOX 524

David E. Bradshaw

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

CRN :

Drawing No. :

Accepted on:W2682.2

Reg Type: Revision To accepted Design

November 12, 2013

4474 SHT. 1;  Rev 1 As Noted

HEAT EXCHANGER DESIGN, INC.

Attention:

Design Temperature MDMTMAWPDescription

SS Internal Pressure kPa C1787653 C-29

SS External Pressure kPa C178103 C-29

TS Internal Pressure kPa C1509930 C-29

TS External Pressure kPa C150103 C-29

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.

Sincerely,

DE LEON, JESUS, P. Eng.

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.

An invoice covering survey and registration fees will be forwarded from our Revenue Accounts.
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SECTION 3 

Manufacturer's Equipment Record 
Book Cover 



Heat Exchanger Design, Inc. 
P. 0. Box524 
Indianapolis, IN 46206-0524 USA 
Phone: (317)686-9000 ·Fax: (317)686-9100 

Manufacturer's Equipment Record Book 

Customer: Cenovus Energy, Inc. 

Purchase Order#: 1 083-BC-4006 

Item#: BL-E-301 

Sales Order#: 4474 

Sm;ng ~~? 
Petroleum, Petrochemical, Power, Food, and Industrial on Heat Transfer Equi~n""f 

901 East Beecher Street 
Indianapolis, IN 46203 USA 

WITNESS 

REVIEW 



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 VIII, Division 1 

1. Manufactured and certified by Heat Exchanger Design,Inc. 901 E. Beecher Street, Indianapolis, IN 46203 
(Name and address of Manufacturer) 

2_ Manufactured for Cenovus Energy, Inc., c/o Bantrel Tower, 700, 6th Ave. S.W., Calgary, AB T2P 4C9, Canada 
(Name and address of Purchaser) 

3. Location of installation Unknown 

4 _ Type: Horizontal 
(Horiz,. vert., or sphere) 

Hairpin Heat Exchanger 
(Tank, separator, jkt. vessel, heat exh., etc.) 

2010, All 

4474 
(Mfg's serial No.) 

(Name and address) 

W2682.2 
(CRN) 

4474 Rev.l 
{Drawing No.) 

3532 2013 
(Nat'l. Bd. No.) (Year built) 

5. ASME Code, Section VIII, Div. 1 
Edition and Addenda (date) Code Case No. Special Service per UG-120(d) 

Items s _ 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): 2 (b) Overall length (ft & in.): 20' -3.875" each leg-parallellegs w/common cover 

I Course(s) Material Thickness Long Joint (Cat. A) Circum, Joint (Cat. A, B & C) Heat Treatment 

I No Diameter. in. Length (ft. & in.) Spec./Grade or Type Nom. Carr. Type Full, Spot, None Eff. Type Full, Spot, None Eff. Temp. Time 

1(2) 4.026" ID 20'-3.875" SA-106Gr.B .237" .0625" s -- 100% -- -- -- None --
-- -- -- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- -- ----

?. Heads: (a) SA-516Gr.70N (14" OD) (b) 
(Mat'l Spec No Grade or Type) H.T.-Time & Temp ., . , .. (Mafl Spec No Grade or Type) H T -Time & Temp 

I Location (Top, Thickness Radius Elliptical Conical Hemispherical Flat Side to Pressure Category A 

I Bottom, Ends) Min. Corr. Crown Knuckle Ratio Apex Angle Radius Diameter Convex Concave Type Full, Spot, None Elf. 

\(a) End .44" .0625" -- -- 2:1 -- -- -- Yes Yes -- -- --
l(b) -- -- -- -- -- -- -- -- -- -- -- -- -- --

I 

I 

If removable, bolts used (describe other fastening) (20) 1.375"-8 x 10" long studs SA-193Gr.B7 I (40) nuts SA-194Gr.2H 

8. Type of jacket ...:.N.:.;o::::n.::.:e'--------------------

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

Jacket closure 
(Describe as agee & weld, bar, etc.) 

If bar, give dimensions If bolted, describe or sketch 

9. MAWP 1110 F.V. psi at max. temp. 352 352 °F Min. design metal temp. -20 '1= at 1110 I F.V. psi. 
(internal) (external) (internal) (external) 

10. Impact test No, studs & nuts exempt per Fig. UCS-66 and remaining items per UG-20(f). 

11. Hydro .. pneu .. or comb. test press. 1443 

items 12 and 13 to be completed for tube sections. 

12. Tubesheet: SA-106Gr.B 

Stationary (Mat'l Spec. No) 

None 

Floating (Mat'l Spec. No.) Dia., in. 

13.Tubes:SA-106Gr.B I SA-234Gr.WPB 

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

Proof test 

3.938" OD 7" long 

Dia., in. (subject to press.) Nom. thk., in. 

Nom. thk., in. Corr. Allow., in. 
2.875" .203" 

Mat'l Spec. No., Grade or Type O.D., in. Nom. thk., in. or gauge 
Items 14 - 18 incl. to be completed for inner chambers of jacketed vessels or channels of heat exchangers. 

.0625" Bolted 

Carr. Allow., in. Attachment (welded or bolted) 

Attachment 
(1) "U" 

Number Type (Straight or U) 

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. Carr. lryf)B Full, Spot, None Eff. Type Full, Spot, None Elf. Temp. Time 

---- -- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- -- -- --

15 Heads· (a) None (b) --
(Mat'l Spec. No. Grade or Type) H.T.-Time & Temo IMat'l Soec. No. Grade or Type) H.T.-Time & Temo 

Location (Top, Thickness Radius Elliptical Conical Hemispherical Flat Side to Pressure Category A 
Bottom, Ends) Min. Carr. Crown Knuckle Ratio Apex Angle Radius Diameter Convex Concave Elf. Type Full, Spot, None 

\<a) -- -- -- -- -- -- -- - -- -- -- -- -- --
t(b) -- -- -- -- -- -- -- -- -- -- -- -- -- --

If removable, bolts used (describe other fastening) (16) 3/4"-10 x 5" long studs SA-193Gr.B7 I (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 Of= Min. design metal temp. __ -..!:2:.!:.0_ "F at 1440 I F.V. psi. 
(internal) {external) (internal) {external) 

17. Impact test No, studs & nuts exempt per Fig. UCS-66 and remaining items per UG-20(t). 

18. Hydro., pneu., or comb. test press. ..:1:..::8c.:.7=2 ___ _ 
19. Nozzles, inspection, and safety valve openings: 

Purpose (inlet, Diameter Flange 
Outlet, Drain, etc.) No. or Size Type 

Shell Inlet lm 2" Cl.600rfwn 
Shell Outlet lw 2" Cl.600 rfwn 
Tube Inlet i 0' 3" Cl.900 rflwn 
Tube Outlet I (I' 3" Cl.900 rflwn 
-- -- -- --
-- -- -- -
-- -- -- --

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

Proof test 

Material Nozzle Thickness 
Nozzle Flange Nom. Corr. 

SA-106Gr.B SA-105 .343" .0625" 
SA-106Gr.B SA-105 .343" .0625" 

SA-105 SA-105 .3125" .062o4i" 
SA-105 SA-105 3125" .0625" 

- -- -- --
-- -- -- --
-- -- -- -

Reinforcement How Attached Location 
Material Nozzle Flange (Insp. Open) 

Not Reouired UW-16.Hc Fist.2-4(6) Ton 
Not Reauired lnW-lli.Hc Fi!!.2-4(6) Bottom 
Not Reouired ITJW-16.1fa lnte!!ral End 

Not Reouired luw-16.Ha Inte!!ral End 

-- -- -- --
-- - -- --
-- -- -- --

20. Supports: Skirt No Lugs Legs Others Saddles Attached Welded to shell. 

(Yes or No) (No.) {No.) (Describe) 

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

None 

(Where and How) 

22. Remarks: 1) Relief yalvinf: to be sup,plied in customers piping. 2) Tube nozzles bolted to tube fittings per line 15. 3) Single inner U-pipe 
consists of2.5" sch. 40 pipe. long radius 90° butt weld elbows and 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" lg. 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-pi.pe 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 

Date ~11ft 3 Name Heat Exchanger Design,lnc. 

(Manufacturer) 
Sianed 

CERTIFICATE OF SHOP 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 IN:..:.·:..-----
and employed by OneCIS ce Com an of Lynn. MA. have inspected 

the pressure vessel described in this Manufacturer's Data Report on 20 lL. . and state that, to the best of my knowledge and belief, the 
Manufacturer has constructed this pressure vessel in accordance with ASME Code, Section VIII, Division 1. 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 Inspect 

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 'i h7' j, Signed Commissions !/6J#;-?:"(A,~) t,J/'((J' 
(Authorized Inspector) (Nat' I Board incl. endorsement, State, Province and No.) 

CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE 
e 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. Exoires 
20 ____ _ 

Date Name Sianed 

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 VIII, Division 1. The described vessel 
as 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. Furthe""ore, 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 --------------------
(Nat'l Board incl. endorsement, State. Province and No.) (Authorized Inspector) 



SECTION 5 

Nameplate Copies 



Manufactured· & Certified by 

HEAT' EXCHANGER. t .. l.· D. E.•.•.SI. GN, INC 
. . -== JnJ, ... · . . US.A 

s~·ell Side I 11.1 C PSI I @ ·~~--:----~ 

Tube Side '1 PSI @·I 3d.; oF ·I . ~--~-~·--~~--~~=----~ 
Maximum Allowable Working Prressure 

Shell Side I F V PSI I @I 3; ffJ 2' oF I 
I r~ ·\.r 

Tube Side.·~ __ :=_· ._v __ .,.._.,....,.~ 
Maxirnum Allowable External Wqr.kin.gHre§sure 

~_,.......-~~_,.......--:----:---~· . ' ··. . . .·•· . • . . . • • •.•. ! • ·"' ! 

Year Built: 

umAII.owable Working Pressure , 
Shell Side I == 2 g 

Tube Side I = 2 9 .;cj© Kpa 

Minimum Design.MetafTemperature 
;-,_::\' 

0 
-:B-· 



SECTION 6 

NDE Reports, Personnel Certifications & 
Procedures 



USI WO # 3.5J1fo'j /. Rej>_ort Page } of 1 
Date: ~/ ...:7'1 I l3 
Customer: 1-1~ J: v~L.., ~r 

ACUREN ClfJJ £. 'IC--'rf~ S-1-. 

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

PO#: ' '~-01 
Location: ..s.nae as;; ~ 
Description:'</ 
100% lnsp - Spot Insp. Fax: 317-890-8577 

Serial #I or Piece # 
Customer WO # 

~S;;-":;..··~ 0• •;.::#,.-x"7'~/';s=:;;; t/rfrr 7'· '-/7-\N;::v::;;-----:---l lnsp.Specification LA~5M~£!!!::-JL...L.--=:-r----'----
-~D.• l)l)R3 LJ •VCY YJ RT Procedure: R.T-1 R1v.J :2'/ 

Technique Data 

~~'-t--.loo!..w..c;.,.,_.!...:l-.;...&,o~.._..~-~ Acceptance Stand.~ AIS..;:..t-MLE.~~-=~¥.:-'-I~I/-h:~,7=-=--.J"-::ii!O'"""St.~-n.---£eu-=-• ....-r JL 
~W~elt2dl#.!_ _ __,pFil~mt~ #:--~A~ccPf! . .B~ej.~C~od~eR~..,·, ... !!! .... "~•r''"'":_jj·•·~ \., 1~1.JL11 ... ~-I RT Tech. used below " A '' I 

f:- I D-ID V "£ " 
: 02 

@ p 
0 p 

= ~ 6 ~~ Q,So~ce 
Pene 

D ~ 6 
D 
~ ~ D 

Pene 

Source Positioned 
in Center of Pope 

(Qosource 

(Qo Source 

' ' 
'',,,>Source 

x" 
./ 

,,"'' 

Pene 

1-----~---+--1---+--1~-------1 Material: C. J.s 
1-----1-----+--+---+---11---------tl Pipe Size: J q•• Wall Thk. • S:OO ·• 
1------1----+--+---+--1---------1 Process: SMAW ~X GTAW <£) GMAWQD 
1------+-------+---1--+---+---------f FCAW: SAW X Other 
1-----4--~--1---1--l----1----------lr-ssoo•uu~rrcc:ee Isotope ..:&,. A2 Curies _ _..;.~ ... ~..r; ___ _ 

1--__:_---J-----I---I---J..----iJ.---------11 ~P'I,.hy7,.s.,.~.i .. c .. a.l Size: , /lf.S KVP/MA -
l------l-----l--'---f.--l---l---------~1 t""E·xi>OS;ur Time: f.Sm1)J SFD: /'I'' 
1------+----+-4--1---+--------~Fi .. il .. !lllfOil-•.je.ct Inches: eon foe f 

~i:£"41.: ... Un~harpness: -::,. , tJF.O ~ 
J-.-----+--~~--+--+--J.------::&1!ril~......,.,"y;r,II'P··e .. I Size: I ~ rm .d (!1>13 
1------1-----1---J.--b-.,o-"'~~--~'Er~-~td\.!:•q'l!' Material: .:1"/_£ Placement~ 
1------+----+--,.f-J-;IJr,~:.t-?'~"""-+-=,..~fl=ll,...~-' ...-__ --IShimsO Material: - Thickness -

l..tno\.o• - ~~ Marker/# Belt Ph .:II ~ 
l-----f-------ll--"'"21iiliiillllli! '... A n ""''' Film:~. A6FA Type: p 7 
1------+---+t: II• ffi PU ,I'/. ·•• ize: 1/.51. 1 0 Load: _s.__..~.~.......__,Jf_,....._--
l-------ll----t---l-~tf!t5VL..~'L.PrllV~~-Ja'/K.:~7~-rnrf 1f'JI-J/L-~ t'J~'~.. Emulsion(s) number: tfli270k/3'?r 

A/ "l~f" lo.~V1 Screens: Front: , Q/0 Back: • 0/0 
1' M I' .Ae\\ ~I Backing: .. ~--

\\\t." 1 ~ii.wormtt Single: v:' DoubJe 

I-----.J----I--I--I---I---------I''en .... s .. ity7 (Pen.) t??-8 p 3 . .4/ 
1----~1----1---1---1---t--------I'I~DelnnssJil·tycy (weld) min.max ~-I'- ... ~ Y 
P-Poroslty 
C-Crack 
IF-Incomplete Fusion 
IP-Incomplete Penetration 

. S-Surface 

SI-Siag Inclusion 
BT-Burn Through 
MT-Melt Through 
UC-Undercut 
FA-Film Artifact 

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

EI-Eiongated Indication , ...... .., ... terf} p 

The test reportshal/ not be reproduced except in full, without the written approval of the laboratory; and the recording F fa'fse, Acttllous, 
or fraudulent statements or entries on the certificate may be punished as a felony under federal law. Restuffs are related only to items tested. 



• ~~~~, ~,xchanger Design, Inc. 
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# 

4474 

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 I 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) 

Single or Double Wall Exposure 

Single or Double Wall Viewing 

Evaluation of Object Radiographed 

Accepted by: Quality Control, H.E.D., Inc. 

~~_9?~~-~ e:r 

Date: 6-25-13 

Serving 

Weld Joint 

Cl 

Petroleum, Petrochemical, Power, Food, and Indus/rial on Heat Transfer Equipment 

901 East Beecher Street Indianapolis, IN 46203 USA 

WITNESS 0 

REVIEW$ 



IJJSi 
ACUREN 

7515 Company Drive, Suite B 
Indianapolis, IN 46237 
Phone: 317-890-9729 
Fax: 317-890-8577 

USI WO # 3~'/Ql.J Report Page /of / 
Date: '7/~f)//~ 
Customer: .u...: .... ~ £~C.M.YII!:J~!Y-

qLlJ E. 1:7 ,_Ja~,. s-r. 

PO#: 
Location: S4172fl'! 6~ _,J,.,. ~ 1 

Description!.:..: __ __,./~----~~tJrit'Lf.'*"~~u~·.J-::il./lSiL.,.,t _____ _ 
100%1nsp ____ ~~~--------~S~ip~co~t~ln~s~p· __ ~---------------

Technique Data 
Serial# or Piece# ~.5.===··~·0~·-=-#r-!f_-+~'-/~7:...,':::!-:-·lf..--..,......,_---1 lnsp.Specification . ASM£ V 
Customer WO # -:::r; (). # ~ 8 3 'I"" IJ/'YY) RT Procedure: ""'!:E.~T::.~:.L~~"'$;-.-:JJ. __ i/.-:'(l/_--.---------------
-:-:-:--:-:-:-:------=:--=-=----:":.~~:~-=--=-:~-:_~":_~~:-=--:_~-:_~':_':_-:_-:_.-1 Acceptance Stand. AS/rliJji}/LJ&:.r Sup. J&JJ. u; 
,.w~e~ld~#T---... F""i-.lm~#--:~rA""c-.c,. . ...-R .... e...,!j . ....._ ... c ... o ... d.-e..,..R.,e-.m-.a.-r.,ks.._ ____ --1 RT Tech. used below ______ ...... 8"""--'-'---------
T'f ()·/ v 2 = ~ 6 ~I Q,so~ce 

.__ ____ ~_._.____,_._. Pene 

P..___u ~~ 6 ( 0 o Source 

2 ~ M 6 (Qo Source 

Source 

Pene 

Source Positioned 
in Center of Pope 

...... 
' ............... Source . , , 

," , 
x" 

Pene 

1------f----t--+--f--+---------IMaterial: 
1----------t-------+----t----+----t----------------t Pipe Size: .:?, 5 '• Wall Thk. , ~0 3 •' 

Cfs 
J------f----t---t----t---t----------t Process: SMAW X GTAW 4) GMAW X 
1----------l--------+----t----+----+-----------------t FCAW: SAW X Other 
J------f----t---t---f---t----------t Source Isotope .Z_r. 19;?, Curies _ .. 3=-...LJ -----
J------f----t---t---f---t----------tPhysical Size: ,JS.S"' KVP/MA -
J------f----t---t---f---t----------IExposureTime: <6 $t:C. SFD: I .;? • .S'' 
1------f----t--+--f--+---------IFilm/Object Inches: GOrrt"4a:f" 
J-------t----t---t----t---t----------tGeometric Unsharpness: .!fE. Qp2~ ~' 
1-------il-----+--+--+---tr---------IPene Type 1 Size: ASTm / ~-· c.::l-r J 

Material: ~ Placement F/ S 
Material: S'/;:s Thickness --.....:....,-::0:."590"=------~--------~--------._--~---f-----t------------------IShims: 

' Marker/# Belt ~Pr;;...,~~:ho.L.:N" __ ':s_·--=--:"'T"-----
I-------il----""'b!~~'L:~:;..-::~~n-:oE::/,...'""'7'5./~P'~'h"':/?7'--=:----IFilm: Brand: Ah'FA 'tYPe: -~o"--"q'---.-------
~-------1-----~~rc.-rz.._.4~~~~.,~~~:=:.:::;;.-':te/Z':f4V!::::::... __ ....!w!!.IT~N~ES~S--110 Size: 1/.SXtQ Load: .,s; aa/e 

Z "" Emulsion(s) number: d.i).~CJ({,.$0 c./ 
t-----t------1t---t-'IIC_K_ w,rtrct_ce~ll/11::~ \(.,...' .,---~-~ "'l't .. ~E\ .•• ,......-..;;j~~~e;!en_s: Front: 6 0 1 0 Back: , 0 I 0 

"' 1 f-A ~ _/"'Backing: -------==-----
l----------l--------+----t~l!f-~--(f-=--_._"f-tl7'---------------'"'--tViewing Single: v Double -

~ ----------------
1------f----t--+--f--+---------tDensity (Pen.) ;;) I - ::l. 3 
1----------l--------+----t----+----+----------------tDensity (weld) min.max ..6. 1 - :2. 3 

P-Porosity 
C-Crack 
IF-Incomplete Fusion 
IP-Incomplete Penetration 
5-Surface 

51-Slag Inclusion 
BT-Burn Through 
MT-Melt Through 
UC-Undercut 

FA-Film Artifact 

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

EI-Eiongated Indication Interpret,-} 

The test reports hall not be reproduced except in full, without the written approval of the laboratory; and the recording of.f:ise, 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. 



·I}~~~. ~.xchanger Design, Inc. 
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# 

4474 

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 I Weld Thickness 

Minimum Source-to- Object Distance 

Maximum Source Side of Object-to-Film Distance 

Film Manufacturer 

Film Designation 

Weld Joint 

T4 

Number of Film per Cassette (Holder) 

Single or Double Wall Exposure 

Single or Double Wall Viewing 

Evaluation of Object Radiographed 

WITNESS 0 

I 
Accepted by: Quality Control, H.E.D., Inc. 

!!#~ !?.?~um.-~ 
d' 

Date: 7-31-13 

Serving 
Petroleum. Petrochemical, Power, Food, and Industrial on Heat Transfer Equipment 

90 I East Beecher Street Indianapolis, IN 46203 USA 

~ 



!!.] 6-25-13 BLH 

ACUREN 
Certification of NOT Qualification: 

BRYAN HALLAM 

The education, training .and experience of the individual named above has be.oo taviewetf, and foiJ(I(} to meet orexcaed the requiroments Ofone or 
more of Acuren Inspections written practices QP-141 (NAS-410), .QP-142 (SNT-TC-1 A} andlor QP-145 (CP-189). The specific certification standard 
Is identified in the comments column. 

Certifications 

' 

Method & Level 

Radiological - Level !I 

Magnetic Particle Testing- Levell! 

Penetrant Testing - Level II 

Job History I NOT Experience 

fmployer 
Acuren Inspection 

MQS Inspection 

Technical Training 

Course Titlfi 
MT 

PT 

RT 

MT 

PT 

Formal Education 

Education 
GeneraL/Diploma 

Eye Examination Record 

Oayid K!!ngstein 

Last Exam Date ~ected 

C~dified Expjres 

7!712011 7/6/2014 

7/7!2011 7/7/2014 

11/9/2011 11/9/2014 

Method !Posjtkm 
RT,MT,PT- Ul 

RJ,MT,PT- Lll 

Lqcation 
MQS Inspection 

MQS Inspection 

MQS Inspection 

us Inspection 
us Inspection 

Location 

Ets.§U!ld~ Comments 

91.44% X-Ray & Gamma SNT-TC-1A 

85.39% Fluorescent & Visible Yoke & 
Coil Methods SNT•TC-1A 

95.22% Visible Only SNT-TC~1 A 

Em!1l 
111111999 

9/111987 

l4it!i 
12/4/1987 

12/4/1987 

5/24/1991 

12/2712007 

12/27/2007 

IQ 
Present 

11/1/1999 

/::J5JJJJ:§. 
24 

16 

80 

8 

16 

Gibson Southam H.S., IN 
12mJz 

5/19/1986 

The individual named above is certified in the indicated NDE Method(s} and 
Leve!(s). The certification(s:) will expire on the date(s) listed above. or.upon 
t<'!rminatk>n of employment. 

111ervby certify that, to tho best of my knowledfJi'f. tho information fisted above 
is true ... Tiffe.ni Ivins Diroctor of Qualitv 1..·111 

II Examined By: 

I 5/10/2013 Yes 5/10/2014 ,~c~.· (:3~'-~·::> ;/13/t?> The individual named abovB has satisfactorily 

'

!.! demonstrated me ability to read the Jeeget #J·1 Jailers. 
to read the SneUen test chart or equivalent for vision 
acuity of 20!30 or greater, and able to distinguish 
contmsling colots used in the mothv"t!s. 

""'" Signature .Date 
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NDE Procedure 
Radiographic Examination (ASME Section V) 

Revision/Change Summarv 

Date Descriotlon 
Updated Section 2 to current code revisions. 
Added procedure RT -CAL-1 to list of references. 

12128/07 Revised Section 5.9. Densitometer. 
Corrected Fiaure tvDO on pane 12. 
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. 

01/03/09 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 oaraaraoh 11.3. 
Revised references 2.1 through 2.5. 
Deleted ASME - 831.8 as Reference 7 and renumbered 
remaining references. 

10/07/09 Revised paragraph 4.1. 
Revised paragraph 5.6.1 deleting Fujl150 as an acceptable 
film type. 
Revised paragraphs 5.1 0.1 5.10.2 and 5.10.3. 
Revised a page number in the TOC. 
Revised paragraph 5.1 0.4 for the recording of densitometer 

12128/09 calibration readings. 
Added paragraph 11.4, DocumentatiOn of Personnel and 
Procedure Demonstrations. 
Replaced Table 1, IQI Selection. 

06/15/10 Added a Note after paragraph 11.1, 
Revised paragraphs 11.2 b, g and h. 

12128/10 Revised the reference section. 
Added reference 2. 7 to the reference section. 

03/03/11 Renumbered references 2.8 and 2.9. 
Revised the reference section. 
Revised paragraph 7 .2.1.4. 

09127/11 ReviSed paragraphs 7.3.1, 7 .3.2 and 7.3.3. 
Revised paragraph 7.4.1. 
Revised oaraaraoh 9.4. 

11/30/11 Added reference 2.10 
01/09/12 Revised oaraa~ph 4.1 to show compflance with $NT-TC-1A. 

Added Sl unit dimensions to the standard dimensions throughout the 
03/12112 procedure. 

Revised paragraphs 4.1 and 5.6.2. 

Revision 
22 

Date 
03/12/12 

Page 
2of30 



NDE Procedure 
ACUREN RadiC?Qraphic Examination (ASME Section V) 

TABLE OF CONTENTS 

PAGE No. 

1.0 SCOPE ............................................................................................ 5 

2.0 REFERENCES ................................................................................... 5 

3.0 RESPONSIBILITY .............................................................................. 5 

4.0 PERSONNEL QUALIFICATIONS ............................................................ 6 

5.0 GENERAL REQUIREMENTS ............................................................... 6 

6.0 SURFACE PREPARATION .................................................................. 9 

7.0 EXAMINATION ................................................................................. 10 

8.0 RADIOGRAPHIC TECHNIQUE .................................................. , .......... 24 

9.0 EVALUATION .................................................................................. 26 

. 10.0 STANDARDS OF ACCEPTANCE ........................................................ 28 

11.0 RECORDS ....................................................................................... 28 

Figure 1 IQI Materialldentification ............................................................. 12 

Figure 2 Number of IQI- Special Cases ....................................................... 16 

Figure 3 Number of IQI -Special Cases ...................................................... 17 

Figure 4 Side Views of Hole Type Penetrameter Placements ........................... 19 

Figure 5 Side Views of Hole Type Penetrameter Placements ........................... 20 

Figure 6 Location Marker Sketches ............................................................. 23 

Figure 7 Single Wall Radiographic Techniques .............................................. 24 

Figure 8 Double Wall Radiographic Techniques ............................................ 25 

Number 
RT-1 

Revision 
22 

Date 
03/12/12 

Page 
3 of30 



NDE Procedure 
ACUREN Radiographic Examination (ASME Section V) 

TABLE OF CONTENTS 

PAGE No. 

Table 1 IQI Selection .............................................................................. 13 

Table 2 Equivalent Hole.-Type Sensitivity ...................................................... 14 

Table 3 Wire Penetrameter Sizes .............................................................. 14 

Exhibit 1 Radiographic Examination Report.. ....................... , ........................ 30 

Revision 
22 

Date 
03/12/12 

Page 
4of30 



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 objectdistance, 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 IQI image requirements of this procedure are met. 

2.0 REFERENCES 

2.1 ASME Section 1- Power Boilers, 2010 Edition w/2011 Addenda 
2.2 ASME Section V- Nondestructive Examination, 201() Edition w/2011 

Addenda 
2.3 ASME Section VIII- Pressure Vessels, Divisions land 2, 2010 Edition 

w/2011 Addenda 
2.4 ASME Section IX- Welding and Brazing Qualifications, 2010Edition w/2011 

Addenda 
2.5 ASME - 831.1 - Power Piping, 2010 Edition 
2.6 ASME- 831.3- Process Piping, 2010 Edition 
2.7 ASME 816.34- Valves. Flanged. Threaded and Welding End, 2009Edition 
2.8 QCP-1, Written Practice for the Qualification and Certification of NOE 

Personnel 
2.9 RT-CAL-1, Calibration of Densitometers for Radiographic Testing 
2.10 API-650, Welded Steel Tanks fot Oil Storage, 11th edition 

3.0 RESPONSIBILITY 

Number 
RT-1 

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

3.2 Level Ill, H, and Ieveii examiners are responsible for implementing the 
requirements of this procedure. Level Ul and II examiners are responsible 
for the supervision of level I examiners and trainees. 

3.3 The QA Manager is responsible to monitor compliance with this procedure. 
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NDE Procedure 
ACUREN Radiographic Examination (ASME Section "1 

3.4 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. 

3.5 T echnlcians 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 alt 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. 

4.0 PERSONNEL QUALIFICATIONS 

4.1 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.1 A 
andCP-189. 

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

4.3 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 II or Level Ill technician. 

5.0 GENERAL REQUIREMENTS 

Number 
RT-1 

5.1 Safetv 

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

5.1.2 Should there be a question or a clarification 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. 

5.2 Image Quality Indicator (IQJ) 

The technique used shall produce sufficient sensitivity and contrast to 
display the 101 image and the specified hole or wire. 
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IQI selection and the essential holes or wires shall be in accordance with 
Table 1. 

5.3 Backscatter Radiation 

A lead letter "B" with a minimum dimension of 1/2 in. (12.7 mm) in height 
and 1/16 in. (1.56 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. 

5.4 ~eometric VDJharcness 

5.4.1 Geometric unsharpness of the radiograph shall be determined In 
accordance with: 

Where: 
Ug= 
F= 

D= 

d= 

Ug= Fd/D 

geometric unsharpness 
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. 
Distance from source of radiation to weld or object. being 
radiographed, ln. 
Distance from source side of weld or object being 
radiographed to the film, ln. 

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

5.4.2 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. 

5.5 Verification of Source Size 

5.5.1 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. 

Number 
RT-1 

5.5.2 The determination of the focal spoUor X-ray machines at 420 kV and less 
may be made by the manufacturer's data, written statement documenting 
size, or the pinhole method. 
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NDE Procedure 
ACUREN Radiographic Examination (ASME Section V) 

5.6 Radiowaghic Film 

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

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

5.7 Aim Storage 

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

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

Number 
RT-1 

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 fiJm processing area (darkroom/lab} and all accessories shall be 
kept clean at all times. 

5.9 Intensifying Screens 

Lead foil screens shall be free of dirt, wrinkles, scratches, cracks and 
oxidation. Typically, the screen fUm combination front and back shall be 
0.010 in. (0.25 mm) Pb screenlfilm/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. 

5.10 Densitometer 

5.1 0.1 Densitometers shall be calibrated at least every 90 days during use in 
accordance with reference 2.9. 
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5.1 0.2 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 shan 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 3116 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 1/2 in. (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. 

6.0 SURFACE PREPARATION 

Number 
RT-1 

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. 
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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. 

6.3 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. 

6.4 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 118° on one of the two 
radiographs. The condition shall be noted on the radiographic report. 

7.0 EXAM1NATION 

Number 
RT-1 

7.1 RacJiograoh 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) Manufacturers name or symbol 
5) Date of radiograph 
6) Location markers identifying the area of coverage. 
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7.2 Image Qualitv Indicators -IQl's (penetrametersl 

7 .2.1 IQI (penetrameter) Selection - HQie and Wirt}·Wtl 

JQI's shall be either the hole-type or wire-type. Hole-type IQI's shall be 
manufactured and identified in accordance with the requirements or 
alternates allowed in SE-1025. Wire-type IQI'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; IQI'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 IQIIdentificatlon.) 

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 alloys of which titanium is the predominant alloying 
constituent 

Group 1- all carbon steels, row alloy steels. stainless steels, manganese­
nickeJ .. aluminum-bronze (Superston) 

Group 2 -ali aluminum-bronzes and all nickeJ,..aluminum bronzes 

Group 3 --nickel,..chromium-iron alloy and 18% nickel maraging stef:M 
(Hastelloy 0, lnconel X, Stellite Alloy No's 21 and 5-816} 

Group 4 -nickel, copper, nickel-copper series, or copper-nickf:M 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) 
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FIG, 1 SET NA!.TUIIA1E l 

Figure 1 
IQI Material Identification 

7 .2.1.2 QiS§imiler meterials: When the weld metal is of an alloy group or grade 
which has a radiation attenuation that differs from the base material, the IQf 
material selection shall be based on the weld metal. When the density limits 
cannot be met with one 101, and the exceptional density area(s) is at the 
interface of the weld metal and the base metal. the material selection for the 
additional IQt( s) shall be based on the base. material 

Number 
RT-1 

7.2.1.3 Size: IQI 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 IQis. To select the designated IQI refer to Table 1. 
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7 .2.1.4 Equivalent Hole Type Sensitivitv. A thinner or thicker hole-type IQI than the 
designated IQI may be substituted, proVided an equivalent or better IQI 
sensitivity, as listed in Table 2, is achieved and all other requirements for 
radiography are met. Equivalent IQI sensitiVity is shown in any row which 
contains the designated IQI and hole. Better IQI sensitivity is shown in any 
row of Table 2 which is abOve the equivalent sensitivity row. If the 
designated IQI and hole are not represented on the table, the next thinner 
IQI row from Table 2 may be used to establish equivalent IQI sensitiVity. 

Number 
RT·1 

Source Side 

Nominal Slnglt-Wall Hole-Type Essential Wire-Type 
Material Tllldcness Rallge, Ill. (mm) fJesisn;JtloR Hole £sselltlaf Wire 

Up to o.2S, Inc:!. (6.4) 12 2T 
Over 025 throutb 0.375(6.4 through 4.51 15 2T 
Ovar 0.375 through o.so (9.5 thrat19h 12.7) l7 2T 
Over o.so through 0,75 (12.7. through 19.0) 20 zr 
Over 0.75 throutb 1.00 (19.0 thraug~ 25.4) 25 27 
Ovar 1,00 through 1.50 125.4 through 38.1) 30 2T 
Ovar 1.50 throutb 2.00 (38.1 through 50.8) 35 2T 
over 2.00 thrOUJJh· 2.50 (50.8 through M.5l 40 27 
Over 2.50 through 4.00 11>3.5 through 101.6) 50 2T 
Ovar 4.00 through 6.00 1101.& through 152.41 60 2T 
Over 6.00 through 8.00 1152.4 through 203.21 80 27 
Over 8.00 throutb 10.00 (203.2 through 254.0) 100 zr 
Ovar 10.00 through 12.00 (254.0 through 304.81 120 27 
Over 12.00 through 16.00 (304.8 through 406.4) 160 27 
0¥11' 16.00 through 20.00 (406.4 through 508.0) 200 27 

Table 1 - fQI Selection 
(Identical with Table T-276, 
ASME Section V, Article 2) 
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5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
17 
18 
20 
21 

JQI 

Hole-Type 
QeslgnaUon 

10 
12 
IS 
17 
20 
25 
30 
35 
40 
50 
60 
80 
100 
120 
160 

Flfm Side 

Essentlaf 
Hale 

2T 
2T 
ar 
27 
27 
2T 
2T 
27 
2T 
27 
21' 
ar 
2T 
2T 
2T 

Wlre-Tp 
Elsentflf Wire 

4 
5 
6 
7 
8 
q 

10 
11 
12 
13 
14 
16 
17 
18 
20 
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EQUIVALENT HOLE-TYPE lQI SENSITIVITY 
setA seta 

Hokt-T1~ Equivalent Hok!-T~ Designations 
Wire Wire Wilt Wire 

Oeslgnatlon 
Diameler, ill. llllml llle!IIIIJ Diameler, Ill. _, ldealllr 

2THolt lTHolt 4THole 0.(18)1 lli.(JI)l Mlll tl.Z$) 6 
0.004 IO.Oll $.01) I!U,I 7 

10 15 5 o.oos tOl)l M+6 IOAl) 8 
lZ 17 7 o.ow 10.16) o.ozn IM!l ' 15 20 10 0.0(18 10.201 U2S [1),64) ~~ 

11 Z5 12 0.010 IUSJ 0.032 10.81) ll 
20 )() 15 
25 35 17 setc Seto 
30 40 20 

Wire )5 50 25 Oialneltr, Wilt Wire W'Jt't 
40 60 )0 

in. tmml lilelltity Oialneltr, ill. Cmml ldd!J 
50 70 35 
60 80 40 0.1132 IO.Sll 11 0.100 12.S4l lb 
80 lZO 60 O.IMO (1.02) 12 0.121> (;261 11 

100 140 70 O.llSO 11.27) l3 11.160 !4.1lbl l8 
120 160 80 0.116; lt6DJ 14 0.200 ts.08l l't 
loo 240 120 0.080 12.0)) 15 0.250 IU$1 20 

200 280 141) 9.100 12.541 l& G.320 18.Ul 11 

Table 2 - Equivalent Hole-Type IQI Table 3 -Wire IQI Designation, 
Sensitivity Wire Diameter and Wire Identity 

7.3 Numb~r Q.f IQis 

7.3.1 One IQI 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 IQl adjacent to the essential hole or 
adjacent to the essential wire of a wire-type IQI, so that the density change 
does not vary more than minus 1.5% or plus 30%, within the range of 1.8 
(2.0 for gamma) to 4.0. 

7.3.2 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 JQI adjacent 
to the essenttal hole, or the area adjacent to the designated wire of a wire 
lQI, then an additional IQI 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 

7.3.3 When shims are used with hole IQl's, the plus 30% density restriction may 
be exceeded, and the minimum density requirements do not apply for the 
IQI, provided the required IQI sensitivity is displayed. 

Number 
RT-1 

7.3.4 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 IQis, 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 IQI 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 IQis, 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 IQis 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 

Number 
RT~1 

7 .3,5.4 For spherical components, where the source is placed at the center of the 
component for a single exposure (Figure 3), at least three IQis, 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 IQI spacing. 
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FIG. D-21(1..1 COMPLETE CIRCUMFERENCE 
CYLINOIHCAL COMPONENT 

£T-277.2!bH1Hal & T•277.2CbH$)J 

FIG. D·2l(l..JJ SECTION($) OF CIRCUMFERENCE 
LESS THAN 240 dey. CYLINDRIC.AL COMPONENT 

!T.277.2(bH2HbH 

FIG. 0·21(1..2 SECTION Of CIRCUMFERENCE 
240 deg. OR MORE CYLINDRICAL COMPONENT 

!EXAMPLE lS AlTERNATE INTERVALS! 
£T-277.2<bHllCbl & T-277.21bH3H 

fiG. D-21(1..4 SECTIONCSl OF CIRCUMFERENCE 
EQUAL TO OR MORE THAN 120 deg. ANO LESS 

THAN 240 ~-CYLINDRICAL COMPONENT 
rT-277.2~bl<2Hbl OPTIONJ 

Figure 2 
Number of IQI- special Cases 
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7.3.5.5 For spherical components, where the source is placed at the center of 

Number 
RT-1 

the component for a single exposure (Figure 3), at least three IQis, 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-alO.S COMPlETE CIIICIJMFERENTIAL 
WElDS SPHl!RICAl COMPONf!NT 
tT·2n.21bll4llal & T-Z77.2!bll61l 

FIG. 0.210-7 PlAN VIEW A·A 

FIG. 0.210.1> WELDS IN SEGMENTS Of 
SPHEl!ICAI. COMPONENT 

tT•277.2(bll5l & T-277.21bll51lbl & T-2n21bX6U 

N- $pedal c .... IQI l.o<AII- a.-. Typical in Ail 
Figures. 

FIG, 0.210·8 ARRAY OF OSJECTS IN A CIIICLE 
tHn.ZU>Jcm 

Figure 3 
Number of IQI - Special Cases 
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7.4 Shims under 101 

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 101 adjacent to 
the essential hole. 

7 .4.2 The shim dimension shall exceed the IQI dimension such that the outline of 
at least three sides of the IQI image shall be visible in the radiograph. 

7.5 Placement of IQI(s) 

7 .5.1 Source Side IQI(s): The IQI 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 IQI(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 IQJ(s) are used. 

Number 
RT~1 

7.5.3 IQI Loqation for Welds- Hole IQls: The IQI(s) may be placed adjacentto 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 IQI Location for Welds- Wire fQis: 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 IQ.I 
identification and lead letter "F", if used, may be placed in the area of 
interest. 
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Number 
RT-1 
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Number 
RT-1 
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Side Views of Hole Type Penetrameter Placements 
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7.5.6 Alternative Locations for IQICs): When configuration or size prevents 
placing the IQI(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 IQl dimensions such thatthe 
outline of at least three sides of the IQI image shall be visible on the 
radiograph. 

7.6 Location Martsers 

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. 

Number 
RT-1 

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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Number 
RT-1 

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 alternative 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 ofthe component. 

7 .6.3.2 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. 

7 .6.3.3 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 thatfull coverage has 
been obtained. 
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8.0 RADIOGRAPHIC TECHf::41QUE 

8.1 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. 

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

..... :j . r·. -~ if ,'c r . . ' 
t. t ~ I ~ 

: .'\[(]'' j -, - 'A' " '"' 

_t . -- - , I' ' r ./ .... , 

!, a_ ,~ 
fqtOIUN'~-A --< 

i 
'"""-"'~""-· -··'"""'-''-c'-----».mc·>••·,~-··'·1-_____ ,_;__.-,.,,, . .......,_..,..,," ____ "<"''·----··-·-· 

Figure 7 
Single Wall Radiographic Techniques 

8.3 Double-Wall Technique: When it is not practical to use a single-wall 
technique, one of the following double-wan techniques shall be used. 

8.3.1 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. 

Number 
RT-1 

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 walls and the weld (material) in both 
walls is viewed for acceptance on the same radiograph. For double-wall 
viewing, a source side IQI 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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Number 
RT-1 

a) 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 90 degrees to each other shall be 
made for each joint. 

b) 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. 

c) 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 .• 

Opllonal -1-li•m 
~ 

Source •· 

Rgure8 
Double Watt Radiographic Techniques 
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9.0 EVALUATION 

9.1 Faciliti~ for Vif!Wing of Radioggmhs: 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 essentialiQI hole or wire to be visible forthe specified density range. 
The viewing conditions shall be such that light from around the outer edge 
of the radiograph or coming through low..<fensity portions of the radiograph 
does not interfere with interpretation. 

9.2 Quality of Radiographs 

All radiographs shall beessentiaflyfreefrom 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. 

9.3 Radioar;aphic Density 

Number 
RT-1 

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 IQIIPenetrameter Sensitivltv 

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

9.5 t;xce§slve f;}ackscatt§r 

If a light image of the letter "B11 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 tor rejection. 

9.6 Geometric Unsharoness Limitations 

Number 
RT-1 

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

Material 
Thicknm jn. <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 IQI 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 II or level Ill personnel shalf be responsible for the review, 
interpretation and evaluation, and acceptance of the completed 
radiographs. When required, level II or levellfl 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 Supplement 1 - Radiographic Acceptance Standards. Shalf 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 property 
documented on the Radiographic Examination Report 

11.0 RECORDS 

Number 
RT-1 

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 limited to the following: 

a) Job/contract number/identification 
b) location marker placement and, if used, a dimensional map 
c) Number of radiographs (exposures) 
d) X-ray voltage or isotope type used 
e) X-ray machine focal spot size or isotope physical source size 
f) Base material type and thickness, weld thickness, weld 

reinforcement thickness, as applicable 
g) Source-to-object distance 
h) Distance from source side of object to film 
i} FUm manufacturer and type/designation 
j) Number of fifm in each film holder/cassette 
k) Single or double wall exposure 
I) Single or double wall vieWing 
m) Procedure and/or Code references, examination results 
n) Date of examination, name and qualification of examiners 

Any drawings, componentidentiflcation, 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 Document§tion of Pet]onnel and Procedyre Demonst@tions 

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

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

Number 
RT-1 

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

b) Examination method applied 
c) 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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P.O. Box 8204 
405N.Eastman Rd. 
longview, Tx 75601 
1..(!00-256-5442 

ACUREN 

CBJiiCTfOFlUI 

8HIMTMIUMA11. 

IOFI!lii'OIUII£II 

f;T~N 

...,Ul 

Number 
RT-1 

8 

.... >I..!. ow At> 

v-

D 

p.flCi:"'SIIII! .c . .w-l iriiCAimv 111'-iitiirii~iilf 

Wl!U!U ................ .-...... 

Exhibit 1 
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DescriptiOn 
Updated references in Table of Contents for compliance with 
latest editions of the codes. 
Replaced first page ofT able 341.3.2 in Attachment 3. 
Attachment 5 was reformatted in API 1104 & was replaced in 
its entirety herein. 
Attachment 5 paragraphs 9.3.7.2, 9.3.7 .3 and 9.3.9,3 were 
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Added Confidentiality NotiCe to cover page. 
Revised the code listing in the TOC. 
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socket~type weld joints. 
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reQuirements for RT of socket type weld ioints In Attachment 3. 
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MDIOGRAPijJC ACCEPTANCE 

NDE Supplement 
Radjoaraphic Acceptance Criteria 

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

l.O ASME SECTION VIU DIVISION l. UW-51 ACCEPTANCE CRITERIA (Full Radiography of Welded 
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 bas length greater than: 

(a) ~in. (6 mm) fort up to% in. (19 mm) 
(b) l/3t fort from% in. (19 mm) to 2-l/4 in.(S7 mm) 
(c) %in. (19 mm) fort 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~ "t" 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 "l'. 

1.3 Any group of aligned indications that have an aggregate length greater than "t" in a length of l2t. 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 I. 

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 ofwelds 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 priorto making 
the repair. For material thicknesses in excess of 1"{25mltl), 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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NDE Supplement 
Blsfiggnapbic Acceotance· Qjteri@ 

2.0 ASME SECTION YlU Division 1. UW·S~ ACCUfANCE CRITERIA (Sppt Bxarnin@tiQn ofWeldld 
Joints) 

2.1 The minimum length of spot radiograph shall be 6 in. Spot mliognlphs may be retained or be 
discarded by the Manufacturer after acceptance of the vessel b}tthe l~r~ The 
acceptability of welds examined by spot radiography shall he judged by the fi:Hlawing: 
standards. 

2.2 Welds in which indi~ns·~ c~d as Cl'lleks or 7,011es of incomplete fUsion or 
penetration shall be unacceptable. 

2.3 Welds in which indicatiQttt are cbatacterized as slag inclusions or cavities shall be unacceptable 
if the length of any such indication is greater than 213t where uris the th~ (tfthe ~kl 
excluding any allowable remforcement. For a butt weld joining two members having different 
thicknesses at the weld, "t• isthe thinner ofthese two thicknesses. If a full pettetratkm weld 
includes a fiJlet weld. the thickness of the throat of the fillet shall be inctu4ed in '¥". If several 
indications within the above limitations exist ln line, the welds shall bejudged acceptable if the 
sum of the longest dimensions of all such indications is not more than "t' in a length of 6t (or 
proportionately for radiographs shorter than .6t) and if the longest indications eonsidered are 
separated by at least 3L of acceptable weld metal where "L» is the length ofthe longest 
indication. The maximum length of acceptable indications shall be% in. {l9 mm}. Any such 
indications shorter than ~ in. (6 rom) shall be ~ble forany plate thi~. 

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

3.0 ASME B31.1 ACCEriANCBCRIIERIA 

3J Any type mcrack or zone ofincomplete W$ion or penetratiQt\ is not 
acceptable, nor are any .of the following: 

3.1.1 Any elongated indication which bas a length area• than~ 

Number 
RT-1 SUpplement 

(a) ~ in. (6 rom) fort up to% in. (19 mm) inelusive; 
(b) ll3tfor t fr9m'% in. (19 rom) to 2-1/4 in, (57 rom} inclusive; 
(c) %in. (19 nun} tbrtover2 .. J/4 tn. (57 rom) 

*'f' refers to the thiCkness ofthe weld being examined; ita weld 
joins members having different ~knesses at the weJd, "f' is the 
thinner of these thicknesses. 
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3.1.2 

3.1.3 
3.1.4 

Any gt:oup of indications in line tbJt ha~ an aggregate· length• 
greater than "f' in a len&th of 12t, ·except where the distance 
between the sutcessivc indications exceeds 6L where L is the 
longest imperfection in the group. 
Porosity in euess oftfu:tt shown as acceptable in Attachment 2. 
Root concavity when ·there'· is an abrupt change ·in density as 
indicated on the radiograph. 

4.0 ASMB B3l.J ACCEPTANCE CIUTERIA 

4.1 Limitation ofimper(ectioos. in welds and other components shall be as 
stated in Attachment3 or appUcable referenced section for the degree of 
radiography involved. 

4.2 These acceptance criteria arc not applicable to castlngs or Class K piping. 
4.3 The gap requirements for RT of socket type weld joints are included in Attad1ment 3. 

5.0 ASME SECIIQ}S I ACCEPTANCE CR.JTBRIA 

5. t ASME Section t •. Power Boilers, acceptanCe cr.iteria shall be in 
accordance with Attachment 2 and sectionsl.l, 1.2 and 1.3. 

6.0 ASMB SECTION IX ACCEPTANcE Ctd'fBRlA 

6.1 ASME Section IX~ Welding>and Brazing Qualification. acceptance criteria 
shall be in accordance with Attachment 4. 

7.0 A$ME 831.8/ AP1ll04 AQCEfiaNC£ CmteBJA 

7.1 ANSI B31.8 aeccptanec criteria shall be in accotdanec:with APill04, 
Attachment 5. 

8.0 ASME B31.5 ACQSPTANCti CBJIBRIA 

8.1 ASME BJI.S acceptance criteria, unless otherwise specifie( shall be at least that :specified for 
Normal Fluid Service in Table 341.3.2 of ASME BJ 1.3, as provided in Attachment 3. 

9.0 ASME BJ6.34 ACCEPTANCE CRIIBRIA 

9.1 ASME 816.34 aceept;mcecriteriashall be in accordance with Attachment6. 

10.0 API 650 ACCEPTANCE CRITERlA 

10.1 AP16S0acceptancccrlteriashall be in accordance withseetionl.O. 
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NOE: Suppfemem 
Badiogtaphie Acceptance Criteria 

11.0 APJ620 ACCEPI'ANCB CRlTERJA 

Number 

U.t API 620 acceptance criteria shall be in accordance with section 1.0. The futiihed surface of the 
reinforcement at the location ofthe radiograph shall either be tl\lsh whh the pl,te or have a 
reasonably uniform crown that does not exceed the followiilg: 

Maxiq)um Thic1mess ofReinforcement 01'! Wglgs for RT klmined loi!UJ 

Maximum Thlckn• 
Plate Thickness {in.) Ofleinfor<*nent {irt.l 

~Vi ]Jl6 
;:>.~-1 3132 

>1 l/1 

11.2 Spot Radiography. 

11.2.1 The requirements of 11.1 apply when spotl'8diography is required or specified, The 
number and location .of spot radiographs and the requirements for retests are to be in 
accordance with AP1.i620 ~ion 7.17. 

Note: A spot radi«>graph shall not be considered equivalent m a recheck where complete 
radiography .is mandatory and applied. 

11.2.2. Spot radk>graphic examination shall not be less #Jan 6 in • .tending alon& ·the weld. 
Where spot radiographic eumlnafion i$ applied at joint intersections, the surface shall be 
prepared for a distance of3 in. on each side of the intersection, making the minimum 
length ofexamination 6 in. on the horizontal weld and 3 in. on the vertical weld. 

11.2.3 Retest radiographs when .required by API-620 Seeijon 7.17 shall compty with the 
requirements of 11.1. Spot radiographs may be discarded after the tank has been accepted 
by the inspecmr, unless previously requested by the Purchaser. 
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NDE Supplement 
~Rb!stAgptaoce Criteria 

Number 

MANDATORY APPENDIX 4 
ROUNDED INDICATIONS CBARTS 

ACCEPTANCE STANDARD FOR 
RADIOGRAPffiCALLY DETERMINED 
ROUNDED INDICATIONS IN WELDS 

4-1 APPUCABILITY OF THESE 
STANDAltDS 

These $1andar<ls ~applicable to fettitic. austenitic, and 
nonferrous materiala. 

44 DltMJNOl;OGY 

(a) ROIU'Itleti ltulicDtions.. 'lndicatioo& with a maximum 
length of three times the width or less on the atdioamPb 
arc defined as rounded mdication$. These indiea~s q~ay 
be circular, elliptical, eonieal, or inegular in shape and 
may have tails. Wben evalllllting'tbe size of an indication. 
the tail sbaJl be induded. the lndicatlon J1'Ja)' be from any 
imperfectiou in.theweld, suelt as porosity,~ tungsten. 

(b) Aligned lttdications. A sequence. of four or more 
rounded indications shall be ~'mbealiped when 
they touch a line parallel to theJength of the weld dmwn 
tblougb the center of the two outer rounded inc:Uc:ations •. 

(c) Thlt:kness t. tis tbe~oftbe we~~IU(lin~ 
any allowable reinforeenlellt. F'Of a bUtt weld joitihtg ~ 
members having different thickaesses at the \Wid; tis the 
tbitmcr of these two thiclmcsses. If a fuil ~·weld 
includes a lillet weld. lhe thickness of the throat of the 
fillet shall be inCluded in t. 

4-3 ACCEPTANCE CIUT.IIUA 

(a) ImageDtmsity. Density within thei~oftbe imJi. 
cation may vary and is· not a criterion for aceeptll11Ce or 
rejection. 

(b) Re/eV(ll11 Indicm/JJIU'. (See Table 4-.1 fot·l:llarnptea.) 
Only thosemiJilded indications Which exceed tbe tonowina 
dimensions sball be ,COD$idered relevant. 

(1) 1tiot for t less tban % in. (3 mm) 
(2) Y64 ln. for t from ~ in .. to !4. in. (j mm to 

6mm). incl. 

(ff) 1/)a in. for t glt!aler than ~'ilL to 2 in. (6 mm to 
so DUll). incl. 

(4}. '11, irL fort greater than 2 in.. ·(56 mm) 
(c) MllXiinum Size of Roulil:led lnthi:tltitllt. (See 

Table 4-t for examples.) The maximttm permissJble me 
.of'any.~$hall. ~ ~. or~--,<'{4 mm). wlll*vet 
issmaDec .. tbatan·~w.~~t'tom 
an adjaceat indicaJion by l ia. (25 mm} or J1lOR\ may be 
~ or % Jn. (€! rnm), whidteVCl' ~.la, POt t grR.ter t1um 
:un. ·(50 tmil) the~ pemlis$1'ble sW: of an iJI:JIIIted 
incfication .. shatJ be increased to \ ln. (10 mm).. 

(d) J\lipll Rormlledltulicali(llt$. Aligned tolmded iadj.. 
cation.sareaeceptablewbenthesummationofthediameteB 
of tlle ~. is less than t in i ·~ of t2t. see 
f/ig. 44, The • of JlO'lpi· Qf ~eel ,rqundeci lmfica. 
tions and the spacing be\wem the groups man meet the 
~1$ of Pig. 4-2. 

(e) Sptu:tng. 'llle·distam::tt between ~t rounded 
lnc!i¢ali0ns is IIQt It f~ in dliterminiq ~ or 
rej¢cti08. except a$ ttquired C.· i~ .~ons or 
groups of 'aligned indications.. 

(h RoUiJdeJ lndicadon Charts. The ~iftdicadons 
cbaraeterized as lmpedec:tions sball not exceed that shown 
in tbe dlai't$. The eharts iB Fip. 4-3 .tllroulh 4-8· illustrate 
variOus types ofassoneci,randQmly d~ mddUSfated 
rounded inc!icatioos for different weld thicknes!itl& greater 
than ~· in. (3 mm). These dwts tepreSODt the madmum 
acceptable ~ .l.imUs for·~ lndic.ations. 
'rho charts for eacb tlllclmess ·~ ~ t\df..$Cale 
6 in. (lSO mm) radiogtaphs. and tba1r not 'be enJqed or 
tedooed. The distributloos showa• not.~ .tbe 
pauems tb~Jt may ~<® the l'lldioppb • .blltare typkat 

oftlte ~tatiott and··· Ofi~ ~-
(g) Weld 'l'Jilclmels 1 less thatt 1~, In. •lJ mm). For t 

.a. ... II • " .) .. .i... . . • .. ·!Mit..-., of .............. ,. less -· 411n. .(., mm ,... JlllliWniQil n .. ""' .. ,_._ 
lndi~ .U·Mt--llln a 6 ln. (l~ lti$)~gth· 
of weld. A pmportiortally fewer numberofiadic:atioilssball 
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'4to l!, incl. 
Over 2 

Number 
RT-1.Supplement 

TABLE 4-1 

NDE Supplement 
BtmograohiQ Acceptanw.Qiteoa 

be pcnnitted in ~ less than 6 in. (l~ mm} in leo&th. 

Random Isolated 

(h) Clusterfdlnd~ The:~ roc~ 
indicatiotl& $1JoW· Up to tour tinle$ as man)'. iodii:ations in 
a tocal.area. u that. shown in the illustrationJ ·for random 
~. The·tength of an~- clust&V .... not 
exceed the lesser of L iD. (25 .nun) or 2t. Wllele .JJJOre than 
onecltl5tt:fjs~the$Umof1he.l.erlgth$of1hedusten. 
shall oot e:xce~d l in. (25 ..-.) in a 6 in. (ISO mm) 
length weld. 

Y,.t 

o.ou 
11.047 
11.063 

0.078· 
Oc09l 
11.109 
o.125 

().1~ 

Q.l5fl 
0.156 

0.156 
0.151> 

~ 

11.042 
0.:16) 
OJ)8l 

O,l04 
0•125 
o.146 
0.168 

0.188 
11.210 
0 .•. 230 

0.250 
0.375 

Aevi$ion 
15 

·~.t 
0.015 
11.015 
.0.015 

O.Oil 
o.on 
0;031 
Q;03l 

OcO)l 
11.031 
0.031 

0.031 
0.063 

Attachment l 

Date 
511$/12 

Page 
90f36 



ACUREN 

Number 
RT-1 SUpplement 

NDE Supplement 
Badiograobic Acgegtance Criteria 

Revision 
15 

j_ 

T .. .., 

I • ~ 
~. 
Q z -c 
1&1 
Q 
~ 
::> a 
m ·~ ;2 

~· 
< 

: 
d 
i:i: 

.~ ['.,. ..J 

_L 
.:; t 
T 

-
Attachment I 

Date 
5/18112 

. ..,; 
$1 
"& 

I 
• c 
~: 

! 
J 
J 
= 
i 
..] 
s 
~ 
"& 
e 
:ca 

~. z 

I w 

Page 
10of36 



~ 
'C__. 

~~ 
.!..3 
(/}tr 
.§~ 
"2. 
(I) 

I 

-4, 
<nl 

{,!! 

~It 
~ti 

..... 

.... "'0 

at. 
~ 

I a 

FIG. 4-2 GROUPS OF ALIGNED ROUNDED INDICATIONS 

~ t:r-·~--{~} ·~ t~~· u, :lt- . ] 
GENERAL NOTE: Sum of the group le119ths shall be less than tin a length of 12t. 

Maximum Group lell9tfl 
I.·,. 1f4 in. (6 mml fort less than ':$J4 in.l19 mml 
t. .. 1f3t for r 3f4 in. (19 mrn) to 21/4ln. (57 mml 
L s 3f4 in. (19 mm) fort greater than 21/4in, C$7 mml 

Minimum Group Spacing 
3L Where L is the length of the 
longest adjacent group being 
evaluated • 
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NDE SUpplement 
ftsldiggi'@Phic Acceptance. Criteria . . . . . 

FIG.. 4-3 CHARTS FOR t E<lUAL TO ·~ bl. tc; ~ in. (3 mtn tc; 6 mm), IMCLU$J.\i£ 

• 
·~ . . . . . 

• 

• 

.• • llii " 

• 
•. • . .t'- ~ .. . ·~~ . .. . 

. . .~ .. I 

. .. 
• .. • 

.... 
.. -:: 1 

I 1 in.l25 mmJ ·11 1 in. {26 rnmt •I• . •· ·• •· 

• •• 

NOTES! 
f1l 1\'picatconctllti'ati9n and slte.i>el'll\ltted ifi any ~il),,f1SO nmt}lani!Jttt ofwlif¢ 
(2) MIPdmum.slaperTable4-1. 

FIG. 4-4 CHARTS FOR t OVErt ~ .ln. to~ ln.. (6 mm tp, 10 mmli {WCLU$1V£ 

. . • ' 
. • • . • • 

' .• • • • ~ .... . • • • :•· • • • 

Number 
RT-1 Supplement 

• . 
• 

.... 

. . 

. • • . • . 

• ·.' . l , • • • . •• . • .. . , 

NOTES: 
f1) TyploaJ concm:r.don and sa Ptrmltted In any 8kl. (160 mm} .length of wefd, 
12l Maximum ala per Table 4-1. 
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15 
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• .. 
• . 
• 

Number 

NDE ~plement 
Radiogmphic Aooestaow C!lt@rta 

Fl(i. 4-5· CHARTS FOR I OVER \ ln. to \ ln. (lO mm to 19 mm)~ INCLUSIVE 

• • • . . , 

• • 
• 
• 

• • 
.. ·~ •.. . . ) . ' . ... . . .. . . ... .. 

~ . . . 
~ . 

• 

. ~· 

• • • • .. • • 

" 

-• . 

.. . . . ~ •• • ... ....... ... 

:··· .. . 

.. • 
" ~ . . .. -- . . . ,. 

, •••. # . ..... . ~-. . ". ..... , . ··. ·.: ..... ''\- ....... .., .... ; . 
.."' .. , ...... 111 ·----··· 

• "<!!'! - ...... •: 

1 .. Un.!26tnrnl .. 1 1 .. tln.t25mrn) j 

NOTES; 
(1) 'tYPical conclll'ttrlltlon and aiR !*mltted in anv e ln. (150 tnrnf length ofw.ld. 
(2) Maximum size perTebleA-1. 
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NOE SuPJ)fement 
RadioSrJIRbic AcCeptance Criteria 

FIG. 4-6 CHARTS FOR t OVER ~ ln. to 2 ln. fl9 n1n\ to 50 mtl't), ~CLI,ISI,VE 

• • • • , f ~ • .. • .. . • • . . . .. • ... • • • .. • • • I • • • ·• • " • 

• . , .. . . .. •. •· 
ltln.t26mml .. ! .. .. . ... 

NOTES: 
l1J TVP.Iqal CO!lQI!n~n and.sfze p8tl'l'lllWJ in any $ln. 1'150 mml length of weld. 
C2l Mmdmum alia per 'Jllbht 4·1. · 
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Number 
RT ~1 Supplement 

• .. 
' • 

• ' 

• 

NOE Supplement 
Radioaraghic Accel)tance Criteria 

FlG. 4·7 CHARTS FOR t OVER 2 ln. to 4 in. (50 mm to 100 mm), INCLUSIVE 

• • . .. • • • , 
• 

• 

• • .. f • • • • •• .. 
• • • 

.. - • • • ' .. 
• .. A • . • • • 

lal Random Rounded lndicatioll!ll !See Note (1)] 

~ . 
. , 

• IJ . . '·-. " . • • ' . • • • ' 

' ... 
•• . 

• 

I. 1 in. 125 mml .I l.lln. (25 mml,.l 

lbllsolated Indication [See Note 12ll lei Cluster 

NOTES: 
(1} Typical concentration and size permitted ln any 6 in. (150 mm) length of weld. 
(2) Maximum size per Table 4-1. 
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Number 

• •• J • 
It ,. , 

I f 

' 

RT-1 Supplement 

' • , ,. 
• • • 

4J • • . , I t 

• • 

I. 1 in.t25mm) .. I 

NDE Supplement 
Ragjogra0hic AccePtance Criteria 

FlG. 4-8 CHARTS FOR t OVER 4 in. <100 mm> 

• • , ., • • • • • . • ' • It • • , ~ .. • " • t • , • 

" 
(a) Random Rounded Indications (See Nota 11H 

• 4 \ 

• II 
• • #. I 

} 

• ..# 
.. 

, . , 
• • ) 

• t 

1. 11n. 125 mml .I 
lbllsolated Indication !See Note {2}1 

NOTES: 

• • I! 

• • • • , , 
f • • I I • • , 
• 

• • . # . , . ., .. 
~ 

, , • . , . . ~. 
• • • , . ... 
• II • • , ... 

tal CIU$ter 

111 Typical concentration and slze permitted In env 61n. (150 mmllength of weld. 
12) Meximum size per Table 4-1. 
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Number 

NOE Supplement 
Radioaraphjc Acceptance Criteria 

ROUNDED INDICATION CHARTS 

A·250 Acceptance Standard for Radiographically D-ermlned Rounded Indications In Welds 
A-250..1 Applicability ot Th .... standerds. 
These standards are applicable to ferrflit:. austenitic, 
and non-ferrous materials. 
A-2511.2 Terminology. 

A-250.2.1 Rounded' lndlcatto.... Indications widl a 
maximum lengdl of three times the width or less on J:he 
radiograph are defined as rounded indications. These 
Indications may be circular, enlptical, conical, or irregular 
In shape and may have tails, When evaluating. the m.e of an 
indication. the tall shall be included. '!'be Indication may be 
from any imperfedion ln the wefd. such as. porosity, slag. 
or tungsten. 

A-250.:2.2 ·Aligned lndltations, A sequence offour 
or more rounded Indications shall be considered to be 
aligned when they touch a Une parallel to the length ofthe 
weld drawn through the center of the two outer rounded 
indications. 

A-250 . .2.3 Til~ t. t i$ the thidmess of the 
weld. of the pressure-retaining material, or of the thinner 
of the sec:tlons being joined, whichever is least If a full 
penetratinn wefd Includes a fillet weld. the thickness of the 
fillet weld .throat shall be Included in t. 

A-250.3 Acceptance Criteria. 
A-250.3.1 Image Densi\Y. Density within the Image 

of the indication may vary and is not a criterion for 
acceptance: or rejection. 

A·ZSO.J.2 Relevant Indications 
(See Table A-250.3.2 for Examples}. Only those rounded 
indications which exceed the following dimensions shall 
be considered relevant 

(a) %ot ror t less than·~ in, (3 mm) 
{b) %4 1n. (0.4 mm) fort 'le ln. to '/4 in. (6 mm). induslvc: 
(c) Y3~ ln. (0.8 mm.J fort lf.ln. (6 mm) to 21n. (SO rnm).. 

inclusive 

(d) '116 ln. (1.6 mm.) for t greater than 21n. (50 tnm) 

A-250.3.3 Maximum Size of Rounded Indication 
(See Table A-250.3.2 fQr ExampleS). The maximum 
permissible size of any indication shatl be Y<~to or %2 in. 
(4 mrn), whichever is smaller: eJ~Cept that an Isolated 
indication separated f'roln an adjacent indication by 1 in. 
(25 rnm} or more may be Y,t, or 'l4 ln. (6 mm), wblcl1ever 
is less. For t greater than 2 .ln. (50 mm) the maximum 
permissible size of an isolated Indication shall be In­
creased to% ln. (10 mm}. 

A•250.3.4 Aligned Rounded lndlcatiOII$. Allgnod 
rounded lndlcatlons are acceptable when the summatio!l 
of the diameters of the indications is less than tin a length 
of 12t (see Pig. A-250.3.4-1). The length of groups of 
aligned rounded Indications and the spacing between the 
groups shall meet the requirements offlgureA-250-3.4·2. 

A-250.3.5 Spacing. The distance between adjacent 
rounded Indications is not a factor In determining 
acceptance or rejectinn, except as required for isolllted 
indications or groups of aligned Indication.<;. 

Table A-250.3.2 
Maximum Permissible Size of Rounded. 

lndkatlon 
(Examples On~) 

U.S. CultomarYIIIIID 
Maldblum!lbl>et~ lifldllmnl> 

Raunded lndlcatl!!!!t IlL SIR of ._..t 
TIIICiuiMs~llL Rlmdom bolated ~IlL 

Lesslllom% Y.t 'At ?.at 
'1. ll.031 OJM:a 0.015 

"· O.!M1 t!.QQ 0.015 
'1. 0.063 0.083 0.015 

'7.. 0.1)78 O.l!M 0.031 
'1. 0.091 D.l.25 0.1)!1 
~. G.l09 0.146 0.1!31 

Ya 1).1%5 0.168 0.031 , .. ll.l4l 0.188 0.03~ 

% 0.156 IUlO (}.03] 

·~. o.tS6 0230 O.ll31 
'/.tn:Z.illcl. 0.156 IUSO 0.031 

o..rz 0.156 11.375 0.1163 
Slu-

M.llldllwm Size. et Acaoplable lifldllmnl> 
~ lllllla!a-- Slaet 

NotlrMiaDI 
lllllli:alloD. 

1'111dalust.mm .llandD!II Isolated -Less!Mn 3 'At 'ht 'latt 
3 0.19 1.07 fl3ll 
s :W9 1.611 0.38 
6 L6ll Ul 0.38 
8 1,911 2.64 0.19 

10 2.31 3.18 0.19 
11 '2..77 3.71 1).79 
13 ).111 4.2? 11-79 
1-lc 3;61 4.711 0.79 
l6 3.96 5.33 0.79 
17 3.96 SM 0.79 

19 tnSOlnd. 3.96 IUS 0.79 
lim' SO 3.96 9.53 1.60 

A-250.3.6 Rounded lndlcatton Charts. The 
rounded indications characterized as Imperfections shall 
not exceed that shoWn in the charts. 

The charts in Figs. A·25o.3.6-1 through A·2S0.;3.6-6 
illustrate various types of assorted, randomly dispersed, 
and clustered rounded indications for different weld 
tbicknessu greater than ~ in. (3 mm). These charts 
represent the maximum llct:elitable concentration limits 
for rounded indications. 

The chart for eacb thickness range represe.nts 
full-$cale 6 ln. (150 mm} radiographs, and shalf not be 
enlarged or reduced. The distributions shown are not 
necessarily the patterns that may appear on the radio· 
graph, bUt are typical of the concentration and size of 
indications permitted. 
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NDE Supplement 
Radiographic Acceptance Criteria 

A-250.3.7 Weld Thickness t Less Than ~ in. 
(3 mm). For t less than Ye 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-250.3.8 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 shan not exceed the lesser of lin. (25 mm) or 2t. 
Where more than one duster is present, the sum of the 
lengths of the clusters shall not exceed 11n. (25 mm) in 
a 6 in. (150 mm) length of weld. 
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Figure A-250.3.6·1 
Charts for t ~ in. C3 mm) to '" ln. (6 mm}, Inclusive 

• 
• • • • • .. . .. 

•'!-I ' •• • • • • • 
• • 

• 
• • • • . . ,., : ... 

GENERAL NOTE: Typical concentration and size permitted in any 6 in .. (150 mm) length of weld 

(a) Random Round4Milndlcatlcmt 

• 
j-11n. (25 mm) -J j-1 in. (25 mm) -~~ol 

• • • 

lbll$olated Indication 
(Maximum size per Tab .. A-250.3.2) 

I ~· 
• • 

• • 

Figure A-250..3.6-2 
Charts for tover '"in. (6 mm} to\ tn. (10 mm),lncl.usive 

••••• 
•· aJ! •· .. ...... . 
•••••••• 

lcl Cluster 

. . .. 
• • • ••• • 

• 
• • • • • • • •••• .. • 

• • •• 
• •• • • .. ·•. •.. . . 

• • • • • 
• • 

• • •• • •• • • • • 
• 
• • 

Number 
RT-1 Supplement 

GENERAL NOTE: Typical concentration and size permitted in any 6 in. (150 mmllength of weld 

tal Random Rounded Indications 

•• 
' 

• • • . . . l •••••••• 
• •••••• • •• 

. • •• • ••• • •••••• 
j-1 in. (25 mml-j j..-1 in. (25 mml-j 

(b) Isolated Indication 
{Maximum size per Table A•250.3.2) 
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Figure A-250.3.6-3 
Charts for t over \ tn. (10 mm) to '" in. (19 mm), Inclusive 

• • ••••• • • • • • • • • • • • • • ••• • • • • f 

• • • • , ••• 
I. a e • ••• • • • • • •• •• • •• " ··:· • •• 

•• . •. • 
• •• • ( . • • 

• • 
• • 

• .. • 
• • • 

• • • • • • . " 
( • ••• • 

• • • •• 

Number 
RT-1 Supplement 

. .. . 
GENERAL NOTE: Typical concentration and size permitted In any 6 in. (150 mmllength of weid 

(a! Random Rounchtd lndiclltions 

• 
j..-1 in. (25 mml-j j..-1 in. !25 mml-+1 

(b) Isolated Indication 
(Maximum size per Table A-250.3.21 

• • • 
• • .. 
• 

. ·;.: .. ,. . ..... ·.-. . .•.• : :·: . . .......... , . • ••• • ••••• 

• 
• • • .... . . 

tel Cluster 

Figure A-250.3.6-4 
Charts for t over '" in. (19 mm) to 2 in. (50 mm), Inclusive 

• • • • • • • • • • • • •• • • • • • • • • '· • • • • • •• • • • • • • • ••••• • • • • • • • • • • • • • •• • • .. . ~ • • • # • •• • • .-• • • • • • 

GENERAL NOTE: Typical concentration and sfze permitted In any 61n. (150 mm) length of weld. 

(al Random Rounchtd Indications 

• • . } 
• • r ) ~ 

• 
• .: .. ~ • • ,. ( • • • 
j..-11n. 125 mm) -1 j-1 in. 125 mml-j 

lb) Isolated Indication 
!Maximum llize per Table A•Z5lU.2l 
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Radiographic Acceptance Criteria 

figure A-250.3.6·5 
Charts for t over 2 in. (50 mm) to 4 in. (100 mm), InclUsive 

• • 4 • • • .. • •• • • 
• ••• • • • • tl •• • • • • • • • • • • • • • • • • • • • • • • • • • 

• ·" • • • • • • 
• • •• • • • 
• • 

GENERAl NOTE: Typical COI'ICentration and size permitted in any 6 ln. (150 mm) length of weld. 

Ia) Random Roundod lndicatio!'ls 

) . •': · .. • • . ... , .. ·.l .... - t • . .. (•. , , • • ) • •••• .-...... :, .. • • , ..... • • • . • f I • ·,·. t # • •• • • . ( . . , . • • • 

J.-1 in.(25 mm}-1 J.-1 ln. !25 mmJ --1 
(b)Jsolated Indication 

fMaxlmum size per Table A-250.3.2) 
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Figure A~250.3.6-6 
Charts tor t Ow!r 4 in. (100 IMI) 

• • • • . • ,. •• • •• • • . . .. • •rl' • • • • • •• • • • • • • • .. "· • 

• 
• • 
• .. 

• • ' • • • • • • • • • • • •• 
• •••• • • • •• .. . •• • ... . . • • •• • • • • • .. • • ~ • • • • • • • • • • . • • • • • ., • 

Number 

) . 
I • •• 

r 

• 
• 

• 
) 

RT-1 Supplement 

• 

• 

• • • • • • • • • • • • • • • • • 

GENERAL NOTE; Typical concentration and aile permitted ln anv 6ln.l150 mml length of weld. 

lal Random Roundad Indications 

• 

• • 
• • , ... 

• 

• 
• , 
• 

} 

I 
( 

) 

( 
) 

. ,• . . . ,,·,'··. 
• ••••• • • • ... ... .. 
•. t ... . • •••• 

f I~ : I t . , .... .... 
j-1 ln. {25 mml---1 1- t in. (25 mml -1 

!bllsolatad lnc:Uc.uon 
CMaxlmum size per Table A-250.3.2) 
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Table 341.1.2 A«eptance Criteria for weldS and Exam111ation Methods for Evalllalinc Weld Imperfections 
Crlttria ~to M) for "IYJ)es at W.l4s and for Strvlc:e C•ndltlont (JtOUI· (1)] 

Notlllllland catqory Ill Auld 
Se~c:e Severe q<clk Coadltlolis catepry D .Fluid Service 

Type of Weld 'JYpeofWeld Type Of Weld . 
ii ii a 
!iS I 

• 
:;s J I 

Jl j jfl J I I ! .a!. 
~ I I 

~~ Is ... I! Ji i !J I 1 I .§ 
·a 

1 cl I jl I I ·:t .e iJ Ill 11:. Ill Weld~ 

A A A A A A A. A A A crac;Jt 

A A A A A A c A Jf/A A l.lldc offticlon 

B A N/A A A N/A c A N/A a !nc.omplete p~tllelration 

E £ N/A I) 9 ' It/A N/A N/A N/A N/A ~lpoiO${\y 

lntemll sla&lnduslon, tunptlll 
II'IC.Itlslon, or elo!~Pld 

G .G HIA F f NfA HfA If/A N/A H/A lndlclltlon 

H A H A A. A t A H If Uncl~uttln& 

Surface pot'05Ity or •Posed $lq 
A A A A A A A A A A lndiiSlon {Niite (S)} 

MIA NlA N/A I J J. H/A NIA N/A 'HJA S~lllllslt 

COi!CaYe toot suri'Ke 
IC IC N/A K K N/A K K N/A K ($udc up) 

W.ld mlntorc:ement or lnllltnlil 
L l I. l L -~ M M M M IQOll'uslon - ___ , ___ 

GENERAl.fiiOTiS: 
C.> w.kf'l~lobs !Ill Millated by 011!1 or I\'IOfe of t11e lV9fS of IMIIltlatlon melt!Odllfy.en, II$ •pedlled In paras. 34t.4..t, )41.4.2, 

~1.4.3, and .M341A, or lw tile' ualneelilll ~. 
tbl "H/h! indk:etes :the Oide 11015 not e$tabUib ~CteptanCe tdtel'la or does 110\ JeqUlra NIUatlon of t111S kind of ii!IPtlfeUion for. Jbll typ~tJill' 

weld. . 
(1:) Cbm (.I) fnl!ic:ates ~~~ mldlod aelllflllv used for IMitllatlnt tflls kind of weliHmpelfe!:tlort, 
(d) Ellipsis ' • .) In~~ metllod not ~r.aly !ISid for evalllllllll tflls kind of weld l~rt 

&anilllidlon MethOds 

I I ~ 

.I J I! I I 
i 5 , 
" " " 

" " ... ... , 
" . ~·· ... 

... j ... . .. 

... " . .. ... 
" " .... , "'. ~ 

" ... ... ... 
" . .. ... . .. 
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" ... ... ~-; ~ 
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:D 
Ill z 

z 
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A 

B 

c 

0 

£ 

> F 

g 

i G 

a 
l.oJ 
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I 

l 
K 

l 

M 

Criterion Value Notes for Table 341.3.2 
Criterion 

Measure 

Extent of imperfection 

Oepth of Incomplete penetration 
Cumulative length of Incomplete penetration 

Oepth of lack of fusion and incomplete penetration 
Cumulative length of lack of fusion and incomplete 

penetration (Note (7,)) 

Size and distribution of internal porosity 

SiZe and distribution of internal porosity 

Slag inclusion, tunssten Inclusion. or elongated indication 
Individual length 
Individual width 
Cumulative length 

Slag inclusion, tungsten inclusion. or elongated indication 
lndividiUII ienath 
Individual width 
Cumulative length 

Oepth of undercut 

Depth of undercut 

Surface roughness 

Oepdl of rout surface concavity 

Height of reinfotcement OJ internal protrusion (Note (8)! in 
any plane dlrough the weld shaU be within limits of 
the applicable height value in dle tabulation at riCht. 
except as provided In Note (9). Weld metal shall metge 
smQothly into the component surfaces. 

Height of reinforcement or Internal protrusion (Note (8)1 
as described in L. Note (9) does not apply. 

Acceptable value LlmltS [Note (6)) 

Zero (no evident impedettion) 

~ 1 mm (7/,1 ln.) and ~ o.ir,. 
~ 38 mm (1.5 in.) in any 150 mrn (6 ln.) weld length 

so.if,. 
s 38 mm (t.S in.) In any 150 mm (6 in.) weld length 

See Bf'V Code, Section VIII, Olvision 1, Appendix 4 

For 1 .. ~ 6 mm f% in.}, limit is same as D 
For f,. > 6 mm ('IJ. ln.}, Umlt is 1.5 X D 

~ 'f,./3 
s 2. S rnm (o/n ln.) and s 'f., /3 
s T,. in any 12T.,. weld length 

S2Tw 
s 3 mm (t,la ln.} and s Tw/2 
s ti'f,. in any 150 rom (6 ln.) weld length 

~ 1 rnm (7;,2 ln.) and s Tw/4 

s 1.5 mm (YJ., ln.) and s rr .,/4 or 1 rnm (Y,2 in.)] 

$ 500 min. R,. in actordance with ASM£ 946.1 

Total joint thickness, Incl. weld relnf., ~ T w 

For 'f.,., mm (ln.) 

$6 <'l'.J 
> 6 <Y.J. s 13 ('!:,) 
> 13 {~). s 25 (1) 
> 25 (1) 

Umlt Is twice the value applicable for L. abcwe 

Height, mrn (ln.} 

s t.S <%tl 
s 3 (lfe) 
s 4 (',),) 
s 5 ('ft.> 

Notes folklw on ne.u page 

~ c: 
::D m z 

z 
::rO -·m 

i 
1:::1. 
I» 
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TABLE 341.3.2 (CONT'D) 

NOTES: 

NDE Supplement 
Radjographlc Acceptance Criteria 

(1) Criteria given are for required examination. More stringent criteria may be specified in the engineering 
design. See also paras. 341.5 and 341.5.3. 

(2) Branch connection weld includes pressure containing welds in branches and fabricated laps. 
(3) 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. 
( 4) Fillet weld includes socket and seal welds, and attachment welds for slip-on flanges, branch reinforcement, 

and supports. 
(5) These imperfections are evaluated only for welds S..S mm (3/16 in.) in nominal thickness. 
(6) 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. r"' is the nominal wall thickness of the thinner of two components joined by a 
butt weld. 

(7) Tightly butted unfused root faces are unacceptable. 
(8) For groove welds, height is the lesser ofthe measurements made from the surfaces ofthe actiacent 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. 

(9) For welds in aluminum alloy only, internal protrusion shall not exceed the following values: 
(a) for thickness :s_2 mm (5164 in.}: 1.5 mm (1116 in.); 
(b) for thickness> 2 mm and '56 mm (~in.): 2.5 mm (3/32 in.). 
For external reinforcement and for greater thicknesses, see the tabulation for Symbol L. 

1.5 mm { lft& in.) 
,.pprox. gap 
before welding 

Xmin • the lesser of1.4 Tor the hub thickness. 

Figure 1 - Socket Welding Range 

C,(mlnJ •1.0$ f,.orthethlclm• 
oftha-wall, 
-~~s-n. 

r Approximlllelv 1.5 mm 11/.altl.l gep 
-1. bel""' ..aiding ..., 

Figure 2 - SOCket Welding Components other than Flanges 

Figures 1 and 2 
Minimum Welding Djmensions 1nd GiJp Requirements. 
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QW-190 OTHER. TI'.STS AND 
EXAMINATIONS 

QW-191 Volt~Q~Jtrk NDE 
QW·l91.l Rad ........ EJ:IinriUtloa 

QW-19l.Ll Method. The radiographic: examination in 
QW·l42 for weldets and In QW.,;J4l for welc:llng OperatOrs shall 
meet the requketncnts of .Article 2, Section v~ The acceptance 
standardsofQW•l91.1.2,sball.bf; met. 

QW-191.1.2 Radlograpbic AeeepbmceCrkerla 

QW·19U.l Termmology 
Linear lndiclltio(IS. Craeks. ineomp!e1e fUsion, ilutcleq •. 

penetration, and slag arc represented on the radiognlph as JillCjll' 
indications In which the length is i'riOre than three iimes the width. 

&nuuled lndlcot~DM. PorositY Jl'ld inClusions such Slag ~ 
tungsten are rcprescntcd on the radiograph as rounded indications 
with a length three times the width or Jess. These indications may 
be circular, elliptical, or itregular ill sltape: maY havt tails; and 
may vary in density~ 

QW·191.2.2 Quallfleadon 'test Weldl. W~~r and 
welding opcrator performance tests by ~y of welds In 
test assemblies shall be judged unacceptable when the nsdiograpb 
exhibits any imperfection$ in ex~otthc limits .. fied.bclow. 

(a) Linear lndit:atiorrs . 
( 1) any type oferadt or zollc of i~U:Qmpl'* fUsion or penetration 
(2) any elongated slag.inclusion whidlbasalcngth grcaterthan: 

(a) ~ ln.(J mm}fOI't up to%1n. (10 mm), inc:hisive 
(b) ~t fort pyer% in. (10 mm) to 2~ ln. 
(57mm), inclusive 

(c) 3A in. (l9mm) fort9\'«2~ ln. (S7mm) 

(3) any group of slag incl~ in line Uultbavt an~ 
length greater than t in a length of 121,; except when the distance 
between the ~ssive·i~ctions exceed$ 6L where Lis the 
longest. imperfection in the group. 

(b) Rounded lndicatian8 
(I) The maXimum ~~ dlmen$i0n tot rounded 

bldiettions sball be ~oft or% in.(3mm), whichover is smaller. 
(2} .Rot weldl'iit material less than " in.(3mm) in thiekncss, 

tb,o IJIOXimum nliQiber ofm:ceptabie.~ indication& slulll not 
cxeeed 1.2 .ina 6 in, (JSO mm) length ~f~. A ~ly 
fewer number of 1'0Uitded iiidications shall be permitted in welds 
less than 6 in, (l 50 mtn)in length. 

(3) For welds in material% ln.. (lmm).or ~in 
thicbiess.. the charts in AppeiJdbt 1 ~themai:.. 
mum aceeptable typesQfrounc:!eO~ ilhlstrated 
in ~ clnstered. .~and randoni1y dispe!'Md 
eon~ loun4ed indications tesstlran·l/32 iit. (.8 mm) in 
maxim\lln di!lm•uball not be~ .in the 
radiographic ae~ tests ofwelders and: W!:lding 
openltod.in thesel'llilgell ofrnatttial thicknesses. 

QW-191.2.3 Produetlon Weldl. Tho aeceptance standard 
for welding operetQrs ·W~ta• qtiality on ~n welds. sbal1 be 
that ~ifie4 in the. re~g ~ Sel.:tion. The aeceptan<;e 
standard for ~ers who . qualify on production welds as 
~itred b)'•QW·304J Shall .bf; per QW'-'19U,a. 
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APPENDlX I 
ROUNDED INDICATION CHARTS 

<See QW·l91.2) 

. . . . . . . :: . . . . . 
Typical Quantity and Size Permitted 

In 6 in. (150 mml Length of Weld 
1/8 1n. 13 mml to 1/4 1n. (6 mm) 

Thlckne1111 

. . . . . 
• • • • 

TYPical Quantity and Size Permitted 
in &ln. 1150 mm) Length of Weld 

Ovll' V4 1n. 16 mml to 1J2 ln. 113 mml 
Thickness 

. . . . . . . . .. ,· .• .. . .. ·· 
Typical Quantity and Size Pennltted 

in 6 in. 1150 mm} Length of Weld 
Over '12 1n. {"13 mm) to 11n. 125 mml 

Thickness 

'JYplcaJ Quantity and Size Permitted 
In &ln. (150 mmlt.ength of Weld 

Over 11n. 125 mml Thickness 
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NDE Supplement 
Radjooraphic Acceptance Criteria 

8 tnsDeCtion and Testing of Production 
Welds 

8.1 RIQKrS OF INSPECTION 

The company shaD have the right to inspect all welds by 
ncmdeslnlelive means or by rcmoviDJ welds and subjecling 
them to mechanical tests. The i~on RillY be made during 
the welding or after lbe weld bail been completed. Tba C. 
quency of inspeedon shall be as specified by the company. 

8.2 METHODS OF INSPEC(TIOH 

~testing may consist of radiocraPbic inspec­
tion oranothu method spocifiedby the company. Tba method 
used sball produce indieationll qf imperfections that can be 
accllllllely interpnll.ed -evaluated. The welds sball be eval­
uated on lbe basis of diller Section 9 or, at lbe company's 
option. AppeudixA.ln lbe latter case,-edl:l8ive inspec. 
tioa.todetenllinelbeimped'ectiOBIIizc is mquiled. 

De8ttuctive tcltlng sba1l consist of the rcmovlll of coiJI­
pleted welds. sectionlna of lbe welds into spocimeas, .ndthe 
exam.ination of the spociiJiens. Tbe speci1ncn$ shall be pre­
pared in IICCOidaace with and sball meet the requlremeata of 
6.5. Tba coiJipany shall have lbe right to accept or reject any 
weld that cloes not meet the ~ for the method by 
which it Willi inspected. The welder who makes a weld that 
filiJs to coiJiply with the requirements may be disqualified 
11om fill1ller work. 

Opetators of IIOlldestructlve illspection equipment may be 
required to demonAtJ:are the imrpoc:lion procednre's capability 
to detect defects amlthe. opccator's ability to ~Y intet-­
pret the indications given by the equiplllent. 

Thlpaaning methods of testing shaJl not be used. 

8.3 QUALIFICAllON OF INSPECTION 
PERSONNEL 

WeldiiiJ inspection per$OII1'IC'JI sball be qualified by experi­
ence and ll"aining for the spocified inspec:lion tiiSk they per­
form. Their qualilicatlons sbaJ1 be accep~able to the company. 

Dacumcntatinn of these qualificatioas shaD be -retained 
by the company .nd shall include but is not limited to the 
following: 

a. Education and experience. 
b. 'I'tainina. 
c. Results of any qualiftcatioa examinations. 

8.4 CERTIFICAllON OF NONDESTRUCTIVE 
TI!STJNG PERSONNeL 

8.4.1 Procedures 

Nondtl$1JUCtive te&ling peri-l shall be certified to Level 
I, U or Ill in accordance with the recomiJiendatlons of Ameri­
can Society fOT Nondestnletive 'n:sting. Recomnlended Prac-

rice No. SNT·TC·IA,ACCPor any oilier~ national 
certiftcalion prognun that shall be acceplable to the company 
for the test method used. Only Level U or Ill pe:niOMel shall 
iJitetpret test results. 

8.4.2 Record 

A teCORl of certified nondestructive testina pe:n1011nel shall 
be maintained by the company. Tba l'CCOld sba11 include the 
n~eults of certification tests, tile agency and person granting 
cenification, and the date of oenification. Nondeslructive test­
ina .peraonncl may be required to be recertified at the c:oro. 
pany'a option or if.any question llrisea about their ability. 
Levels I 8Dd U nondeslrucd.ve testilli perliOIIIHil sball be 
m:enified IIJieastOV«y 3 years. uvel Ill ~ve test• 
ina penonne1 sbllll be reo=rtified at least eVery s years. 

9 AccePtance StandardS for 
NondesUucUveTeeUng 

9.1 GENERAL 

The liiXlllptiiiiOe atandatds prerentecl ill this section apply to 
inlped'ecdons·located by tiiCfiostaphic. IN!gnstic pardcJe, llq. 
uld penettant. and ullralonic test methods. 'lbey may also be 
ApRlied to visual inspectiOb. Nondolttuetive teatin& shiiiJ not 
be used to select welds that are subjeaed to desauCd.ve rest­
ina in acconlanoe wid! 6.5. < 

9.2 RIGHTS OF REJECllON 

All~ test IJiethods are limited in the informa· 
lion thai can be derived fioiJI the l.adfcations th6y pt\1duce. 
The company may lberet'onl reject uy weld ·that liPPearB to 
meet these~ ISiandluds if. in its opirlinn, the depth of 
an imperfection RillY be delrimental to the weld. 

9.3 AADIOGRAPHICTESTING 

N'clle: AU densities ref\emol to ia 9.3.11hroop !».3.13 a hued 011 

fte&8llw lmqes. 

9.$,1 Inadequate Penetratkm Without High-low 

rn.dequate penelralion without hi&h-low (lP) is defined as 
the incomplete fining of the weld RID!. This condition i& 
shown sdtematica11y in Figure 13. JP shaD be conslderec1 a 
detet; should any of lbe foUow!ng eonditiona exiic: 

1L Tbe Jenath of 811 individual indlcatioa of IP exceeds I in. 
(25 nun). 
b. Tbe aggregate Jenath of indications of 1P in any continu. 
0116 12 ill. (300 mrn) lengdl of weld exceeds lin. (25 mm}. 
c. Tbe ~ length of indlcatioas of IP exceeds 8'1> of 
the weld length in any weld lll&ll lban 12 in. (300 mm) in 
lengtb. 
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lrli:Qmpfllle filing Ill 1001 

~ 01111 otl!O!ti..,. .. Jlllltbielnldeqilllely lillelttt lheilllide.~ 

Figura 13-4nactequale Penelnlllon wlfhoutl'fsjHow (iP) 

8.3;2 ln8dequabJ Penetnd1an Due to High-toW 

IDadeope peaetraliilD-to.l!lp-low(IPD)is 4a8ned .. 
tbOcoadiiioadlatcxisllwbea~·of·,-·atpOIIOd 
<or uaboDdecO b:c:aullo ~ plp.ou:fil.tiaajoilltummfa. 
a1lpecl. Tbis Clll!didafil,tUwa .. liclllyil'l fli&ln· 14. 
JPD .. •COIIII.den:d ~.,.~.q of the~ 
ccmdit!waist: 

a. 'l'llaJcll&tb ofmindividuallndiealillltofiPDtllCCilllllk.2iiL 
(50lllill).. 

b. Tbe ......... kaBfhol'~ofJPDilfany~ 
(JIJS 12 ilL (300111111) felladlof..W ...... 3 fJr..{15 lllill).. 

u.s lmldeqUate Ctan ,.,.IliOn 
lDidequlfe.CI'OII ptAIIilfltioll {JCP) is dellald •• ~ 
imperfecdcm txltweea tho ftllt illlklil pus lllld the lirltl:llii:Sict. 
pus dill is -- by iauldeql1alety ~ • Wl'tlcil 
Jlllld facea..'111fsClllllditiodis shown~ illFipall5. 
ICP sJJaU be COftSideaed a defect thauld my of 1bO f'cl1lowlna 
COllditicma oxilt: 

·a. The -..or .en iodividual iDdk:lltloa oro ~·z ln. 
(30mm). 
b. ...... b~Jlhof·indlcalilms ofiCPillliDY ~ 
OilS 12 ill• ·(300 111111) ~·ofwtlllf ~.lin; (50 •• 

9.3.4 ~Fillion 

~follion(IP)isdda!ldaa.~~cm 
betWeen 1bO weld metal and the ll8le materialtlaat ill open to 
1bO llll'tace. 'l'hil COIIdltion•ls shown Jl!hemlitially ill PiJIR 
16. IF aWl be CQIUiderect adefcet 8llou1d any of the foitOw. 
lng ClObditioiiS eld¢ 

a. Tile Jcmalh of 1B inclividual b!diatioo of IP ..-ds I ln. 
·(2Smm}. 

b. Tbe ll(ltl!flle 1enJtb. of indleaticms of IP 1ft *'f c:ootillu­
ous 12 ia1• mml ,... of\'IICIIcJexc:ecd$ 1 iiL <25 !IUD}. 
c. The aapepte leJJ&dl of lndicaJ.iqos of IJ' 1IJICOCIIIIr :81Jt of 
the weld fen&tb 1ft my weld leas than 12 ln. (300 $11)) in 
1eaJth. 

9.3.1 lnCompleliJ ~-to Cold Up• 

~ ..... -to·~..., (JfiJ)) Is c:fellleit. lUi 
lmperficflan ~""~.,... .... .or~· 
lhc11'11Jd nnhlllllha liase metal !hat 1s1101. '"'to t11e ... 
facL-·coadiiioaiss1KJn~illlllpet7.,DO 
shallbe·~ac4*t thauldll81ofdic:~..,.. 
4tillQIJillill; 

a. TbeJeaadtofuillciMdliidillllicalbtof'iFD·1IXCOCIIflr2Jn. 
(50 111111). 

b. •......-lentllho{~.of1F.Dill .. Cflllililm. 
ous 12m. (lOOmm) Jeajphofwdd~2ia. (SIIIIill).. 
c. ,. ...... la&tbof~of)R) ..... of 
lbewddllll,ldt. 

............. ~ 
ltlaiQiat CIIIICaYity (IC) • Geiined ill w ad is ·lllloWrl 
~ill fJiilla 18. Alfllqdt otialemll• ~ 
·~~lbedensityoffle.~ii~i~Je 
.oflbe.iiatemal CllllCii!drl dOell ilat exceed dial of 1bO ~ 
adjlceat paaillt ...... RJr.illiiU'tbat elCIIId !be diintill)! of 
1bO lflilmelt. ailjacellt parem llliiUirial. !be ~ for ..... 
tlli'oqh~U.1).e~ 

i.a.7 aurn.tlnugh 

1.&7;;1 A~- (B'r}is .._. •• pclltlm ofthflc 
.. bel4 ......... ~ ~~a~-.r 1bO·wofd 
pudillew:'btllfuwn illto !be pipe. 

9.3.7 .2 Pat plp.o with Ill OQt$ide ·diamcll:r ........ qr 
eq1181. w 2.375 :in. (60.3 111111). aliT llllall be .~ a 
~lhoukiiiDJ'oflhe-~~uittt: 

a. Tbe iliildiDtiaD ~ ~ 1/4 bt. <'•> and tile 
~ill..,~ oflbttm•lnla!pOlCIIe.eds that of}U 
iltiDnlllllt ~patent llllll!ldiL 
b. ~maxinluln~~lbe~of-~ 
1111 wall~.e•jOllled.-- clentily ill uy·~ of 
tiJe M'$ irnapoxceeds that of the tl!illl!"'" ·~ .,.,. 
material. 
c. Tile tum of die.lllllllimiim ~of~ BTs 
·~i~aapdeaaityfWiliiY~ofdie-B'fs:~lllat 
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Figure 14--inadequate Penelration Due to High-Low (IPD) 

Figunt 164'lcomplete Fusion at Root of Bead or Top of Jcint (fF) 

t /!Sl., 1 
Cold lap~ Cold lap between 
adjaCenl beads Wild bead and pallllll mal8dal 

Nate: The cold llp11howa is 110( $Ud8CHDJIIICCtod. 

Figure 17--lncclmplete Fuslcln Due 10 Cold Lap (IFD) 

Revision 
15 

Aool bead Ia fused to bcliiiiUifac:ea. 
butcen~er or 111111 paa • .,.., 11etow 
tile pipe' a inside ufaca. 

Figure 18-lntemal Concavity (IC) 
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Aligned (lhM or men) 
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• 

.... . .,., T•· .... 

Nolc: The size IJf • gas pockels is I10l drawn to .calc; for dimensions. refer 109.39. 

I 
I 
I 

Figure 19-Maximum Distribution of Gas Pockels: Wal Thicknesses Less Than or Equal to 0.500 inch (12. 7 mm) 
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Aaolfad . • • . • . • • • . . • 
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• 

Medium 
• • • • • • • • • • • • • 

. . . 

. . • 
• . . 

• • • 
• • • 

. 
• • • 1: . . . . . . . 

e.----------------4r----------------·• 
• • •---- 2T ____ : • • • 

• • • •• : ____ 2T ----• • • • 

. 
• 

• 
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Noce: The sl%e of the ps poc:ltets is 1101 dmWIIIO scale: for dimeaslons. refer 10 9.3.9. 

Figure 20--Maximum Distribution of Gas Pockets: wall Thicknesses Greater Than 0.500 inch (12.7 mm) 
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9.3.10 Cracks 

Cracks (C) sWI be considcrcd a defect $hollld any of !he 
following conditiom exists: 

a. The crack. of any si:rAl or loealion in !he weld. is not a sbal· 
low c:rafl:c Cl'liiCk or Slat crack. 
b. The crack is a shaDow crater Cl'liiCk or $8r crack with a 
length that exceeds Sf32 in. (4 mn\). 

NDIC: Sballow tMer CAICb.or atar crac:kure loa!ted at lite liiOJIIIin3 
point of weld beads and are lhe rault of weld metai·COIIUllcdoas 
during &Oiittilicatioa. 

9.3.11 Undercutting 

Unden:utting is defined u a gsoove melted into the pmeat 
material adjacent Itt !he tOe ot . MOt Of !he weld and left 
unfilled by weld metal Unden:ul.1ing adjace~Um !he ·cover 
pass (BU) or root pass (1tl} 'shaD be CO!IIideled a dcfa;l 
should any Of !he following conditions exists: 

a. The ~ aath of indic:alions OftiU agel IU, in any 
combinalion, in any l.lOR1inuous 12 ln. {300 mm) lqth Of 
weld exceeds 2 in. (50 mm). 
b. The asaregatc 1englh Of indications Of BU agel lU, in any 
combination, exceeds one-sixth Of the weld length. 

NDIC: See 9.1 for ~ staDdards Cot Ullden:utting when visual 
and mccltanical measurements are CJIIPioyed. 

9.3.12 Accumulation of Jmpetfeetlons 

Excluding ~ penetration due to hiBft-low and 
llllden:uUing. any accumulation Of~ (AI) shaD be 
consideml a defect should any of 1hc following COI.1Ciilions 
exist: 

a. The~ length Ofinclicalions in any contillllOliS 12 in. 
(300 mm} length Of weld exc«ds·2 in. (SO mm). 
b. The apregate length Of indications: .exceeds 891> of the 
weld length. 

9.3.13 Pipe or Fitting lmpetfectlons 

Impetfections in !he pipe or fitdDJ& detected by radio­
grapbic testing shall be reported to !he company. Theil' dispo­
silion shall be as directed. by !he complilly. 

9.4 MAGNETIC PARTICLE TESTING 

9.4.1 Claaalficatlon of Indications 

9.4.1.1 Indications pt'Qduted by maptie panicle testing 
an: not necessarily imperfectlons. Mapcde m4 metallurgical 
variations may produce indications that are similar to those 
produced by impetfections but that are not relevant 10 ~~CCCpl· 
ability. The criteria given in 9.4.1.2 and 9.4.1.3 apply When 
indications are evaluated. 

9.4.1.2 Any indieation with a maxinwm dimension of IJu; in. 
{11> mm) or less shaD be classified as nonre1evant. Arrj luger 
indication believed to be nonreleYant shaD be mganlcd as ref· 
evant until re-eu!nined by magnetic partic;Jco; or aiiQther non. 
de&ttueti~ testing method to ~ wltelher or not u 
actual impetfeclion exi$t$. The swfa=may be gr®lld or oth­
erwise conditioned before ra-examinatlon. Mer u ind~on 
is determined to be~ other IIOMI!evant indications 
of the same type need·1101 be rwxamlned. 

9.4.1.3 R.elevant indications are .those caused by \mperfec.. 
tions. Lirle3r indiearinns are those in which !he length il more 
than t1uee times the Width. Rounded indic:adona are diOse in 
wbich the length is Wee times tho width or less. 

9A.~ Act:eptanceStandarda 

Relevant indic:atlDns shaiJ be con~ defects shoaJd any 
Of the following condiiionsexist: 

a. I..inear ladieationi IMifllated as crater a1ICb or starc:t-=ks 
exceed Sf32 in. (4.mm) in Jeasth. 
b. Lineat indications are CVIIluated as aaclcs otberdlan c:rafl:c 
cracks or.smr: CI1ICb. 
c. Linear indicaliOliS are evaluated as JP .and .exceed 1 in. 
(25 mm> in to111 tengtb m a com1nuous 12 in. (300 Jllllll 
length Of weld ot 8tf. of the weld length. 

ROUIIIIed indit:ations shall be evaluated acc:ordillg to the 
criteria of 9.3.9.2 and 9.3.9.3, as applicabl-. ~ ewllllltion 
purposes, the .maximum dimension Of a rounded indicl!tion 
shall be I:OIISidered its-

Note: When doubt emta about tho typO of'~~ dls­
doJod by an illdication, Yeriftcationmaybt~ by 1!1iBJ o0ter 
IIOitdeltrul:lhe tc61ing melbodS.. . ' 

9.4.3 Pipe or Flttfn91Jnperfectlons 
llnpedections in the pipe ot fiUings deUided by Jll&gnetk: 

partii:!Mesting shaiJ be reported to tho C:Ompany.11Jdr dispo­
sition sball be as directed by the company. 

9.5 UQUID PENETRANTTamHG 

9.5.1 Cla88ifiQ&tlon ot1ndlcattona 

9.5.1.1 Indications produced by liquid pene~nU~tlesting are 
not ncc:essarily irnperCections. Machining marks, JllmllCIIe5, 
and swfaJce condi1ions may procJuc:e inclications fhat are simi­
lar to those produc«< by lmperl'ections but that are 1101 Ide­
vent to aa:eptability. The criteria given in 9.5.1.2 and 9.5.1.3 
apply when indications are eval\lated. 

9.5.1.2 Any iadieatiOn With a maxlmumdimension ofl/1~ in. 
a mm) or less sf!aU be classified as nonrelevant. An'/ larger 
indication believed 10 be nonrelevantsball be regarded as rei• 
evant until re-examined by liquidpencttant or &liOih« nonde­
structive telling llltthod to determine wbetbcr or not an actual 
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ASMEB16.34 
(ARPendix I) 

I-2.1 For wall thickness t ~50 mm (t $2 in.) the comparative plates of ASTM E 446 define acceptable 
indications as shown in Table I· I. 

1-2.2 For wall thickness 50mm < t $115 mm {2 in.< t ~4.5 in.) the comparative plates ofASTM E 186 
define acceptable indications as shown in Table 1-2. 

I-2.3 For wall thickness 115 mm < t ~ 305 mm (4.5 in.< t ~ 12 in.) the comparative plates of ASTM E 280 
define acceptable indications as shown in Table 1-3. 

Table 1-1 Acceptance Criteria for Thickness per 
Para. ... 2.1 

--ptable 
Cotnpal'lllhe Plate 

Discontinuity '!We Call!IOIV ASTME~ 

Gas A A2 
Sand 8 83 
Shrink, Type l c CA2 
Shrink, Type 2 c CB3 
Shrink. Type J c CC3 
Shrink, -rype 4 c CD3 
lfol tears and cmcks O&E None 
lnseJtS {chills. chaplets) F None 

Table 1-2 Acceptance Criteria for Thickness per 
Para. t-2.2 

Acceptable 
comparative Plate 

Discontinuity 1YPe Catepry ASTM E 186 

Gas porosity A Al 
Sand and slag inclusions 8 83 
Shrink, Type 1 c 00 
Shrink, Type 2 c C8J 
Shrink, Type J c co 
Crack D None 
Hot tear E None 
lnselt f None 

Table 1-3 Aaeptante Criteria for Thickness per 
Para. ... 2.3 

Acceptallle 
Comparative Plate 

Dlscondnulty 1YPe CatecatY ASTM E 280 

Gas porosity A A3 
Sand and slag ln~slons 8 83 
Shrink. Type 1 c CAl 
Shrink, Type 2 c CB3 
Shrink, Type 3 c co 
Crack D None 
Hot tear E None 
Insert f None 
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Heat Exchanger Design, Inc. 
P.O.Box524 
Indianapolis, IN 46206-0524 USA 
Phone: (317)686-9000 • Fax: (317)686-9100 

Procedure Used: HED-PTI, R.cvision 4 AA:e\!tance Critaia.Am!lied: Personnel perfulllling emninations are qualified in accordaiK:e with 1be 
'I)'peofLiqujd.Pendrant; VISible Type of Solvent Ranovable 

• ASMB Sec. vm, Div.l,App. 8 
Procedme HBD-PTJ.. 

Type ofLiquidPepe!rantMaterials:All products mannfiv:tured by Radnor Wcldiog 
products (Cantesco Corp.) CJ ASMB Sccl, para. PG-25.2.1.2.2 

b::ons~7::~~ /f) ?A tK_' Oeaner> CJ ASMBB31.1, para. 136.4.4(B) 
Penetmnt> PlOlS Cl Otbcr {MOle ICSirictive client specificatjons) 

>DlOl .J f' "' I 
WORK ORDER#: .. '-J "17 "/ I Refer to filbrication drawing fur component or weld location. 

, 
EXAMINATIONRESUL'I'S 

Ligbt Source Jndicatioos When Pc:r.fmmed 

Componeotor Weld Malaia1. Thknss &Jntcosity Aeceptable Rejected (mches) F flashlight .CNm Rllevaatl Date T"nne 
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Heat Exchanger Design, Inc. 
P. 0. Box524 
Indianapolis, IN 46206-0524 USA 
Phone: (317)686-9000 • Fax: (317)686-9100 

Certificate ofPT Personnel Qualification 
Doug McKinney 

The individual referenced above is qualified to perform Liquid Penetrant Examination (hereafter 
referred to as P1) of products constructed by Heat Exchanger Design, Inc. by satisfying the 
requirements as stated below. 

References: 
1) ASME Sec. VIII, Div.1, para UG-1 03 stipulates PT shall be done in accordance with Appendix 8. 
2) ASME Sec.VIII, Div.l, 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-PTl. 

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

Competency: 
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-PTl. 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. 

Individual 
Certification Exam Score 

Eye Examination Record 
Date 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.l Code for the qualification of personnel performing PT. 

//~ 1 .... /2/# WliNtSS 

#~#:, ....... 
R\c\< Winde\\ ( :.:,.fp 1/ 

&~q 7? 
Petroleum, Petrochemical, Power, Food, and Industrial on Heat Transfer Equipment 

901 East Beecher Street 
Indianapolis, IN 46203 USA 
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HED .. PTl (Rev.4): LIQUID PENETRANT EXAMINATION PROCEDURE 

INTRODUcriON: 
This procedure governs the Solvent· Removable method of liquid .pe.netnmt. (hereafter mened to JS LP) 
examination to be employed by the COMPANY. This procedure complies with the latest editions of the 
ASME Section I, Section VDI, Divisi® lt.B31.1 .and Seot1o11 V Code standards. 

Non-porousmetallictnaterials, whether~or-..~.mqbeexamfne4bytbis~ Surface 
discontinuities sucbJS eraoks. seams, laps, cold shuts. lack ofbom:l.lanlmatiODB, etc. ~'blemdications 
of this method ofNDB. 

Principally, the LP is applied to the surface to be .exambled and allowed to enter c:ffseontinUities. liXees$ 
penetrant is removed, the part is dried and the developer applied. The developer acts as both a blotter to 
absorb penetrant that .bu. been trapped in discontinuities and as a contrsstinJ ~ to enhance th~J 
visibility ofpenetrant indications. 

LP materials used shaH be pl"Qduce4by ~Welding~~ (Cantos90 Corp.). QtwhlchallslmUbeof 
the solvent removable type •. Intennixingnmterlals of various medtods js DQtallowed. · 

QUALIFICATIONS: 
All personnel performing LP examinationa shall be proven competentin aceordaDce.witb Sec. vm •. Div. l, 
App. 8 [see Sec. I, para. P0-25~2.1.2;2 and Bll.l, para.l36.3.2] by passing the prescribed Written or verbal 
examination with a 90% minimum score and by satisfactory performance oftbe procedure as witnessed by 
the Quality Control Manager. AU personnel sbalJ'betested annuallyforviiual acuity with a Jaeger Type 11. 
Standard Chart at a. distance no less thall12" and With I~ color test plates. ·· 

PRE-CLEANING: , 
m general, results mQ.Y be obtained wbtn the sll1'fttce of the part is ·in the as .. weJded or as-manuf'actured 
conditio11. Surfaceprepamtion by grinding ormachininsmay:berequhedwhwe ~~could 
mask indications of discontinuities. The.sur.faceto be examined arularea wildn tn shall be dry and free. of 
an dirt, paint, grease lint, scale, flux. weld splatter ana other material that eould intetfere with the 
examination. Typical eleaniug agents are detergents. otganio solventst dMcatilliJ solutions ·and pai1lt 
removers. Cleanin& asent shall be applied repeatedlylliltil no indications &'PP*Oil tJ clean clotb or paper 
towel. After cleanin& the surface sball be allowed to dry for a period not less than s minutes. 

PENETR.ANT APPLICATION: 
The dye penetrant is a penetrat.ing liquid that:enters ~ discontbmi:ties. The penetrant shall be appl.i:ed 
by 1he spray method but not wtfl the pxe-cleanins operation bas been ~ and the parts have been 
completely dried. The temp«atufe of the pene1t8nt and of the surface in question is to be~ t25flFd~ 
the entire examination procedure. Dwell time·ofthe~t shall be no less than 10~. 

WITNESS. 



Rev. By/Date Description Heat Exchanger Design, Ine. Section Page 
02 J3-Nov..03 developer dwell was 1 ndn. Quality Control Records and Procedures lA 2of2 
03 ~Nov~ added tight intensity data Volume I 

PENETRANT REMOVAL: 
After the specified dwell time bas elapsed, any excess penetrant on the surface shall be removed carefully. 
Removal shall be accomplished by repeatedly wiping the surfaces with a clean, lint-free, 4r! materialmtil 
most traces of the penetrant have been removed. Then a similar cloth or paper towellight{Vmoistened with 
solvent shall be used to wipe the surfaces clean of all remaining excess penetrant. 

Flushing the surface wlh solvent is pMhlhiteiL 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 fimctions •.. as a contrasting background for the penetrant, and as a vehicle to 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 at\efpenetrantremoval and drying. 
The developer is a liquid suspension of powdered material that must be thoroughly agitated prior to ~ 
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 acoomplished in either natural or 
artificial light; however, a minimum light intensity of 1 OOfo (1 OOOLux) is required on the surface to be 
examined. While some discontinuities can be detected almost instantly after ·the developer is applied, 
·sufficient dwell time shQuld be allowed for all discontinuities to be revealed. 

INTERPRETATION ofTEST 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 ri.cbness of color and speed of 
bleed-out. 

Usually, cracks or similar openings will show a red line, tight cracks or a partially weldedlap will show a 
broken line. Gross porosity may produce large indications covering an entire area. Pine porosity is indicated 
by random red dots. Acceptance criteria sbalJ be based on PG-25.2.1.2.2 of Sec, I, 136.4.4(B) ofB31.l or 
App. 8 of Sec. vm, Div. 1 as applicable unless more restrictive customer specifications apply. 

Any indications with major dimensions greater than 1116" shall be considered relevant. Since red flaw . 
indications will remain visible until wiped off manually, there is no need to reworlc defective areas 
immediately. In fact, if salvage is practical, pats 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 nonnallybe removed dwing 
the cleaning operation prior to further processing. Usuallyit 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. 

WITNESS , 0 
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Bantrel PO# 1083-BC-4008 

Nat'l Gas Heater, Item: BL-E-301; 30:4474 

Eng: cos 

DESIGN CALCULATION 

ASME Code Version 20lla 

Analysis Performed by HEAT EXCHANGER DESIGN 

Date of Analysis Aug 5,2013 

PV Elite 2012 (January 2012) 
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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 SI Units -------------------------------
Shell Analysis : Shell Item: 1 12:22p Aug 5,2013 

Input Echo, Component 1, Description: Shell 

Design Internal Pressure p 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 2 

Temperature for External Pressure 177.79 c 

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 mrn 

Length of Cylinder for Volume Cales. CYLLEN 6194.425 mm 

Outside Diameter of Cylindrical Shell D 114.300 mm 

Minimum Thickness of Pipe or Plate T 5.2673 mrn 

Nominal Thickness of Pipe or Plate Tnom 6.0198 mm 

Shell/Head Int. Corrosion Allowance CA 1. 587 5 nun 

Skip UG-16(b) Min. thickness calculation NO 
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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 
Shell Analysis : Shell Item: 1 12:22p Aug 5,2013 

Type of Element: Cylindrical Shell 

Internal pressure results. Shell Number l.Desc,:Shell 

ASME Code, Section VIII, Division 1, 20lla 

Thickness Due to Internal Pressure (Tr): 

(P*(DI2-CAE}) I (S*E+0.4*P) per Appendix 1-1 (a} (1} 

(7.65*(114.3000/2-0.000)1(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-CAE)) I ((DI2-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 2 

Maximum Allowable Pressure, New and Cold (MAPNC): 

(SA*E*T} I (DI2-0.4*Tl per Appendix 1-1 (a) (1) 

= (117897.66*1.00*5.2673)1(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})) I (E*(T-CA-CAE)) 

(7.65*(((114.3000/2-0.000)-0.4*(3.6798)))1(1.00*(3.6798}) 

115794.82 kPa 

SUMMARY OF INTERNAL PRESSURE RESULTS: 

Required Thiclmess plus Corrosion Allowance, Trca 5.2034 mm 
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Bantrel PO# 1083-BC-4008 
Nat'! Gas Heater, Item: BL-E-301; S0:4474 
Eng: cos 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
Shell Analysis : Shell Item: 1 12:22p Aug 5,2013 

Actual Thickness as Given in Input 5.2673 mm 

Maximum Allowable Working ~ressure MAWP 7.792 N/mm• 

Maximum Allowable Pressure, NC MAPNC 11.282 N/mm 2 

Design Pressure as Given in Input l? 7. 653 N/mm• 

Hydrostatic Test Pressures ( Measured at High Point): 

Hydrotest per UG-99(b); 1.3 * MAWP * Sa/S 10.13 N/mm 2 

Hydrotest per UG-99(c); 1.3 * MAPNC 14.67 N/mm 2 

Pneumatic per UG-100 1.1 * MAWP * Sa/S 8.57 N/mm 2 

Minimum Design Metal Temperature per UCS-66 Curve : 8 

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

Stress Ratio = tr * (E*) 1 (tg_sr- c) "'0.983 • Temp. Reduction = 1 C 

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/o impact per UG-20(f) -29 c 

External Pressure Results. Shell Number 1. Desc.: Shell 

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

External Pressure Chart CS-2 at 177.79 c 

Elastic Modulus for Material 196362.75 N/mrn 2 

Results for Max. Allowable External Pressure (Emawp): 

Corroded Thickneaa of Shell TCA 3. 679B mrn 

Outside Diameter of Shell ODCA 114.300 mm 

Design Length of Cylinder or Cone SLEN 6194.425 rom 
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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 SI Units 
Shell Analysis : Shell Item: 1 12:22p 

Diameter I Thickness Ratio (DIT) 31.0613 

Length I 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 Nlrnrn 2 

EMA.WP = {4*B)I{3*(DIT)) = ( 4 *84397. 3984 l I ( 3 *31.0613 ) = 3.6229 

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

Corroded Thickness of Shell TCA 1. 0236 mm 

Outside Diameter of Shell ODCA 114.300 rnrn 

Design Length of Cylinder or Cone SLEN 6194.425 mm 

Diameter I Thickness Ratio (DIT) 111.6639 

Length I Diameter Ratio LD 50.0000 

Geometry Factor, A f(DT,LD) A 0.0000882 

Materials Factor, B, f(A, Chart) B 8661.3564 kPa 

Maximum Allowable Working Pressure 0.10 Nlmm• 

EMA.WP = (4*B) I (3* (DIT)) = ( 4 *8661. 3564 l I! 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 I Thickness Ratio (DIT) 31.0613 

Length I 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' 

EMAWP = (4*Bli{3*(DITl) = { 4 *84397.3984 )I( 3 *31.0613 ) = 3.6229 
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Bantrel POi 1083-BC-4008 
Nat'l Gas Heater, Item: BL-E-301; 80:4474 
Eng: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
Shell Analysis : Shell Item: 1 12:22p Aug 5,2013 

Summary of External Pressure Results: 

Allowable Pressure at Corroded thickness 3.62 N/mm 2 

Reguired Pressure as entered by User 0.10 N/mm• 

Required Thickness including Corrosion all. 2.6111 mm 

Actual Thickness as entered by User 5.2673 mm 

Maximum Length for Thickness and Pressure 0.9150E+33 mm 

Actual Length as entered by user 6194.43 mm 

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 Results, 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 0.5564&+08 mm "'3 

Weight of Water in component, corroded WWATCA 545.4 N 

PV Elite is a trademark of lntergraph CADWorx & Analysis Solutions, Inc. 2012 
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Bantrel POi 1083-BC-4008 
Nat'l Gas Heater, Item: BL-E-301; 80:4474 
Eng: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
Shell Analysis : Inner Pipe/Tube Item: 3 12:22p Aug 5,2013 

Input Echo, Component 3, Description: Inner Pipe/Tube 

Design Internal Pressure I? 10.03 N/mm 2 

Temperature for Internal Pressure 150.01 c 

User Entered Minimum Design Metal Temperature -28.89 c 

Design E:xternal Pressure PEXT 7.76 N/mm 2 

Temperature for External Pressure 177.79 c 

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 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 Cales. CYLLEN 6292.850 mm 

Outside Diameter of Cylindrical Shell 0 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 rnm 

Skip UG-16(b) Min. thickness calculation YES 
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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 SI Units -------------------------------
Shell Analysis : Inner Pipe/Tube Item: 3 12:22p Aug 5,2013 

Type of Element: Cylindrical Shell 

Internal pressure results. Shell Number 3, Desc.; Inner Pipe/Tube 

ASME Code, Section VIII, Division 1, 2011a 

Thickness Due to Internal Pressure (Tr): 

(P*(DI2-CAE)) I (S*E+0.4*P) per Appendix 1-1 (a) (1) 

{10.03*(73.025012-0.000)1(117897.66*1.00+0.4*10.03) 

~ 3.0045 + 0.0000 ~ 3.0045 mm 

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

(S*E*(T-CA-CAE)) I (!DI2-CAE)-0.4*(T-CA-CAE)) per Appendix 1-1 (a) (1) 

(117897.66*1.00*(4.5117))/(73.025012-0.000-0.4*4.5117) 

"' 15.33 Nlmm• 

Maximum Allowable Pressure, New and Cold (MAPNC): 

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

(117897.66*1.00*4.5117)/(73.025012-0.4*4.5117) 

15.33 Nlmm 2 

Actual stress at given pressure and thickness (Sact): 

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

(10.03*(((73.0250/2-0.000)-0.4*(4.5117)))/(1.00*{4.5117}) 

77172.37 kPa 

SUMMARY OF INTERNAL PRESSURE RESULTS: 

Required Thickness plus Corrosion Allowance, Trca 
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Bantrel PO# 1083-BC-4008 
Nat'! Gas Heater, Item: BL-E-301; S0:4474 
Eng: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
Shell Analysis : Inner Pipe/Tube Item: 3 l2:22p Aug 5,2013 

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 , c = 0.0000 mm , E* = 1.00 

Stress Ratio= tr * (E*) f (tg_sr- c)= 0.666, Temp. Reduction= 19 C 

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) 

4.5117 rom 

15.326 N/rom• 

15.326 N/rom• 

10.032 N/mm 2 

19.92 N/mm• 

19.92 N/mm 2 

16.86 N/rom 2 

-29 c 

-47 c 

-29 c 

External Pressure Results. Shell Number 3. Desc.: Inner Pioe/Tube 

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

External Pressure Chart CS-2 at 177.79 c 

Elastic Modulus for Material 196362.75 N/mm 2 

Results for Max. Allowable External Pressure (Emawp): 

Corroded Thickness of Shell TCA 4.5117 mrn 

Outside Diameter of Shell ODCA 73.025 rom 

Design Length of Cylinder or Cone SLEN 6292.850 rom 
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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 -------------------------------
Shell Analysis : Inner Pipe/Tube Item: 3 12:22p Aug 5,2013 

Diameter I Thickness Ratio (DIT) 16.1858 

Length I Diameter Ratio LD 50.0000 

Geometry Factor, A f(DT,LO) A 0.0041988 

Materials Factor, B, f(A, Chart) B 110078.2812 kPa 

Maximum Allowable Working Pressure 9.07 N/nun 2 

EMAWP = (4*B)I(3*(DIT}} = ( 4 * 0.1&+06 }/( 3 *16.1858 ) = 9.0681 

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

Corroded Thickness of Shell TCA 3.9926 mm 

Outside Diameter of Shell ODCA 73.025 mm 

Design Length of Cylinder or Cone SLEN 6292.850 mm 

Diameter I Thickness Ratio (0/T) 18.2903 

Length I Diameter Ratio LD 50.0000 

Geometry Factor, A f(DT,LD) A 0.0032882 

Materials Factor, B, f(A, Chart} B 106414.4609 kPa 

Maximum Allowable Working Pressure 7. 76 Nlmm 2 

EMAWP = (4*B)/{3*(DIT)) = ( 4 * 0.1E+06 Jl( 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 I Thickness Ratio (0/T) 16.1858 

Length I Diameter Ratio LD 50.0000 

Geometry Factor, A f(DT,LD) A 0.0041988 

Materials Factor, B, f{A, Chart) B 110078.2812 kPa 

Maximum Allowable Working Pressure 9.07 N/mrn 2 

EMAWP = (4*B)/(3*(DITl) = ( 4 * O.lg+06 )/( 3 *16.1858} = 9.0681 
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Bantrel POi 1083-BC-4008 12 
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 : Inner Pipe/Tube Item: 3 12:22p Aug 5,2013 

Summary of External Pressure Results: 

Allowable Pressure at Corroded thickness 9.07 N/rnm• 

Required Pressure as entered by User 7.76 N/rnm• 

Required Thickness including Corrosion all. 3.9926 rnm 

Actual Thickness as entered by User 4.5117 rnm 

Maximum Length for Thickness and Pressure 0.1234E+08 rnm 

Actual Length as entered by User 6292.85 mm 

Weight and Volume Results, No C.A. : 

Volume of Shell Component VOLMET 6983961.5 rom "3 

Weight of Shell Component WMET 530.8 N 

Inside Volume of Component VOLID 0.2025E+08 mm "3 

Weight of Water in Component WWAT 198.4 N 

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



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 SI Units -------------------------------
Shell Analysis : Shell Cover HD Item: 4 l2:22p Aug 5,2013 

Input Echo, Component 4, Description: Shell Cover HD 

Design Internal Pressure p 7.65 N/mm2 

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 c 

External Pressure Chart Name CS-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 kPa 

Allowable Stress At Ambient SA 137892.00 kPa 

Yield Stress At Temperature Sy 227714.84 kPa 

Curve Name for Chart ucs 66 B 

Joint efficiency for Head Joint E 1.00 

Outside Diameter of Elliptical Head D 355.600 mm 

Minimum Thickness of Pipe or Plate T 11.1760 mm 

Nominal Thickness of Pipe or Plate Tnom 12.7000 mm 

Shell/Head Int. Corrosion Allowance CA 1.5875 mm 

Aspect Ratio AR 2.0000 

Length of Straight Flange STRTFLG 50.8000 mm 
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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 SI Units 
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 

Internal Pressure results. Shell Number 4. Desc•i Shell Cover HD 

ASME Code, Section VIII, Division 1, 2011a 

Thickness Due to Internal Pressure (Tr): 

(P*(D-2.0*CAEJ*K) I (2*S*E+2*P*(K-0.1)) per Appendix 1-4 {c) 

{7.65*(355.6000-2*0.000)*1.00)1{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): 

{2*S*E*(T-CA-CAE)) I (K*(D-2*CAE)-2*(T-CA-CAE)*(K-0.1)) per Appendix l-4(c) 

= {2*137892.00*1.00*(9.5885))1{1.00*355.6000-2*(9.5885)*(1.00-0.1)) 

7.82 N/mm 2 

Maximum Allowable Pressure, New and Cold (MAPNC): 

(2*SA*E*T) I (K*D-2*T*(K-0.1)) per Appendix 1-4 (c) 

(2*137892.00*1.00*11.1760)1(1.00*355.6000-2*11.1760*(1.00-0.l)) 

9.19 Nlmm• 

Actual stress at given pressure and thickness (Sact): 

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

(7.65*{1.00*355.6000-2*(9.5885)*(1.00-0.1)))1{2*1.00*(9.5885)) 

135022.34 kPa 

SUMMARY OF INTERNAL PRESSURE RESULTS: 
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Bantrel POi 1083-BC-4008 
Nat'l Gas Heater, Item: BL-E-301; 80:4474 
Eng: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
Shell Analysis : Shell Cover HD Item: 4 12:22p Aug 

Required Thickness plus Corrosion Allowance, Trca 10.9859 mm 

Actual Thickness as Given in Input 11.1760 mm 

Maximum Allowable Working Pressure MAWP 7.816 N/mm• 

Maximum Allowable Pressure, NC MAPNC 9.187 N/mm 2 

Design Pressure as Given in Input p 7.653 N/mm 2 

Hydrostatic Test Pressures ( Measured at High Point): 

Hydrotest per UG-99(b); 1.3 * MAWP * Sa/S 10.16 N/mm 2 

Hydrotest per UG-99(c); 1.3 * MAPNC 11.94 N/mm 2 

Pneumatic per UG-100 1.1 * MAWP * Sa/S 8.60 N/mm 2 

Percent Elong. per UCS-79, VIII-1-01-57 (75*tnom/Rf)*(l-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 , E* = 1.00 

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

Min. Metal Temp. w/o impact per Fig. UCS-66 -25 c 

Min. Metal Temp. at Req'd thk. (UCS 66.1) -26 c 

Min. Metal Temp. w/o impact per UG-20(f) -29 c 

External Pressure Results, Shell Number 4. Desc.: Shell Cover HD 

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

External Pressure Chart CS-2 at 177.79 c 

Elastic Modulus for Material 196362.75 N/mm 2 
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Bantrel POi 1083-BC-4008 
Nat'l Gas Heater 1 Item: BL-E-301; S0:4474 
Eng: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
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 mm 

Outside Diameter of Shell ODCA 355.600 mm 

Diameter I Thickness Ratio (DIT) 37.0861 

Geometry Factor, A f(DT,LD) A 0.0037450 

Materials Factor, B, f(A, Chart) B 108430.5078 kPa 

Maximum Allowable Working Pressure 3.25 Nlmm• 

EMAWP = B/(KO*(D/T)) = 0.1E+06I(0.9000 *37.0861 ) 3.2487 

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

Corroded Thickness of Head TCA 0.9291 mm 

Outside Diameter of Shell ODCA 355.600 mm 

Diameter I Thickness Ratio (D/T) 382.7430 

Geometry Factor, A f(DT,LD) A 0.0003629 

Materials Factor, B, f(A, Chart) B 35627.0117 kPa 

Maximum Allowable Working Pressure 0.10 N/mm 2 

EMAWP = B/(KO*(D/T)) = 35627.0117/(0.9000 *382.7430) 0.1034 

Summary of External Pressure Results: 

Allowable Pressure at Corroded thickness 3.25 N/rom 2 

Required Pressure as entered by User 0.10 Nlrom 2 

Required Thickness including Corrosion all. 2.5166 rom 

Actual Thickness as entered by User 11.1760 rom 

Weight and Volume Results, Original Thickness: 

Volume of Shell Component VOLMET 2501235.8 mm "3 

Weight of Shell Component WMBT 190.1 N 

Inside Volume of Component VOLID 4844414.0 rom "3 

Weight of Water in Component WWAT 90.9 N 
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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: BEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
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 93.1 N 

Inside Vol. of 50.80 mm Straight, Corr. VOLSCA 45156,98.5 mm "3 

Total Volume for Head + Straight Corroded VOLTCA 9499901.0 mm "3 

PV Elite is a trademark of lntergraph CADWorx & Analysis Solutions, Inc. 2012 
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Bantrel POi 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 SF Item: 5 12:22p Aug 5,2013 

Input Echo, Component 5, Description: Shell Cover SF 

Design Internal Pressure I? 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 c 

External Pressure Chart Name CS-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 kPa 

Allowable Stress At Ambient SA 137892.00 kPa 

Yield Stress At Temperature Sy 227714.84 kPa 

Curve Name for Chart ucs 66 B 

Joint efficiency for Shell Joint E 1.00 

Design Length of section L 50.800 mm 

Length of Cylinder for volume Cales. CYLLEN 50.800 mm 

Outside Diameter of Cylindrical Shell D 355.600 rom 

Minimum Thickness of Pipe or Plate T 12.7000 mm 

Nominal Thickness of Pipe or Plate Tnorn 12.7000 mm 

Shell/Head Int. Corrosion Allowance CA 1.5875 rnrn 

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

Type of Element: Cylindrical Shell 

Internal pressure results. Shell Number 5. pesc,; Shell Cover SF 

ASME Code, Section VIII, Division 1, 2011a 

Thickness Due to Internal Pressure (Tr): 

{P*(D/2-CAE)) I (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 (MAWP): 

(S*E*(T-CA-CAE)) I ((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 2 

Maximum Allowable Pressure, New and Cold (MAPNC): 

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

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

10.14 N/mm 2 

Actual stress at given pressure and thickness (Sact): 

(P*( (D/2-CAE)-0.4*(T-CA-CAE))) I (E*(T-CA-CAE)) 

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

119386.89 kE'a 

SUMMARY OF INTERNAL PRESSURE RESULTS: 

Required Thickness plus Corrosion Allowance, Trca 11.2411 nun 
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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 -------------------------------
Shell Analysis : Shell Cover SF Item: 5 12:22p Aug 5,2013 

Actual Thickness as Given in Input 12.7000 mm 

Maximum Allowable Working Pressure MAWP 8.839 N/mm• 

Maximum Allowable Pressure, NC MAPNC 10.139 N/mm 2 

Design Pressure as Given in Input p 7. 653 N/mm• 

Hydrostatic Test Pressures ( Measured at High Point): 

Hydrotest per UG-99(b); 1.3 * MAWP * Sa/S 11.49 N/mm2 

Hydrotest per UG-99(c); 1.3 * MAPNC 13.18 N/mm 2 

Pneumatic per UG-100 1.1 * MAWP * Sa/S 9.72 N/mm 2 

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 , c = 1.5875 mm , E* = 1.00 

Stress Ratio = tr * (E*) I (tg_sr- c)= 0.869 , Temp. Reduction = 7 C 

Min. Metal Temp. w/o impact per Fig. UCS-66 -21 c 

Min. Metal Temp. at Req'd thk. {UCS 66.1) -29 c 

Min. Metal Temp. w/o impact per UG-20(f) -29 c 

External pressure Results, Shell Number 5, Desc.: Shell Cover SF 

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

External Pressure Chart CS-2 at 177.79 c 

Elastic Modulus for Material 196362.75 N/mm 2 

Results for Max. Allowable External Pressure (Emawp): 

Corroded Thickness of Shell TCA 11.1125 mm 
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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 -------------------------------
Shell Analysis : Shell Cover SF Item: 5 12:22p 

Outside Diameter of Shell ODCA 355.600 mrn 

Design Length of Cylinder or Cone SLEN 50.800 mrn 

Diameter I Thickness Ratio (DIT) 32.0000 

Length I 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 !?res sure 5.05 Nlmrn• 

EMAWP = (4*B)I(3*(DIT)) = ( 4 * 0.1E+06 )I( 3 *32.0000) = 5.0539 

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

Corroded Thickness of Shell TCA 0.5063 mrn 

Outside Diameter of Shell ODCA 355.600 mrn 

Design Length of Cylinder or Cone SLEN 50.800 mrn 

Diameter I Thickness Ratio {DIT) 702.3177 

Length I Diameter Ratio LD 0.1429 

Geometry Factor, A f(DT,LD) A 0.0005549 

Materials Factor, B, f(A, Chart) B 54477.3750 kPa 

Maximum Allowable Working !?res sure 0.10 Nlmrn• 

Aug 5,2013 

EMAWP = (4*B)I(3*(DIT)) = ( 4 *54477.3750 )I{ 3 *702.3177) = 0.1034 

Results for Maximum Length Calculation: No Conversion 

Corroded Thickness of Shell TCA 11.1125 mrn 

Outside Diameter of Shell ODCA 355.600 mrn 

Design Length of Cylinder or Cone SLEN 0.685E+31 mrn 

Diameter I Thickness Ratio (DIT) 32.0000 

Length I Diameter Ratio LD 50.0000 

Geometry Factor, A f(DT 1 LD) A 0.0010742 

Materials Factor, B, f(A, Chart) B 82863.1719 kPa 

Maximum Allowable Working Pressure 3.45 Nlmrn• 
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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 SI Units -------------------------------
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 Results: 

Allowable Pressure at Corroded thickness 5.05 N/mm 2 

Required Pressure as entered by User 0.10 N/mm2 

Required Thickness including Corrosion all. 2.0938 mm 

Actual Thickness as entered by User 12.7000 mm 

Maximum Length for Thickness and Pressure 0. 6847E+31 mm 

Actual Length as entered by User 50.80 mm 

Weight and Volume Results, Original Thickness: 

Volume of Shell Component VOLMET 694999.9 mm "3 

Weight of Shell Component WMET 52.8 N 

Inside Volume of Component VOLID 4350185.0 rnm "3 

Weight of Water in Component WWAT 42.6 N 

Weight and Volume Results, Corroded Thickness: 

Volume of Shell Component, Corroded VOLMETCA 610940.7 mm "3 

weight of Shell Component, Corroded WMETCA 46.4 N 

Inside Volume of Component, Corroded VOLIDCA 4434244.5 mm "3 

Weight of Water in Component, Corroded WWATCA 43.5 N 

PV Elite is a trademark of lntergraph CADWorx & Analysis Solutions, Inc. 2012 
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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 -------------------------------
Shell Analysis : C/D Reduction Item: 6 12:22p Aug 5,2013 

Input Echo, Component 6, Description: C/D Reduction 

Design Internal Pressure p 9.93 N/mrn 2 

Temperature for Internal Pressure 150.01 c 

User Entered Minimum Design Metal Temperature -28.89 c 

Design External Pressure PEXT 0.10 N/mrn2 

Temperature for External Pressure 150.01 c 

External Pressure Chart Name CS-2 

Include Hydrostatic Head Components NO 

Material Specification (Not Normalized) SA-105 

Material UNS Nwnber K03504 

Material Form used Forgings 

Allowable Stress At Temperature s 137892.00 kPa 

Allowable Stress At Ambient SA 137892.00 kPa 

Yield Stress At Temperature Sy 219110.38 kPa 

Curve Name for Chart ucs 66 B 

Joint efficiency for Shell Joint E 1.00 

Design Length of Section L 50.800 mrn 

Length of Cylinder for Volume Cales. CYLLEN 50.800 mrn 

Inside Diameter of Cylindrical Shell D 76.200 mrn 

Minimum Thickness of Pipe or Plate T 7. 9375 mrn 

Nominal Thickness of Pipe or Plate Tnom 7. 9375 mm 

Shell/Head Int. Corrosion Allowance CA 1. 5875 mrn 

Skip UG-16(b) Min. thickness calculation NO 
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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 
Shell Analysis : C/D Reduction Item: 6 12:22p Aug 5,2013 

Type of Element: Cylindrical Shell 

Internal pressure results. Shell Number 6. Desc·i C/D Redyctjon 

ASME Code, Section VIII, Division 1, 201la 

Thickness Due to Internal Pressure (Tr): 

(P* (DI2+CA)) I (S*E-0. 6*P) per UG-27 {c) (1) 

(9.93*(76.200012+1.5875))1!137892.00*1.00-0.6*9.93) 

= 2.9865 + 1.5875 = 4.5740 mm 

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

(S*E*(T-CA-CAE)) I ((D/2+CA)+0.6*(T-CA-CAE)) per UG-27 (c) (1) 

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

= 20.13 N/mm 2 

Maximum Allowable Pressure, New and Cold (MAPNC): 

(SA*E*T) I (D/2+0. 6*T} per UG-27 (c) (1) 

(137892.00*1.00*7.9375)/(76.200012+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))) I (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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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 : C/D Reduction Item: 6 12:22p Aug 5,2013 

Actual Thickness as Given in Input 7.9375 nun 

Maximum Allowable Working Pressure MAWP 20.131 N/mm• 

Maximum Allowable Pressure, NC MAPNC 25.536 N/nun 2 

Design Pressure as Given in Input p 9.928 N/mm• 

Hydrostatic Test Pressures ( Measured at High Point): 

Hydrotest per UG-99(b); 1.3 * MAWP * Sa/S 26.1? N/mm 2 

Hydrotest per UG-99(c); 1.3 * MAPNC 33.20 N/mm 2 

Pneumatic per OG-100 1.1 * MAWP * Sa/S 22.14 N/mm 2 

Minimum Design Metal Temperature per UCS-66 Curve : 8 

tg = 7.938, tg_sr = 7.938, tr = 2.987. c = 1.5875 mm, E* = 1.00 

Stress Ratio= tr * (E*) I (tg_sr- c)= 0.470, Temp. Reduction = 39 C 

Min. Metal Temp. w/o impact per Fig. ucs-66 -29 c 

Min. Metal Temp. at Req'd thk. (UCS 66.1) -48 c 

Min. Metal Temp. w/o impact per UG-20(f) -29 c 

External Pressure Results. Shell Number 6. Desc.: C/D Reduction 

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

EKternal Pressure Chart CS-2 at '150. 01 c 

Elastic Modulus for Material 199810.14 N/nun 2 

Results for Max. Allowable External Pressure (Emawp): 

Corroded Thickness of Shell TCA 6.3500 mrn 

Outside Diameter of Shell ODCA 92.075 mm 

Design Length of Cylinder or Cone SLEN 50.800 nun 
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Bantrel PO# 1083-BC-4008 
Nat'l Gas Heater, Item: BL-E-301; 50:4474 
Enq: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 

FileName : CC4474 SI Units -------------------------------
Shell Analysis : C/D Reduction Item: 6 12:22p Aug 5,2013 

Diameter I Thickness Ratio (DIT) 14.5000 

Length I 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 Nlmm2 

EMAWP = {4*B)I{3*(DIT)) = ( 4 * 0.1E+06 Jl( 3 *14.5000) = 11.2801 

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

Corroded Thickness of Shell TCA 0.2312 mm 

Outside Diameter of Shell ODCA 92.075 mm 

Design Length of Cylinder or Cone SLEN 50.800 mm 

Diameter I Thickness Ratio (DIT) 398.1975 

Length I Diameter Ratio LD 0.5517 

Geometry Factor, A f(DT,LD) A 0.0003092 

Materials Factor, B, f(A, Chart) B 30886.9531 kPa 

Maximum Allowable Working Pressure 0.10 Nlmm• 

EMAWP = (4*B)I(3*(DIT)) = ( 4 *30886.9531 ll( 3 *398.1975 ) = 0.1034 

Results for Maximum Length calculation: No Conversion 

Corroded Thickness of Shell TCA 6.3500 mm 

Outside Diameter of Shell ODCA 92.075 mm 

Design Length of Cylinder or Cone SLEN 0.501E+32 mm 

Diameter I Thickness Ratio (DIT) 14.5000 

Length I Diameter Ratio LD 50.0000 

Geometry Factor, A f(DT,LD) A 0.0052319 

Materials Factor, B, f{A, Chart) B 119631.2891 kPa 

Maximum Allowable Working Pressure 11.00 Nlmm 2 

EMAWP = (4*B)I(3*(DIT)) = ( 4 * 0.1E+06 )I( 3 *14.5000) = 11.0008 
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Bantrel PO# 1083-BC-4008 27 
Nat'l Gas Heater, Item: BL-E-301; 80:4474 
Eng: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
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/mm2 

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 mm "3 

Weight of Water in Component, corroded WWATCA 2.5 N 

PV Elite is a trademark of lntergraph 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 -------------------------------
Nozzle Analysis : Nozzle A/B Item: 1 l2:22p Aug 5,2013 

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

Design Internal Pressure ( Case 1 p 7.65 N/nun 2 

Temperature for Internal Pressure TEMP 177.79 c 

Design External Pressure ( Case 2 PEXT 0.10 N/nun• 

Temperature for External Pressure TEMPE X 177.79 c 

Maximum Allowable Pressure New & Cold (Case 3) 7.65 N/nun2 

Include Hydrostatic Head Components NO 

Shell or Head Material (Not Normalized or NAJ SA-106 B 

Material UNS Number K03006 

Shell/Head Allowable Stress at Temperature s 117897.66 kPa 

Shell/Head Allowable Stress At Ambient SA 117897.66 kPa 

Shell/Head Yield Stress at Temperature Sy 209788.91 kPa 

Outside Diameter of Cylindrical Shell D 114.300 mm 

Design Length of Section L 6194.425 mm 

Actual Thickness of Shell or Head T 5.2673 mm 

Corrosion Allowance for Shell or Head CAS 1.5875 mm 

Is this Nozzle a Radial Nozzle YES 

Is this Nozzle a Lateral Nozzle (Y-angle) NO 

The Attached Flange is Class CL 600 Grade GR 1.1 

Nozzle Material (Not Normalized or NA) SA-106 B 

Material UNS Number K03006 
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Bantrel PO# 1083-BC-4008 
Nat'! Gas Heater, Item: BL-E-301; 50:4474 
Enq: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
Nozzle Analysis : Nozzle A/B Item: 1 12:22p Auq 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 rmn 

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 wo 6.3500 rmn 

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 AJB 

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

Actual Outside Diameter Used in Calculation 60.325 mm. 

Actual Thickness Used in Calculation 8.738 rmn 
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Bantrel PO# 1083-BC-4008 30 
Nat'l Gas Heater, Item: BL-E-301; 50:4474 
Eng: COS 
PV El~te 2012 Licensee: HEAT EXCHANGER DESIGN 

FileName : CC4474 SI Un~ts -------------------------------
Nozzle Analysis : Nozzle A/B Item: l l2:22p Aug 5,2013 

Internal Pressure Results for SHELL/HEAD : 

Reqd thk per UG-37(a) of C'flindrical Shell, Tr Internal Pressure 

Thickness Due to Internal Pressure: 

(P*(D/2-CAE)) I (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) 

3.6159 + 1.5875 = 5.2034 mm 

Reqd thk per UG-37(a) of C'flindrical Shell, Tr Mapnc case 

Thickness Due to Internal Pressure: 

(P*(D/2-CAE)) I (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) 

3.6159 + 0.0000 = 3.6159 rnm 

External Pressure Results for SHELL/HEAD : 

Summary of External Pressure Results: 

Allowable Pressure at Corroded thickness 3.62 N/rnm 2 

Required Pressure as entered by User 0.10 N/rnm 2 

Required Thickness including Corrosion all. 2.6111 rnm 

Actual Thickness as entered by User 5.2673 ll\ll\. 

Maximum Length for Thickness and Pressure 0.9150E+33 rnm 

Actual Length as entered by User 6194.43 ll\ll\ 

Internal Pressure Results for NOZZLE : 



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 SI Units -------------------------------
Nozzle Analysis : Nozzle A/B Item: 1 12:22p Aug 5,2013 

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

Thickness Due to Internal Pressure: 

(P*(OI2-CAE)) I {S*E+0.4*P) per Appendix 1-1 (a) (1) 

(7.65*(60.325012-0.000)1(117897.66*1.00+0.4*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*(OI2-CAB}) I (S*E+0.4*P) per Appendix 1-1 (a) {1) 

(7.65*(60.325012-0.000)/(117897.66*1.00+0.4*7.65) 

1.9084 + 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/mrn 2 

Required Pressure as entered by User 0.10 N/mm 2 

Required Thickness including Corrosion all. 1.8712 mm 

Actual Thickness as entered by User 8. 7376 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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Bantrel PO# 1083-BC-4009 
Nat'l Gas Heater, Item: BL-E-301; S0:4474 
Eng: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
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 a UG-36(cX3)(a) exemption for Nozzle AlB 

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 , P = 1.00 

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

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/o impact per UG-20(f) -29 c 

MDMT of Nozzle Neck to Flange Weld, UCSCurve:B 

tg = 8.738, tg_sr= 8.738, tr= 1.908, c= 1.5875 mm, E* = 1.00 

32 



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 SI Units -------------------------------
Nozzle Analysis : Nozzle A/B Item: 1 12:22p Aug 5,2013 

Stress Ratio = tr * (E") I (tg_sr- c)= 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 Nozzle-Shell/Head Weld for the Nozzle (UCS.66(a)1(b)), Curve: B 

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

Stress Ratio= tr * (E*) I (tg_sr- c);::: 0.983 , Temp. Reduction= 1 C 

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(fl 

Governing MDMT of the Shell 

Governing MDMT of all the sub-joints on this junction 

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

-29 c 

-30 c 

-29 c 

-30 c 

-30 c 

Intermediate Cales. for nozzle/shell welds Tmin 3. 6798 mm 

Results Per UW-16.1: 

Required Thickness Actual Thickness 

Nozzle Weld 2.5759 = 0.7 * Tmin 4.4901 = 0.707 * WO , mm 

M.A.W.P. Results Based on, Shell and Nozzle neck: 

Converged M.A.W.P for given geometry AMAWP 7.792 N/mm 2 
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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 SI Units -------------------------------
Nozzle Analysis : Nozzle A/B Item: 1 l2:22p Aug 5,2013 

Flange Pressure Rating for CL 600 GR 1.1 (ASME{ANSI 816.5{.47 2006 Ed.): 

Pressure Rating for Bl6.5 Flange at 178 C is 8.871 Nlmm 2 

Pressure Rating for 816.5 Flange at 21 C is 10.204 Nlmm2 

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

Stress Ratio, Sfrat = Design Pressure I Flange Rating at MDMT 

= 7.65 I 10.20 = 0.750 

Min. Metal Temp. wlo impact per UCS-66(c) -29 c 

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 lntergraph CADWorx & Analysis Solutions, Inc. 2012 
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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 -------------------------------
Nozzle Analysis : C/D Flg. Ref Item: 2 12:22p Aug 5,2013 

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

Design Internal Pressure ( Case 1 p 9.93 N/mrn• 

Temperature for Internal Pressure 150.01 c 

Design External Pressure { Case 2 PEXT 0.10 N/mm• 

Temperature for External Pressure TEMPE X 150.01 c 

Include Hydrostatic Head Components NO 

Shell or Head Material (Not Normalized or NA) SA-105 

Material UNS Number K03504 

Shell/Head Allowable Stress at Temperature s 137892.00 kPa 

Shell/Head Allowable Stress At Ambient SA 137892.00 kPa 

Shell/Head Yield Stress at Temperature Sy 219110.38 kPa 

Inside Diameter of Cylindrical Shell D 76.200 mm 

Design Length of Section L 50.800 mm 

Actual Thickness of Shell or Head T 7. 9375 mm 

corrosion Allowance for Shell or Head CAS 1. 5875 mm 

Is this Nozzle a Radial Nozzle YES 

Is this Nozzle a Lateral Nozzle (Y-angle) NO 

The Attached Flange is Class CL 900 Grade GR 1.1 

Nozzle Material (Not Normalized or NA) SA-105 

Material UNS Number K03504 

Nozzle Allowable Stress at Temperature SN 137892.00 kPa 
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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 -------------------------------
Nozzle Analysis : C/D Flg. Ref Item: 2 12:22p Aug 5,2013 

Nozzle Allowable Stress At Ambient SNA 137892.00 kPa 

Diameter Basis for Nozzle BASISN IO 

Inside Diameter of Nozzle DIA 76.200 mm 

Nozzle Size and Thickness Basis DBN Actual 

Actual Thickness of Nozzle THK 7.9375 mm 

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 Abutting 

Outward Projection of Nozzle HO 228.600 mm 

Weld leg size between Nozzle and Pad/Shell wo 6.3500 mm 

Groove weld depth between Nozzle and Vessel WGNV 7.9375 mm 

ASME Code Weld Type per UW-16.1 A 

Method used for checking Nozzle opening UG-37 

Method used for checking Large Nozzles App. 1-7 

Is this is ManwayiAccess/Inspection Opening No 

Skip Iterative Failure Thickness Calculations Yes 

Flange Pressure Rating for CL 900 GR 1.1 (ASME/ ANSI 816.5/.47 2006 Ed.): 

Pressure Rating for 816.5 Flange at 150 c is 13.539 N/mm• 

Pressure Rating for Bl6.5 Flange at 21 c is 15.306 Nlmm 2 

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

Stress Ratio, Sfrat = Design Pressure I Flange Rating at MDMT 

= 9.93 I 15.31 = 0.649 
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Bantrel PO# 1083-BC-4009 
Nat'l Gas Heater, Item: BL-E-301; 80:4474 
Eng: cos 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
Nozzle Analysis : C/D Flg. Ref Item: 2 12:22p Aug 5,2013 

Min. Metal Temp. w/o impact per UCS-66(c) -29 c 

Reduction in Min. Metal Temp. per UCS-66.1 using Sfrat 20 c 

Final Minimum Metal Temperature at Design Pressure -48 c 

PV Elite is a trademark of lntergraph CADWorx & Analysis Solutions, Inc. 2012 
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Bantrel POi 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 -------------------------------
Horizves Analysis : S4474- Struat Item: l l2:22p Aug 5,2013 

Input Echo, Horizontal Vessel Item 1, Description: 54474- Struct (Looking at Saddle Only) 

Design Internal Pressure 7.65 N/mm2 

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 137892.00 kPa 

Density of Shell and Head Material 7750.3999 kg/m 3 

Density of Stored Liquid 999.5419 kg/m 3 

Liquid 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 
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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 SI Units -------------------------------
Horizves Analysis : 84474- Struct Item: 1 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 kl?a 

Ambient Allowable Stress 137892.00 kPa 

Force Coefficient (Shape factor) Cf 0.600 

Extra Area 0.0000 m• 

Design Wind Code ASCE 7-95 

Importance Factor 1.000 

Wind Velocity 40.233 m/sec 

Exposure Category c 

Height above Grade 1.829 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 rom 

Shell Length Tangent to Tangent 7.010 m 

Thickness of Shell 5.2673 rom 

Shell Joint Efficiency 1.0000 
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Bantrel PO# 1083-BC-4008 
Nat'l Gas Heater, Item: BL-E-301; 50:4474 
Eng: COS 
PV El~te 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
Horizves Analysis : 84474- Struct Item: l 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 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 

Results for Horizontal vessel Number 1. pescrjptiom S4474- Struct 

Wind Load Results per ASCE-7 95 

Alpha factor from Table C6-2 9.5 

Zg 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 qz at mid from Eq 6-15 0.843 kPa 

Wind velocity Pressure, P = qz * G 0.716 kPa 

Wind( ASCE #7 ) and Seismic Results : 

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; 80:4474 
Eng: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
Horizves Analysis : S4474- Struct Item: 1 12:22p Auq 5,2013 

Ftw = 263.801 N 

Longitudinal Wind Load Component, Flw: 

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 * 5475.67 ) * 0.5 

Fte 752.904 N 

Longitudinal Earthquake Load Component, Ae: 

Fle = Cs * Wo 

Fle 0.2750 * 5475.67 

Fle 1505.809 N 

Saddle Reaction Force due to Transverse Forces, Qr: 

Qr = ftr * Max{ Ftw, Fte ) * B I E 

Qr 3.0 * Max{ 263.80 , 752.90 ) * 222.2500 I 113.4721 

Qr 4423.985 N 

Saddle Reaction Force due to Longitudinal forces, Ql: 

Ql =Max( Flw, Fle, Flf, Flu ) * B I Ls 

Q1 =Max( 16.54 , 1505.81 , 0.00 , 0.00 ) * 222.2500 I 3962.3999 

Ql = 84.460 N 

Load Combination Results for Q + Wind or Seismic or Friction or User 

Q = Wo/2 + Max( Qr, Ql ) 
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Eantrel PO# 1083-EC-4008 
Nat'l Gas Heater 1 Item: BL-E-301; 80:4474 
Eng: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
Horizves Analysis : S4474- Struct Item: 1 12:22p Aug 5 1 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 : 

Thickness Due to Internal Pressure: 

(P*(D/2-CAE)) I (S*E+0.4*Pl 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)) I ((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/mm 2 

Maximum Allowable Pressure, New and Cold (MAPNC): 

{SA*E*T) I (DI2-0.4*T) per Appendix 1-1 (a) (1) 

(117897.66*1.00*5.2673)/(114.300012-0.4*5.2673) 

11.28 Nlmm 2 
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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- Struct Item: 1 12:22p Aug 5,2013 

Actual stress at given pressure and thickness (Sact): 

(P*((D/2-CAE)-0.4*(T-CA-CAE))) I (E*(T-CA-CAE)J 

(7.65*(({114.3QQQ/2-0.0Q0)-Q.4T(3.6798)))/(1.0Q*(3.6798)) 

115810. 67 kPa 

Flat Head: 

Thickness Due to Internal Pressure: 

(D) * SQRT (Z*CF*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 

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

Less Operating Hydrostatic Head Pressure of 0.00 N/mm• 

((T-CA-CAE)/0)"'2 * {(S*E)/(CF*Z)} per UG-34 (c) (3) 

((73.0250)1114.3000)**2*((137892.00*1.00)1(0.30*1.00)) 

= 187.62 - 0.00 = 187.62 Nlmm' 

Maximum Allowable Pressure, New and Cold (MAPNC): 

{TID) "2* ( (S*E) I (CF*Z)) per UG-34 (c) (3) 

= (74.61251114.3000)**2*((137892.00*1.00)/(0.30*1.00)) 

= 195.87 Nlmm 2 

Actual stress at given pressure and thickness (Sact): 

{Z*CF*Pl I { ( ( (T-CA-CAE) /D) "2) *E) 

(1.00*0.30*7.65)/({((73.0250}/114.3000)**2)*1.00) 

5625.51 kPa 

Longitudinal Bending ( +-) at Midspan 

= ( 3*Q* Ll12 * K.2 I (PI* R"2 * ( T- CA ))) 
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Bantrel POi 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 -------------------------------
Hori~ves Analysis : S4474- Struct Item: 1 12:22p Aug 5,2013 

= ( 3* 7161 112 * 7.01 * 0.1306 l I 

PI* 53.4702 * 53.4702 * ( 5.2673- 1.5875 ))) 

49579.06 kPa 

Compute the area ratio [K]: 

=Pi * (Sin(Delta)IDelta- Cos(Delta) ) I (Delta + Sin(Delta) * Cos(Delta) -

(Delta+ Sin(Delta) * Cos{Delta) - 2 * Sin{Delta) * Sin(Delta)IDelta) 

=Pi* (Sin(l.614) I 1.614- Cos(1.614 )) I ( 1.614 + Sin(1.614) * 

Cos(1.614 ) - 2 * Sin(l.614 ) * Sin(l.614 )/ 1.614 

= 6.2238 

Compute the moment fraction [X]: 

(1- (1- AIL+ ( R 2 - H2 )/(2 * A*L) )1(1 + (4*H ll( 3 * L) ) ) 

11- (1- 121.ooo n.o1o + (4.456'- o.ooo•Jf< 2 * 121.ooo * 1.010 1 1 1 

(1 + (4 * 0.000 )/(3 * 7.010 ) ) ) 

= 0.2173 

Intermediate Product [K.l]: 

= K * X * 4 * A / L 

= 6.224 * 0.217 * 4 * 127.000 I 7.010 1.1758 

Longitudinal Bending(+-) at Saddle 

3*Q* Lll2 * K.l I (PI* RA2 * ( T- CA ))) 

3* 7161 /12 * 7.01 * 1.1758 l I 

PI* 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)) 
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Bantrel PO# 1083-BC-4008 
Nat'l Gas Heater, Item: BL-E-301; 80:4474 
Eng: cos 
JN Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
Horizves Analysis 84474- Struot Item: l 12:22p Aug 5,2013 

~ 7.7 * (( 103.77 I 2 + 1.5875- 0.4 * ! 5.267- 1.5875 ll I 

( 2.0 * ( 5.267 - 1.5875 l) 

= 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}) 

= 7161 * 0.7988 * (( 7.01- 0.00- 2 * 1.52 )/ 

( 7.01 + 0.00 }II( 53.4702 * ( 5.2673- 1.5875 )) 

= 16435.22 kPa 

arcumferential Stress at Hom of Saddle (L >= 8R) 

= -Q 1(4*TEM*(SADWTH+l.56*SQRT(R*(T-CA))))-3.0*Q*K.71(2*TEB) 

= -7161 /( 4 * 3.6798 * (44.45 + 1.56*SQRT(53.4702 *3.6798 ))) 

-3 * 7161 * 0.0320 I ! 2 * 13.5411 l 

= -32723.00 kPa 

Circumferential Compression at Bottom of Shell 

(Q*( K.9/( TEM9*( B+1.56 * SQRT( R * TEM9 )))) 

(7161 *(0.6733 1(3.6798 *(44.45 +1.56*SQRT(55.06 *3.6798 llll 

= -19659.71 kPa 

RESULTS for VESSEL RIBS, WEB and BASE 

Moment of Inertia of Saddle • 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; 80:4474 
Eng: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units 
Horizves Analysis : S4474-

-------------------------------
Struct Item: 1 12:22p Aug 

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)ISumof(A) llO. lllJll 

Value I Sumof(Ay 2 ) + Sumof(Io) - C1*Sumof(Ay) 5337772. lllJll**4 

Value As Sumof(A) - Ashell o. m• 

K1 (1+Cos(b)-.5*Sin(b)A2 )/(pi-b+Sin(b)*Cos{b)) 0.2594 

Fh = K1 * Q = 0.2594 * 7161.819 1857.578 N 

Tension Str., St = ( FhiAs ) 992.4338 kPa 

Allowed Str., Sa= .6 * Yield Stress 136628.9062 kPa 

d ~ B - R*Sin(theta) I theta 172.7638 mm 

Bending Moment, M = Fh * d 321.0524 N-m 

Bending Stress, Sbnd = ( M * C1 I I ) 6630.9019 k!?a 

Allowed Str., Sa .66 * Yield Str. 150291.7969 kPa 

Minimum Thickness of Baseplate 

= { 3 * Q * BasePlateWidth I ( 2 * BasePlateLength * 

AllStress ) )~ 

( 3 * 7161 * 76.20 I ( 2 * 279.400 * 150291.797 ll~ 

4.415 nun 
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Bantrel PO# 1083-BC-4009 
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 : 84474- Struct Item: 1 12:22p Aug 5,2013 

calculation of Axial load. Intermediate Valyes and Compressive Stressi 

Effective Baseplate Length (e) 

Bplen - Clearance J I Nribs - 1) 

279.4000 - 25.4 J I 1 2 - 1 ) = 254.0000 mm 

Baseplate Pressure Area (Ap} 

e * Bpwid I 2 

254.0000 * 76.2000 I 2 0.0097 m• 

Axial Load (PI 

=Ap*Bp 

= 9677.40 * 1239.31 = 3255.37 N 

Area of the Rib and Web (Arl 

Bpwid - Clearance - Webtk ) * Ribtk + el2 * Webtk 

76.200- 25.4 - 6.350 l * 6.350 + 254.0000 /2 * 6.350 

- 0.001 m• 

Compressive Stress (Sc) 

= P/Ar 

= 3255.37 I 0.0011 2990.2065 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. o. 10050. 127618. 62580. 
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KL/R < Cc ( 14.9370 < 129.5732 ) per AISC E2-l 9th Edition 

Sea= (1-(Klr) 2 /{2*Cc 2 ))*Fy/{5/3+3*(Klr)/(B*Cc)-(Klr3 )/(8*Cc 3 ) 

Sea~ 1-( 14.94 ) 2 /(2 * 129.57 2 )) * 227714 I 

5/3+3*(14.94 )/(8* 129.57 )-( 14.94 3 )/{8*129.57 3 ) 

Sea= 132304.61 kPa 

AISC Unity Check on Outside Ribs (must be<= 1.0) 

Check= Sc/Sca + (Rm/Z)/Sba 

Check= 2990.21 I 132304.61 + (67.59 /4594.738 ) I 150291.80 

Check = 0.12 

PV Elite is a trademark of lntergraph CADWorx & Analysis Solutions, Inc. 2012 
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Input Echo, Horizontal Vessel Item 2, Description: 54474· Leg (Looks at each leg connection atthe saddle.) 

Design Internal Pressure 7. 65 N/mm 2 

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 137892.00 kPa 

Density of Shell and Head Material 7750.3999 kg/m' 

Density of Stored Liquid 999. 5419 kg/m 3 

Liquid Height in Vessel 106.9403 mm 

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

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 279.4000 mm 

Baseplate Thickness 12.7000 mm 

Baseplate Width 76.2000 mm 

Number of Ribs ( inc. outside ribs ) 2 
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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) Cf 0.600 

Extra Area 0.0000 m• 

Design Wind Code ASCE 7-95 

Importance Factor 1.000 

Wind Velocity 40.233 m/sec 

Exposure Category c 

Height above Grade 1.829 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 
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Head Type Flat 

Head Thickness 74.6125 nun 

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 nun 

Wear Pad Width 0.000 mm 

Ring Location OD 

Stiffening Ring Material SA-516 70 

Stiffening Ring Material UNS Number K02700 

Ring Allowable Stress 137892.00 kPa 

Ring Compressive Yield Stress at Temp. 227714.84 kPa 

Stem Height, Thickness 50.8000 6.3500 nun 

Cross Width, Height 0.0000 0.0000 nun 

Results for Horizontal Vessel Number 2. Descriotion: 54474- Leg 

Wind load Results per ASCE-7 95 

Alpha factor from Table C6-2 9.5 

Zg from Table C6-2 274.32 rn 

Velocity Pressure Exposure Coeff. Kz {C3) 0.8489 

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

Wind velocity Pressure qz at mid from Eq 6-15 0.843 kPa 

Wind velocity Pressure, P ~ qz * G 0. 716 kPa 
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Vessel stress Summarv 

Shell Allowable Stress used in Calculation 117897.66 kPa 

Shell Compressive Yield used in Calculation 209788.91 kPa 

Head Allowable Stress used in Calculation 137892.00 kPa 

Ring Allowable Stress used in Calculation 137892.00 kPa 

Volume of Vessel 0.06 m **3 

Weight of Vessel, Empty 1312.79 N 

Weight of Vessel, Full 1929.98 N 

Shell Thk. + CA, Reqd. vs. Actual 5.204 5.267 mm 

Head Thk. + CA, Reqd. vs. Actual 16.337 74.612 mm 

Shell M.A.W.P. , Reqd. vs. Actual 7.65 7. 79 N/mmz 

Head M.A.W.P. , Reqd. vs. Actual 7.65 187.62 N/mmz 

Actual Allowable 

Long. Stress at Top of Saddles 78826.45 117897.66 kPa 

Long. Stress at Bottom of Saddles 29315.35 117897.66 kPa 

Long. Stress at Top of Midspan 36963.81 117897.66 kPa 

Long. Stress at Bottom of Midspan 71177.99 117897.66 kPa 

Tangential Shear in Shell 2259.64 94318.12 kPa 

Circ. Compressive Stress in Shell -6414.08 -104894.45 kPa 

Stiffener Circ. Stress at Shell -1078.80 -104894.45 kPa 

Stifiener Circ. Stress at Tip -2153.00 -113S57.42 kPa 

Wind( ASCE #7 ) and Seismic Results : 
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Transverse Wind Load Component, Ftw: 

Ftw = ArT * Cf * QZ * Cnv_rac) * 0.5 

Ftw = 1.227 * 0.600 * 0.7164 * 1000.22449)* 0.5 

Ftw = 263.801 N 

Longitudinal Wind Load Component, Flw: 

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, Fie: 

F1e = 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 IE 

Qr = 3.0 *Max( 263.80 , 265.37 ) * 222.2500 I 117.4750 

Qr = 1506.170 N 

Saddle Reaction Force due to Longitudinal forces, Ql: 

Ql =Max( Flw, Fle, Flf, Flu ) * B / Ls 

Ql =Max( 16.54 , 530.75 , 0.00 , 0.00 ) * 222.2500 I 3962.3999 
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Ql = 29.769 N 

Load Combination Results for Q + Wind or Seismic or Friction or User 

Q = Wol2 + Max( Qr, Ql ) 

Q"' 964.99 +Max( 1506.17, 29.77 ) 

Q = 2471.162 N 

Summarv of Loads on this Saddle Support: 

Vertical Load on this Saddle 2471.16 N 

Transverse Shear Load on this Saddle 265.37 N 

Longitudinal Shear Load on this Saddle 530.75 N 

Formulae and substitutions for ZICK Analysis 

Shell and Head Required Thickness and MAWP : 

Thickness Due to Internal Pressure: 

(P*(DI2-CAE)) I (S*E+0.4*P) per Appendix 1-1 (a) (1) 

(7.65*(114.300012-0.000)1(117897.66*1.00+0.4*7.65) 

3.6163 + 1.5875 = 5.2038 rnm 

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

Less Operating Hydrostatic Head Pressure of 0.00 N/mm 2 

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

(117897.66*1.00*(3.6798))/(114.300012-0.000-0.4*3.6798) 

7.79- 0.00 = 7.79 N/mm2 

Maximum Allowable Pressure, New and Cold (MAPNC): 
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(SA*E*T) I (D/2-0.4*T) per Appendix 1-1 (a] (11 

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

- 11.28 N/mm2 

Actual stress at given pressure and thickness (Sact): 

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

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

~ 115810.67 kPa 

Rat Head: 

Thickness Due to Intemal Pressure: 

(D) * SQRT (Z*CF*I?/ (S*E} l 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 

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

Less Operating Hydrostatic Head Pressure of 0.00 N/mm• 

= ( (T-CA-CAE) /D) "'2 * ( IS*E) I (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/0) "2* ( (S*E} I (CF*Z}) per OG-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): 

(Z*CF*P) I ((((T-CA-CAE}/0)"2)*E) 

(1.00*0.30*7.65)/((((73.0250}/114.3000)**2}*1.00} 
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= 5625.51 kPa 

Longitudinal Bending ( +-) at Midspan 

3*Q* L/12 * K.2 I ( PI* RA2 * ( T- CA ))) 

3* 2471 112 * 7.01 * 0.1306 l I 

PI* 53.4702 * 53.4702 * ( 5.2673- 1.5875 ))) 

17107.09 kPa 

Compute the area ratio [K]: 

=Pi* (Sin(Delta)/Delta- Cos(Oelta) ) I (Delta+ Sin(Delta) * Cos(Delta) -

(Delta+ Sin(Delta) * Cos(Delta) - 2 * Sin(Delta) * Sin(Delta)IDelta) 

=Pi* (Sin(3.142) I 3.142- Cos(3.142 )) I ( 3.142 + Sin(3.142) * 

Cos(3.142 J - 2 * Sin(3.142 J * Sin(3.142 ll 3.142 

= 1.0000 

Compute the moment fraction [X]: 

(1- (1- AIL+ ( R2 - H2 )1(2 * A*L) Jl(l + (4*H )I( 3 * L) ) ) 

(1- (1- 127.000 /7.010 + (4.456 2 - 0.000 2 )1( 2 * 127.000 * 7.010 J l I 

(1 + (4 * 0.000 )1(3 * 7.010) ) l 

= 0.2173 

Intermediate Product [K.l]: 

= K * X * 4 * A I L 

= 1.000 * 0.217 * 4 * 127.000 I 7.010 0.1889 

Longitudinal Bending ( +-) at Saddle 

3*Q* L/12 * K.1 I ( PI* RA2 * ( T- CA ))) 

3* 2471 112 * 7.01 * 0.1889 J I 

PI* 53.4702 * 53.4702 * ( 5.2673- 1.5875 ))) 
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"" 24755.55 kl'a 

Longitudinal Pressure Stress 

= DP*((SIDI2+CA)-0.4*(T-CA))/(2.0*(T-CA)) 

= 7.7 * II 103.77 I 2 + 1.5875- 0.4 * 1 5.267- 1.5875 ll I 

I 2.0 * I 5.267 - 1.5875 Jl 

= 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/(PI*SR*(T-CA))) * ((L-2A)/(L+(4/3) H)) 

2471 I PI* 53.47 * ( 5.2673-1.5875 )}} 

* (( 7.01 - 2 * 1.52 Jl( 7.01 + (413) * 0.00 )) 

= 2259.64 kPa 

Circumferential Compression at Bottom of Shell 

(Q*{ K.91( TEM9*( B+l.56 * SQRT{ R * TEM9 )))) 

(2471 *{0.6366 /(3.6798 *{44.45 +1.56*SQRT{55.06 *3.6798 )))) 

-6414.08 kl'a 

Length of Shell included with the Ring 

= 21.8823 nun 

Moment of Inertia of the Ring only - Iring 

= 0.0000 rom "4 

Moment of Inertia of the Ring + the Shell - I 
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= 0.1E+06 rnrn "4 

Circumferential Stress In Shell at Stiffener 

K.8 * Q I ARING + K.9 * Q * R I ZRING1 

0.2520 * 2471 I 0.0004 + 0.0175 * 2471 * 53.47 I 

4961.2661 

= -1078.80 kl?a 

Circumferential Stress in stiffener at Tip 

-K.8 * Q I ARING - K.9 * Q * R I ZRING2 

-0.2520 * 2471 I 0.00 - 0.0175 * 2471 * 53.47 I 

3802.5684 

= -2153.00 kl?a 

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. o. 67682. 5066978. 1527035. 

BasePlate 152. 0. 147484. 22476474. 13007. 

Totals 233. 0. 215313. 27543726. 1540133. 

Value C1 = Sumof(Ay)ISumof(A) 110. rom 

Value I Surnof(Ay' ) + Surnof(Io) - Cl*Surnof(Ay) 5337772. mm**4 

Value As Surnof(A) - Ashell 0. m2 
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K1 = (1+Cos(b)-.5*Sin(b)h2 )l(pi-b+Sin(b)*Cos(b)) = 0.3181 

Fh - K1 * Q = 0.3181 * 2471.162 - 786.096 N 

Tension Str., St ( FhiAs ) 419.9816 kPa 

Allowed Str., Sa .6 * Yield Stress 136628.9062 kPa 

d = B - R*Sin{theta) I theta 178.1800 mm 

Bending Moment, M ~ Fh * d 140.1235 N-m 

Bending Stress, Sbnd = ( M * C1 I I ) 2894.0598 kPa 

Allowed Str., Sa .66 *Yield Str. 150291.7969 kPa 

Minimum Thickness of Baseplate 

= { 3 * Q * BasePlateWidth I { 2 * BasePlateLength * 

AllStress ) ) ~ 

= ( 3 * 2471 * 76.20 I ( 2 * 279.400 * 150291.797 ll~ 

= 2.594 nun 

calrulat!on of Axial Load. Intermediate Yalues and Compressive Stress: 

Effective Baseplate Length (e) 

Bplen - Clearance I Nribs - 1) 

279.4000 - 25.4 l I 2 - 1 l = 254.0000 mm 

Baseplate Pressure Area (Apl 

- e * Bpwid I 2 

= 254.0000 * 76.2000 I 2 = 0.0097 m• 
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Axial Load (P} 

= Ap * Bp 

= 9677.40 * 427.62 1123.26 N 

Area of the Rib and Web (Ar) 

Bpwid - Clearance - Webtk ) * Ribtk + el2 * Webtk 

76.200 - 25.4 - 6.350 ) * 6.350 + 254.0000 12 * 6.350 

0.001 m2 

Compressive Stress (Sc) 

PIAr 

1123.26 I 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 J per AISC E2-1 9th Edition 

Sea (1-(Klr)'I(2*Cc'))*Fyi(SI3+3*{Klr)/(8*Cc)-(Klr 3 )/(8*Cc3 ) 

Sea 1-( 16.06 }2 /{2 * 129.57 2 )) * 227714 I 

5/3+3*{16.06 )/(8* 129.57 )-( 16.06 3 )/{8*129.57 3 ) 

Sea 131920.70 kPa 

AISC Unity Check on Outside Ribs { must be <= 1.0 ) 

Check= Sc/Sca + (RmiZ)ISba 
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Check= 1031.76 I 131920.70 + (25.61 /4594.738 l I 150291.80 

Check = 0.04 

PV Elite is a trademark of lntergraph CADWorx & Analysis Solutions, Inc. 2012 
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Input Echo, Horizontal Vessel Item 3, Description: 54474- Bundle Pull 

Design Internal Pressure 7. 65 N/mm 2 

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 137892.00 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 I 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 

Basep~ate Thickness 12.7000 mrn 

Baseplate Width 76.2000 mm 

Number of Ribs ( inc. outside ribs l 2 
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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 mm 

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 Efficiency 1.0000 

Distance from Saddle to Vessel Tangent 1524.000 mm 
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Saddle Width 44.450 mrn 

Aug 5,2013 

Saddle Bearing Angle 150.0000 degrees 

Wear Pad Thickness 0.0000 mrn 

Wear Pad Extension above Horn of Saddle 0.0000 mrn 

Wear Pad Width 0.000 mrn 

Stiffening Ring Present N 

Results for Horizontal Vessel Number 3. Description: $4474· Bundle 

Vessel Stress Summary 

Shell Allowable Stress used in Calculation 117897.66 kPa 

Shell Compressive Yield used in Calculation 209788.91 kPa 

Head Allowable Stress used in Calculation 137892.00 kPa 

Volume of Vessel 0.06 m **3 

weight of Vessel, Empty 1077.68 N 

Weight of Vessel, Full 1694.87 N 

Shell Thk. + CA, Reqd. vs. Actual 5.204 5.267 mrn 

Head Thk. + CA, Reqd. vs. Actual 16.337 74.612 mm 

Shell M.A.W.P. , Reqd. vs. Actual 7. 65 7.79 N/mrn• 

Head M.A.W.P. , Reqd. vs. Actual 7.65 187.62 N/mm 2 

Actual AllO\vable 

Long. Stress at Top of Saddles 114685.05 117897.66 kPa 

Long. Stress at Bottom of Saddles -6543.25 -117238.69 kPa 

Long. Stress at Top of Midspan 47340.81 117897. 66 kPa 
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Long. Stress at Bottom of Midspan 60800.98 117897.66 kPa 

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: 

Flf = mu * W0/2 

Flf 0.200 * 847.43 

Flf 169.487 N 

Saddle Reaction Force due to Longitudinal forces, Ql: 

Ql =Max( Flw, Fle, Flf, Flu l * B I Ls 

Ql =Max( 16.54 , 530.75 1 169.49 , 2224.00 ) * 222.2500 I 3962.3999 

Q1 = 124.744 N 

Load Combination Results for Q + Wind or Seismic or Friction or User 

Q = Wol2 + Max( Qr, Ql ) 

Q = 847.43 +Max( 1506.17 1 124.74 ) 

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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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- Bundle Item: 3 12:22p Aug 5,2013 

Thickness Due to Internal Pressure: 

(P*(DI2-CAE)) I (S*E+0.4*P} per Appendix 1-1 (a) (1) 

(7.65*(114.3000/2-0.000)1(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)) I {{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/mm• 

Maximum Allowable Pressure, New and Cold (MAPNC): 

(SA*E*T) I (DI2-0.4*T) per Appendix 1-1 (a) (1) 

= (117897.66*1.00*5.2673)/(114.300012-0.4*5.2673) 

11.28 Nlmm• 

Actual stress at given pressure and thickness (5act): 

(P*((DI2-CAE)-0.4*(T-CA-CAE))) I (E*(T-CA-CAE)) 

(7.65*(((114.3000/2-0.000)-0.4*(3.6798)))1(1.00*(3.6798)) 

115810. 67 kPa 

Flat Head: 

Thickness Due to Internal Pressure: 

(D) * SQRT(Z*CF*PI(S*E)) per UG-34 (c) (3) 

(114.3000)*SQRT(l.00*0.30*7.65/(137892.00*1.00)) 

14.7497 + 1.5875 = 16.3372 mm 
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Bantrel PO# l083~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- Bundle Item: 3 l2:22p Aug 5,2013 

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) I (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) I (CF*Z)) per UG-34 (c) (3) 

(74.6125/114.3000)**2*((137892.00*1.00)1(0.30*1.00)) 

195.87 Nlmm2 

Actual stress at given pressure and thickness (Sact): 

~ (Z*CF*P) I ((((T-CA-CAE)/D)"2)*E) 

(1.00*0.30*7.65)/((((73.0250)/114.3000)**2)*1.00) 

= 5625.51 kPa 

Longitudinal Bending ( +-) at Midspan 

3*Q* L/12 * K.2 I PI* R"2 * ( T- CA ))) 

3* 972 /12 * 7.01 * 0.1306 l I 

PI* 53.4702 * 53.4702 * ( 5.2673- 1.5875 ))) 

6730.09 kPa 

Compute the area ratio [K]: 

Pi* (Sin{DeltaJIDelta- Cos(Delta) ) I (Delta+ Sin{Delta) * Cos(Delta) -

(Delta+ Sin(Delta) * Cos(Delta} - 2 * Sin(Delta) * Sin(Delta)/De1ta) 

Pi* (Sin(l.614) I 1.614- Cos(1.614 )) I ( 1.614 + Sin(1.614) * 

Cos(l.614 ) - 2 * Sin(l.614 ) * Sin(1.614 )/ 1.614 

= 6.2238 
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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- Bundle Item: 3 l2:22p Aug 5,2013 

Compute the moment fraction [X]: 

(1 - (1 - AIL + ( R2 - H• ) I (2 * A*L ) ) I (1 + (4*H ) I ( 3 * L l ) ) 

(1- (1 - 127.000 17.010 + (4.456 2 - 0.000 2 )1( 2 * 127.000 * 7.010 l l I 

(1 + (4 * 0.000 )1(3 * 7.010) ) } 

= 0.2173 

Intermediate Product [1<.1}: 

= K * X * 4 * A I L 

= 6.224 * 0.217 * 4 * 127.000 I 7.010 1.1758 

Longitudinal Bending(+-) at Saddle 

3*Q* Ll12 * K.1 I PI* RA2 * ( T- CA }}) 

3* 972 /12 * 7.01 * 1.1758 l I 

PI * 53.4702 * 53.4702 * ( 5.2673 - 1.5875 ) ) ) 

60614.15 kPa 

Longitudinal Pressure Stress 

= DP*{(SIDI2+CA)-0.4*(T-CA))I(2.0*(T-CA)) 

= 7.7 * ({ 103.77 I 2 + 1.5875- 0.4 * ( 5.267- 1.5875 ll I 

( 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 )I 

( 7.01 + 0.00 ))/( 53.4702 * ( 5.2673- 1.5875 )) 
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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 SI Units -------------------------------
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*SQRT{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 I ( 2 * 13.5411 J 

= -4441.97 kPa 

arcumferential Compression at Bottom of Shell 

(Q*( K.9/( TEM9*( B+1.56 * SQRT( R * TEM9 )))) 

(972 *(0.6733 /(3.6798 *(44.45 +l.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 4. o. 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. rnm 

Value I Sumof(Ay' } + Surnof(Io) - Cl*Sumof(Ay) 5337772. mm* * 4 

Value As = sumof(Al - Ashell 0. m 2 

Kl (1+Cos(b)-.5*Sin(bl"2 )/(pi-b+Sin(b)*Cos(b)) 0.2594 
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Bantrel POl 1083-BC-4008 
Nat'! Gas Heater, Item: BL-E-301; S0;4474 
Enq: COS 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 
FileName : CC4474 SI Units -------------------------------
Horizves Analysis : 84474- Bundle Item: 3 12:22p Auq 5,2013 

Fh = K1 * Q = 0.2594 * 972.178 252.156 N 

Tension Str. 1 St ( Fh/As ) 134.7174 k!?a 

Allowed Str. 1 Sa .6 * Yield Stress 136628.9062 k!?a 

d = B - R*Sin(theta) I theta 172.7638 mm 

Bending Moment, M = Fh * d 43.5811 N-m 

Bending Stress, Sbnd = ( M * C1 I I } 900.1086 k!?a 

Allowed Str., Sa .66 * Yield Str. 150291.7969 k!?a 

Minimum Thickness of Baseplate 

= ( 3 * Q * Base!?lateWidth I ( 2 * Base!?lateLength * 

All Stress } } ~ 

( 3 * 972 * 76.20 I ( 2 * 279.400 * 150291.797 ll~ 

1.627 mm 

Calculation of Axial Load. Intermediate Values and Compressive Stress: 

Effective Baseplate Length (e) 

Bplen - Clearance I Nribs - 1) 

279.4000 - 25.4 l I 2 - 1 ) 254.0000 mm 

Baseplate Pressure Area {Ap) 

e * Bpwid I 2 

254.0000 * 76.2000 I 2 0.0097 m2 

Axial Load (P) 
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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 SI Units -------------------------------
Horizves Analysis : 84474- Bundle Item: 3 12:22p Aug 5,2013 

=Ap*Bp 

= 9677.40 * 168.23 = 441.90 N 

Area of the Rib and Web (Ar} 

Bpwid - Clearance - Webtk } * Ribtk + el2 * Webtk 

( 76.200 - 25.4 - 6.350 } * 6.350 + 254.0000 12 * 6.350 

= 0.001 m• 

Compressive Stress (Sc) 

"' PIAr 

= 441.90 I 0.0011 • 405.9041 kPa 

Check of Outside Ribs 

Inertia of Saddle, Outer Ribs • Axial Direction 

y A AY Ay"2 Io 

Rib 29. o. 7489. 96315. 57161. 

Web 3. 0. 2560. 31303. 5420. 

Values 9. 0. 10050. 127618. 62580. 

KLIR < Cc ( 14.9370 < 129.5732 ) per AISC E2-1 9th Edition 

Sea= (1-(Klr)•/(2*Cc"ll*Fyi(5/3+3*(Klr)/(8*Cc)-(Klr 3 )1(8*Cc 3 ) 

Sea= 1-( 14.94 ) 2 /{2 * 129.57• ll * 227714 I 

513+3*(14.94 li!B* 129.57 )-( 14.94 3 )/(8*129.57 3 ) 

Sea= 132304.61 kPa 

AISC Unity Check on Outside Ribs (must be<= 1.0) 

Check= SciSca + (Rm/Z)ISba 

Check= 405.90 I 132304.61 + (99.83 /4594.738 l I 150291.80 
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Bantrel POt 1083-BC-4008 
Nat'l Gas Heater, Item: BL-E-301; 90:4474 
Eng: cos 
PV Elite 2012 Licensee: HEAT EXCHANGER DESIGN 

FileName : CC4474 SI Units -------------------------------
Horizves Analysis : 84474- Bundle Item: 3 12:22p Aug 5,2013 

Check = 0.15 

PV Elite Is a trademark of lntergraph CADWorx & Analysis Solutions, Inc. 2012 
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SECTION 8 

Nozzle Loads 
Provided By Client For Verification By HED 

Purposes Only 



\, 

\: ·. 1 

Shell In/Out (AlB) 

ASME Section Vill Division 1, 2010 Edition, All 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: 
Inside diameter, new: 
Nominal wall thickness: 

Shell 
oo 
6 in 
8.25 in 
No 

No 

tw(lower) = 0.237 in 

Leg41 = 0.25 in 

Pannlsslon to proceed does not c:onslitule accaplance or IIPilfOV8I of 
desllJl details, calculations, analyses, test melhods or mal8llals 
devalopad or sall:ded by the suppler and does not relieve the suppler 
from fll~pll~ea with contraclual obigations. 

1. lif"""work may proceed. 
2. D Revise mel resubmit. Work may proceed subjec;t to incolporallon 

of dlanges lndic:aled. 
3. 0 Revlsa ~d resubmit. Work SHALL NOT proc:atld. 
4. 0 · ork may proceed. 

BY: 

SA-106 B Smls pipe (11-D p. 10, ln. 40) 
NPS 2 Sch 160 
1.687 in 
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.S-2009 Flange 
Description: 

Bolt Material: 

NPS 2 Class 600 WN AlOS 
SA-193 B7 Bolt<= 2 1/2 (li-D p. 334, ln. 
32) 

WIT,.~SS 0 

REVIEW J3S 
...... :?~t..Y,~/j. 



Blind included: 
RatedMDMT: 
Liquid static head: 
MA WP rating: 
MAP rating: 
Hydrotest rating: 
PWHT performed: 
Circumferential joint radiography: 

No 
-43.6°F per UCS-66(b)(l)(b) 
Opsi 
1,286.6 psi@ 352°F 
1,480 psi@ 70°F 
2,225 psi@ 70°F 
No 
None UW-ll(c) Type 1 
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Reinforcement Calculations for MA WP 

The vessel wall thickness governs the MA WP of this nozzle. 

UG-37 Area Calculation Summary (in2) 
UG-45 Nozzle Wall 

For P = 1,130.39 psi @ 352 °F 
Thickness Summary (in) 

The nozzle passes UG-45 

A I A I A1 I ~ I A3 I As I A 
treq required available welds 

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1973 

UG-41 Weld Failure Path Analysis Summary 

The nozzle is exempt from weld strength calculations per UW-15{b)(2) 

UW-16 Weld Sizing Summary 

Weld description 
Required weld Actual weld 

Status throat size (in) throat size (in) 

Nozzle to shell fillet(Leg41) 0.1014 0.175 weld size is adequate 

Calculations for internal pressure 1,130.39 psi @ 352 °F 

Fig UCS-66.2 general note (I) applies. 

Nozzle is impact test exempt 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 

= 

MAX(d, R + (t - C ) + (t- C)) 
n n n 

MAX{1.812, 0.906 + (0.344- 0.0625) + (0.2074- 0.0625)) 
1.812 in 

Outer Normal Limit of reinforcement per UG-40 

LH = MIN(2.5*(t- C), 2.5*(tn- Cn) + te) 

MIN(2.5*(0.2074- 0.0625), 2.5*(0.344 - 0.0625) + 0) 
0.3623 in 

Nozzle required thickness per UG-27(c)(l) 

tm P*Rn I (Sn *E - 0.6*P) 

tmin 

0301 
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I ,130.39*0.9061 (17, I 00*1 - 0.6* 1,130.39) 
0.0624 in 

Required thickness t from UG-37(a) 
r 

= P*R I (S*E + 0.4*P) 
0 

1,130.39*2.251 (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 

Filletweld:t. =lesserof0.75ort ort=O.l449in mm n 
t( .)=lesserof0.25or0.7*t. =0.1014in cmm mm --

tc(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in 

The fillet weld size is satisfactory. 

4 

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- = P*R I (S*E- 0.6*P) +Corrosion 
27 

taUG-

22 

= 
1,130.39*0.9061 (17,100*1- 0.6*1,130.39) + 0.0625 
0.1249 in 

0.1225 in 

ta max[ ta UG-27 ' ta UG-22 ] 

max[ 0.1249, 0.1225] 
0.1249 in 

P*R I (S*E + 0.4*P) +Corrosion 
0 

= 1,130.39*2.25/ (17,100*1 + 0.4*1,130.39) + 0.0625 
= 0.2074 in 

tbl max[ \1 'tb UG161 

max[ 0.2074, 0.125 ] 
0.2074 in 



min[ 1],3 , tbl] 

min[ 0.1973, 0.2074] 
0.1973 in 

1uG-45 max[ ta , \ ] 

max[ 0.1249, 0.1973] 
= 0.1973 in 

Available nozzle wall thickness new, t0 = 0.875*0.344 = 0.301 in 

The nozzle neck thickness is adequate. 
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Applied Loads 

Radial load: Pr = -4t61bf 

Circumferential moment: Me= 1,30Qibfin 

Circumferential shear: V c = -2oolbf 

Longitudinal moment: ML = 1,3oolbrin 

Longitudinal shear: V L = -247lbf 

Torsion moment: Mt = 1,30Q1brin 

Internal pressure: P = 1,130.39psi 

Mean shell radius: Rm = 2.148in 

Local shell thickness: t = 0.1449in 

Shell yield stress: Sy = 30,400psi 

Maximum stresses due to the applied loads at the nozzle OD (includes pressure) 

R It"" 2.148/0.1449 = 14.8237 m 

Pressure stress intensity factor, I= 1 (derived from PVP-Vol. 399, pages 77-82) 

Local circumferential pressure stress = I*P*Ri I t = 16,191 psi 

Local longitudinal pressure stress= I*P*R. I (2*t) =8,096 psi 
I 

Maximum combined stress (P L +P b +Q) = 50,883 psi 

Allowable combined stress (P L +P b +Q) = +-3*S = +-5 1,300 psi 

The maximum combined stress (P L +P /Q) is within allowable limits. 

Maximum local primary membrane stress (P L) = 23,234 psi 

Allowable local primary membrane stress (P L) = +-1.5*S = +-25,650 psi 

The maximum local primary membrane stress (P L) is within allowable limits. 

Stresses at the nozzle OD per WRC Bulletin 107 

Figure value p A AI B Bl c 
u u u 

3C* 0.9233 0.4837 0 0 0 0 1,234 

4C* 1.6524 0.4837 2,209 2,209 2,209 2,209 0 

1C 0.0551 0.4837 0 0 0 0 6,550 

2C-1 0.0163 0.4837 1,938 -1,938 1,938 -1,938 0 

c, 
1,234 

0 

-6,550 

0 

6 

D n, u 

1,234 1,234 

0 0 

6,550 -6,550 

0 0 
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3A* 0.5883 0.4837 0 0 0 0 -2,365 -2,365 2,365 2,365 

- -lA 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 

IB-1 0.0145 0.4837 -5,184 5,184 5,184 -5,184 0 0 0 

Pressure stress* 16,191 16,191 16,191 16,191 16,191 16,191 16,191 

Total circumferential stress 10,320 16,812 30,356 16,112 -2,917 33,037 50,867 

Primary membrane circumferential stress• 13,566 13.566 23,234 23,234 15,060 15,060 19,790 

3C* 0.9233 0.4837 1,234 1,234 1,234 1,234 0 0 0 

4C* 1.6524 0.4837 0 0 0 0 2,209 2,209 2,209 

1C-1 0.0318 0.4837 3,780 -3,780 3,780 -3,780 0 0 0 

2C 0.0302 0.4837 0 0 0 0 3,590 -3,590 3,590 

4A* 1.6009 0.4837 0 0 0 0 -6,435 -6,435 6,435 

2A 0.0328 0.4837 0 0 0 0 -
11,727 11,727 11,727 

4B* 0.5954 0.4837 -2,393 -2,393 2,393 2,393 0 0 0 

2B-l 0.0257 0.4837 -9,189 9,189 9,189 -9,189 0 0 0 

Pressure stress• 8,096 8,096 8,096 8,096 8,096 8,096 8,096 

Total longitudinal stress 1,528 12,346 24,692 -1,246 -4,267 12,007 32,057 

Primary membrane longitudinal stress* 6,937 6,937 ll,723 11,723 3,870 3,870 16,740 

Shear from Mt 1,013 1,013 1,013 1,013 1,013 1,013 1,013 

Circ shear from V c -370 -370 370 370 0 0 0 

Long shear from V L 0 0 0 0 457 457 -457 

Total Shear stress 643 643 1,383 1,383 1,470 1,470 556 

Combined stress (P L +P b +Q) 10,367 16,903 30,676 17,577 -5,210 33,139 50,883 

Note: * denotes primary stress. 

Longitudinal stress in the nozzle wall due to internal pressure + external loads 

a = P*R. I (2*t ) - P I (x*(R 2 - R.l)) + M*R I I n (Pm) 1 n r o 1 o 

= 1,130.39*0.906 I (2*0.2385)- -416 I (n*(l.l8752 - 0.9062)) + 1,838.5*1.1875 I 1.0326 
=4,486 psi 

The average primary stress P m (see Division 2 5.6.a.l) across the nozzle wall due to internal 
pressure + external loads is acoeptab Ie ( ~ S = 17,100 psi) 

Shear stress in the nozzle wall due to external loads 

0 

0 

16,191 

-
11,287 

19,790 

0 

2,209 

0 

-3,590 

6,435 

-
11,727 

0 

0 

8,096 

1,423 

16,740 

1,013 

0 

-457 

556 

12,759 



cr = (V 2 + V 2)05 I (1t*R. *t ) shear L c 1 n 

= (2472 + 2002)0·5 I (1t*0.906*0.2815) 
= 397 psi 

cr • = M I (2*1t*R.2*t ) torston t 1 n 

= 1,300 I (2*1t*0.9062*0.2815) 
= 895 psi 

cr =cr +cr . 
total shear torston 

= 397 + 895 
= 1,292 psi 

UG-45: The total combined shear stress (1,292 psi) is below than the allowable (0.7*S = 
n 

0.7*17,100 = 11,970 psi) 
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Reinforcement Calculations for MAP 

The attached ASME Bl6.5 flange limits the nozzle MAP. 

UG-37 Area Calculation Summary (in2) 
UG-45 Nozzle Wall 

Thickness Summary (in) 
For P =- 1,480 psi @ 70 °F The nozzle passes UG-45 

A I A I A1 I A2 I ~ I As I A 
treq tmin required available welds 

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 

Weld description Required weld Actual weld 
Status throat size (in) throat size (in) 

Nozzle to shell fillet (Leg41) 0.1452 0.175 weld size is adequate 

Calculations for internal pressure 1,480 psi@ 70 °F 

Parallel Limit of reinforcement per UG-40 

MAX(d, R + (t - C ) + (t- C)) n n n 
MAX(I.687, 0.8435 + {0.344- 0) + (0.2074- 0)) 
1.687 in 

Outer Normal Limit of reinforcement per UG-40 

MIN(2.5*(t- C), 2.5*(t - C ) + t ) 
n n e 

MIN(2.5*(0.2074- 0), 2.5*(0.344- 0) + 0) 
0.5185 in 

Nozzle required thickness per UG-27(c)(l) 

t rn = P*R I (S *E- 0.6*P) n n 
1,480*0.8435/ (17,100*1- 0.6*1,480) 
0.077 in 

Required thickness t from UG-37(a) 
r 

t P*R I (S*E + 0.4*P} r o 
1,480*2.25/ (17,100*1 + 0.4*1,480) 
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= 0.1882 in 

This opening does not require reinforcement per UG-36(c)(3)(a) 

UW-16(c) Weld Check 

Fillet weld: t . =lesser of0.75 or t or t = 0.2074 in mm n 

tc(min) = lesser of 0.25 or 0. 7*tmin = 0.1452 in 

tc(actual} = 0.7*Leg = 0.7*0.25 = 0.175 in 

The fillet weld size is satisfactory. 

Weld strength calculations are not required for this detail which confonns to Fig. UW -16.1, sketch 
(c-e). 

UG-45 Nozzle Neck Thickness Check 

t 
aUG- P*R I (S*E- 0.6*P) +Corrosion 

27 

= 1.480*0.8435/ (17,100*1- 0.6*1.480) + 0 
0.077 in 

t 
aUG- 0.0743 in 

22 

t max( ta UG-27 • ta UG-22 ] a 
;:::: max[ 0.077 , 0.0743] 
= 0.077 in 

tbl ;:::: P*R I (S*E + 0.4*P) +Corrosion 
0 

1,480*2.25/ (17,100*1 + 0.4*1,480) + 0 
0.1882 in 

tbl max[ tb 1 ' \ UG 16 ] 

= max[ 0.1882,0.0625] 
0.1882 in 

tb == min[ 1,3 , tbl ] 

min[ 0.1348,0.1882] 
= 0.1348 in 

~G-45 = max[ ta, tb] 

max[ 0.077 , 0.1348 ] 



= 0.1348 in 

Availa le nozzle all thiclness ne , t = 0.875 0.344 = 0.301 in n 

The nozzle ned thidness is ade uate. 
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Reinforcement Calculations for MAEP 

UG-45 Nozzle Wall 
UG-37 Area Calculation Summary (in2) Thickness Summary (in) 

For Pe = 520.7 psi @ 352 °F The nozzle passes UG-45 

A I A I Al I A2 I A3 I As I A 
treq required available welds 

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1302 

UG-41 Weld Failure Path Analysis Summary 

Weld strength calculations are not required for external pressure 

UW-16 Weld Sizing Summary 

Weld description Required weld Actual weld Status throat size (in) throat size (in) 

Nozzle to shell fillet (Leg41) 0.1014 0.175 weld size is adequate 

Calculations for external pressure 520.7 psi @ 352 °F 

Parallel Limit of reinforcement per UG-40 

LR = MAX(d, R0 + (t0 - C0) + (t- C)) 

MAX(1.812, 0.906 + (0.344- 0.0625) + (0.2074- 0.0625)) 
= 1.812 in 

Outer Normal Limit of reinforcement per UG-40 

LH MIN(2.5*(t- C), 2.5*(t0 - C0 ) + t) 
= MIN(2.5*(0.2074- 0.0625), 2.5*{0.344- 0.0625) + 0) 

0.3623 in 

Nozzle required thickness per UG-28 t = 0.0652 in rn 

From UG-37(d)(l) required thickness tr = 0.1449 in 

This opening does not require reinforcement per UG-36(c)(3)(a) 

UW-16(c) Weld Check 

Fillet weld: t . = lesser of 0. 75 or t or t = 0.1449 in mm n 
t ( . )=lesserof0.2Sor0.7*t . =0.1014in cmm mm --

tmln 

0.301 

12 



13 

tc{actual) = 0.7*Leg = 0.7*0.25 = 0.175 in 

The fillet weld size is satisfactory. 

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch 
(c-e). 

UG-45 Nozzle Neck Thickness Check 

taUG-

28 

taUG-

22 

0.1277 in 

0.0958 in 

ta = max[ ta UG-28 'ta UG-22] 

~2 :=: 

= 

luo-4s = 

max[ 0.1277, 0.0958 I 
0.1277 in 

P*R I (S*E + 0.4*P) +Corrosion 
0 

520.7023*2.25/ (17,100*1 + 0.4*520.7023) + 0.0625 
0.1302 in 

max[ ~2 • ~ UG16] 

max[ 0.1302, 0.125] 
0.1302 in 

min[ ~3 '~2] 
min[ 0.1973, 0.1302] 
0.1302 in 

max[ ta, ~] 

max[ 0.1277, 0.1302] 
0.1302 in 

Available nozzle wall thickness new, t = 0.875*0.344 = 0.301 in n 

The nozzle neck thickness is adequate. 

External Pressure, (Corroded & at 352 °F) UG-28(c) 

LID 0 = 6.3389/2.375 = 2.6690 

D0 It = 2.375/0.0652 = 36.4249 



From table G: A = 0.002179 
From table CS-2: B = 14,224.8916 psi 

Pa = 4*B I (3*(D0 /t)) 

= 4*14,224.89/ (3*(2.375/ 0.0652)) 
= 520.7 psi 

Design thickness for external pressure P 8 = 520.7 psi 

ta = t + Corrosion = 0.0652 + 0.0625 = 0.1277" 
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SECTION 9 

Thermal Calculation Sheet I TSS 



BANTREL JOB I VPNO. REV 

VENDOR PRINT 1083-BC- 4DDh-1JO ol.f I 
EQUIPMENT I ~!AI:::: e-, ~oJ NUMBER ! 
CLIENT i 
CROSS REF 

1 
I 

Permission to proceed does not constitute acceptance or approval of 
design details, calculations, analyses, test methods or materials 
developed or selected by the suppHer and does not relieve the supplier 
from full compliance with contractual obligations. 

1. ~ork may proceed. 
2. D Revise and resubmit. Work may proceed subject to Incorporation 

of changes indicated. 

3. 0 Revise and resubmit. Work SHALL NOT proceed. 
4. 0 Re~:Jii"7 Work may proceed. r;:t z z ~ 
BY: DATE: ~ ~ 



TSS4474 R2 (Normal Case)-Sl Units.xls 

Heat Exchanger Design, Inc. 
P.O.Box 524 Te1:(317)686-9000 
IndianaDOlis IN .• 46205 Fax:(317)686-91 00 

HEAT EXCHANGER SPECIFICATION SHEET Page 1 
Job No. 4474 

Customer Cenovus Energy Purchase Order No. 1 083-BC-4006 
Address Prooosal No. 616-12 
Plant Location Date 3/1912013 Rev 0 
Service of Unit Natural Gas Heater (Normal Case) Item No. BL·E·301 
Size 90 x 65 x 6096mm Tvoe SH4K1·20-00·24UV-2C30 Horz. Conn. In 1 Parallel 1 Series 
Surf/Unit IGrossiEffi 8.30/8.27 m2 Shell/Unit 1 Surf/Shell IGross/Eff) 8.30 I 8.27 m2 

PERFORMANCE OF ONE UNIT 
Auid Allocation Shell Side Tube Side 
Fluid Name Etllylene Gl~ol (50 wt% l I H20 Natural Gas 
Fluid Quantity, Total kg/hr 1638.01 3616.00 
Vaoor (In/Out) 3616.00 3616.00 
Liauid 1638.01 1638.01 
Steam 
Water 
Noncondensables 

Temoerature (In/Out) c 150.00 100.00 5.00 35.00 
Density kQ/m3 990.40 1034.1 63.900 53.190 
Viscosity mN-s/m2 0.3640 0.7100 0.0128 0.0130 
Molecular Weight. Vapor 17.16 17.16 
Molecular Weicht Noncondensables 
Specific Heat kJ/kg-C 3.7401 3.5401 2.8401 2.6700 
Thermal Conductivity W/m-C 0.3905 0.3915 0.0381 0.0410 
Latent Heat kJikg 
Inlet Pressure kPa 997.345 6981.50 
Velocity m/s 0.15 5.39 
Pressure Drop, Allow/Calc kPa 70.001 I 0.628 70.001 I 3.209 
Foulina Resistance (min) m2-KIW 0.000180 0.000180 
Heat Exchanged MegaWatts 0.0829 MTD Corrected 104.8 c 
Transfer Rate Service 95.67 W/m2-K Clean 171.69 W/m2-K Actual 150.79 W/m2-K 

CONSTRUCTION OF ONE SHELL Sketch (Bundle/Nonle Orientation 
Shell Side Tube Side 

Design/Test Pressure kPaG 7650/Code 9930/Code -. -·~-.--.. ~--·"'I. .-,W;" 

Desiqn Temperature c -28.8/178 -28.8/150 . ·---(;. i::. T";~ 
' ""' ":::<:.~~Jr· ······ ··---~iK- n G-i No Passes oer Shell 1 1 

Corrosion Allowance mm 1.5 1.5 (except tube) 
-·.r ··;;-,-"· l__L:C; 

Connections lin mm 1 @ 2'' 600# RF 1 @3" 900#RF 
Size& lOut mm 1 Iii>. 2" 600# RF 1 @3"900#RF 
Ratina !Intermediate 

Inner Pipe- (1} 2 1/2" Sch 40pipe (73mm OD Lenath 6.096m nom 
Tuba Type Longitudinal Fin • (24) 12.7mm fins x 0.89mm thk x 60961nm Jg Material SA-1 068. C Sll Fins 
Shell 4" Sch 40 SA-106B Pice (114.3mm ODl Shell Cover SA105/516 70 Weldment 
Channel or Bonnet SA-516·70/1 05 Weldment Channel Cover NIA 
Tubesheet-Stationarv SA-516-70 Tubesheet-Fioating NIA 
Aoatina Head Cover NIA lmpinaement Plate None 
Baffles-Cross N/A Type NONE 
Baffles-Long N/A Seal Type 
Supports-Tube N/A U-Bend Type 
Bypass Seal Arranqement Tube-Tubesheet Joint Welded 
I Exoansion Joint N/R Tvoe 
Rho-V2-Inlet Nozzle 57.59 ka/m-s2 Bundle Entrance 0.00 Bundle Exit 0.00 ka/m-s2 
Gaskets-Shell Side Kammpro type Tube Side Kammpro type 

-Fioatinq Head NIA 
Code Recuirements ASME Section VIII, Div. I TEMACiass 
Weiaht/Shell 804.22 Filled with Water 921.2 Bundle 150.62 ka 
Remarks: 1. Liftinq & Grounding luqs reQuired. 2. Insulation is included in Quote, but due to potential damaqe durin!! shipment HED 
slronQIY advises that insulation is installed on site. and cannot be resoonsible for damaqe to insulation durina shlcment. 3. Maximum length 
is 6500mm. 4. This is HED's standard separated head double pipe hairpin design with independent bolting. 5. Hydrates\ at minimum 1 hour with 
chart. 6. Note that due to manufacturing restrictions on finned pipe inner pipe will be fabricated usinq return bend and straight pipes with two 
circumferential welds. 

Reprinted with Permission (v6 SP3) 

~ j' d /Lf! WITNESS 

~6;&--- REVIEW 
Rick Winde\1 {;;.f6" 17 
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BANTREL JOB I VPNO. REV 

VENDOR PRINT 1083-BC- 4f}O(o- 067J I a 
EQUIPMENT ! PJZ=t5--3D\ I 
NUMBER I 

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 suppDer and does not relieve the supplier 
from full compliance with contractual obUgations. 

1. ~ark may proceed. 
2. 0 Revise and resubmit. Work may proceed subject to Incorporation 

of changes indicated. 

3. 0 Revise and resubmit. Work SHALL NOT proceed. 
4. D R~ not reguired. Work may proceed . 

BY: . 7/11 ~ 2/Zf; OAT • ....;...:It~ l 
"¥" 

WITNESS 

REVIEW 



TSS4474 R2-51 Units.xls 

Heat Exchanger Design, Inc. 
P.O.Box 524 Tel:(317)686·9000 
Indianapolis, IN., 46205 Fax:(317)686-91 00 

HEAT EXCHANGER SPECIFICATION SHEET Page 1 
Job No. 4474 

Customer Cenovus Energy Purchase Order No. 1 083-BC-4006 
Address Prooosal No. 616-12 
Plant Location Date 3/1912013 Rev 0 
Service of Unit Natural Gas Heater (Maximum Case\ Item No. BL·E-301 
Size 90 x 65 x 6096mm Type SH4K1-20·00·24UV-2C30 Harz. Conn.!~ 1 Parallel 1 Series 
Surf/UnitiGross/Eff) 8.30 f 8.27 m2 Shell/Unit 1 Surf/Shell (Gross/Eff) 8.30 /8.27 m2 

PERFORMANCE OF ONE UNIT 
Auld Allocalion Shell Side Tube Side 
AuidName Ethylene Glvcol (50 wt%) I H20 Natural Gas 
Fluid Quantity, Total kg/hr 3591.00 7926.02 
Vapor (In/Out) 7926.02 7926.02 
Llauid 3591.00 3591.00 
Steam 
Water 
Noncondensables 

Temperature (In/Out) c 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 0.0128 0.0130 
Molecular Weicht Vaoor 17.16 17.16 
Molecular Weight, Noncondensables 
Specific Heat kJfk!I·C 3.7400 3.5400 2.8400 2.6700 
Thermal Conduclivftv Wlm·C 0.3904 0.3914 0.0381 0.0410 
Latent Heat kJfka 
Inlet Pressure kPa 997.332 6981.50 
Velocity mfs 0.32 11.82 
Pressure Drop, Allow/Calc kPa 70.000 I 2.569 70.000 I 14.945 
Foulina Resistance (min} m2-KJW 0.000180 0.000180 
Heat Exchanged MegaWatts 0.1818 MTD (Corrected) 104.8 c 
Transfer Rate Service 209.70 W/m2-K Clean 297.66 W/m2-K Actual 239.96 W/m2·K 

CONSTRUCTION OF ONE SHELL Sketch (Bundle/Nozzle Orientation) 
Shell Side Tube Side 

Designffest Pressure kPaG 7650 f Code 9930 /Code J. 
1r : '-,~; Desjg_n Temperature c ·28.8/178 -28.8 f 150 

,, 
i b"'"''·'~X;;:=:.-:.::1 :~_1_1 ;}:7; No Passes per Shell 1 1 

Corrosion Allowance mm 1.5 1.5 (except tube} ·.r ,y 1....:.;::.:; 

Connections lin inch 1 @2"600#RF 1 @3" 900#RF 
Size& lOut inch 1 @ 2" 600# RF 1 @3"900#RF 
Ratlna I Intermediate 

Inner Pipe· (1) 2 1/2" Sch 40 pipe (73mm 00) Length 6.096m nom 
TubeTvoe Lomlitudinal Fin- (24}12.7mm fins x0.89mm lhk x 60116mm Ill Material SA-1066, C Stl Fins 
Shell 4" Sch 40 SA-1 066 Pilll3 (114.3mm 00) Shell Cover SA105/516 70 Weldment 
Channel or Bonnet SA-516-70/1 05 Wetdment Channel Cover N/A 
Tubesheet..Statlonarv SA-516·70 Tubesheet-Fioatino N/A 
Aoatino Head Cover N/A lmpinaement Plate None 
Baffles-Cross N/A Tvoe NONE 
Baffles-Long N/A SeaiTyQe 
Supports-Tube N/A U-Bend Type 
Bypass Seal Arrangement Tube-Tubesheet Joint Welded 
Exoansion Joint N/R Tvoe 
Rho-V2-Inlet Nozzle 276.81 ko/m-s2 Bundle Entrance 0.00 Bundle Exit 0.00 kg[m-s2 
Gaskets-Shell Side Kammoro type Tube Side Kammpro tVPe 

-Floating Head N/A 
Code Reouirements ASME Section VIII, Div.l TEMACiass 
Weiahi/Shell 804.22 Filled with Water 921.2 Bundle 150.62 kg 
Remarks: 1. Liftino & Ground ina luas re<luired. 2. Insulation is included in guote. but due to ootenlial damaae during_ shipJ11ent HED 
stronalv advises that insulation is installed on site. and cannot be responsible for dam2!Qe 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} 
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TSS4474 R1 (Turndown Case)-SI Units.xls 

Heat Exchanger Design, Inc. 
P.O.Box 524 
Indianapolis IN .• 46205 Fax:(317)686-9100 

HEAT EXCHANGER SPECIFICATION SHEET Page 1 
Job No. 4474 

Customer Cenovus Enemy Purchase Order No.1 083-BC-4006 
Address Prooosal No. 616-12 
Plant Location Date 212212013 Rev 0 
Service of Unit Natural Gas Heater (Tumdown Case) Item No. BL-E-301 
Size 90 x 65 x 6096mm Type SH4K1-20-00-24UV-2C30 Horz. Conn. lr. 1 Parallel 1 Series 
Surf/Unit (Gross/Em 8.30 / 8.27 m2 ShelUUnit 1 Surf/Shell (Gross/Eff) 8.30 / 8.27 m2 

PERFORMANCE OF ONE UNIT 
Fluid Allocation Shell Side Tube Side 
Fluid Name Ethylene Glycol (SO wt%lI H2O Natural Gas 
Auid Quantity. Total kg/hr 897.750 1981 .50 

VaDor (In/Out) 1981.50 1981 .50 
liquid 897.750 897.750 
Steam 
Water 
Noncondensables 

TemDerature (In/Out) C 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 0..0j.28, ..--.. _ O:01-ao, 
Molecular Weight VaDor " I? , I -f, ~ 
Molecular Weight Noncondensables - ~ ....... --
SDecific Heat kJ/kg-C 3.7400 3.5400 2.8400 2.6700 
ThennalConducti~ty W/m-C 0.3904 0.3914 0.0381 0.041 0 
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 I 0.199 70.000 I 0.999 
Foulina Resistance (min) m2-K/W 0.000180 0.000180 
Heat Exchanged MegaWatts 0.0454 MTD (Corrected) 104.8 C 
Transfer Rate Service 52.43 W/m2-K Clean 108.81 W/m2-K Actual 100.02 W/m2-K 

CONSTRUCTION OF ONE SHELL Sketch (Bundle/Nozzle Orientation) 
Shell Side Tube Side 

DesignITest Pressure kPaG 7650 / Code 9930 / Code I. -w-
Desion TemDerature C -28.8 / 178 -28.8 / 150 UI 11 -F"I- -r-i. '~1 No Passes per Shell 1 1 
Corrosion Allowance mm 1.5 1.5 (exceDttube) 

u _ ... _ _ 

Comections l in mm 1 @2"600#RF 1 @3" 90O#RF 
Size & l Out mm 1 @2"600#RF 1 @3"90O#RF 
Ratina I intermediate 

Inner Pipe - (1) 21 /2" Sch 40 pipe C73mm 00) Lenath 6.096m nom 
Tube Type Longitudinal Fin - (24) 12.7mm IIns x O.89mm thk x 6096mm Ig Material SA-106B C SU Fins 
Shell 4" Sch 40 SA-106B PiDe (114.3mm 00) Shell Cover SA105/516 70 Weldment 
Channel or Bonnet SA-516-701105 Weldment Channel Cover N/A 
Tubesheet-Stationary SA-516-70 Tubesheet-Floating N/A 
Floatino Head Cover N/A ImDinoement Plate None 
Baffles-Cross N/A Type NONE 
Baffies-Long NlA Seal Type 
Supports-Tube N/A U-Bend Type 
Bypass Seal Arrangement Tube-Tubesheet Joint Welded 
ExDansion Joint NlR TVDe 
Rho-V2-lnlet Nozzle 17.30 ko/m-s2 Bundle Entrance 0.00 Bundle Exit 0.00 ko/m-s2 
Gaskets-Shell Side Kammpro type Tube Side Kammpro type 

-Floatina Head N/A 
Code Requirements ASME Section VIII, Div. I TEMAClass 
WeiahUShell 804.22 Filled with Water 921 .2 Bundle 150.62 ka 
Remarks: 1. Liftina & Groundina luas reauired. 2. Insulation is included in auote but due to potential damaae durina shiDment HED 
strongly advises that insulation is installed on site and cannot be resDonsible for damage to insulation durina shipment. 3. Maximum lenath 
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 manufacturino restrictions on finned DiDe inner DiDe will be fabricated usina retum bend and straiaht DiDes with two 
circumferential welds. 

PEIIIIISSIONS TO Alomo DOES !lOT WIST;:," , ".<PlAII1:f DR 
API'iIDYAl If DESIGN DrnILS, CAlCtlLAl1: " ~ , : '.l f$ES, 18 
IIE1ItOOS DR MATERIALS DMLDPED OR StuCH I y mE S 
AND DOES l OT REliEVE SUP PlI in f .IDIl FUl 
COMPUAN WI11f catmAClUAl 08UGAnO~s. 

WORK MAY PROCEED. W lth (»rI1YlQ\t 

2. __ RE'IISE AND RESUBMit WORK MRf PROCEEO SUBJECT 
TO INCORPORAnON OF CHANGES INDICATED 

3. __ RE\1SE AND RESUBMIT. WORK SHAll. NOT PROCEEO, 

4, __ RE'IIEW NOT REQUIRED, WORK MAY PROCEED. 

fJY M DATE Mqrc11 14 

EQUIPII£IOT • 
NUMBER • 
CUENT • 
CROSS REf • 

Reprinted with Permission (vS SP3) 
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SECTION 10 

Weld Procedures & Welder Certifications 



. " 
HeatkcbailprOISip,lne 

9G1 SaslUccher St 

WeldlngPrqcedu,.e~ (Wts) 

WPS No.: J!L.~·---"'--···· """""·'.·· Date; J!!i!I!M. ~.No::·' . Dale: J!!!lOll ~1:~1 
Suppunin' PQRtsl: 1Tl1 IT/Ml..S, ITIMI,;,S:.;B@~([!;Jii .......... _._~-···· -~._,.,_,,_....;....;~-···-·-··-· -~--..,.,.,----~ 
!~in~Prru:_~esl T)pe{sl: .mGTAWtMaaual____ , "PF'•" ~-o/- '"'7·==.:;;:: 

Joint Design (QW.401) 

Weld Typt: __ . Oroo\-e and litter welds ·;;-'"~-~-~ .... _ ·····:~---
~-~---··-··-· Jotat Trf!! ...... -·H·" ., , .. Baekll!J ., -·-- ....... _Rent OJ!!!tig ... ~v.!-~'!!R RMt .-.;: ... ::~9~!!..Y!..~dt,!!!~ 
____ Sif!&!~Ywoovc ~--··---~·-····-Jtoballkilt& Jt16:~max _._ sod~nl.!!L t!l"ma" -~~-·-·--
----" Sinate ~vel ·-·· ..... " -~- ·--~ ballldna 31:16" rna.!_--~~-~!!:. 118" mas _ ·---·-·-· 
--· ~~!:. • .• Go,Y&.e4.~!a§Weldcli tW.~ .. ~_l!.t~J!J!!! •. , .. _...Jtt&:m.........---··- ... . 
___ Double Ill;~--- ..•.. Oo.& ~:~@11_...~ .•• -....:!!~m!!L •. ~._J£!.6"!!!!! ..... _______ ----. 

..... _ DoubfecY.~Y£-~·---~~!ballk~.---- W4"~--···~~~m!P._~~f!:.~ ...... --.,.~.· . .,-·-
-·--· .•.. ~CI.lJ,J!!!;,iFOO~. ... . •. , l:ii:!inl,,.",. ... ,., ............ , .. ~Jf32" IUIIX ...... ' '""""""'''--" .. ··'·~ .. -·--·~···· .... .. •. · .. _#,,,,,., , ..... . 

.. Sttuare~v.s... .. ... _....J:!R.~!!ll~i'!!., .. .• 1{3,2" ma.~... . • ,..;~" .. . , ___ ·-
Fillet Welds: . A!! !!!!Ill ~iz~ 1_1!\ ail.basc ~~H~~~lllltl ail ~~rs. ...... _ .•, ,, .,., .,, .... ~. 

RI.1Uiners: !{llfll$.. ~· .. ~ .. _.......... . .. --.-~-~· .. -~--...... ,.,, ~""'"- .. ~. -. .. · ·~--_,. ...... 
WELD JOINT llf.St'RIPTI<>NS SHOWN ARn NOT INCLUSIVE Of i\1.1. f){Qst; fOtmtl (lN A JOB. WrJ.D J<?~NT DESJ(iN 
Rf:FERCNCB IN AN EN<.iiNEERINUSPECtFR:..\TtON OR A DESKiN DRAWIN<i SUAl!l, l'AK£ PRiiCEDt~Nt'f. OVER \V"tt.D 
JC)JNTS SIIOWN IN lliiS WllS. 
--· - ~' ......... h~ ~"~ ... ·~'~""""'~ 

Base Metals (QW-40J) 
P-No. . . I . Clroup l\hl. I & !. Thickness Range: .9:9!125 in. to !~l!f!'in. 

~~~!~.c ... ,. I.,~. (hll~pNo . .' ~J, 
Prehut (QW406) 
Minimwn l~rebcat l'emperuturc: ~~ ·!If 
Mu:o.imum lnlerpass l'ctJlPI.'I'Illure; l~ I !If 

Pn.~ Maintenana:; "· , NHI!I!. '""- .... 
I ) Madmum iniJ-"''Jllllll' temp. 261" J' applhls,iu lm~ applications 
ooty. 
21 Prell\.'Ul to. liK~q r min. lf wei~ .. ~JXISit > L:w u~~:" 1.5;0". 

Pestweld HeatTreatment {QW....m'7l 
PW1ff' f)'J)O: ~ PWI lT will!.i£.1!S!'f~ 
PWltf l'eotp\dore; l'tlont: 
PWU:rUutdfngf'imc: Nullll 

lnitbd and 1111crp~tSS Clcunlng: Wlflt .. \dre ~~ ci~J!!n..IJ1,1el1 t,~:S IJ!!Ul . .!!.ll htn~ sj~_u(~h! jlli111 
Method on~ Ciou@ing .l\:1!!!1' ~f!l'L......!!i.!J!I!*milonll ~~ uretp'!!lU.~'I.:'!!: . , , 
1) Minimum preheat must be maii)talned during thermai cutting; tacking,. and welding operafkma. 
2} Welds shaft be cleaned between each pass. VIlhan complettKI. remove all Slagat:td.Pf'Oi89tionJ. 
3) Charpy Impact qualified to -53• F, See PQR 1T14T2 fOr details. 
4) Impact qualifred: ·53• F fOr 0.094" min, base metal thti)SS, 456:73 Jlin. max. !teat input, so• F .min. preheat & 261• f max, 
interpass temp. All posl~ qualified perQW~.2. AnYC9mbination of Group 1 $1\CJ 2 ~1$ quallftec1 
5) See PQR's 1TIM1..S.BHN and 1T1·1T2 for hardness t(t$t ~. 

BE.I; Re-petforined POR 1THT2 Relti~ notfl;a~dlngty. This WP$ilndexi$tingPQR's1t1,1TIM1-$and fliM1·S-BHN 
transferred to new forms. 

Wt: c.:rtif> that the :auhunents in Jhil> record 111\l~; • and dtut ~ I¢St \\<:Ids Wl.'fl: pn:piJrl:d;, \\~ldcd.llod«;!lted iitucetltdunee with the 
l'l'tJUil'l!lllCIII'- or Sl.'\:lion IX uftlte. 

~·6.2f~l2 Quull't~ ('llntridMilll~\.'f 
I !lilt 

0 ,..,, ,_ ... ,.,...,,(. 

~ 



WPSNo.: 

First Process: 
Filler Metal (QW-404) 

Rev. No.: 

GTAW 

Heat Exehan~er Design, Inc 

Welding Proeedure Specification (WPS) 

Typr. 

Weld Deposit Limits: ••. . ..• ~L~~()_i!'U.'IJ!.'I(jmum ····~····~~-

AWS Classitication: ----··········~·~······~ ............................ . SF A Spo:cilication: •• 
A·No. or Chemical Composition: 
Filler Metal Product Form: 

Consumable !nSI!rt: ........................................... : ... ::::.:= ... GTAW rlux: 

Position (QW-405) Technique (QW-410) 

Page 2 of:? 

Manual 

.2:18 ••• 6 

Position of Joint: ~!Lf.C1~l!I2!1li ... Stringer or Weave Btad: ........ ~r!.!!~l.!I!'.~Lltl!!:l.Y.tLI>$!!9 .. . 
Weld Progression: Nozzle 1 Gas Cup Size: ···-- .•..• ~.s to~!!:! .......... .. 
Gas (QW-408} Peening; ·- ... _ ····-· .•.. _ ...... .Non~; ...• __ ................... ~ .. . 
Shielding: -~.JJI5)% Argo"!. ····- .J~:~ . .f. C:FH Multiple I Singh! Pass tpcnidel: ......... Sin~ or J:!lult~ 
Backing: ... I()Q~~Ar&()!lJ~.J.l~"!.~!-'tlJ ..... ~~~~ CrH 
!railing: CFII 
Electrk:al Characteristics (QW-409} 

Cum.'llt Type and Polarit): J:l(;,'.!it:J (s,tr~ighlt 
PulSI!d Current: !'If 1\ .. 
l'ungsh.'!l l')pc: E\¥T~:L Size: IJ.I.et .J/~2'~ 
Max. lltatl nput Win): 4.5673 

Maximum Heat Input applies to Supplementary tsso:ntial applit:ations {Impacts). toi!Sider qualilied base mt.'lal rangt.t">when deriving valu..:. 
Value derived lrom fomwlu: 

V oltsx Amps x 60 
rruwl Sp~:cd tinchcslminute) 

l.a~cr<sl 
nnd/nr 

Pas.~!-'S) 

A,!l~ 

Any 
Any 
Any 

Filler Mcml 
i\WS 

~:lussi licution 
EJUOS·:! 
FR70S-2 

t:Jpos~~ 
ER70S·2 

First Process Weldin~ Parameters 

s·u~nt l'ra~cl Speed 
Size fypc lllld Ampcn1g~ Volta~,tc 

l~!~lge 
V;tl'jahle 

Runge 
(in!J1'inl 
Variu~fc 

Vari;tbh: 

(in.J Pt!larity 
1/16 J)CEN !:;tmightl 
J/3::! IJCEN !straig_hU 
I ill IJCEN tstrltightl 

3116 pCF.N (Stl'ilighll 

Range 
70-150 
1«1-1811 
130-275 
21K)..37S 

Vari!!bJC 
Vnr!i!bh: 
Vnfi!!bll! 

V;triab!<: 
Varh!bl\! 

~ 1' .4 /p? WilliES> 0 
~o::- REVIEW c::::::Er-­

Rick Winde(j:J?----~ 



Heat Exebanger Design, Inc 
90 I East Beecher St 

Procedure Qualification Record (PQR) 

Page I of2 

Joint Design (QW-402) Base Metals (QW-403) 

Weld Type: ____ .. Groove weld ---~----·-········· Specifleation Type and Grade: 
Groove fype: ·----· Single-Y groove ____ --~ ·-- SA-106. Grade !L----~ to SA-l 06._Qf.llde B ____ _ 

Backing: ---······c·---------"'=:o-.. _ ... _____ ~-------~----· .. - P-No. Group No. to 
Root Opening: .~1 .. __ in. Root Face: .. ...J!Jl6J -·-in. Thickness (in.): . _O.JS8 __ 

P-No. Group No. 

Groove Angle: ___jiQ_ __ .. " Diameter (in. I: LJ IS 

SINGLE VEE GROOVE 

First Process: 
Filler Metals (QW-404) 
A WS l'ln.s.~ilicatiun: 
SFA Specification: 5,1L 
A-No. or Chemical Composition: 
Filler M\.'lnl Pnltluct Form: 
Consumable lnS\.'11: 
GTAWFiux: 
Weld Dcpusit 'I' ( in.l: 
Positions (QW-405) 
J>ositi1111 of Joint: 
Weld l'rogi"I."S!iiun: 
Gas (QW-408} 
Shielding: !011°'01\rgon 
Bnd.ing: 
l"rnHing: 

None 
;'\(IIJC 

GTAW 

ER7Q~.:~ 
F·No.: 

I_ 

{lnr~: (~ul~d l.. 
None 

None 
0.)58 

6Ct • 45 degree EiJ.l.l! 
Vcnicul up 

20 

lli'L'Ciling \\i.IS nntuscd \\ilh thi~ \\eltltc~l. 
2l ~n n:tain"'n used. 

6 

Preheat (QW-406) 
Minimum Preheat Temperature: ........ .__ .. ----~- ~,.-

Preheat Maintenance: ------·-···· .~!1.1!. ......•.. - ... -------· .. ···· 
-~a.ximum lnterp~s ·l:empe~~!_e:::::::.:-;-= 400 ""'~ ~~----·-· 
Postweld Heat Treatment (QW-407) 

Type: No PWIITJ1l!ti?!:!IJ~---···--····-
PWHT Temperature: .... }-l<!fl'! ·-··- at: 

PWHT Holding Time: . ... . N~----· hr. 

Type: Manual 
Elettrical Cbaracteristlts (QW-409) 
Current Type anti Pulurity: ... ~--·· 
fung.~l\.'11 Type: 1~\V}}I~~­
PuiSC{! Current: 
Welding Details 
Piller Mdal Size: (in.}: 
Amperage USC{!: 
Voltage Used: 
l"ravt!l Speed !in/mini: 
Mu,;. Ileal Input (J/in): 
Technique (QW-4101 
l'hcmuii Pmcesses: 

Varie:; 

prt~N <strnighu 
Size: N};2" 

None 

.NJR 

No 
CFII Stringer <1r W.:ave Bead: 
{'HI 'lonle : Gas Cup Sit.c: 

String~:r !!11~. \\e"d\ ~ h~,'ild 
116 

t'FII Multiple Single Pas:; I per ~ide!: 

A?#/ ) ... d f!# WITNESS 0 
./ff~c; REVIEW'$ 

Rick Wlnde/P- cr,...~ 



PQR No.: JIL ..... ~~ .. 

Heat Exchanger Design, lnc 

Procedure Qualification Record (PQR) 

··-·-···-··--··· ·······---~ ..•.. ---- Tensile Tnt (QW-150} 
Diameter Area Ultimate Total Ultimate Failure 

.. ~~~J~;Io, .... ... -~----·-· (in1) -~--~il~bJ~· -.~. __ Stress !P§!..L-. ~- _ and Location 
1 ,H~----. ____ L!!ILL ______ l?Q()f! ..•• -.. - .....• 70021 ..... ---~-····--]-asernctal 

Pa@c2of2 

1.0720 7S7SQ __ . ________ 7066!_ ____ ···--.-· .. £3.115C metal ____ ~ 

... ~-~--------~--------~----- ·---- . -~-- Guid~~E_!ests (QW-J_~>--------~----······--·-···-----~----------~---~-- __ 
·----~ .. I!!JdFigurc~~--- . _____ T.¥J!!!an4._FI&III!~'!:_~~---------- .. Result_----·--

QW·f62.~(!l.Facebend ··········-··· Ac<;!ll'!tablt;. ____ ---~----~ QW-462.3laJRoot bl:f,!.d -~~e@ble ______ _ 
........ Q~t§?,?_(!ll Fac~.l:!e,!l~ -~-. . ...• /\££~!~ ..•.. ··-··-- QW·:!§2.3J&f!g,c;)t_!J.:nd ~- ~~!~E-~ . ··-~--
'?a!l! transfc~ !'! ... n~~,J~!!!l~~P.:~.Q 12. _. 

Welder's Name: !?!m!ill..Wi!!. 1.0.: J;?. 

PQR wa.c; done and welding of coupon was witnessed by: .. Heat~:Sfh!IDmiA>si.BDJ.I!lt; ..... 

rest conducted by: !~J:!!Ii!ssiQill!! $.l.:'!'\'!~:~lndustrie~,J!l£, ~!1. 

We certify that the stalctncnts ln thb record arc correct that the U.'St welds were prepared. \\elded. and ti.'Sted in accordance with .the 
requirements of Section IX of' the ASfv : 

l>rt:pun.>d and Acceph:d B}; 9/61:!012 
. Olh: 

~~~· '"'•"'''""'""c 

0 
·~ 



Heat E~~t~hanger Design. Inc 
90 I East S.:echer St 

Pnlftdure Qualifieation Record (PQR) 

PQR No.; J.II!V::.:.l.!-1-S.:::.__ Date: 3/ll/1999. WPS No.: ITt and I!\'! I-S Page I ofl 

,Welding Processtes_!_::_:I) pc=·~(~~):~(l;:l:;;;G=:T:::A;W=·:!::' :=,~;:.:~~nu:;:•;;;I~{:Z:f):::::;G;;;;M;:A:;W=I::S:;:em:=:i•;:.:u:::to;;:m:;:a:.;ti::c:== =======' 
Joint Design (QW-402) Base Metals (QW-403) 
Weld Type: ~-~---~~····-~- Grooxe.~w~el:;:d____ Specification Type and Grade: 
Groove Type:_ Ooubii:·V.ROO ...... Y'L-- SA·516. Grade?,!!_ __ -·- to .. M·SI6. Gr~_J.~O __ _ 
Backing: .............. _ .... .lt<JS.~&ouged and back welded ____ -· ..... ~.- P·No. Group No . .] lo Group No . • L 
Root Opening _q.Q§]_ in. Root Face: 0.063 in. _'!"hickne~{in._!: ___ 8" = lo 

Groove Angle: ·-~_§!)··· ... Preheat (QW-406} 

DOUBL.E VEE GROOVE 

First Process: 
Filler 1\'letals CQW-404) 
A WS Classilkution: 
SF/\ Specilicntion: 5.18 
A-No. or Chemical Compnsition: 
Filler Metall)nlducl Fonn: 
Consumable Insert: 
GTAWFlux: 
Weld Deposit 't' lin. I: 
Positions (QW-405) 
Position of Joint: 
Weld Prug.ressiun: 
Gas (QW-408) 
Shielding: 
Backing: 
!'railing: 

:'>ionc 
~llllC 

GTAW 

ER70S·2 
F-No.: 6 

. Bare !Solid) 
No~c 

.N~~~~-. 
0.75 

l(j • Flut 
N/A 

211 

ll J>.:~o:ning \\a~ lllll US~'tl \1 ilh I his \\cld !1:!\L 
:!J \lu pas~ · L :!" thkk. 

Minimum Preheat T ~'lnperature: ..... 

Preheat Maintenance: ....... --~·-··-· ·---'~"'--· 
Ma."~~~~-~~~-~e~ure~ ---;;:;;--· 550 :.::==:'.:-_ __ 
Postweld Heat Treatment (QW-401) 

Type: ··-·~--~- .. !'!.~>, Py;_HT M,!f'OI'!~!!~!L ____ ... _~--- ..... 
PWHT Temperature; . ------1~.!l.!!!L _______ ., 'F 
PWHT Holding '!!me: .... @,~ • No_lle~ hr~ 

Type: Manual 
Electrical Characteristics (QW-409) 
Current rypc and Polurily: Q,CE!'fjslraightl 
Tungsten l'ypc: EWfh-2 Si7t:: Jf32,# ~ 

Welding Details 
Filler Metal Size (in~ I: 3:~2 

Amperage t!scd: 1511 

Vnltage Used: Varies 
rrnvul Sj)C\!d I ill/min): Yll£ics 
Max. I kat Input (1/inl: ~Milt 
Technique (QW-410) 
Thermal Proco:sscs: ~() 

String.er or Weave Bend: 
tTl! Nozzle ' Oa.-; Cup Size: 

Strin&cr ~'!~\\cave llCl_ll! 
147 

CFH Multiple 1 Single Pass (per ~ide!: Multipa's 
CFII 

0 



Heat Extbanger Design, Inc 

Procedure Qualification Record (PQR} 

Sewnd Process: G!\-JAW 
Filler Metals (QW-404) 

A WS Clllssification: ------~-- ER70S·6 
SFA Specification: __ 5.18 ___ _ 
A-No. or Cho!mical Composition: 
Filler Metal Product Form: ----.......... .. 
Supplemental Filler Metal: __ ····--· .. ···---~!l!L.--~···-- .. 
Weld Deposit 't' (in.): ....................... _ .. 
Pass Gn:ater Than Y/': .. ··-·· ....... _____ .. !:::::..... __ -···· ··--··---·· .. 
Positions (QW-405) 
Position of Joint: ___ .... ··- _]Q ·Hat ... 
Weld Progression: ..... . f:'oit.1: 
Gas (QW-408) 

Shielding: 99% Araon~ .. l.% PL.... . .. :!.~. CFH 
Backing: .. .. Non~. CFH 
frailing: .. :~5!!1~ Crll 

I 1 Peening was not used with this weld test. 
21 No p11s:'.: I /2" thick 

2of3 

Type: Semiautomatic: 
Eleetrieal Characteristics (QW-409) 

Curn:nt Type and Polarity: ·-·-··-·· OCEP (n:ve~}_ _____ _ 

Transfer Mode: --------~J!!£..- ·--·-----­
Welding Details 

Filler Metal Size (in. I: 0.045 ••.. --··-······-·-· 
Amperage Used: J~ ..... _l _____ : ____ l ....... :. __ _ 
Wire Feed S~ (in/min 1: ......Y!rJ~lL . I ....... "".: ..... _.. l 
Voltage Used: - .... 1! .. I .... ~·~-! ........ ~~-·-··· 
Travel Speed (in/mini: ...... Yaries ....... I ............. ~ ......... J ..................... ~ .. .. 
Ma.x. Heat Input (Jfinl: ·-····~·-··----·---
Technique (QW-410) 

Thermal ProceSSI.>s: ...... Ji<! ................................... ~ ......... . 
Stringer or Weave Bead: 
Noule ! Gas Cup Size: 
Conlael l'ube tu Work IJistance: ........ ..t!~"'Jg_t!r ... 
Multiple r Single Pass (per side!: .. .. ............. ~JIJI~L 

0 
~ 



PQR No.: JILMl-S ~ 

Heat Exchanger Design, Inc 

Procedure Qualification Record (PQR) 

Diameter Area Ultimate Total Ul!imate Unit Failure Tyl'( 

P•3of3 

_Specimen No: • ------- l~L ____ J.i!!.~L ______ L.2!f.li!?L~~ Stress (PSI L .. ------ and lOctUion --· .. 
··-· 0.496 ..•. QJ.2L. ___ 1;1-934 ____ ___!E~- -~ile-BM .. --·· 

••• .. ~ ... ,, 0.498 , ,,l!,!!L,,.., '' - 14941),""''~'~""~~ 766QQ.. __ , -~illl•B~,,-
' ~---- -·~-_2d~ ...... ·---~J12L~-~-- -~·-······-····--.?JBOo ... . .. ·-~~~~~-- .. 

2B 

.• . •. . ....... ----· .. --· Gu!~~ ... ~end T~ts (QW·I~l__ _________ .. ___ . ·--··-···---·""""-- .. 
- ........ T~igure J::i<?:.. -~-~-~-~---J!esul! • ·---- ---·--~ __ _Jy~ and .. f:ii!J'! No.... ... Result _ .. 

... QW-4§2.2~.l«!t,~nd_ .. A~!; .• ·----~-4i!PSid~ .•. _ -~ ...... ASf~l!!?.~---·· 
~-1~2.2 ~~ . .!J!!I!~. _ ... A£~.t;l't~!llc! ·-··-·· ....• ---.!1W·46U.~jc,!t; ~<m<L ............... --- . _-Ji"~t!IJ!~---. 

Hardness Test- Rotkweii-B hardness 
................. ·~--·····~·-····--· . 

" l.o\.-ation~--- ...... - ... ~ .... ___ . _,. __ ,,. ··~~~~ings_ .... 
·--~1\·1!~.0~£ ?QJlM 

PQR was done and welding or coupon was witm.-ssed by: Heat E~£~l111@!1t~SiJI),!!!..c; 

!'C.'il conuucll.-d h~. Sht.'Tl) !:ill>!!rnillrl!.:Ji ~Muncie, If;!~ 

Stamp No.· E 

Lab rest No.; .!99903~1719 

We t.-ertil~ that the 'ilnt.:mt:nts in this record arc co · and dun the test \\ellis were prepared. \\elded. and tt:1>1ed in accurdancc with the 
n:quiretm:ntsofSectiun IX ufthe i\S ude. 

91612!H J. Quality Control Manager 
nate 

VIII tO<., Ull • r..._ ( 

0 
c:s:-. 



Heat Ex1:1tanger Design, Inc 
901 East Beecher St 

Procedure Qualification Record (PQR) 

PQR No.: ITfMI-S-BHN Date: 1115/19!17 WPS No.:. ITt & tMt-S -~~ Page I of3 
Welding Process(es) I Ty~~l: Jll GTAW I Manual {l} GMAW I Semi~l!!omatic 

Joint Design (QW-402) Base Metals (QW-403) 

Wllld Type:-----~··· -·~~-- Groovll w¢ld Specification Type and Grade: 
GruoveType: Double-Vgn:l(lve ----- _SA·SI6.Grade70 to SA-?.!§.~.1L .... --·. 
Backing: _ Back-gouged and _back~!:l5!__~~--- P-No. _1_ Group No. _]__ to P-No. Group No . ...!_ 

Root Opening: ___ q,_Q§J._ . _in. Root Face: __ __Qll§). ___ in. Thickness (in.): ... ~:: .. ···---· -· •. -----·-----··-- ...•. 
Groove Angle: ___ 61} ____ " 

DOUBLE VEE GROOVE 

First Process: 
Filler Metals (QW-404) 
J\ WS Classification: 
SFA Sp~-cilicntion: 5.18 
A-No. or Chemical ComptlSitinn; 
Filkr Metal Product form: 
Consumable Insert: 
GTAWFiux: 
Weld Deposit 'I' (in.): 
Positions (QW-405) 
l'usilion ofJoim: 
Weld l'rogression: 
Gas (QW-408) 
Shielding: 
Bucking: 

IOIJ%i\rgof1 
Non.: 

I railing: Non.: 

GTAW 

J;R7QS~~ 
F-Nn.: 6 

Bar" J Snlid I 
Nom: 

No,.m; ..... , 
0.25 

Hl.,·FI.ll_t 
N/A 

20 

lii1CI!Oillg \\US Hill IISI.<J \\ itfl this \\CJ\Ill.!sl. 

2} "'n pass ••· 1·2• thick. 

Preheat (QW--406) 
Minimum Preheat Temperature: 

Preheat Mainte111111ce: --~······---- ............... :.··;::!:;, ............ ___ ----···-~---
~~!~ .. i_ll!:rpass_!~~~Jl':r~':r':: __ ··=· _s~~"'""'~"'-"=" "f 
Postweld Heat Treatment (QW-407) 

Type: ·---·--·----- ~!lJ>Y!IIT perf~!!!!.ffi. . ...... 
PWHT Temperature: cF 

PWHT Holding Time: . .!'/.()111!.............. hr; 

Type: Manual 
Electrical Characteristics {QW-409) 
Current Type and l~olnrity: . Qp!N lstl1t!mrtL, 
Tungsten Type: .,.... liW!h<! Si7.¢: , _:l/32" 
Welding Details 
Filler Metal Si1.: (ilt): 313? 
Amperage Used: I ?O 
Vol~c tJscd: !.? 
Travel Speed (inlrnin 1: 7 
Mat>. Ileal Input {Jiin): 19?116 
Technique (QW-tiO) 
rhcrmal l'rtlCCSSL."'i: 

String\."f'Or Wc.•twc Head: 
CFH NtliJk I nus Cup Size: 
CFII Mulliph: ; Single Pa.o;s tpcr sid.:): 
t'FII 

No 

Strinj!cr :1!14 ~~£UYC ~ad 
6 
Multipass 

0 
~-



Heat Exchanger Design, Inc 

Procedure Qualification Record (PQR) 

Second Process: GMAW 
Filler Metals (QW-404) 

A WS Classification: ---------- ER70S-6 
SFA Spl!dlication: -~----- F·No.: ----~''·---~---· 
A-No. or Chemical Composition: ----------~-~-----·'······---·----------------­
FillerMetal Product Form:---------_ Bare_!§oli9L.--~~-
Supplemental Filler MetaL ---~- -----·--'-'-"-'·--------------- -----­
Weld Deposit 't' (in.);---------·----------~"-~--------·-·--····--··--·····--·------
Pass Greater Than 
Positions (QW-405) 

Position of Joint:-----------·-----·····------:-~~-.... : .. :.:'"~--------------------­
Weld Progression; --------------­
Gas (QW-408) 
Shielding: _____ 9~~i_~ton.J~Qt 
Sacking: _____________ Non~- ---~ _ __ _______________ CFH 

frailing; .--~~~---~----~,y-~_C!nc ... . .i ~~-- yy- - .. ~ •• -~'·'--~- CFH 

l ) Peening was not u~'IJ with this weld lest. 
2) No pass 111" thick. 

Page2ofl 
---------------~----

Type: Semiautomatic 
Electrical CharacteriJtics (QW-409) 

Current Type and Polarity:·----~-----· DCEP (reverse) -------~ 
Transfer Mode; ----~---------------~~Sera)· arc ---~··-------­
Welding Details 

Filler Metal Size (in.}: ..... !!;04t .. J ····-~·····---~ 
Amperage Used: • -~- i _ ·---~--
Wire Feed Spet.'<l (in/mini: _ _y.a.ries •.. ! ----=------·~·· 
Voltage Used: ___ .: .. ~-----· 
Travel Speed (in/min): -~·-- .§ ---~-~---__ • __ ........ 1 ...... _.:: ......... .. 
Mal(. Heat Input (Jiin): -·--- .. ---··--· 84100 ___ ~-
Teel!nique (QW-410) 

Thermal Processes: ·------~-------·---····--·····--~:-~-~------·---·-----··------
Stringer orWcave Bo:ad: __ String.:r~!L .......... ~--·­
Nozzle ! Gas Cup Size: 
Contact Tulle 10 Work llistancc: 
Multipl.e l Single Pass {per sideJ: 

WITNESS 0 
REVIEW :::S:: 



Heat Exchanger Design, Inc 

Procedure Quallfll:ation Record (PQR} 

Area Ulti.matc Total Diameter 

-~~111"'!-'lN!'~~"---- {in.L _" _____ Ji.!l_,L _____ Lol!fJ \lbl 
lil.timate linn 

-·· ~Stres~!f~! 

Hardness Test - Brinell hardness 

218 ..•....•••....•.. 

tl.llr<!ncss testin!_~!:~~~-uslng ~ Ie!~t;rrineU~r k,it'"--~-

o;U.j!i~re~i!J ~;;~~ii<?.~i6=s.:;;~21JI~~---

P~ge 3 of) 

failure Type 

----~~--

wclder's ~ame: .. !l!l!!IIS!f~ tO.: (l StampNo.: G 

PQR was done and welding of coupon WIIS \~itnessed by: Jle~.l~h\l!l&t::r~i&l!.l~ 

rest conducted by:. J:lcuJ ~xcha.n&£LQesi&!J.J!l£ tab Test Nu,; :. .. 

Wo:. ~.-enil)- that the ~1utcmrots in this record are cor and thnt the test welds Wt.'fc prepMI.•<L welded. and tcst<.'tl in a<.'l!Ordnnce with the 
n:quirements ofSeclion IX of the A. de. 

Prcpnred nnd A~.-cepted By: 916i21ll2 Quality Control Manager 
l>llte 

WITNESS 0 

REVIEW~ 



Heat Exdlanger n-.n. fne 
90'1 East .Beecher St 

Protethtre Quafificatioil.Record (~ll) 

PQR N1,1.: JII·I"[! __ ...... _ .. . Date: 81ltll011 

Welding ProceSS( .. "Sl / TyJl!~.~JIJ~T A W 1_~·-~~l 
Joint Design {QW...&Ol) 

Wdd Type: ----~ .. • 6rouvcnwld ·-----­
Groove Type: ··-·---·-··--------~i!!!s-V !f!!!.!ve 
Backing: ____ O~n bUtt. no back weld--·-··~·---
RoutOpening: ___ J!,06~--- _ _in. Root Face: ___ 0.0~---·- in. 

Groove Angle: ----- 60~--"--- • 

SINGLE VEE GROOVE 

First Process: 
F"tllet Metals (QW-404) 
AWS Clnssilicatlnn: 
SFA Specilication: ..... ?,~8. 
A-NCJ. ur Chemical CompCJsitiun: ... 
Villl..-r Metull'rade Name: 
Filler Metall'r.uduct Form: 
Consumable lnscn: 
Gr1\ w Flux: . 
Weld llcposit 't'(in.l: 

GTAW 

I;_!7f)S·2 
t:~No.: 

. . ... L .. 
R~t!!!:.!! J~Sr\Jl 

N/A 

o.nm 
Positions (QW...&PSJ 
J>osition of Joint: 
Wcldl'mgressiun: 

JC i • v~r~i£nl 
. Jf£!1lc~fup-

Gas (QW-408) 
Shielding: 
llm.:'kinj,\: 
frailintr 

Jt!l~il i\f!!un 
!li_qn~ 
NtlllC 

lTU 
CFI'l 
l"l'U 

BueMetals ((lW-403) 
Spedtieation Type 'lllld Gnldt: 

Page I ofJ 

.~A·lg~. Grade C tQ .1.,ii~S 14,~ "-... ~­
P-No. ·-· _l _ QfOJJp No~ _r_ to P-Nl,l. _]___ Qroup NIJ. _.?_. 

Thickness lin. I! o, 1.875 ~~.,...,::.::-~~!?.?...,.,:---·---·-····--
Preheat (QW..t06) 
Minimum Pn!bea{l';,mpernture: ·------~-.. .1 34,1 ---~ "r 
Preheat.Mainteaanc:l!: --· ----· -----· ~--·.--·--­
MIIXimutn InterpiiSS T:emperaturu: ~-----1!1-----· "t­
Collpon preheated to ll9" F. 

-~-·'<"""'-~-. -¥¥"0"""¥""¥-~~-- ...... ·-~·c..........;-. ...,-·,..._,. ... ?-~ ............ --. ¥_,..._,_. -· ,...;:;.,._·~ 

Po.rtweld HeatTreatiMilt (QW-467) 

l'}'pt: .... -------- ~;.!!!I~!.~~-- •'"----·---
PWHT T ~1111.Un!! ----- •••.. )IInne •. '"f 
PWJTJ' Holdi~ Time: ·--·--. _ ---~------· .. _. __ hr. 

Type: Manual 
Eleetrkiil CharKteriltks (QW-409} 
Current Type and l~tilllfil~·: IX'!'ltU!"!tS~I) 
Tungsten. T}:pe:. ·­
Puls~:d C'urrent: 
Wefcling ·Detail$ 
ltiUer Metal SiiA:ttiU: 
Amper48e Usc¢ 
VolllJ&e t1S&:d: . 
T.-.v~( ~eed .1!11/tml)): 
Ml!x. tlt;iillt!plll tJJliil: 
Techni4fe (QW-4t0) 
l'lfermal Pro,.:~."SSCs: 

~t!t~ 
.!HH21 
H.I-lf?J 
l~~ 

Sili:i: .~l~". 
. Ni,'\. 

¥~1 
.. t~ 

J7.9 
. J;!HI 

4~{)7~ 

.J~n .. 
Sirlngt.-r or w~·aw Bead: . ,String.cr.ilftl! .\\ l!ill'c hc:att 
Nomc 1 Uus t'bp Si~e: jf'J. ' 

Muhipll: Singk l~tpi.'f)litlcl: Singh: attd. nwliipuil.~ 



Heat Exchanger Destgn, Inc 

Procedure Qualification Record (PQRJ 

PQR No.: _ITI-Jn . Page2 of3 

..... .... ····-· ·········-····-·· ... ____ .. _______ A_'!~~~'!!'.~!~~!'!!!~mete!:!____ . _______ --------------------
Layerlsl Filler Mc:tal --········------~------Cur[<;f.lL........... Tra\·d Speed 
and/or A WS Si7e Type: ;~nd Amperage Voltage: Range 

___ rJ!~sJ __ f_ro_s_c~~ ____ ...£!p~~'1--- ..... (in.l ~~-......1'£1ari~,L _____ ,_,S,!nge ....... ~ ___ lintminl ... 
---~----'---------.9~[:1_~: .... _.. _gi!!Q§-2....... , ____ JilL_ __ _I?_CEN (su;aightl __ J!Q:l~_L __ _LU·!~J. ____ 3.30 _ .•. 
.. ___ _L __ , _____ GT ~;··---~OS-2 __ ... _3!32 -----· Q£g_N ill!:Di&!:!!L .... .L!~:L~~--~-J 5..1-17.!} ___ .... l:!L .. 

. GT AlA:~ . ___ §)!_?Q§~£. _______ }!3.-L ............ .Jl~f.N tstr~-- .2H!J ............. 13.3_:!1Q ______ ... f.:..~? •. 
______ ,-!., _______ _QTAW ......... ER70S:L ___ ___ _lf]l____ Q<:EN~!.raightl _____ 92-117. ..... ___ _13.5:1:!:.5 ________ _±9.., 

Pass layer #-l applied !rom the back side after back grinding. 

TliS r TEMPERATl;RE DETERYIINA !'ION: 
Test temp. determined per UG-8.J(c)(5)(b): tl!St shull be conducted 111 a temp. lm\c:r than the MDMT b) an amount.:quul to the~ of 
the h:mp. r.:ductions in !able UG·84.2 lor the actual matc:riulthickness and the specimen thickn.:ss .... 

Actual matc:riulthickness: 0. 1875" 
Specimc:n thickness: 0.131• 

l'cmp Reduction: 22"F (intcrpolah:dl 
Temp Reduction: 35"f 

Applicable h.'SI h:mp. reduction: Jj• minus 22• F = 13° F 

T\.-st tcmpc:rature dilfcrential pl!r !'able LG-84A: 
SA285-C min Y "' .30 ksi: SA 51 (>-70 min Y "' 38 ksi 
thcrelhre I 0° F tt:st temp. credit 

Final result is the -56" F h:h1 temperature qualilics for -53° F. 

WITNESS 0 

REVIEW ~. 



PQR "'o.: r:n-1n ~ .. 

Specimen 
Number 

I 

---~­
~ 

'* 5 
6 
7 

It .. 
9 

Notch 

. HAZ~?I6 
. JJA_l~516 

lol!a~n. 

S,\-~8-~, G!:!!!.le C. BM .. 
':IA-285. (Jrm.lc ~:JlA.Z 
SA~~ l.fl: (JrnUc: 70 .IJ~ . 
S.t\·5lll. OrJ!f:70 1·!.\Z 

W~!J! metal ... 

Heat Exchanger Design, Inc 

Prottdure Qualitication Record (PQR} 

..!O.!!I~!.I.IlSS. Tests_ (q\:":170) -····-
Test lmpact 

Notch f emp. Value 

--~-~I''Fl .11\-lbL_ •.,~l!e~r 
.:v:·_ --~-~~ ____ R ... ···-·· ... ...... ~s .. 
"V" -56 

--~ ............... .- :~§ 
.. :~. 

-56 

... '-~56. 
.:&. ... 
. :~6 
-56-
'"""""-·""•"w.-,.-,~-A--

H .. 
17 

' !9, __ _ 
~.2 .. 
13 

... .Jl.. .. 
9 

··---~-
40 
45 

--~---· 
8~L~ .. --
7.L .. 
40 

Hardness Test- Vickers hardness 

Ul~ .. -
1.~ 
158 

162_ .. .J~. 

··--'~~- 147 
173 )80 

lQ4 
_156 

. 1?1 .. 
..... l~~ 

(93 . 

.. l?L 

. Re!lfl!_ll!lS. 

Lateral Expansion 

.J~l 

. ____ 10 

~--
37 

... .:L 
.&6 
30 

. .. U 
?? 

S;\~1_!_!~ 70 mill. ~cdfled yield "')~-~~i: lylin. impa£!_ ~s~ll~ of full ~.£lii!!C..i!ncn:; "' I?J:npl flt.=!£J.&:Ji<i·l!4.1. 
s,~28?:~· lllin. spec_ili_~.:'tl xh~.l~ ... 30 ks.i: _Min, ilnpllcl Fo!!'U_I_Is of full. ~i:tc ~llcimcn_s .. "' .1_ 5 FT'LB pcrJ'ig. l !0-84.1. 
IMP~\~~!' rES riNG :-JS~Tl;S: .• . ~ 
Full ~izc p-;pedlllef! "' I O_mm. !'est ~peci~~1l site of 3.}_!!!!!! ~ 0.33 Fuctnr. 
15 FI'I.B' 0.33 ~ 4.95_fFLB min. awr:~ge. 4.95 Fl1:!} \ 0#1 "'.l.27 Pf U3 rnin. single specimen. 

Sec Weld Uet11il pag!!' ibr dctemtinatiunof t.:s_t)cmpcratu~c, . 

Welder's !'Jnmc: Curtis, Dl}\ id W.: X 

PQR \\as tlnnc mtd \\clding. nf L'OOJlllll \\tL" \\itncss.cd h) IJ_eat Eschuna!!r l>csign, Inc. 

1\:stt.·unduch.:d h~: Sh~~ Li1_~!fl!luri.:s • Btllk!!ll Arrm\, 0". 

Stamp \io .. X 

l.ah 1-.'SI 'lo.; !.U.:!OIII888 

Page3o!'J 

Drop 
Weight 

!'teak_.~ 

We c.:nil~ that the -.tnt..:mcms in this record an.: corre · tlthm th.: test \W(tls \\cr.: pn:flllrcd. 1\t:lded. and 1\..'Sicd in ucarrtbmcc with the 
r.:quircnJ<:ntsufSL'CiioniX ufthc AS, 

Prepared ami . \cc~'Jlh:d B~ •};(,, 201::! Qunlit~ l'untrul \.fanuger 
!hi!~ 

0 WITNESS 

REVIEW~ 



Heat Exchanger Design, Inc 
90 I East Beecher St 

Welding Procedure Specitication (WPS} 

WPSNo .. f,\Jf-S_____ Oat~; 7/1711996 Rev. No.· 6 Da:e: 9/6@1~ p~ 1 or2 
Supporting PORisl: .lTlMHi, !TIM I~S.:BH~.JMH·CIT 
We~d!ng !ro~.:Sl i T~pe(s): (I) GMA_'Y! §,ellliau~lll~Jic 

Joint Design (QW-402) 

Weld l'}pc: _.,.-.,.Groove l!ntlliU~t ".:Ids. . ..,. 

·~, .. ·--------·- -~-~­···---- ... 

-~.IIPe Baekin_{ Rol!! Opening 
.~ngi.:-V..!!:Q!U.C No ba~i!IJL ___ .)il6" max 

-· Qroove~!L 
. SOdegmin 

Roo! .f. ace.. . . . Groo!!_Radlus 
IB'ma~ 

$!ngl.:~v_!!.l_. • _l:l_obackina _ ·--· .]16" !111!-"< 
~ln&IO::.Y .&fl!9~!! .GQ.!!!'!_~ ~-~ \\elded., • . . !'4" ma.'C 
Dou~l"< b~v~:l G_p~.;~ §!. ~-11£~ l\ei4.:Y... . .• H'~ ma,x 

.. Dou~.:-V .!~~o.vc OouB.!:!!_& back. "eldcd I~ .. ma.;; 
SqU1!!£.!rC?.QVc ..J-joint !J2" .m~ 
SJ1.!!!1~tll'!!9.~!;. _ .. 1'!9 ~a.s~n&.. 332" max 

FJ!Icl Welds; Alllillet simon nl~ ~~.talthicMtf!.~es.!l'!!!.l!!l !!l~n.t~~'Y 
Retainers: .1'!!!11~ 

. .J)degmin 

.. S9degmin 
.f~.t.fe&m.ill 
41 ~I!!! !'!it;! 

I g• ma.x 
3·16" rna\. 
3 16" ffiQ\ . 

316"ma\ 

WELD JOINT DESCRIPTIONS SIIOWN ARE NOf INCU SIVE OF ALL HIOSC POUND ON AJOI3 WI· I D JOIN! DloSIGN 
REI'ERtNCE IN AN CNOINI:FRING SPECiriCATION OR A DESIGN ORt\WINCi 'tllJ\1.1. I AKF.I'IU~CFI>J.NtE OVI:R WEI 0 
JOINTS SIIOWN IN TillS WPS 

Base Metals (QW-40J) 

1'-No •... _J_ .. __ Group ~o. I & 2 
Group No I & ~ 

I hici.nel~S Rangu: . O.J875. in, to .. I 0.64011 in 
to P-No. I 

Preheat (QW-406) 
Minimum l'n:heat l'umpcmtun:; SO 'I' 
Maximum lnt.:rpa ... ~ rcmp~:mnm:: 293 °1' 
l'rehcnt ~aimcnancc: None 
II Mnximum inlcrpn~' temp. 293 > F applu:~ tu impact applicutiom. 
oul~ 
2J l'rcbllUI to 2000 r min. ifl\l!ld deposit > 1 . .!5" llnd ,.._ 1.50". 

Postweld Heat Treatment (QW..j07) 
I'WIII' l)pc; Ntl I'WH I \\ill he pcrlilmlctl 
I'WIII rcmpcrotun: \lone 
I'WIIlllolding fim.:· '\one 

tnitial;uttllntcrp~~ Cleaning; With \\ire bru~h clcnn I inth 1::!5 mm1 on buth side~ of1\ddjoin1 
\ilc:thnd or IJucl Gouging: When fCC!!!irctl. grind umil ;~II delects nrc ro:mowd. 
1) Minimum preheat must be maintained during thermal cutting, tacking, and welding operalions 
2) Welds shall be cleaned between each pass When completed, remove all slag and projections. 
3) Charpy Impact qualified lo ·53" F. See PQR 1M1-S-CIT for details 

'I 

4) Impact qualified: ·53" F for 0.094" min. (limited to 0.1875" m1n.) base metal thknss. 23627 J/in max heat input. so· F min 
preheat & 293" F max. interpass femp Flat and horrzontal positions only qualified. Any combination of Group 1 and 2 matenals 
qualified 
5) See PQR's 1T/M1.S·BHN and !M1·S·CIT for hardness lest results 

Reu. 6· Re.performed PQR 1M1-S·CIT Reursed notes accordingly Th1s WPS and exisling PQR's 1TIM1-S and 1TIM1-S·BHN 
transferred to new forms. 

PllVIISilOMSlll filllCEID oon aor CQimlU1E Aa:!P1JIItl 
AI'I'IIOI'At. tf DElli* DmRJ. Cl.li:IIW1IIIS, WmR, 
liE11illiCOIIJAltlllllallmlllPSIOIIIIal'CllliiY11tE 
UG COU lOT 8Eli£WE SUPPLIER fAOII fUL 
QJIIPIIIJICl Willi taOIIACl\IAI. OIUGAIKIU. 

WITNESS D 

REVIEW [>gt_ 



Heat Exchanger DeJign, Inc 

Welding Procedure Speeifleation (WPS) 

~!~ ~::.J,MI:~-'--c===-=''· .· .. _R~~- ~~:.=.L=-·· _____ --------····-······------·-·-- -·-··--··· ______________ ··---~a~_:!_~~~--·-· 
First Process: CI\'IAW Type: 
Filler Metal (QW~04) 

W~ld Otposillimits: •. ----- _. J:SOO in .. J!!a~!!tl.!l.l!!________ No Pass GI\:Bt~r I han :" A'l011~d 

A WS Clussilication: . ER 70S--:6 !.r'A Specillcntion: 5 18 
A-Nu. or Chemical Compusltio · 
Filler Metal Product Form: 
Supplcmc:ntal Filler Metal: "'one 

Position (QW-405) 
Position of Joint 
Weld Progn:ssion. 

A·l Positions 
Any 

Gas (QW-408) 

Shidding: 9901 Argon. I% 02 
B11cking: NoJ!e 
frailing: Nom: 
Electrical Characteristics (QW~09) 

25-40 

Curn:nl Type and l'olarit:: 
rransfer Moclc: 

DC£r jrcvursc) 

Max. lle11tlnput Ulinl: 
Spm} nrc: 

23627 

Technique (QW~IOl 
Strin~or Wcave Bead 
Nozzle Gas tup SiLt: 
Peening: 

CFII Contact T ubc 10 Worl.. DistanL-c: 
tFH Multiple Sing~ Pa~ [p~r 'idel: 
Clll 

f-No.· 

Strtn~beod 
JS"to s s·. 

None 

6 

H"to12" 
Single or multi~ 

Ma'\imum I hmt lnputupplics to Supplemental) Es.\l!nunl upplicuriun~ (lmpncts). Consider ,,ualili~'ll IYo~sc tm:lul mnge~ I\ hen dcrh ing valllll. 
Vuluc: derived lmm lilrmulu: 

Vol!s ~ Amps 'I 60 
rmvcl Spew linch.:s/minulcl 

l.u~~rtsl l'illcrM~ml 

and/or t\W.S 
l'ass(e~l (.'luSllificntiun 

An) HR70S·6 
J\D> I~R70S-6 

\n~ I~R70.S·C• 

Si1e 
(in.) 

0.035 
11.045 
(.((! 

First Process Welding Parameters 
Current 

I) pc nnd . \mpL"''ltgc 
Pulurit> l~angc 

J)t'EI' (NVIlf'll:) 1611·225 
IKE!' {n:v.:r~c) !911-J.SII 
m:EI' 1 rcver.cl .:!IKI-4111l 

Rick Windell 

Wire lmveiSpced 
h:cd 'lpe~'tl Volrugc Runge 

(inmml Range (in. min) 
V;ninhlc 24-32 Vurinblc 
v .. rinhlc :!'.1·14 Vurinbl.: 
Varintllc 21J-1~ Vari;tblc 

WITNESS 0 
REVIEW ~ h""•••·•••••••( 



Heat ~changer Design, lne 
90 I East Beecher St 

Procedure Qualification Record {PQR) 

PQRNo:jT/MI-5 Dat.:~ 3/ll/1999 WPSNo .• ITlandlMI-S Page I oO 
W .:!ding ~~~.:ss( ~Sl ;r> pt:( s1: (I) GTA W I Manual (l) GMA W I Semiautomatic 

Joint Design (QW-40l) 
W.:ld l)pe: __ . --· ··---- 01'01:!.~.1!!!!. ______ _ 

Base Metals (QW-4031 
Specification Trpe nnd Grade: 

Groove T~ p.:; _ Double.V eroove 
Backing Bock-gouged and bock 1wlded 
Root Opening: !}.063 in. Root Face: 0.063 
Groo\e Anglo:: _ _ __ @__ ... _ 0 

DOUBLE VEE GROOVE 

First Process: 
Filler Metals (QW-404) 
A WS Classili,ation: 
SFA Specilicutinn: :S I H 
A·Nu. nr <.:hcmical Cnmpusllion: 
Filler Mctnl Produ~1 l'onn: 
Consumable ln~L'fl: 
GfAW Flu:..: 
Wdi.IJ><:pusit 't' (in.): 
Positions (QW-405) 
Pusitiun nl' fuint: 
W.:ld Prngl'l!s~iuu: 
Gns !QW-~08) 
1\hio:lding: 
Bm:km[!: 
hailing 

ICI0°o \rgnn 
\lom: 

GTAW 

ER70S·2 
F-Nu.: 6 

Bare (Solid) 
Nunc 

None 
0.75 

IG • Fbll 
\j,,\ 

211 

111\.'t:llillg 1\ll\ IIlli tl~l!il 1\ ith lbi' \\dd IC\1. 

21 'u p;t~h I ::!" thic~ 

SA-516. Grad( 70 to SA~~ 1{), Qm._~~ 19. 
P·No. . _I Group No. 2 to P-No I Gro;;p No, 2 

in. _,_.h_ic~n,:sstin:l: __ ~- .... __ to . 

Preheat (QW..f06) 
Minimum Preh~11t I emp.!nture: 50_ 
Pn:hcat Maintcaance. ~~\' . 
Ma.'<imum lnterpass T tlllPI:"ll~re; .... __ _ ___ jJ.~. 

Postweld HeatTrealmenl (QW-407) 
T~pe: . -~o PWI·IT pc!ri!Jl_'!ll~. 
PWH r T ~mp.:rttun: Non.; .. 
PWH f Holding Time: 'lone 

Type: Manual 
Electrical Characteristics (QW-&09) 
Current l'>pe and Pnl:uit}: LlCh:-.11 ~t.raif!hll 

'I· 

op 

•F 
hr 

l'ungstcn I ~-p:· !~W 1Tt·2 Site: 3·32" 
Weldin& Delllils 
Filler Mclul Size (in. I: 
Amperage l \L'II: 
Voltage hctl: 
rm~cl '\p~oct.l(mimin): 

\tin\. Ileal Input (Jinl~ 
Technique IQW-4101 
l'h.:rmul Pruc~sc~: 
Stringer ur Wc;tvc Hl!ltd: 

JJl 
150 

Vurh:s 
Vuri.:s 

:-.lu 

CFII 'llun.lc Ou~ l'ur "liJ'c: 
'\trinacr Jnd 11cn~c b~d 

~7 

l Fll '-'luhiplc \inglc J>a~~ ltJCr ~illel \inltiptlll.~ 

CHI 

WITNESS 0 !on •-•u .,.,...,< 

REVIEW %--



Heat Euhanger Design, Inc 

Procedure Qualification Record (PQRl 

PQRNo .• ITIMI·;:S==== -------------· -----·-------------·--·--.. ~llge~.o_f~-
Second Process: GMA W Type: Semiautomatic 
Filler Melli!$ (QW-404) Eledrical Charat:lerisUcs {QW-409) 
AWS Classification. _________ ...._g]~:.L_. Cum:nl f)peand Polarit): [)CEP (f!W<~rsel 
SFA Specification: __ .. _.1..!!__ 
A-No. orCII~micnl Composition: 

F-No.: -~-.• L .. _ .. Transfer Mode: S!!ru.. arc. 

Filler Metal Product Form' 
Supplemental Fillt.:r Melnl: 

... ~!!:.'"-~!!!.!~L 
... None ____ _ 

Weill Depo~il 't' (in.):-·-- .. 0.73 
PnssGn:aterThan \·2": ______ _ No 
Positions CQW-405) 
Position of Joint: 
W!!ld Pro,gn:ssion: 

. l(j .~.fl~ 
NA 

Gas (QW-408) 
Shielding: 
Backing: 
fmiling: 

99"D Ar&!ln, I"• 02 
None 
None 

I 1 Pec:ning wus not used wnh this 'Wid lest. 
2) 'lo pass » 1,2" !hick. 

28 

Welding Details 
Filler Metal S;L¢ tin.)' 
Amperage t sed: 
Wire Feed Spo:«l ('n.mm): 
Voltage Usetl· 
Tmvcl Speed Cn mini 
Ma'(. Heat Input (Jin): 
Technique (QW-4101 
Thermal Pmcessll!.: 

CFH Stringer 11r Weave B~"nd. 
CFH Nun!c Ons Cup 'ii1.c· 

0.045 
280 

Varies 
28 

<.Ill t ontact rub<! to Wtlrl.. Disllmc~ 
Mulupl~ , Single Pass (per side) 

Strinrurr bt:ad 
.1'2~ 

1-1".10 1.2" 
Multi~ 

1111 ••,.Otl •Drll'l•• t 

Rick Windell 

WITNESS 0 

REVIEW~-



PQR No.: .H! .. MI§_ __ 

se~_im!!!) No ... -· 
1 r 

Heat E'fthanger Design, Inc 

Procedure Qualification Re4:ord (PQRJ 

Diullll!ter An:a t:llimnt~ ro1al Ultima!~ Unit 
.!!!U___ (in•) ~ad (lbl ____ sm:ss{PSIJ 
Q -19~ ____ 9 193 14934 __ ...11:!QQ__ 

··-·--'-~ .. 0.498 . ' 0.195 149i_Q.__ -- -.- .. _76600 . 
2[ 

____ _18 

• --~and rtgure No. 
QW-462.2 Sid.o;_~!!c! 
OW-462.2 ~i~ bl:nd 

o;~- o,m 
0.498 .. ___ !!:ill_ 

~.:JLI!! 
~sce.J!!!!lh: 
~l!$1~!1bl~ 

. JJJl!l~---- 77800, 
-- ____ !1~7_6 - .. 768(!!1__ 

]_!{!!: on4_figure Jllo 
. _.Q!':'J5!2~i~c ~nd. 

.... _____ .. ~62.2 Std.: btnd 

Hardness Test· Rod<well-8 hardness 

_!:,ocntion 
S!\·SI_§,QI'I1<k 70 BM 
SA:i I~_,_ Qrnde 70 IIAL 

W_el_~ !!•~tal 

76 

8J 
?Q .. 

Data_lrn~sli:rred In new l~nn 6·Scp·20 I~ 

-----
.. _..JLCM!l!!!!:i • 

fui!ureT)~ 

·-- _ _ !I!~ Locatio'! 
_ Q!!!:t!t~ : .. BM 

.• ·-Quc:tilc :..l!.t.1 
__ Ductile· Bf-1 .. 

Ductile- BM_ .. 

_ R~s.!!_lt 
Ac:ceptablc 
ll,~,--c_!!J1.!ablc 

W .:I del's 'lame: 1: v-~115, Robert I.J) .. E Stnmp"'Jo .. f. 

I'QR was done und welding nf coupon \Ill!> •1itne~-scd b): Ileal hxchun~ ll6ig_n. Inc 

I c~t ~~mdu~tcd h~: SIJCIT,) I .Jhorqtones .. M11nctc. IN L::th I est '\u. 11J9'.10JU779 

W~ cenif} 1ha1 the ~lnlcmcnt~ in lh•~ rccnrd arc ~nrr • • mull IIIII the lcht 11eldlo 1\CI\: PN(llll'l:d. 11cldcd. und lc~tcd Tn :tCL'tlrdam:c 11 nh the 
n:quircmcnl~ of 'icctiun IX ur the A~ 'mlc. 

91C•-20ll Oualil) Cl1ntml Mun.1gcr 
tlalo 

WITNESS 

REVIEW 

z••• ••• •t• ...... , ••• ( 0 

~-· 



Heat Exchanger Design, lne 
90 I East Beecher St 

Proeedure Qualification Record (PQR) 

Dale: 1/15/1997 WPS No.: ITI & IMl-S Page I ofJ PQR No.: IT/MI·S-BHN 
Welding ProcCSS(es} I T)pe(sl: (I} GTAW /Manu!!!....ffi GMAW I Semiautomatic 

Jolnt Design (QW-402} 
WddTypr:: 
Groove Typl!: 
Backing: 

Groove weld 
Double·Y groove 

Back-e.ouged and buck ~\¢ld 

Ban Metals (QW-403) 
Spec:ification Type and Grade: 

---- SA-516, Orodt: 70 
P·No. _1 Group No. 2 

to SA-516. Grade 70 . 
to P-No. _1_ Group No. 2 

Root Opening: _ 
Groove Angle: 

0.063 in. Root F11ee: _ 0.063 -·- in. 'lllickncss (in.): .Q.5 • 
60 4 

DOUBLE VEE GROOVE 

First Process: 
Filler Metals (QW-404} 
A WS Clns.~ilication: 
SF/\ Specilicution: S.l8 
A-No. or Ch\llllical C:ompo~ilicm: 
Filler \ictal Product Foro1· 
Consumable lns~n: 
C1 rAW Flu.'>: 
Weld Dctxl~il 't' lin.). 
Positions (QW-405) 
l>o,itinn nr Jomt: 
Weld Prngre~1oion: 
Gas (QW-408} 
Shir:lding: 
llncking. 
!"roiling: 

W0°ol\rgon 

Non~ 

GTAW 

E!t70S-2 
F-Ntl ~ 6 

Bnrc(Solidl 
None 

None 
0.25 

IG • Flut 
'II A 

20 

lll'~cning \Ill .. IIlii ti\Cd \\ilh till~ \\ChJ IC'l. 

2J :-.in pu:..~ • I 2" thid, 

Preheat {QW-406) 
Minimum Preheat Tcm~rnture: lQ_ ____ "F 

Preheat Maintenance: ------· None 

Ma.'timum ~nrerpass __ ·_re_m_(lcl_ro_l~.re: --==s=so== 
Postweld Heat Treatment (QW-407) 
Type: N~ PWIIT pertimned 
PWHf rcmperature: Nor~<: 

PWHT llolding Tmc: None 

Type: Mnnual 
Electrical Charaderislics (QW-409) 
Cni'R!nt l'ype und Polurit~: IJCEN (!.trnightJ 

·r 
hr. 

rungstcn rypc: r;w l]l-~ Size: 3132" 
Welding Details 
I' iller Metal Si1e (in.J: 3•32 
Amperage Used: 150 
V ol!agcl o;ed: I 5 
I ravel Speed {inlmrnJ; 7 
Mnx.llcatlnput(Jiinl: 192H6 
Technique (QW-410) 
I hcrmafi>rnc~.-s~: 'llo 

'itringer or W~ave Beud: Strlnw und 1\envc bend 
CFII Nunlc Gus Cup Si1.c:: 6 
C.HI Multiple Sin!!lc: Ptlss(pcr sidc:l: Multipn~'\ 
(.'I'll 

WITNESS 
~ ...... ( 

REVIEW 



Heat Exchanger Design, Inc 

Procedure Qunlilkation Record (PQR) 

PQR No.; ITIMI-S-BHN 

Second Process: GMA W 
Filler Metals (QW-404) 

AWSCIBSsilication: .. E_lpO~~--------·· 
SFASpeeilication: ___ 5 18 __ F-No.: ___ 6 ___ _ 
A-No. or Chemical Composition; ________ L __ --------
Filler Metal Product Form: Bare (Solid_L _____ _ 
Supplemental Filler "1dal· 
W.:ld D~po~il 't' (in.J: .. 

Pass Greater Than ' :"; .. 
Positions (QW-405) 

-- .. . }'ol()~ ---- -- - -----
_ Q,~-~---------- --·-

.• _________ N_!L. --

Position ol' Joint: . _____ . 
Weld Progn:ssion 
Gas {QW-408) 
Shielding: 
SliCking; 
rrniling: 

99"oArgon. l0 o02 
Nunc 

None 

10-fllll 
'lA 

I) 1'-:ening \\liS IIUt USI.'d \\ilh lhi~ weld I.:St. 

2) No pass> I~" thick. 

28 CFH 
CFII 
CFH 

--------- Pag:_2ofJ _ 
Type: Semiautomatic: 
Electrh:al Cbllratteristic:s (QW-409) 
Current Type mtd Polurit}. ----- _ _ DCE~!!!Y£!S.e). _____ _ 

Transfer Mod<: . ------ __ . _Spra\ J!.rL---·---------­
Welding Details 
Filler Metal Si7e(in.) _q.OoiS __ _ __ ------
Amperagetsed ~?_(I ___ • ~ ___ I ____ _: ·-·-
WireFeedSpedl{infmin): ____ vari.:s __ i ____ .•.. i. __ __: __ _ 

Vohogc U~d; __ J~--- I _I -----------
!"ravel Sped! (in/min): --· -~ ___ r _____ : _____ I ____ : ______ _ 
Max H~llnput(J!mt: ----· ___ !i!!l.tl ___________ _ 
Technique (QW-410) 
l"bcnnal Processes: 
S!ringer or Wc:uve Bead: 
No7.zl.: ··Gas Cap Si,e· 
t:on1ne1 I ubi: to Work Dislancc· 
Muhiplc Singh: Jlns~ (fl<!r side I: 

WITNESS 

REVIEW 

.. l•!,o __ _ 
!.;tiJ!Iz~tr P.eAA ,.,. 

I 4"to 12'' 
\lu!ti~s 

D 
£1·f•mol( 



Heat Exchanger Design, Inc 

Procedure Qualification Reeord (PQR) 

PQR No.: ITI~l-§.--~f!N 

Dinmet~r 

Spcciml!n No._ .. ____ . _ _(in. I 
Area 

__ (in'L 
Ultimate Total 

Load !lbJ 
IHtimate l 'nit 
_Str~!!~JL 

Pag<:l uD 

Foilure T) pe 
. _ _!!1d Location ___ _ 

Hardness Test- Brinell hardneM 

Hard_n~II!Siing J!.~rrl!rm.ed usin_g n T~£1!rJ.~ller ki1._ ..• 

Q"!Tatrnns!k.l"l!!! !.!!. ne\\ fl!mJ ~Sep-..20 j 2, 

Welder's 'lome: ~unor. Greg_ __ I.D. Q 
PQR wllli dnne ond \\clding orcuupUn \\liS wime:>!>-.:d by: 1_1~1 E'lffillll_gq Deaign, In~ 

fest ~-onducted b~. Ileal H-;changc:r Ol:M&!!:J!!L 

rtliiUirenR:IliS ol' S~clion IX of !he AS 

Prepared und • \cc.:pto:d B~' 

.. ..1--- ~ .. 

'ilampNo G 

l.ub J.:st No -

WITNESS 
1011 ,.. .. au 1""""" 

0 
)3::_ REVIEW 



Heat Exchanger Design, Inc 
90 I East Beecher St 

Procedure Qualification Reeord (PQR) 

PQR 'lo.: J.!'Vli·S-C!!____ Dat.:: 8/ll/1012 WPS No.: .IMI·S --------
Y'~Iding Proco:sS(o:sl r Typ.:(s): (I) GMAW I Semiautomatie 

Joint Design (QW·402} Ban Metals {QW-403) 

Weld T)lJe; _ ---·-·-·--Q~~ weld ------ Specification Type and Grade: 

Page I ofl 

OroCive T~pe __ -·· _ -~ingh:.V RQ9YL ------ ·-- SA-285. Grade C to j)A-516. Grade 70 
Backing: ___ Bacls'lQ!li.t!.d and back weld ------ P-No -· L. Group No. I 10 P-No. _I_ Group No. _L 
Root Opening: 0.0~. ___ in. Root Fm:e· __ QJ~§L ... in . Thickness ti~""""-~~875 __ to. 0.1875 

Groo\e Angk ___ _§.Q__ ·--- " Preheat (QW-406) 

SINGLE VEE GROOVE 

First Process: 
Filler Metals (QW-404) 
A WS Clnssilicution: 
SFA SJl'.'Cillcntiun: 5.18 
A-No. ur Chenucnl Comro~ition: 
l'ill~r M~lal !'rode :>~mne: 
Filler Metal Productl'orm: 
Supplemental Filler \llctal: 
Wi!ld Depnsit 'l' 1 in. I: 
l'nss Grenier I h:m · :"~ 
Positions (QW-405) 
Posi1i1>n or Jomt: 
Weld l'n~grt:lisiun: 
Gas (QW-408) 

GMAW 

ER70S-6 
I'·No.: 

Nntional St{mdurd 
Bure [~olid) 

Nom: 
0.1875 

No 

2<i • I lori.mnru! 
Nit\ 

.JO 

Minimum Preluml l'empcratun:: 
Preheat Mainrenancc· 
Mosimum lnterpass T emperalure· 
Coupon preheated to 143° F'. 

Postweld Heat Treatment (QW-407) 

IH 

ljpe: No t•YvJIT .[!!:rfonned 
PWIIT Temperature: Non&~ 

PWIIT I lolding rime: None 

Type: Semiautomatic 
Electrical Cl1aracteristies (QW-4091 
Current lype and Polurit}: DCU' (rcwr..c:) 
rransli:r Motk:: ~pru~ arc 
Welding Details 
Filler \ol!:tull!i1.1: (in 1· 11.1145 
tunpcrogc Used 350 
Wire 1:ced Speed I hlimin 1 J3U 
Voltuge l·scd: 25 
!'ravel Speed (in/min): l~.l~-:!6.32 

Mnx. Hcut Input tJiin): 23627 
Technique (QW-4101 
llll.'nllul l'm~o-es~s: 
'ltringer ur W~uvc Bc-Jd: 

Cr! I 'llnulc Uas Cup Si~c: 

N1> 

S tringcr b~.~ld 
12" 

'F 

hr. 

Shielding; 
Bucking: 
ln1ilin!!: 

'JIJ'I o i\l'f!.llD. [0 a 0:! 
~IIIII! 

'I IIIII! 
C.FII Contnct !'no~ 111 Work Di~lon,c: 
<.1 II 'lrlultipl.: SinJo!lc !'ass !per >~ide!: 

I 4"·1 2" 
Sin~!.: ;md lllullipn"' 

!'iller met;d hem :1 1)8115.:!2 Chemical dcmcnr' \O.'fllh:d ~~~ t' ~ ll U7. Mn -, 1.~1>: 'ii =11.8-1. 
Wire Ieeder ,cnmg ~ l :! 

WITNESS 
("'' u 

!all tiU'IIDII·hrl'ldl( 

REVIEW,~ 



Heat Exchanger Design, Inc 

Procedure Qualification Record (PQR) 

Plll!dofl 

·---·-- .. _ _ -· ··----------····---~~~~~~~ W~~~_!ll ~rame~~ _____ ... -----------------····· 
La~~rl'~l _________ _flll~rMetal ------------ Current _______ -·-___ TmvciSpeed 
nnd/or A WS Size T}pe and Ampemg.e Voltage Range 

___ Pass!e~! ____ Process ____ Classilicatio!! ____ JLllJ ______ Polari!L_ _____ _B!!~!!~.-----~~------ili~nJ __ 
____ _j_ _______ OM~w.___ -~~---··--___l/32 DCEP{revc:rsc) ___ --~~---····· __ lS -------~,n __ _ 
______ , ____ yMA~------ ER70S·6 . _____ 3•32 DCEPCrevcrs.,_!_. ___ J.SO ________ 2~-------IDL .... 

J OMAW ER70S-6 Jt32 ___ Q.~E.f..~!l 350 --»--- _ --~-H!. ____ _ 
l>iiSsiti).:r;lf upptiw rrom the back side after back"ir'iiiding. . 

TEST JI::MPE.RATURE DI::TERMINA T!ON: 
Test u:mp. dctennincd per U0·84{cl(5l(bl: test shall be conducted at a temp. lc.mcr than the MDMT b} an amount equal to tho:~ of 
the temp. reductions in Table rG-84.2 rur the l!£!liJil material thickness and the~ thickness .... 

Actual matcriul thicknc~s~ 0.1875" 
SJX.--cinll!n thicknc:ss: 0.13 I" 

Temp Rlllluction: l2°F {int.:rpolnh:d) 
remp Reduction: 3S°F 

Applic-.1!Jh: h:~tl~mp. reduction: .15° minus 22" 1-' ~ IJ•r 

I estl.:mpcmtun: diiT.:n:ntiul per labl~ UG-84.4: 
SA28S-C min Y -' JO ksi: S/\5 16-70 mm Y ., 38 ksi 
thcr~lon: 10° F tclil temp. cn:dit. 

l'innl re.~ult is tho: -56" F tcsttcmp.:rnturc gunlilics for -SJ" F. 

WITNESS 0 
!Ill torwllll ~ r_ .. , 

REVIEW ·.)f;f__ 



Heat E:tchangcr Design. Inc 

Procedure Qualification Rt(Ord (PQR) 

PQR Xo.: I M~~~CIT __ P~gel of3 

SJ!(cimcn Notch 

Num~r _ _ . --~ocation 
I HAZ-285 

__ l -~l.!\k~~5 
HA7.·283 

fllst 
"<otch Temp. 
. !lJ!!:.. ___ J~.EL ... 

"V" .. -~56 

Impact 
Value 
(Jl-lbl 

___ 1_1_ ·-
.• -~ __ ____::&__ ___ . ' ... -~~ 

"V" -56 ___ , s ______ _ _ 

_'!_o_~~r 

~-
95 

3 

.1. 
5 

\Y..'t!d metal . . "V" -56 22 
.:!~ 
10 

~-
7 

B 
9 

! Ol!ation 
_ S.A-285. Q_rm!_e -~ !t~ 
Si\·J,~S. ()fo!d__c G .,,\Z 
Sp,-516. Grode 19 ~~L 
SA-516. {,11Jld~7.0 HAZ 

Weld metal 

nvh-
~·y_"_ 

~:Y:. ~ 
"V .. 
··v· 

156 
163_ 
172 
203 

I?Q 

"-~~ ---- __ ]__ 
-56 30 

__ -56 7 

:?.6 6 
___ _.~_ 7 

1:57 
186 

-!..?~---
215 
19~ 

Hardness Test- Vic:kers hardness 

R~'adin_!s 

~.s 
7j 
55 
ss 
55 

Lmcral E"<pansion 

.---1M!.!!! -. - --
-~-

---~----- -~--
. ~9 
].2__ 
14 
49 

I~ 
17 

!.t ---

SAS 16~ 70_ min. SJ?t:cified yield · 38 k~_i:. Mill· impaet (~:SUits oflilll sl.rE_s_!!t:cimens " 15. fl.•'!.,B. per l'ig. l!<:l:!W: I. 
S;\28S·C min. sru:cili~-d l!!1!9 ~ 30 ksi: Min, irnJ.l!ICI results uflidl site specimens I :5 fi/ILJ p~r Jfig. l'G-841. 
IMP;\CrT~[flNG NOlES~ ___ _ 
Full site sp.:cimcn " IOmm, lest specimen :lilt: of J.Jmm "'0.33 Factor. 
15 rJ LB" UJ3 ~ -t9~ Fn.u min. average . .J 9_5 Frl n "0.66 ~ 3.27 n LB min. ~inglc ~cim~. 

Sc~ Weld Dclnil puge Jbr d~h:mlilll!liur~ ol"l!!!>t i~_inp~rnture. 

1.0.: X 

J>QR w·u~ dllllll ;md \\dding or l!nupnn \\Db\\ itnes.'>l!d b:: Ileal 1:\cjlnnJl.Cf f)c~i&n, Inc. 

lc~l ..-uuduch:d b): ShciT) Lallllrnt!\rics ~ (3rokcn A!llJ~, OK 

w~ ecru I~ lhnlllll: \lllh:mcnt, in lhis r~conl Jru cur 
n:quirumcnls of 'icctinn I X oil he . \.' : 'udc,. 

l'rcpnn:tl nnd \c:ccph:d B) : 

Stamp "o · X 

l.ah I~~~ Nn.. 13 12Cl81887 

96.2111:! l)lllllih (.'onlrul "'arwl!~-r . ' 
Dol< 

· WlTN£;,:, L : 
·' 

Drop 
Weight 
!;lrlmk 

REVIEW 1~ 



r~ .. ~ HEAT EXCHANGER .DESIGN INC. ~ · 
901 East Beecher Street • Indianapolis, IN. 46203 

WELDER OR WELDING OPERATOR PERFORMANCE QUALIFICATION 

Stamp: A Welder 1 s Name: ~:~~.J.:=:ON&l.....,AuL~L:=I~S=-:O::::N~------
WPS No: 1Tl Rev:05 WPQ Number: 
Welding process used: GTAW I manual 
Base material(s): SA-106, Grade B to 

Welding variables (QW-350) Actual Values 
Type of weld joint........... Pipe Groove 
**Backing (QW-402)........ No backing used 
P-No. to P-No. (QW-403)..... 1 to 1 
Pipe diameter -groove (in.) ____ :_~2.3750 
Base metal thickness (in.)... 0.4360 
AWS classification (info).... ER70S-2 
Filler metal spec. (SFA No.) 5.18 
Filler metal F-Number........ 6 
Consumable insert............ No insert used 
Weld deposit- groove (in.).. 0.4360 
Welding position (QW-405).... 6G- 45 Deg. 
Weld progression............. Vertical Up 
Backing gas (QW-408) ......... No backing gas used 
GTAW welding current/polarity --~D~CE~N~(~st~r~a~ig~h=t~>--
Machine welding (QW-360) Actual Values 
Direct/Remote visual control. n.a. 
Automatic joint tracking..... n.a. 
Single/multiple pass per side n.a. 

SA-106, Grade B 

Range Qualified 
Groove and Fillets 

With or Without backing 
P-1 thru P-ll,P-4X & P34 

1.00 11 minimum 
WPS limits 

s.xx 
F 6 

Without insert only 
0.872on maximum 
All positions 

Vertical Up (n4) 
With/Without backing gas 

DCEN {straight) only 
Range Qualified 

n.a. 
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 Typ..:_j Result 

None None 
None None 

Radiographic test results: Acceptable per QW-302.2 and QW-191 

Other test notes : Visual examination satisfactory per QW-302.4 and QW-190. 

Welding test conducted by: ~H~e~a~t~E=x~c~h~a=n~g~e=r~D~e~s~l~·g~n~--~~------------~~-------
Mech. tests conducted by: US INSPECTION Lab test no. IN-6212A 

We certify that the statements in this record are correct and that the test 
coupons were prepared, welded, and tested in accordance with the requirements 
of Section IX ofn~:n;t-~ 7 
Certified By: ( 10/17/02 ) Quality Control 



HEAT EXCHANGER DESIGN INC. ~ 
, 90 l East Beecher Street • Indianapolis, IN. 46203 . .· ·. \ 

WELDER OR WELDING OfERATOR PERFORMANCE OUALI . · ON 

Stamp: A Welder's Name: .x.J.=.QN:.:....ll)~L~L~I~S~O~N~------
WPS No: lMl-S Rev:04 WPQ Number: 
Welding process used: GMAW L semi-auto 
Base material ( s): SA-516, · Grade 70 to 

Welding variables (QW-350) 
Type of weld joint ...•••••.•• 
**Backing {QW-402) .••••••• 
P-No. to P-No. (QW-403) ••••• 
Pipe diameter- groove (in.) 
Base metal thickness (in.) .•• 
AWS classification (info) •••• 
Filler metal spec. (SFA No.) 
Filler metal F-Number .••••••• 
Consumable insert •.••.•••.••• 

Actual Values 
Plate Groove 
Backing used 

_ __,1::;....__ to 1 
n.a. 

0.6250 
ER70S-6 

5.18 
6 

n.a. 
Weld deposit- groove (in.).. 0.5000 
Welding position (QW-405).... 2G- Horizontal 
Weld progression. • • • • • . . . . • • . n. a. 
Backing gas (QW-408) •...•..•• No backing gas used 
GMAW transfer mode........... Spray Arc 
Machine welding (QW-360) Actual Values 
Direct/Remote visual control. n.a. 
Automatic joint tracking •• ·.•• n.a. 
Single/multiple pass per side ------~n=. ~·a~·~-------

SA-516, Grade 70 

Range Qualified 
Groove and Fillets 
With backing only 

P-1 thru P-11, P-4X & P34 
2.875" minimum 

WPS limits 

5.XX 
F 6 
n.a. 

WPS lim:its 
Flat & Horizontal 

n.a. 

Spray,Pulse, or Globular 
Ranqe Qualified 

n.a. 
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 OW-191 

.Other test notes : Visual examination satisfactgry per OW-302.4 and OW-190. 

Welding test conducted by: .:::H=e7at="'='E=x="c'='b=an::=·~g,...e::.::r':-::. :.:::D":"e::.::s;..::::i':"'g.::n"--=In=· .;::;c.._.:---~---~~~:---­
Mecb. tests conducted by: US INSPECTION SERVICES Lab test no. IN-L6212B 

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. 

Certified By: ( 10/17/02 ) Quality Control 



Heat Exchanger Design, Inc 
901 East Beecher St 

Welder or Welding Operator Performance Qualification (WPQ) 

Welder's Name: Hart, Klmer Stamp: _];. __ 

Test WPS No.: 1T.I Rev.: 07 WPQ No.:------~-- Date: _2122/2013 

Welding process(es) I type(s) used: G'I'A \YLMll!lual --------·· 
Type of joint welded: __fille Groove weld Joint type(s) qualified: G!:Q.2:..~!ind F'-'i-"ll:::::et,_W~e!-"ld,s ______ _ 
Base metal(s) welded: .?A-106,Grade B to SA-106. Graq~JL. ___________ _ 

Welder Variables (QW-350) Actual Values Used Range Qualified 

P-No. 1 toP-No. I P-1 thru P-15F,P-34 & P-4X P- or S-Number to P- or S-Number 
Base metal thickness (in.) 
Pipe diameter (in.) 

____ .:.;0.-"43:....:c6. --------- ____ . ____ w,..,.P;...S;;;..;:;;;L"'im""i""ts ______ _ 
2.375 1.00" minimum 

Backing** 
A WS classification 
Filler metal specification (SF A) 
Filler metal F-No. 

--------------·-----;_,... ____ _ 
GTAW I Mlmui!L______ ____ GTAW /Manual 

------"N-'-'o:...b;::.;~7u:::.sed=------ With or without backing 
_____ _:E::::.:,R:.:c7~0~S·.=2 ____ __;_ _____ _ 

5.!8 5.xx --·----------------------··· 
6 F·No. 6 

Bare (Solid) Bare I metal cored Filler metal product form 
Consumable insert No insert used _______________ Without insert o:.:.n:.::.l>c..' _____ _ 
Deposit thickness (in.)[>= 3 layers! 
Welding position 

_________ ,_9.436 J:r;rJA] ___ ._____ 0.8720" maximum 

-···--·-····§.Q .. ::_ 45 degree pipe All Positions 
Weld progression 
Backing gas 

Vertical up __;V_::e;:.rtl:::'c::::a::..l.:::ur:P...:(n::..4:.L) ______ _ 
____ _tl_o back~~_used With or Without backing~s _____ ..... ____ _ 

GT A W welding current I polarity --------- DCEN (straight)-·-··-··---·--- DCEN (straight) 

Machine Welding Variables (QW-360) 

Direct I remote visual control 
Automatic voltage control 
Automatic joint tracking 
Welding position 
Consumable insert 
Backing** 

Actual Values Used 

v"'""'"" to make on 
Welds with backing include fillets and double-welded groove welds. 

Range Qualified 

( n4 ) The root pass, when removed to sound weld metal in preparation for welding the second side, and the cover or wash pass may 

Guided .Bend Test fOW-160) 
Figure Number and Tvpe Result Fitmre Number and Tv»e 

None ...... ~·-······---------.. ·-~ None 
None None ·--------
None None 

Visnal examination results: Visual exam satisfactory per QW-302.4 and QW-194 
Volumetric test results: Acceptable Per QW-302.2 and QW-191 

·---
Result 

-----~·•··-·-···••Ho 

Welding test conducted by: J:~~~U~~~~-~M~Qesigt_b_!!!f:_ _______ .. ___________________________ .. ________ ~-------------::-~-----:---:-:-:-:---
Mechanicai/Radiographic tests conducted by: -'A'-'-""cu::.:r:::.en:.:.-· _,_,rr!-"ldo.!:ia::.:n,a:~::P:::;ol~is"-, ~IN~----------- Lab test no.: _,3:..:4:.::2c:::03::.:2=------

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

Organization: Heat Exchanger Design, Inc 

Certified By: __ __ 2/25/2013 Quality Control Manager 
Date 

WI1'NE.SS 0 
cQ__ 



Heat ExclumgerDesign, Inc 
901 East Beecher St 

Welder or Welding Operator Perfonnance Qualification (WPQ) 

Welder's Name: Hart, Elmer Stamp: .JL 
TestWPSNo.: lMl-S Rev.:~. WPQ.No,: ___ _ Date: 2/22/2013 --------
Weldingprocess(es) I type(s) used: __ GTAW /Manual ~g_Q~ti1A.W. /Semiautomatic ............... ~----------------------------· ________ .. ---~----
Type of joint welded: J'.!ate Groove weld Joint type(s) qualified: ,_Groove and Fillet Welds 
Base metal(s) welded: SA-516. Grade 70 t(l SA-516, Grade 70 --------------------'-'-'-......,..-------'...,..------

Welder Variables (QW-350) 

P- or S-.Number toP- or S-Number 
Base metal thickness (in.) 
Pipe diameter (in.) 

Backing** 
A WS classification 
Filler metal specification (SFA) 
Filler metal F-No. 
Filler metal product form 
Consumable insert 
Deposit thickness (in.)[>= 3 layers) 
Welding position 
Weld progression 
Backing gas 
GT A W welding current I polarity 
GMAW I FCA W transfer mode 

Actual Values Used 

P-No. I to P·No. l 

~ .. L!\'al}_!!a - enuaut<!_ 
No backing used Backing used 

ER70S-2 ER70S-6 
5.18 5.18 ---6'-------------------------

6 
---- -Bare (Solid) .. N/A 

No insert used NIA 
-c ........... .9.~ 125 [N/Al 0.5 [Yes] 

Machine Welding Variables (QW-360) Actual Values Used 

Range Qualified 

P·I thru P·l5F,P•34 &P-4X 
WPSLbnits 

Range Qualified 

Direct I remote visual control -'----::..cN.:..:/A.::,· -~...--+----N/~------·~·- ---------
Automatic voltage control N/A N/A 
Automatic joint tracking N/A N/A 

Welding position N/A N/A ___ ----·--'-'"···'·:•·.·'----------+-----.......:;c;.,;;..'-----
Consumable insert N/A I N/A 
Backing** N/A ~--~-NlA-- N/A 

~~: ~Vn~fJ~~P.6u~~:~~e~:::ke ftllet~elds of~~~:=~~ rrt~t:{~ ihirikilesses 1m~Fpipe di:~te::·:;:~~i:: . · · N! A --·-l 
1 *_* Welds with backing include fillets and double-welded groove welds. 
lli2.!!!§;R.QQtpass of 1/8" thk deposit per WPS l'rJ (GTAW).p_r_t;sentwhen lMl-S·applied. Applied·0.5" .. thick.depg~itof_GM{.\}yn_roces~----

2/25/2013 Quality Control Manager 
Date 

#~ 
Rick \Nindel~ REVIEW 

#WV~~Il-fm·mntC 

WITNESS 0 



Heat Exchanger Design, Inc 
901 East Beecher St 

Welder or Welding Operator Performance Qualification (WPQ) 

Welder's Name: Burd, Dustin Stamp: __!L 
TestWPSNo.: lTl Rev.: 07 WPQNo.: __ _ Date: 91412012 

Welding process(es) I type(s) used: ...:G:::!T7A~W.!!...!I...=M.:.!an=ua~1~--=-~---:-:----:-:-::--:--::----~..,-,..--.,-----------­
Type of joint welded: Pipe Groove weld Joint type(s) qualified: ...:G~r~o~ov;.:e:::...!an~d~F~il~let::!...!W!.!e~ld:t:s~---------­
Base metal(s) welded: SA-106, Grade B to SA-I06 GradeB 

Welder Variables (QW-350) 

P- or S-Number toP- or S-Number 
Base metal thickness (in.) 
Pipe diameter (in.) 

Backing** 
A WS classification 
Filler metal specification (SF A) 
Filler metal F-No. 
Filler metal product form 
Consumable insert 
Deposit thickness (in.)[>= 3 layers] 
Welding position 
Weld progression 
Backing gas 
GTA W welding current I polarity 

Actual Values Used 

P-No. 1 toP-No. I 
0.436 
2.375 

GTAW /Manual 
No backing used 

ER70S-2 
5.18 

6 
Bare (Solid) 

No insert used 
0.436 [N/A] 

6G - 45 degree pipe 
Vertical up 

No backing gas used 
DCEN (straight) 

Range Qualified 

P-I thru P-15F,P-34 & P-4X 
WPS Limits 

1.00" minimum 
GTAW I Manual 

With or without backing 

5.xx 
F-No. 6 

Bare I metal cored 
Without insert only 
0.8720" maximum 

All Positions 
Vertical up (n4) 

With or Without backing gas 
DCEN (straight) 

Machine Welding Variables (QW-360) Actual Values Used Range Qualified 

Direct I remote visual control N/A NIA 
Automatic voltage control N/A N/A 
Automatic joint tracking NIA NIA 
Welding position N/A N/A 
Consumable insert N/ A N! A 
Backing** N!A NIA 
Single I multiple pass per side N/A NIA 
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, 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 lOW-160) 
Fieure Number and Tvoe Result Fi2ure Number and Tvoe 

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 

Result 

Mechanical/Radiographic tests conducted by: -'A~cu=r-=en::.......· I=n:::d:.::ian=ap~:::o::oli,s,,_,INO!..!.., _________ _ Lab test no.: ...:3::..!1c.!.7.:::.:58::..!1~-1~---

We certify that the statements in this record ar rrect and that the test welds were prepared, welded, and tested in accordance with the 
requirements of Section IX of the ASME C e. 

Organization: Heat Exchanger Design, Inc 

9/5/2012 Quality Control Manager 
Date 

WITNESS 0 

lOll 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:_!!_ 

Test WPS No.: lMl-S Rev.: 06 WPQ No.: __ _ Date: 914/2012 

Welding process( es) I type(s) used: _G;:;:;MA~::...:W.:_:_;I M=an:::u:=al:..___-::-:---:-:---:-:7-:--::-----:-=-:-:-::-:-:----------­
Type ofjoint welded: Plate Groove weld Joint type(s) qualified: _:G~r:..::o~o:.::.v~e ~an~d~F!:-'i~ll~et~W~e~ld~s--~-------­
Basemetal(s)welded: SA-516 Grade70toSA-516 Grade70 

Welder Variables (QW -350) 

P- or S-Number toP- or S-Number 
Base metal thickness (in.) 
Pipe diameter (in.) 

Backing** 
A WS classification 
Filler metal specification (SF A) 
Filler metal F-No. 
Filler metal product form 
Consumable insert 
Deposit thickness (in.) [>= 3 layers] 
Welding position 
Weld progression 
Backing gas 
GMA WI FCA W transfer mode 

Actual Values Used 

P-No. I toP-No. l 
0.625 
NIA 

GMA W I Manual 
Backing used 

ER70S-6 
5.18 

6 
Bare (Solid) 

No insert used 
0.5 [Yes] 

2G - Horizontal 
NIA 

No backing gas used 
Spray arc 

Range Qualified 

P-1 thru P-15F,P-34 & P-4X 
WPSLimits 

2.875" minimum 
GMA WI Manual 
With backing only 

S.xx 
F-No. 6 

Bare I metal cored 
Without insert only 

WPSLimits 
Flat & Horizontal 

NIA 
With or Without backing gas 

Spray, Pulsed, or Globular 

Machine Welding Variables (QW-360) Actual Values Used · Range Qualified 

Direct I remote visual control NIA NIA 
Automatic voltage control N/A NIA 
Automatic joint tracking Nl A Nl A 
Weldingposition NIA NIA 
Consumable insert NIA NIA 
Backing** NIA NIA 
Single I multiple pass per side NIA NIA 
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 lTl (GTAW) nresent when 1Ml-S applied. 

Guided Bend Test fOW-160) 
Fi2ure Number and Tvne Result Fhmre Number and Tvne 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: ...:A:.::c.:;.:ur=en::..·....;I=:n:.=d:.::ian=ap:.:o""li""s,c.:IN::...:_ _________ _ Lab test no.: -=3~1~7:::..:58~1..;-1~---

t and that the test welds were prepared, welded, and tested in accordance with the 

Organization: Heat Exchanger Design, Inc 

915/2012 Quality Control Manager 
Date 

2011 Form 011- Formate 

WITNESS 0 

REVIEW ~ 



Heat Exchanger Design, Inc. 
901 East Beecher Street 
Indianapolis, IN 46203 

Welder or Welding Operator Performance Qualification (WPQ) 

Welder's Name: Curtis, David Stamp:_!_. 
TestWPSNo.: tTl Rev.: 05 WPQNo.: __ _ Date: 8/16/2007 

Welding process(es) I type(s) used: --'G"'-'T:..::A.:.-W:..:...:.../-=.:.M:::;a::.:.nu=a==-1 -----,-,---,-------,-----.,---,-----------­
Type of joint welded: Pipe Groove weld Joint type(s) qualified: --'G""J,_,·o'-"o-'-'ve"-'a.,n:.,;d,_,F'-'•i!!.lle,t:,cW~el~d"-s ----------­
Base metal(s) welded: SA-106 Grade B to SA-106 Grade B 

Welder Variables (QW-350) 
P- or S-Number toP- or S-Number 
Base metal thickness (in.) 
Pipe diameter (in.) 

Backing"'* 
A WS classification 
Filler metal specification (SFA) 
Filler metal F-No. 
Filler metal product form 
Consumable insert 
Deposit thickness (in,) [>-= 3 layers] 
Welding position 
Weld progression 
Backing gas 
GT A W welding current I polarity 

Actual Values Used 
P-No. 1 to P-No, I 

0.436 
2,375 

GTA WI Manual 
No backing used 

ER70S-2 
5.18 

6 
Bare (Solid) 

No insert used 
0.436 [N/A] 

6G - 45 degree pipe 
Vertical up 

No backing gas used 
DCEN (straight) 

Range Qualified 

P-1 thru P-IJ,P-34 & P-4X 
WPSLimits 

1 .00" minimum 
GTA WI Manual 

With or without backing 

5.xx 
F-No. 6 

Bare /metal cored 
Without insert only 
0.8720" maximum 

All Positions 
Vertical up (n4) 

With or Without backing gas 
DCEN (straight) 

Machine Welding Variables (QW-360) Actual Values Used Range Qualified 

Direct I remote visual control N/A N/A 
Automatic voltage control N/A N/A 
Automatic joint tracking Nl A N/ A 
Weldingposition N/A N/A 
Consumable insert N/A N/A 
Backing"'* N/A N/A 
Single I 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, when removed to sound weld metal in preparation for welding the seqond side, and the cover or wash pass may be 

uo or down. 
Guided Bend Test lOW-160) 

Fi2ure Number aud Tvoe Result Fi2ure Number and Tvne Result 
None None 
None None 
None None 

Visual examination results: Visual exam satisfactmy 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'-'I,_,ns""p:=:e"'ct~io~n'-'S""e"-rv:..:.ic"'e"'s ______________ _ Lab test no.: '"'7c.:::8.:::.:03=-=5'-------

We certify that the statements in this record correct and that the test coupons were prepared, welded, and tested in accordance-with the 
requirements of Section IX of the ASME c d . 

..... Organization: Heat Exchanger Design, Inc. 

7/31/2007 Quality Control Manager 
Date 

WITNESS [ 

REVIEW)<( 

WPQ IX· C • WPW 7.0,4 
Form l005 Rev. 0 



Heat Exchanger Design, Inc. 
901 East Beecher Street 
Indianapolis, IN 46203 

Welder or Welding Operator Performance Qualification (WPQ) 

Welder's Name: Curtis, David Stamp: ,.K_ 
. TestWPSNo,: lMl-S Rev.: 04 WPQNo.: __ _ Date: 8/28/2007 

Welding process(es) I type(s) used: _;G~MA=.!:LW!..JI"-!S~e:!!m!!.!ia=uc::!:to:!!m!!'a:=:tic":-:----:-:--:-:-::----:---=-------:-:=----=,...-,--:-----------­
Type of joint welded: Plate Groove weld Joint type(s) qualified: __,Gr:::!..;:.oo::.:vc::e_,an::.!:d,_F,_,i,.,ll::::et'-'W"-'e=ld:!s'-------------­
Base metal(s) welded: SA-516 Grade 70 to SA-516 Grade 70 

Welder Variables (QW-350) Range Qualified 
P- or S-Number to p. or S-Number 
Base metal thickness (in.) 

Actual Values Used 
P-No. I to P-No. 1 P-1 thru P-11 ,P-34 & P-4X 

Pipe diameter (in.) 

Backing** 
A WS classification 
Filler metal specification (SFA) 
Filler metal F-No. 
Filler metal product fonn 
Consumable insert 
Deposit thickness (in.) [>= 3 layers] 
Welding position 
Weld progression 

0.625 
NIA 

GMA WI Semiauto 
Backing used 

ER70S·6 
5.18 

6 
NIA 
NIA 

0.5 [Yes] 
2G • Horizontal 

NIA 

WPSLimits 
2.875" minimum 

GMA WI Semiauto 
With backing only 

5.xx 
F·No. 6 

N/A 
N/A 

WPSLlmits 
Flat & Horizontal 

N/A 
Backing gas No backing gas used With or Without backing gas 
GMA WI FCA W transfer mode Spray arc Spray, Pulsed, or Globular 

Machine Welding Variables (QW-360) Actual Values Used Range Qualified 
Direct/ remote visual control NIA NIA 
Automatic voltage control N/A N/A 
Automatic joint tracking N/A NIA 
Welding position N/A NIA 
Consumable insert N/A N/A 
Backing "'* NIA NIA 
Single I 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 oass of 1/8" thkdeoositoerWPS 1Tl (GTAW) oresentwhen IMI·S anolied. 

Guided Bend Test (OW-160) 
Filmre Number and Tvne Result Fi2ure Number and Tvne 

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. 

Result 

Radiographic tests conducted by: _U::::...=S-=In::!sp=ec""t==io=n-=S:.::erv=-=ices:.:::. "---------------- Lab test no.: -'8=0.;.:43=9 ___ _ 

We certify that the statements in.thls record are rrect and that the test coupons were prepared, welded, and tested in accordance with the 
requirements of Section IX ofthe ASME cod 

Organization: Heat Exchanger Design, Inc. 

8/24/2007 Quality Control Manager 
Date 

Rick Windell (S"G-
~;J 

V.JIINESS . 0 

REVIEW DIS:[_ 

WPQ IX· c • WPW 7,0,4 
Fonn 2004 Rev, o 



SECTION 11 

Chart, Gauges & Chart Recorder 
Calibration Records 





TANGENT 

Report of Calibration 
Client Information Unit Submitted for Calibration 
r~~-:EA __ T_EX-.-C-~AN--G_E_R--------------------------------~l 

901 E. BEECHER STREET 

(Asset ID: ) ASH3000B 

11111111111111111111111111111111 il 

iNDiANAPOLIS, IN 46203 
Purchase Order#: 003601-00 

f" Calibration Performed l 
andVerifiedBy: ~ ~ 
Title: l'ECHNICIAN Temperature: 23.2oC 
Location: INDIANAPOLIS LAB Humidity: 46 % 

Calibration Procedure 
Procedure Code Revision 
GP-00047 c 

I Serial Number: 
Manufacturer: 
Model Number: 

UNKNOWN 
ASHCROFT 
3000 X 20 PSIG 

Description: 
Calibration Date: 

PRESSURE GAUGE, DIAL TYPE 
June 17,2013 

Interval: 12 MONTHS 
Due Date: June 17, 2014 
Physical Condition: SERVICEABLE 
Calibration Result: PASS 

Calibration Artifacts 
[ Artifact ID Due Date 

TL90000045 01/11/2015 

Traceability 
800191241 

-:-hiS ;nstr.Jment has been processed in accordance wrth the Tangent Labs quality system and IS traceable to the International System of Umts through the Nattonal lnst:tute of 
Standards and Technology, other national or international standards, or acceptable intrinsic standards The Tangent Labs qualrty system is accredtted to ISO/IEC 17025:2005 oy 
.'12LA and is compliant wtth IS0-10012, MIL-STD-45662A, and cGMP21CFR820. The resutts represented on this report relate only to the rtem and date described on page one of 
t'l1s report Although t'le item calibrated may meet performance specifications at the time of calibration, the calibration due date of the unit does not imply continuing conformance 
to specificalions during the calibration interval. Any number of factors may cause the unit to drift out of specification and/or perfonnance Thts report may not be reproducec, 
axcept ;n full, without the written approval of Tangent Labs. 

A F indicates the measured value was outside the limits for the test point Any 'F' results in a 'Fail' ca!ibratton result An 'A' indicates an adjustment was made to the unir 
oetween the 'As Recetved' and 'As Returned' measurement runs. Any 'A' results in an 'Adjusted' calibration result. A 'R' indicates a return of value only and no pass/fat: 
oeterrniration was made. Any 'R' results tn a 'ROV calibration resutt. A 'Pass' calibration resutt means that all measured values fall within tha unmodified tolerance limits. It does 
0ot 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 ur.certainty was calculated in aocordance woh the ISO Guida to tha Expression of Uncertainty in Measurement using a coverage factor of 2 (k=2) providing a 
oorifidence level of approximately 95%. Measurement uncertainties are available by request or Calibration and Measurement Capabilities are available at www.tangentlabs.com 
i/Ve welcome your feedback. P!ease contact us so we know how we are performing_ 

Calibration Notes 

Accredited 
i Parameter Nominal As Received As Returned -Tol. Limit +Tol. Limit Units 

10% increasing Pressure 300 300 300 280 320 psig 

50% Increasing Pressure 1500 1480 1480 1480 1520 psig 

90% Increasing Pressure 2700 2680 2680 2680 2720 psig 

90% Decreasing Pressure 2700 2680 2680 2680 2720 psig 

50% Decreasing Pressure 1500 1480 1480 1480 1520 psig 

1 C% Decreasing Pressure 300 300 300 280 320 psig 

End of Data Section 

' 

0 
~· 

Page 1 of 1 

2845 Tobey Drive indianapolis, IN 46219 
iE 3'17 487.2378 FAX 317.487.2375 FREE 888.701.2378 
www. tangentlabs.com 

Report No.: 800208863 

1111111111111111111111111111 



TANGENT 
Calibration, Sales & Repair from every angle. 

Client Information 
HEAT EXCHANGER 

901 E. BEECHER STREET 
INDIANAPOLIS, IN 46203 
Purchase Order#: 003601-00 

Calibration Performed (l A ~ . . -J-.. 
and Verified By: if~Vl 

Title: TECHNICIAN Temperature: 23.4°C 
48% location: INDIANAPOLIS LAB Humidity: 

Calibration Procedure 
[ Procedure Code Revision 

CP-00047 c 

Report of Calibration 
Unit Submitted for Calibration 

Asset ID: ASH5000B 

II Ill M 1111111111111111111 B 
Serial Number: UNKNOWN 
Manufacturer: ASHCROFT 
Model Number: 
Description: 
Calibration Date: 

1279-5000 X 50 PSIG 
PRESSURE GAUGE, DIAL TYPE 
June 17, 2013 

Interval: 12 MONTHS 
Due Date: June 17, 2014 
Physical Condition: SERVICEABLE 
Calibration Result: PASS 

Calibration Artifacts 
! Artifact ID Due Date 

Tl90000045 

Traceability 
800191241 

This instrument has been processed in accordance with the Tangent Labs quality system and is traceable to the International of Units through the Institute of 
Standards and Technology, other national or international standards, or acceptable intrinsic standards. The Tangent Labs quality system is accredited to ISO/IEC 17025:2005 by 
A2LA and is compliant with IS0-10012, MIL-STD45662A, and cGMP21CFR820. The resutts represented on this report relate only to the <em and date described on page one of 
this report. Although the item calibrated may meet performance specifications at the time of calibration, the calibration due date of the unit does not imply continuing conformance 
to specifications duling the calibration interval. Any number of factors may cause the unit to drift out of specification and/or 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 limits for the test point. Any 'P resu~s in a 'Fair calibration resuij. An 'fl! indicates an adjustment was made to the unrt 
between the 'As Received' and 'As Retumed' measurement runs. Any 'A' resutts in an 'Adjusted' calibration result. A 'R' indicates a return of value only and no passlfa:l 
determination was made. Any 'R' resu~s in a 'ROV ·calibration resu~. A 'Pass' calibration resu~ means that all measured values fall within the unmodified tolerance limits. tt 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 coverega factor of 2 (k=2) providing a 
confidence level of approximately 95%. Measurement uncertainties are available by request or Calibration and Measurement Gapabiltties are available at www.tangentlabs.com 
We welcome your feedback. Please contact us so we know how we are performing. 

Calibration Notes 

Accredited 
[ Parameter Nominal As Received 

500 
- .. ~,<··--·~"·--·----~--

10% lncre .. '!~ing .~res~ .. ~re 500 

50% lncr~~~in~ Pr~s~~E~ 2500 2500 

99'7'~ ... ~.~.?~~(:l~in~.~ .. r!!.~~-U.Ef.l 4500 4450 

As Returned -Tol. Limit 
500 450 

''"'""'"~~--··•·h• • "" < •.•• "'""""-~- ~-

2500 2450 

4450 4450 

+Tol. Limit 
550 

0-~·~~0.Y"h~O,_. _ _.," .. ' 

2550 

4550 

Units 

.... P~ig. 
p~i~ 

4450 4450 4450 4550 ............................... ~~ ..... P ... r .... e ... s .. s .... u .... r .. e ... _ ............................... - ....... 4·.·.· .... s ... o .... o ..................................... ~·~·-·.................... ........... ..... . ........................... ~···"· ......... ·-···~ ...... :.. .......... ................. .. .... ......................... .... ... . . .. .............. ....... . .. f,>Si~ .. 
2500 2500 2450 2550 50"f<, [)ecreasi~~ .. ~rf.lssure 2500 psig 

J:: .. ~ .... ~:~~.~:::' .. ~~-·.~~ .... ~P:.•r.':e:ssure 500 500 500 450 

End of Data Section 

Page 1 of 1 

2845 Tobey Drive Indianapolis, IN 46219 
TE 317.487.2378 FAX 317.487.2375 FREE 888.701.2378 
www. tangentlabs.com 

550 

Report No.: 

0 
0 

800208871 

1111111111111111111111111 El 



TANGENT 
Calibration, Sales & Repair from every angle. 

Client Information 
HEAT EXCHANGER 

901 E. BEECHER STREET 
INDIANAPOLIS, IN 46203 
Purchase Order#: 003074-00 

( Calibration Performed (l .., _ -J- .11 0 _ _ A ....,...../"! 

and Verified By: if~l /~ Y I 

Title: TECHNICIAN Temperature: 23.2°C 
Location: INDIANAPOLIS LAB Humidity: 35% 

Calibration Procedure 
I Procedure Code Revision 

CP-00047 c 

Report of Calibration 
Unit Submitted for Calibration 

Asset ID: 0727Y774747200006 

111111111111111111111111111111111111111111 
Serial Number: 
Manufacturer: 
Model Number: 
Description: 
Calibration Date: 
Interval: 

0727Y774747200006 
HONEYWELL 
DR45AT + 425H3-18 
PRESSURE RECORDER 
February 15, 2013 
12 MONTHS 

Due Date: February 15, 2014 
Physical Condition: SERVICEABLE 
Calibration Result: PASS 

Calibration Artifacts 
[ Artifact ID Due Date Traceability 

TL90000045 01/11/2015 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 lnstrtute of 
Standards and Technology, other national or international standards, or acceptable intrinsic standards. The Tangent Labs quality system is accredited to ISO/IEC 170252005 by 
A2LA and is compliant with IS0-10012. MIL-STD-45662A, and cGMP21CFR820 The results represented on th1s report relate only to the item and date described on page one of 
this report. Although the 1tem calibrated may meet pertormance specificatons at the time of calibration, the calibration due date of the unit does not imply continuing conformance 
to specifications during the calibration interval. Any number of factors may cause the unit to drift out of specifK:a!ion and/or pertormance. 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 limits for the test point Any 'F' results in a 'Fail calibration result An 'A' indiCates an adjustment was made to the unit 
between the 'As Received' and 'As Returned' measurement runs. Any 'A' results in an 'Adjusted' calibration result A 'R' indicates a return of value only and no passlla1l 
determination was made. Any 'R' resu~s in a 'ROV calibration resutt. A 'Pass' calibration resutt means that all measured values fall within the unmodified tolerance limits It does 
not constitute a certif1callon 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 Express1on of Uncertainty in Measurement using a coverage factor of 2 (k=2) providing a 
oonlidence level of approxmately 95% Measurement uncertainties are available by request or Calibration and Measurement Capabilrties are available at www.tangentlabs oom 
We welcome your feedback. Please contact us so we know how we are performing. 

Calibration Notes 

Calibrated as a system with H168987 
Parameter Nominal As Received As Returned -Tol. Limit 
Display 0 0 0 -100 

1000 970 970 900 

2000 1958 1958 1900 

3000 2954 2954 2900 

4000 3952 3952 3900 

Chart 0 0 0 -100 

1000 970 970 900 

2000 1960 1960 1900 

3000 2960 2960 2900 

4000 3960 3960 3900 

End of Data Section 

2845 Tobey Drive Indianapolis, IN 46219 

Page 1 of 1 
TE 317.487.2378 FAX 317.487.2375 FREE 888.701.2378 
www. tangentlabs.com 

+Tol. Limit Units 
100 psig 

1100 psig 

2100 psig 

3100 psig 

4100 psig 

100 psig 

1100 psig 

2100 psig 

3100 psig 

4100 psig 

WliN\:.SS 0 

F.e.\1\e.'IN ~ 

Report No.: 800195574 

1111111111111111111111111111 



SECTION 12 

Surface Preparation I Coating Inspection 
Reports & Procedure 



Heat Exchanger Design, Inc. 
P. 0. Box524 
Indianapolis, IN 46206-0524 USA 
Phone: (317)686-9000 • Fax: (317)686-9100 

Coating Inspection Report 

Date Performed: 9-17-13 Readings Taken By: Doug McKinney QC Inspector 

Carboline Carbozinc 11 HS 
Part A Batch# 13AD5770L 
Part B Batch# 13AD8049Z 

76.8 OF 

Dew Point 

68.6 OF 

2-3 mils 

Relative Humidity 

73.9% 

3.11 mils 

Average of (30) Readings 

**Painting performed indoors in a controlled environment** 



Heat Exchanger Design, Inc. 
P. 0. Box524 
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 

Preparation Required: Blast per SSPC-SPlO 

Testex PRESS-0-FILM TM HT 
; www.testextape.com X-Coarse 

2.~ 
· . 20A 38 <c~rz •• . 
·~.. 2.5 

Component 
Examined: Shell 

1.5 to 4.5 mil 
38to115pm 

~. Ma~~~~~ 
4.5 mil 

Dew Point Relative Humidity 

69.8% 

Required Profile Depth: 2-3 mils min. 

Component 
Examined: Shell 

Inspections Performed By: Doug McKinney QC Inspector 

**Blasting performed indoors in a controlled environment** 



BANTREL JOB I VPNO. REV 

VENDOR PRINT 1 083-BC-4006-0022 0 
EQUIPMENT 

BL-E-301 NUMBER 

CLIENT 
CROSS REF 

Pennission 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. hark may proceed. 
2. D Revise and resubmit Work may proceed subject to incorporation 

of changes indicated. 

3. D Revise and resubmit Work SHALL NOT proceed. 
4. D 70' Work may proceed. 

DATa."'" ~ UJ BY: cr 
L/ 



Heat Exchanger Design, Inc. 
P. 0. Box524 
Indianapolis, IN 46206-0524 USA 
Phone: {317)686-9000 • Fax: (317)686-9100 

RevisionO 

Scope: 

Surface Preparation and Paint Procedure 
Customer: Cenovus Energy, Inc. 

Purchase Order#: 1083-BC-4006 
Item#: BL-E-301 

WorkOrder#: 4474 

June3,2013 

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 SPIO 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 not be performed when: 

1) relative humidity exceeds 85% 
2) surface temperature is less than 5°F greater than dew point 

Blast to SSPC-SPIO to a profile of2-3 mils. 

Primer: 
Vessel shall be primed immediately after sandblasting with 2-3 mils DFr 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 humidity is in the range of30 to 95% 
3) metal surface temperature is more than sop greater than dew point 

Serving 
Petroleum, Petrochemical, Power, Food, and Industria 

90 1 East Beecher Street 
Indianapolis, IN 46203 USA 



Page2 

Thickness Measurement: 
After primer has dried, the dry film thickness (DFI) 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 ofEvents and Assembly: 
1) All components and sub-assemblies will be blasted and fully coated as descn"bed above. 
2) After coating has cured adequately to handle, the vessel shall be re-assembled using service bolting and new 

gaskets. 

~ )· d ~/ wrmESS 

~tf- REVIEW 
Rick Winde~~·AA ffj / 

p-ffl/ll . 

0 

$--



Selection & Specification Data 
Generic Type 

Description 

Features 

Color 

Finish 

Primers 

Topcoats 

Service 
Temperature 

Dry Film 
Thickness 

Solids Content 

Solvent Based Inorganic Zinc 

Time-tested corrosion resistant primer that protects 
steel galvanically in the harshest environments. For 
over five decades, Carbo:tinc 11 (CZ 11} has been the 
industry standard for high-performance inorganic zinc 
protection on steel structures worldwide. 

• Carbo:tinc 11 meets Class B slip co-efficient and 
Cieep testing criteria for use on faying surfaces. 

• Rapid cure. Dry to handle in 45 minutes at so•F 
(16"C) and 50% relative humidity. 

• Low temperature cure down to o•F (-18"C). 
• High :tine loading. 
• Meets FDA requirements in gray color. 
• Very good resistance to salting. 
• May be applied with standard air!ess or conventional 

spray equipment 
• VOC compliant in certain areas 

Green (0300); Gray (0700) 

Flat 

Self Priming 

May be coated with Acrylics, Epoxies, or 
Polyurethanes depending on exposure and need. 
Not required for cer!aln expoSUteS. Under certain condillons, a mist coat 
is requill!d lo minlmlzstopooat bubbling. 

Un!oocoated 
Continuous: 750"F (400"C) 
Non-Continuous: SOO"F (427"C) 
With recommended high heal topcoats: 
Continuous: 1000"F {538"C) 
Non-Continuous: 1200"F (649"C) 

2.0- 3.0 mils (51 - 76 microns) per coat 

Dry film lhlckness up to 6.0 milo (150 microns) I$ acceptable 

By Weight 79% 

Zinc Content in DryBy Weight 85% 
Film 

Theoretical 
Coverage Rates 

VOCValues 

1 000 square feet at 1 mil (24.5 square meters/liter 
at 25 microns) OFT; 333 square feet at 3 mils (8.2 
square meters/liter at 75 microns) OFT. 

As Supplied EPA Method 24: 4.0 lbs./gal (479 gil) 

Thimad: 
7 oz/gal w/121: 4.11bs./gal (492 gil) 
Sozlgalw/1126: 4.11bsJgal (492 gil) 
Sozfgalw1#33:4.11bs.f1lal (492gll) 
8 oz/gal w/11254: 4.0 lbo.lgal (507 gil) 
TheBe are nominal values. 

Substrates & Surface Preparation 
General 

Steel 

Surfaces must be clean and dry. Employ adequate 
methods to remove dirt, dust, oil and all other 
contaminants that could Interfere with adhesion of the 
coating. 

Non-Immersion: SSPc-SP6 and obtain a 1.0-3.0 mil 
(25-75 micron) angular blast profile (Reference ASTM 
04417) 

Performance Data 

Test Method System Results 
AASHTO M300 Bullet 1 ct. CZ11 over No blistering or 

Hole Immersion Abrasive blasted steel rusting of coating or 
Paragraph 4.6.9 rusting of bare steel 

area after 650 hrs. 
Immersion In 5o/o sod 

ASTMA-325 Blasted Steel1 0.68; meets requirement 
Slip Co-efficient cl CZ 11 @6 mils for Class B rating 

(150 microns) 
ASTM 8117 Salt Spray 1 ctCZ11 at2mns No rusting bllsteri ng 

dry film thickness cracking delamination 
over blasted steel. after 43000 hrs. 

Moderate salting 
of the surface only. 

ASTMD3363 1 ct. CZ11 Pencil Hardness "2H" 
Pencil Hardness 

Teat reports and eddll'oonal data available upon wrillen roque II. 

Mixing & Thinning 
Mixing 

Thinning 

Ratio 

Pot Life 

Power mix base, then combine and power mix as 
follows. Pour zinc filler very slowly into premixed base 
with continuous agilation. Mix until free of lumps. Pour 
mixture through a 30 mesh screen. DO NOT MIX 
PARTIAL KITS. 
Tip: SiHing zinc through a window screen will aid in 
the mixing process by breaking up or catching dry zinc 
lumps. 

Maybe thinned up to 5 oz/gal (4%)with #2Bor#33 for 
ambient and warm surfaces. For exlremely warm or 
windy conditions (above 85°F/29"C)may be thinned 
up to 8 oz/gal (6%) with #254. In cool weather (below 
40•F (4.C}}, thin up to 7 oz/gal (6%) with #21. Use of 
thinners other than those suppfied or recommended by 
CarboHne may adversely affect product performance 
and void product warranty, whether expressed or 
implied. 

1 Gal. Kll- Part A- .75 gal 
1 Gal Kit- Zinc Filler- 14.61bs 
5 Gal Kit- Part A· 3. 75 gal 
5 Gal Kit- Zinc Filler- 73 lbs. 

8 Hours at 75"F (24"C) and less at higher 
temperatures. Pot lire ends when coating becomes too 
viscous to use. 

~ j-d /~. WITNESS 0 
~~~Cb~s~~~knowlodge the lecltnical data conlalnod herein lslnle and accurala on lhe dale ofpubU~~£r~. ~Won~ Company 

0250 

to vertfy c:onectness before specifYing or ordaring. No guarantee of accuracy Is given or Implied. We guarani ftMW>fonn 1o Carboline quality oon'&OI:vva a~nly for 
coverage, perfom~anca or injuries resulllng from use. Uablllly, ff llflY, l$llrnlled 1o raplacemanl of producls. ER WARRANTY OR GUARANTEE OF ANY KIND IS MADE BY CARBOLINE, 
EXPRESS OR IMPLIED, STATUTORY, BY OPERATION OF lAW, OR OTHERWISE, INCLUDING MERCHANTABIUTY AND FITNESS FORA PARTICULAR PURPOSE. Carboline® and Carboguard® 
are registered trademarks of Carboline Company. 
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Carbozinc® 11 

Application Equipment Guidelines 
Llsled below ar& ganen>lequipment guide6nes for the oppllcaHon <If INs product. Job site conditions 
may require moditica~ons to these guldelnes to aolllave the desll8d mulls. 

Spray Application 
(General) 

Conventional 
Spray 

Airless Spray 

Brush 

Roller 

The following spray equipment has been 
found suitable and is available from equipment 
manufacturers. Keep material under mild agitation 
during application. If spraying stops for more than 
1 0 minutes, recirculate the material remaining in the 
spray line. Do not leave mixed primer in the hoses 
during work stoppages. 

Agitated pressure pot equipped with dual regulators, 
3/8"1.0. minimum material hose, with a maximum 
length of 50 feet; 0.070" 1.0. fluid tip and appropriate 
air cap. 

Pump Ratio: 30:1 (min.) 
GPM Output: 3.0 (min.) 
Material Hose: 318'1.0. (min.) 
Tip Size: 0.019-0.023' 
Output PSI: 1500-2000 FHter Si:~:e: 60 mesh 
PTFE packings are recommended and available from 
the pump manufacturer. 

For touch-up of areas less th11n one square foot only. 
Use medium bristle brush and avoid rebrushing. 

Not recommended. 

Application Conditions 

Condition Material Surface Ambient Humidity 
Minimum o "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 requlrea the subslnllto lemp0181ur& to be above the dew point. Conden ... tion 
due to subalrale tem(>llllltures below tho dow point con cousellash rusting on pr&pared steel and 
intarfara wilh propet edhuion to the substrate. Special appHcation techniques may be required 
above or below normal application cond'otiona. 

Curing Schedule 
Surface Temp. & 50% Dry to Handle Dry to Recoat 

Relative Humidity &Topcoatw/ 
other finishes 

0 "F (-18 "C) 4 Hours 7Days 
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 timu""' baaed on a 3.0-4.0 mil (75-100 mlcron) dl}'lilm lhlcknoss. Higher film thickness, 
lnsulliclent ventllalian or COOler temperatures will require IDngar cum limes and could m!Wit in 
solYIIflt entrapment and pr&matura failur&. Humidity leva!s balow 50'14 will require longer cure times. 
Notes: Any sailing that appeers on the zillo surface as a rasuH of prolonged weathering expo~ure 
must be removed prior to the applicelion of additional coatings. Also,loose %!no must be removed 
from the cuted film by rubbing with fiberglass acreen wire if: 1) The Corbozlnc 11 is to be used 
without a topeoat In lmmarslon oaovic:e and "zttoc pld< up• could be detrimenlal, or 2) Whlll "dry 
aprayloverspray" Ia 8\lldent on the curad film and a topcoat wlll be applied. For accoloraled curing 
!t(whoro lh• rotative humidity Is below 40%, allow an lnt'tial 2-hour ambient cure. Follow 2 hour 
cure wllh water mlsllng or 81tam to keep the coated surface wet lor a minimum of 8 houra and until 
the costed surface aci'ieves a '2H" pencil hordn .. s per ASTM 03363. 

Cleanup & Safety 
Cleanup 

Safety 

Ventilation 

Use Thinner#21 or Isopropyl Alcohol. In case of 
spiDage, absorb and dispose of in accordance with 
local appDcable regulations. 

Read and follow all caution statements on this product 
data sheet and on the MSDS for this product. Employ 
normal workmanlike safety precauHons. 

When used as a tank lining or in enclosed areas, 
thorough air circulation must be used during and after 
application until the coating is cured. The ventilaHon 
system should be capable of preventing the solvent 
vapor concentration from reaching the lower explosion 
limit for the solvents 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 k. 12 months at 75"F (24"C) 
Part B: 24 monlhs at 75"F (24"C) 
'Shelf lifo: (aCIU8Itlated oholffife) when kept at recommended storage 
conditions and In original unopened containers. 

1 Gallon Kit- 23 lbs (10 kg) 
5 Gallon Kit· 1131bs (51 kg) 

40" -100"F (4-38"C). 
0.90% Relative Humidity 

Part A: 55"F (13"C) 
Zinc Filler; NA 

Store Indoors. 

· 0 2lSDSctweu~d.St.t.ouls,M0~3146 

#~ :~:: ~-=--
Rick Wmdely ~c 3 An Company 

~:~~.J?r 1! knowledge the technical data contained herein Is true and accurate on the date of publi~('f(; change wHhoul prior notice. Usar must contact Calbollne Company 
0250 

to verify correctness before spocllytng or ordering. No guaranloe of accuracy is given or lmpUed, We guarantee our product& to conform to Carboline quaity conltol. We assume no rasponsiblllty for 
coverage, pesfonnance or Injuries resulting from use. Liabifrty, Wany, is Umlled to ropl....,ment of products. NO OTHER WARRANTY OR GUARANTEE OF AAY KINO IS MADE BY CARBOLIN!, 
EXPRI!SS OR IMPLIED, STATUTORY, BY OPERATION OF LAW, OR OTHERWISE, INCLUDING MERCHANTABILITY ANO FITNESS FORA PARTICULAR PURPOSE. Carbotine8and Corboguald® 
ore registel'od lradlllrnllks of Carboline Company. 
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SECTION 13 

Certificate of Compliance & Dimensional 
Verification 



Heat Exchanger Design, Inc. 
P.O. Box524 
Indianapolis, IN 46206-0524 USA 
Phone: (317)686-9000 • Fax: (317)686-9100 

Certificate of Compliance 

Customer: Cenovus Energy, Inc. 

Purchase Order#: 1 083-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. 

Serving 
Petroleum, Petrochemical, Power, Food, and Industrial on Heat Transfer Equipments 

901 East Beecher Street 
Indianapolis, IN 46203 USA 

WITNESS 0 
REVIEW~ 



SECTION 14 

Performance Guarantee 

WITNESS 0 



Heat Exchanger Design, Inc. 
P. 0. Box 524 
lndianaP.olis IN 46206-0524. USA. 
Phone: (317) 686-9000 • Fax: (317) 686-9100 
WI1'W.hed-inc.com, e-mail: sales@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 
1 083-BC-4006. The pressure drop and flow induced vibrations are within acceptable 
limits as per the data provided. 

\:_)d s /?---
David E. Bradshaw 

BANTREL 

VENDORPRIN 

EQUIPMENT 
NUMBER 
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. 0 Work may proceed. 
2. 0 Revise and resubmit. Work may proceed subject to incorporation 

of changes indicated. 
3. 0 ~evise and resubmit. Work SHALL NOT proceed. 

:~,wr ~r· wo .. ""Y ·-··· 

WITNESS [] 

REVIEW.~ ~· 
·~cr~ 

owe,·. Footl. and ilulttstrral 011 /leu/ Trau.t;.fi.'r RqUifJJJielll 



SECTION 15 

Inspection & Test Plan 



BANTREL JOB 

VENDOR PRINT 

EQUIPMENT 
NUMBER 
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. hork may proceed. 
2. 0 Revise and resubmit. Work may proceed subject to Incorporation 

of changes indicated. 

3. 0 Revise and resubmit. Work SHALL NOT proceed. 
4. 0 . Work may proceed. 

BY: 

REV\EW 

0 

~ 



,. 

Heat Exchanger Design, Inc. 
P.O. Box524 
lndianapofis, IN 46206-0524 USA 
Phone: (317)686-9000 • Fax: (317)686-9100 

Inspection and Test Plan 
Revision I 28-Ma 2013 ay-; 

Customer: Cenovus Energy, Inc. P.O.#: 1083-BC-4006 Item#: BL-E-30 I 

Description: Natural Gas Heater Work Order#:4474 

PERFORMED 

NO. ACTIVITY BY: REMARKS 
Vendor Client 

1 Inspection ofmw material: Qty, Markings, M1R's etc. All pressure boundary materials p 
and welded atlachments are in accordance with A.S.M.E. Sections IT and VIII, Div.l 

~ Codes. 
2 Inspection of machined parts. Dt-'lt- p 

3 In process fabrication inspection: Bt#- p 

a) verification of WPSIPQR(s) &* p 

b) verification of filler metal CiJ.(. p 

c) verification of welder's qualifications BLA- p 

d) inspection of weld joint prepamtions and fit-ups &A- p 

e) inspection of root pass and fmal welds But- ,... p 

f) verification of appurtenance layout ~ i-p 

4 Confinnation of valid NDE personnel qualifications & proper NDE procedures. 1)L..t4-1-P .£/1)11 
5 Perfonn PT examination of. 1)t.4l-I- - -

u a) areas as required by A.S.M.E. Sec. VITI, Div.l Code {'.:x.14-f-p 1< A 
b) liftlugfmal welds 13~ p ~ 1ft 

6 Final visual inspection of welds, dimensions and orientations. l3~ 1- p Ill 
7 Petform Spot RT of shell and tube sides. VerifY film and review reader sheet zsut-f-R 

,. 
Subcontracted 

8 
Perform hydrostatic testing w/potable water per ASME Code @ 50°F min. Ho.W 
pressure in each chamber individually for 1 hour using chart recorder. J3L p H~ v 
Perform blast and paint per client specification 'IR-43-SPC-00-019-01 and 
manufacturer's recommendations. Each sub-assembly shall be treated individually prior 

9 to final assembly to insure flange faces and bolts boles are coated. Inspect surface p 
prepamtion & verifY blast profile and coating thickness & appearance. Blast per SS~ 
SPlO and prime 2-3 mils DFT Carbozinc 11. J3L 

10 Confirm Canadian Registration (CRN) through province of Alberta is received. ¢ '--P tpJ 
11 Verification of nameplate stamping. DL.t4- p jUJ 
12 Verify insulation installed per client specification 'IR-43-SPC-()()..()21-02. rsdf- .... R ~\. Subcontracted- certification 

~ ~pplied by installer 

13 
Inspection of shipment preparation. Blow completely dly, oil flange faces, bolted wood 
covers & plastic wrap. Verify one(l) set of spare gaskets is included. i3dt-

p Hflj tlient perfonn final inspection 

14 Acquire Inspection I Shipping Release from client. 13L-ti- p H ient provide after final 
ir spection 

15 Review of Manufacturer's Equipment Record Book & Dispatch Dossier ~ ...... p R 

NOTES: LEGEND: P-Perfonn 
"Vendor" refers to Heat Exchanger Design. Inc. R-Review 

W-Witness 
''Client'' refers to Cenovus Energy or their assigned Third Party lnspecj,r H-Hold (must be present) 

~~ ... A RI- Random Inspection 

W'~~-~~. WITNESS 0 
Reck Windell ~ C--

c[Z--2 ~ 
REVIEW~ 



SECTION 16 

Material Test Reports 



Job Part Number Rev 
00834-0000 Default 

Job Order Detailed BOM Report 
Job Order Detail BOM Report, Ordered by Component Part Number 

Job Order Number Equal to 00834-0000 

Quantity Status 
1.0000 EA RELEASED 

S.O. Customer 

Date: 08/02/2013 
Time- 14:24:25 
Page# 1 

004474 000207 CENOVUS ENERGY, INC 
SH4K1-20-00-24UV-2C3D 

!44741 
NS 

Item No. Facility 
Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Component Part Rev Component Part Description LOG# HEAT# Quantity Required 
ELBOW 2.5 S40 go• LR BW 

BOM Memo: INNER PIPE 

NS 2.5" SCH 40 LONG RADIUS go• BUTT WELD ELBOW- SA234-WPB- TOE LB702 2.0000 EA 

FLANGE 14 600 XS RFWN NS 14"-600# RFWN ANSI FLG- XS BORE- SA105- T JS 694AO 

BOM Memo: SHELL COVER ASS'Y 

FLANGE 2 600 S160 RFWN 000 2"-600# RFWN ANSI FLG- SCH 160 BORE- SA105N- HW2 BAOY 

BOM Memo: NOZ "A & B" 

FLANGE 3 goo RFLWN NS 

BOM Memo: MODIFY BY MACHINING ENDS - NOZ "C & D" 

GASKET 14 600 STD RING NS 

BOM Memo: KAMMPRO TYPE CS/GRAPHITE - STYLE ZG 

(1) TEST; (1) RE-ASSEMBLY; (1) SPARE 

GASKET RING NS 

3"-gQO# RFLWN ANSI FLG X g" LG- SA105- TKU G807 

14"-600# STD RING GASKET- CS/GRAPHITE W/1g.375" OD GAUGE RING 

RING GASKET- 3/16" THK X 3.g38" OD X 3.063" ID - CS/GRAPHITE 

BOM Memo: 3/16" THK KAMMPROFILE STYLE PN- CS/GRAPHITE 

(2) TEST; (2) RE-ASSEMBLY; (2) SPARE 

HEAD 2:1 SE 0.5 X 14 OD NS 14" OD X 0.5" NOM (0.44" MIN) THKX 2" SF- TRW AVJA-2506448 

BOM Memo: 30• SINGLE OUTWARD BEVEL- SA516-70N -SHALL CONFORM TO UG-?g, UG-81 & UCS-?g 

LIFT LUG SIZE 2 000 SA516 ?ON CIT -50F- OXG 1616/1 

NAME PLATE KPA 

NAME PLATE MAEWP 

BOMMemo: 

NUT .75-10 HEAVY HEX 

NUT 1.375-8 HEAVY HEX 

PIPE 2 S160 SA106B 

BOM Memo: HED CUT (2) 3.75" LG- NOZ "A & B" 

PIPE 2.5 S40 FINNED 

BOM Memo: PIPE FINNED WITH: 

000 METRIC "KPA" NOTATION- SS316 

000 EXT. PRESSURE NOTATION- SS316 

NS 3/4"-10 HEAVY HEX NUT- SA1g4-2H 

NS 1.375"-8 HEAVY HEX NUT- SA194-2H 

NS 2" SCH 160 PIPE X 8" LG- SA106-B- TLW 105825 

NS 2.5" SCH 40 PIPE X 20'-7.75" LG- SA106-B- W/LONG. FINS- TRJ 335364 

(24) 0.035" THK x 0.5" HIGH LONGITUDINAL FINS x 20' LG - C-STL 

1.0000 EA 

2.0000 EA 

2.0000 EA 

3.0000 EA 

6.0000 EA 

1.0000 EA 

2.0000 EA 

1.0000 EA 

1.0000 EA 

48.0000 EA 

40.0000 EA 

1.0000 EA 

2.0000 EA 

w/5" and 2.75" BARE ENDS , ~ . WffNESS l..: . ;·4 ,.-.,zr-
4#/. 1~·~.. .EW ~-_, ,~({' ~ L)c;:-- REVI 

Rick Windell r?"-/ftJf-1 ;J 



Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Default 

Job Order Detailed BOM Report 
Job Order Detail BOM Report, Ordered 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 SA 1 06B NS 4" SCH 40 PIPE X 20'-6" MIN RIL - SA 1 06-B- TLX 26598, TL Y 805997 

BOM Memo: HED CUT (2) x 20'-3.875" LG 

PIPE SPECIAL SA106B NS 4.25" OD X 1" WALL PIPE X 15" LG- 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 4T J4 

BOM Memo: CUT (2) 5.5" X 2" BURN SHAPES - EARTH LUGS 

PLATE 0.5 SA516 ?ON 000 1/2" THK PLATE- SA516-70N- 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 x2.75" ID 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- SA516-70N- 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 .75-10 X 5 000 3/4"-10 X 5" LG STUD- SA193-B7 

BOM Memo: 5" LG END-TO-END 

STUD .75-10 X 6 000 3/4"-10 X 6" LG STUD- SA193-B7 

BOM Memo: 6" LG END-TO-END 

WITNESS 0 

Date: 08/02/2013 
Time- 14:24:25 
Page# 2 

0.2083 FT 

0.3333 FT 

2.0000 EA 

1.0000 EA 

3.7084 SQF 

0.1528 SQF 

0.4583SQF 

1.0035 SQF 

1.0035 SQF 

1.0035 SQF 

1.0035 SQF 

1.0000 EA 

6.0000 EA 

16.0000 EA 

16.0000 EA 



• 
Default 

Default 

Default 

Job Order Detailed BOM Report 
Job Order Detail BOM Report, Ordered by Component Part Number 

Job Order Number Equal to 00834-0000 

STUD 1.375"·8 X 10 LG NS 1.375"-8 X 10" LG STUD· SA193-B7 

BOM Memo: 10" LG END-TO-END 

WASHER 0.75 SAE N FLAT 000 314" SAE "N" NARROW FLAT WASHER 

BOM Memo: ZINC PLATED WROUGHT STEEL 

WASHER 1.375 SAE N FLAT NS 1.375" SAE "N" NARROW FLAT WASHER 

BOM Memo: ZINC PLATED WROUGHT STEEL 

End Of Report 

This report was requested by BHUSSONG 

~~:13 p/fC/u-

WITNESS 

REVIEW 

0 
~ 

Date: 08/02/2013 
Time- 14:24:25 
Page# 3 

20.0000 EA 

48.0000 EA 

40.0000 EA 
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~~O)rPV' INSPECTION CERTIFICATE 

PANla:H 8TEB.INDU81RIESSOH.IIHD.­
lOT 13211 & 13258, JIIM Hljl Alld. MINn. 

Ol.s.llft MIN. GIOO lalng, Slllllp, ~ 

TOE 
(j) 

Purcflla: 

OrdlrNo. 

2Z2111P5-Z 

Heat No. 

AU.ED FITTIMG CORP 

lrwolcaNo. 

Till: 803-331S 1AJ Fa:to3-3n31733 E-mil:~ 

WROUGHT CARBON STEEL BUTTWELDING RnlNGS 
INSPECTION DOCUMI!H1': EIUOIIIM:21104 1We 3.1 

TOE.. 
~,.p.,_ Spedlcllloft for Fltllngl: Miele from &eemiiM Pipe 

EC7 ASTM A108 - 011 APISL • 07 PSU Gr. B AS'IUAZ$t • 07 I ASME SA 234-07 WP8 & MCE UR0175- 03 

Product & Size QUMCity Pipe .. 
(Ia) 

........... _ -----·-... Clift.~ • .......,. I "'' 

C8llillc:lte No ; PSIISIIIIt 
Dlilll : z..Mar-10 

---
Speclklllillo far IMpdan 

ASME81U·07 

Pipe Hilt No. 

cz 101 t• tiD DEG Lit 110 ELIIOW 201» NIHUEI'ALS l1NGKOU ..:IliUM PlATE TD-4IIIl' 

LBICII 7 45 OEGI.R $TO E1.80W 411 .IWIGYINCifY 8E.W ES8 SlEEt. lUK C$.214114 .... 2" 41 DEG LRSTO 9..80W 1111. YNITN $MEL .... PUIHT .......... 
L401 1 2" 46 DEGLR ITO ElBOW 1Z7 .IINIGYII cnY SI5Mit.EIS sn:a. TUllE 0Httall7 

lB7CI2 ., a 1r.r eooeo lR Sltl a.aow _:liDO IIOo\StWIIAON & &1£9.. 3Dl4JII 

VIIIUIII.Eamlnalort OiNI ..... ll!llp8Cion HlelT!Mimlnl Magnelc PMide Tedftg · 

GOOD 0000 H ...... 
GOOD GOOD H 

,._,. 
GOOD GOOD H llA 

GOOD GOOD tt ...... 
0000 GOOD H N./l 

~ 
Olemlcll Cclrn,oelllgn f.%1 T«<IIIITtlll"' 

HMinel 
c Si ..., p s "' Cr Mo c. v CE YS. '- TS E 

x101 xiOCI X100 X1000 xtOOO X100 KIGO x1DO .K1CIO atCIOO x1DO {KSIIW.) C'l') (HB} 

- 10 28 - . - - - - - 2<40 415 22 
Heat No. ............. 30 - 101 50 58 ~- <40. tS 40 10 50 . 155 - 187 

cztoe 20 25 5S 17 . ,, , 
' 2 10 O.t " - . 445 a.o , . 

L81D2 la 2S 55 28 5 1 1 Cl 1 2 21 3M 431 ••• 116 
JM~S 21 24 44 15 12 2 ) 1 ' 10 31 310 4tO 21.5 1M 

L401 16 22 51 ar • 0 1 0 1 :t • Ml 544 '" 14 

l8f02 a 21 H IS • 3 4 t a , :M - .... 311.6 Ul 
-·-· --· - --·-~·- -- .. - ·- ~ ........ ·--·--····-· - _.._ .. _ ... -... ·--- -· .. .. .. _ .. _ . ----· -
AHO I'URCtiNII! OROEA: AND SAT114'110 rtte ~ 
TeNSILE fiEClUIII!I!MEN <:0NF011MS TO .A81U AllO STAIIDMD. LCINGI1\IOIIW. DIIIB:Tji)H, GAUGE LENI:.il'H r ~) 
NOTE: 
N: -.IIMdetB1l!"C YS: Yield ....... 
Q;"""""ltt10"C-....... In-. 11tT..- ........ 
T· T-.._,. MO'C • .o'C. E: li!lonJIIIan 
5: llhu ....... in...__.,._,~'C·eao'C--lnllilllir. 
H7Hal_ln.._...,._II20"C·tw"<:_._ .. __ _ e I . 

I 

8~~ S"·J.'t-1.3 ~J:.g._ff' · WITNf.SS 0 

:~·'·=·~?- REVIEW )8:--­
cP~tf-/_3 

Rick Windel: 
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I 

T:JS 
41'6't5t,~ 

~ ,, 

CL.IEI>JTE I Customer !Client 

FORIIINGS FLANGES&ATTINGS U.C. 
8900 RAII.WOOO DRIVE, 
SUFI'EB 
HOUSTON, TX 77078 
USA 

CERTIFICADO DE INSPECCION DINEN10204t3.1e·· . . ~ 
lnspectionCertlflcate·CertlftcatdeReception IS01D47H3.1 ·, : · .. ·,,: .. : 

FECHA: N.0 I 1347681 HOJA: · ' · ·· 

::~ 
~ 

88l'JULMA I 
8GIIIIIIG2a -- ULMAFORJA.S.COOP. I Dale: 13/1212010 No. Page: 1 IGI fU21M 

PRODUC10 
AttlaJe • Produlf 

FLANGES 

NORMAS APLICAB/.ES 
RequltamMis • NorriJe$ AppDcab/os 

ASME &18.5-09 

ASTMA105N.09 
ASME SA105N-ot 

SUPEDIDON.• DE 
YourOrderNo. 171523-INDIANAPOUS at. -rte 10111612010 
Vo1ro Clio. N.• 

l:J~ 
MATERIAL CORRESPONDIENTE 
Ma-t Cl>tiNpondont- Quol/6 
MODO DE FUSION("} NACE MR-411-7511S0151H~5 & MR.01-D3103 
steel ,.1111111· EtaboratiDn de l'llcisr 

E • E11w. Y = Ox/glono l>1lofco 

PARTIQII CANTIDAD DESCRIPCION OIIBERVAiliONE! COLADAN. ~JV«;/1 
lfbm QuanQty Daocdpllon Rematft;$ HNIND T~ - QuanNN Dest:lfpllon ~ /11. "Couulle Rulal-

("} -~ 
46 F12WA120 30 WN 12 150LB 820 RF A105N NE 695AO 496 
78 F1BA100 35 BUNO 10 150LB RFA105N NE 674AO 502 
120 F38WA160 10 WN 16 3DOLB XS/40 RF A106N NE 658Aq 518 
140 F310WA120 4 WN 12 300LB S1 DO RF A105N NE 496AO ,. 519 
220 F68WA140 S INN 14 600LB XS RF A106N NE 6661'0 511 
220 F68WA140 9 VIIN 14600LBXSRFA106N NE 694A~.J 515 
250 F6RJ12WAOBD 8 WN 8600lB 8120 RTJA105N NE B73UO 531 

COlADA H. COMPOSICION QUIMICA • STEEL MAKER'S LADLE ANALYSIS· ANALYSE CHIMIQUE 
HoatNo 
N.OCoulde C% Sf% Mn% P'Yo S'Yo Cr% Nl% Mo% Nb'Yo V% Cu% AI% Ji% N% 

496AO 0,210 0,260 0,860 0,010 0,001 0,110 0,080 0,040 0,002 0,001 0,220 0,040 0,000 0,000 
658AC 0,200 0,230 0,840 0,011 0,001 0,090 0,100 0,040 0.001 0,002 0,210 0,030 0,000 0.000 
656TO 0,190 0,170 0,800 0,024 0,012 0,050 0,110 0,018 0,003 0,001 0,370 0,000 0,000 0,000 
673MO 0,180 0,230 1,210 0,013 0,005 0,050 0,070 0,009 0,002 0,064 0,130 0,029 0,000 0,000 
574AO 0,190 0,180 0,830 0,012 0,006 0,060 0,080 0,010 0,001 0,002 0,140 0,027 0,000 0,000 
694Ail 0,200 0,240 0,860 0,009 0,008 0,080 0,080 0,050 0,001 0,002 0,230 0,031 0,000 0,000 
Sl)SAQ 0,180 0,180 0,830 0,025 0,005 0,070 0,070 ,0,009 0,002 0,003 0,140 0,029 0,000 0,000 

8" Zublbga, 3·1\pd0.14 
20560 oAA11 (cilpuzkoa) SPAIN 
Tel" 94 -943 7801162 

Clulllled 11C10. PED P7123.EC+AD200C).INO 
byl'OVRh.,._ 
N. • Df 202 E10 02 7443 FlOC 94 • 943 781808 

E-mat. ulmaGulmaplpklg.cum 

MAROA DE!..FABR/CANTE l!J'' -atfadiWy . 
...._ du f8blk;ant .... ,, 

OEPARTAliiS'ITO QUAUTY ASSURANCE -Cllpel!ament 

AI.AI«<AAI. """""""' - IIESILENCIA Etoogolllon Y._,..,. 
I~ RMI.- ""'*"-1/.2" - -- " " Joules 

315 28,60 54,00 
311 29,00 54,60 
817 30,10 65,80 
318 30,70 !ia,OO 
302 28,30 55,20 
31B 29,80 56,00 
372 31,80 57,00 

80355 

-·- DIJRUA -- DIRif = 'C HB 

147 155 
148 156 
150 157 
150 157 : 
149 156 
150 157 
154 160 

·Las-... yfaCtiii-IIJI)6ffJc/ll/fleh_H_ctotlaa. 

CEq% 
-Dimenllltm_su,_,...-__ acoepteblo. 

·l..esdlmamlioosatMalade...taceaont~. 

-I.DSnlllledllle:l-~ ,.._ aplcollld. 
0,404 -Monutaclumg ,.qu~n~monlt.,. --· 
0,387 ·La norme• applcabla$1Cnt -clfes. 
0,389 
0,420 EL INSPECTOR 
0,367 Wot1<s /n8peCitJr- L 7m,_.,. 
0,390 

~'-~ 0,349 u: ... . u..u.H.: ......... _ . . . 

,. 
~ 
2 
~ 
i:l 
~ 
~ 
§ii 
~ 
~ 
~ 

~ 

~ 
~-
1! 
$ 
:! 

F. 

I ?. 

~ 
~ 
" 
~ 
~ 

I 
~ 
~ 

~ .: 

('J 08SEIWACIONES: 
.1 Remarks 

ObSBNB/ians N_NORMALIZED AT 900 C AND ALLOWED TO COOLIN STILL AIR 

Be.'*"" s-- .s ~t.3 WffNESS ·u;r· 
~Wi"""'T~ 

0 

~. 



..... 
Ci) 

~ 

lfJ ...... 
0'1 

f§ 
r­..... 
M .. 
~ 

~ 
I 

ffi 
I 

r­..... 
M 

M:! 
H a.. 

~ 

~ 
~ 
!R 
IS) ..... 
g:: 
~ 
I 

~ 

20 

75,940 
70,840 
'70, 696 

38.40. 
33.10 

61.70 l4:J~l~l 
62.20 147"147 

30 NOJUt fill 16SOF 3 HRS A/C 

40/No~ G 1675P 4 HRS A/C OROERNOTES 

Addillofllll NoteJarComments: ~ ~ 
We hereby certify that all telit: result& and process information contained · · · {~.....,. 
herein .are correct and true aa contained in the records of the coMpany Piping Products, Inc:. 

:?1:(;,,/-Cf 1 ~~ ""''w Rick Windell /'f:i#t/?(3 

VV' l-;..£!:..)!1 D 
·:a-_ 



~ #tfe7™/JIDIK1l!D · CDMfiiDIIIIEN:IS 
)( .INC. 24n 
F 
CUSTOMER ORDER NUMBER 8077 

t4527 Smith Rd. 

H~mble, Texas 77396 
TEL: (281} 441-4088 

FAX: (281} 441-8899 

Page 1 of 1 

REPORT NUMBER 74405 

DATE 4/26/2013 

FCI ORDER NUMBER 60366 

Processed I.A.W. EN10204 3.1 

SOLD/SHIPPED TO TEXAS FLANGE & FITTING SUPPLY, INC. 
P.O. BOX 2889 

PEARLAND TX 77581 USA 

Item Quantity Description 

TAG# J290-20203 

2 3" X 900 X 9" LG RF LWN 

HEAT NUMBI;R: 
G807y 

CHEMICAL ANALYSIS 

c 
Mn 
p 

s 
Si 
Cr 
Mo 
v 
Cu 
Ni 
Cb 

AI 

.185 

.940 
.0310 
.0240 
.220 
.070 
.010 
.004 
.020 
.020 
.001 

.021 

MATERIAL TYPE: 
SA 1 05N l.A.W. ASME 2010 ED 11AD. 

PHYSICAL PROPERTIES 

Yield PSI 
Tensile PSI 
Elongation 
Reduction of Area 
Hardness 

54,157 

80,550 

35 

65 

156 HBW 

WITNESS 

CE .36 

f~/ RrnEW 

f~ 
Heat Treatment 
Temperature 
Time at Temperature 
Cooling Media 

NORMALIZED 
1670 °F 

1/2 HR/IN THK MIN 
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. r{\ 

Prepared by ~\ 
1 

Name: Rene Ordonez Title: QA Representative 

Page 1 of 1 Date printed: 4/26/2013 12:04:18 PM 

0 

~ 



CUSTOMER 

I HEAT EXCHANGER 

FORT WORTH F & 0 HEAD CO 
P.O. BOX 79700 

FORT WORTH, TEXAS 76179-0700 . 

COVER SHEET 

CUSTOMERS P.O. NUMBER 
3375-00-LOST I 

DATE 
06/03/13 

CODE LETTER QTY. SIZE-OD. OR ID. THICKNESS PLATE MFG. HEAT NUMBER SLAB NUMBER 

AVJA 1 14"00 1/2"NOM NUCOR 2506448 01 

"TRLU 

~~ 'd. 1jviTNESS 0 /t ~· -;4,/ ,... 

HOT FORMED 1XJ KICK WIO rJel~~l/dtf1'..VIEW '.,__)2:j 

MATERIAL SA516-70 

WO#. 155028 

STYLE 2:1 ELLIPTICAL 

SF: 2" 
BEVEL: OUTSIDEO 
DR: 
MIN: .46" LAND 

INSIDEO 

ICR 

FORT WORTH F & D HEAD COMPANY CERTIFIES THAT HEADS MANUFACTURED FROM MATERIAL 
REPRESENTED BY THiS REPORT COMPLY WITH ASME CODE SECTION II & SECTION VIII, DIVISION 1. 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 OF30 MINUTES, AND AIR COOLED. 

FORT WORTH F & D HEAD CO. 
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I . 
"' 

·ri.LJCCIR 
PLATE MILL . 

P.O.BoxZ78 
Winton, NC 1781G 
(212) aaa.a100 

Mill Test Report 
P ... 1 

: \ 

~ .-Q-~s~~s 
~~~~~~~ 

ll8111n1 D.ta : otltiiiCI12 8IL No.: S3ll8a Load No. : 338134 
Vehloltt No: AI.,Y 11118 laid To: 
Spectncetloa : 0.1000" X 81.000" It 410.DDG" 

Mmclng: 

HeatNo . 
25064418 
2506450 

PllaiSerill. 
No 

250&448-01 

2506450-04 

2506450-05 
250&450..()4 
2506450..05 

• HRC22 

A811l AS11TD-101ASME SAii11 70 PVQ 2011 Addendll Cu .15 lin. In 
.020 lliu: Normallzad T..t Coupons at 11&0 F 

c Mn p s 81 cu Nl Cr 
0.18 1.00 0.015 0.002 0.21 0.13 0.14 0.05 
0.18 1.01 0.011 0.()()2 0.20. 0.15 0.13 0.06 

Tenstt.Teat 
(11;1) ... EIDnptlon l!loafldlon 

Plllcas T- Dlr. Ylald ,... ... %182" "1na• 
4 13.06 T 60,000 74,200 

T 54,300 72,500 

6 19.60 T 47,400 74,700 24.6 
5 18.33 T 48,800 76.500 24.1 
6 19.60 T 45,700 72,200 27.5 N 
5 16.33 T 45,700 71,700 24.4 N 

Our Order No. : 18411212 

RANCJER81EEI. 8E!IMqSI 
1225 NORTH LOOP W.8TE 810 
HDUIToN,TX 77008 

TRLU 
Mo AM v Nb 

0.02 0.024 0.004 0.001 
0.02 0.029 0.004 0-.001 

n 
0.001 
0.001 

Cast. Drdv No.: · 11241 

Ship To : RANQER aT&&L CID AHR TIWCICINII 
ANDaTDIWJE . 
.. TRACKI81S 
FT WORTH. TX 11171 

N c. 8 8n CEQ 

0.0011 0.0002 0.007 0.38 
0.0009 0.0003 0.008 0.38 

Charpy lmpacta 

" ('ltf flit tiQ Min ....., I ~ ' _.._ Aw. ..... liD Tlnlp Aw. 

~f\ 

Test-pon. anly, n0n.llllad 10 llllnuC.. )ltr lnGII oflhlciiMn .t111D f :t II F. Hold 30IIIinullle llllnlm-. 1 w.c.~ 

PCM 

o.~- AYJ"A 
0.25 

Wili': 

REVIEW~ 

lliiiiliiti'id to U)i lillliid 11M jjJilli jrii&i bf aeatiiO Ali Fiiriiiiii: W8klriii ar ilild liP*- nut jlilliliriii8d on thfl iiii1iiifilt Wi liii'liiii Ciilfi lhii iii CiDritiiiii Oftiili report - iiiiiMiii8 iiil-iiOL All tell iiliUb 
MMI8Y ._nut been liNd In tha chGt manula:lur1rig of tiD milllllll. ProdutiN 81 CIIIIIIIIUIIUI Clld cllllcrale plalll......,_lllll.a lllld ~ pufornllld by the 111111111111 ~-In compl8nGe 1il1h lh8 
aiMiwiD IIVIMIIn Spdeallon. ~ ..,.olllaallaill,lncludlng CUiiamar 8jlllclllciiiiDna. . 
Yllld toyo.&EU..ndacl..._lllhetwlla apedfi8d. Ceq • C+(Md8)+((C...Mo+V)I5)4((0Htll)l1&) ..,......_/7.~ 
Pcm•Ot(IPI)t~ll)t&B . /-~· -
M!llllld and III8I1Ufllclunlln lha USA. ISO 1001:2001 CIJiilllld (II00806S) br SRI Quellly s,.18m Reg11t1ar (11111116-01). PED 171.2a1EC 712 AnllelC 1, p-. 4.3 ~ · 01112012012 1:11:01 AM 
DIN 8004U.1.81EN 111204 3.18(2D04). DIN EN 1020U.1(2005) GDfiiJIIIrit. For AEISgr.cleR ~. ~ A.urMce Cllflllleaae ~ . T. A. Deplelle. ~ . Q.C. By 

·. .Y·o·1S<cS~ J.o. 
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PLATE.#- . ._, 
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H 

co 
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ZM 
t!Jqt 

Yllp&MHa e NET.AJ1fiYPr11'-IECKMA KOM6MHAT «A30BCTAnb~t CEPTHIIIHKAT KA'-IECTBA Nl OT IlMcr M3 nKCTOB 

09-29326 Date 06.1 ~-2.006 Sheet 1 of 1 . Sheets 
Ukraine. AZOVSTAL IRON AND STEEL WORKS QUALITY CERTIFICATE No 

1. ,._,._, ,_........_,.., 87600<1*0: 380(t1211) 52·711-00 1, L--'<f 11.. Marlupo~ 87500 fax: HI! (&~II) 52-7~ 
H I' 
(}]0 
l:illll 
0 .. 

# 
11:: ..:I 
l:il 0.. 

~~ 
(,) 
:><: 
l:il 

~ 
l:il 
:X: .. 
0 

E-< 

Cl'l 
(';I 
1.0 
1.0 
(';I 

M .. 

Ca~cmo o npHCioiO'IHWX Hem.rtanHliX 
EN 1Q2D4·3.1 

Pa3ymoTBTI:ol KcnWTaHMi\ Test results 
Jaspcction ceJtiflcate 

KOI!IpUr N! 103061/0lA<n 23lliiiOACKOil38100l'i! 100706..()547 ! :i b COlllnlet No . LOT. 6 · - Manut'ac;turer's produelioa orclcr No p II If II -r "i .. i •i Rdnu:eNo ~J:il u II II lamlll< !t_MPMB "nellllll I(QM~ C./I." !~ b ,f~ H J, 4 ~ ~ CUSfomcr e1011n Commodities .A. • comp;my J~Bi f 
g 

l*oHH! 54765789 ~~DH'BIC11IO maapa, mr. 5 
:i 

RW·Car No Quantity of llJOds, pea t! 
HallileiiOBaHHe -roeapa .. - llldl 'f ~ .. ""' a.cr. lt.lbl ft.lbl' ltJIII l\.llf 

nJIOK&TTOIICllll&ti:RIBDA -~ """ ICSI ... 
Description of goods tteavv plates 
Maptra CTallll ASME/ASlM Ciu.Jl8pm ASME SA516/SA516M-04 
Orade of Steel SA/ASl&-70 MT Standards ASJM A51&/A516M~S 

...:=, 
1 1816(1 0.50 T -50.8 7U 32 

LlV ASME SA20/SA20M-04 2 181611 0.3e 0.39 L -50 28 33 44 M ASTM A20/A20M-GS 
I 181612 0.50 T -50.11 77.8 32 

BWIIIIIIIIICII 
~BOI'~~ 

4 181612 11.39 0.39 L -50 ~B 33 44 M 
Sleclmaking pro<:cas 5 181711 0.50 T +118 511.8 78.3 30 

Coc1oarme DOCTIIIIKH 
& 181711 0.39 0.39 L -50 7Z 74 71 7Z 

tlopMiuuaoiiiH l742"F 0.6 hour/Inch 7 181till 0.50 T Delivery coildition Noimallzld -55.1 71.~ 31 

8 181511 0.39 0.39 L ...., 72 84 71 119 
MlpxilpoBICa GAADf OF~-~ DIMfN~~ WEIGHT. T CAST" No, li!ST No, 9 181512 0.50 T +118 54.4 78.3 30 
Malting ~~~~:frkiiAiif: REI'. NO. i 2 iKiiiSffJil, 1X • 1e u111112 0.39 0.3e L -40 .74 !l9 88 87 

# ===potllll 1'HRe£ RED SlN'I!S. XMM~ecrotil cocraa, % Chemical composition, % 
0 
(}] 

..:1 
1!11 
1!11 
E-t 
1:1.1 

~ = 0 
..:1 (';I 

-~ r-1 

:><: 

a 0 
, H 1.0 
! p:; '<I' 

~~:><: 
•• r-1 n 

PuMeplor.AooilM ~It Milcca, T(TM) -i llnaaml'tl c Mn Sl· .s p Cr Nl Cu 80L n Mo Nb v AI 
napTIIIINII Dimenlliont, Inch Maaa, t j CastNo , 

no .. 411~ nnaaoca Nl 14SAeiiH8 Nl 

11 
He-rro Homo 

... m ..... , ID-01 d.II01 .0.001 ... DI 10.111 JIO.I1 .. .ODI .0.1101 Jdl.ot· -· Jj~.llln 

Item No· ·cast No Test No/ TORUIIIHB WMpiiH8 ,!lno!Ha .nooc:ra . n~ 1 8508 v 20 107 23 5 16 3 33 1 32 15 <1 <10 <5 
Product No Thlcklless Wldlh Length Netlo NeilD 2- 9491 18 109 25 5 11 4 27 2 46 <5 <1 14 <5 

plate platas 3 9495 18 109 25 5 11 4 27 2 46 <5 <1 14 <5 

10 8508 t\~61 1 120 480 2 7.410 14.820 ' 

. 10 9494 1617/ 1 120 480 1 7.410 7.410 D}(G-1 
10 3 22.230 

.39~ 13 9495 16151 1114 120 480 2 9.262 18.524 ~ ertalio.. .. ._. .. < _ ... ....., o(t ~"E-2,1 ~--.-.tamed m ....,-..... L.. -
13 2 18.524 

~;\irsTra-Cb(f\ 
Inspector or 

Quality Control Department 
a I 

0 ~ (,) 
.t: 0.. 

I 

cor-tr-1 
OM 

0~.-t 
(';I .... 
~ 
0# 
M s 
~0 ()) 
[' •+.l 
o 0.. H 

It iu hereby certified that products listed In tliis certificate tested and comply 'h with contracts lenns.noATBepliQI88M, 'ITO npOA)'K14MI1, )'Ka38HH811 B H&croA-
UjSM cepTKitJ11KliTII, IICI1b1TaH8 11 COOT88TCTB)'IIT )'CIIOBMJ!M KOHTPBKT8. 

~ . A"~j~_//. wm<ESS 
n_o~~ [,4 3KC 9}. p-ra . 

1-tTorO 5 I 40.7541 
s~ mp· ' 

Total 
-~- •A3oecran.... · 

. . -~ . ,~ , 1/( .. 
I~ ~~.- ~ -1.-t~ -· ...... _ ... _., . '~ DI:VIJ:W 

c?$6-(;5 
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RIQ\11111'01 SUP . 
11110 1-ILIIIIfll 

AMURRIQ 02.0U011 

ODFLIND 1 >> 

EN 11)204:2004/ 3.1 

CERTIFICADO DE CALIDAD 
MII.L T.IT CERTtFICATE 

NA<:I! MROI711/MAOID3. 

N'O-ooooioiiisa#fiitev: ooo ··--· 
• + ............ -. ·----·-......... \ ... ,._ .. J 

PEDIOO I PARTIDA 
,~1~111 

FEDERAL. sTt:El Sli~PLY ~ INC. 
THESF. TEST HEPI.)Ifl"fi IIPf-'l..\' TL;: 
'fOUR P. C), y'l-...... . ........ . ..... ,, ... M.. .~. 

B,... .s--I ')- I.] 

PAQ, t 14 

WITNESS 0 

f5~J REVIEW :_:g:_ 
~!Jdttf 

. . . } 
""'''"' ·-~;,.,.......,.,,..~ ....... ~ ....... ,.,,,.- ....... ,.,.,..,..~ ........... ~ .. : ..... , . ., .. •' ",..,. ... ... '" •' ·~· I ' '"' : ........... ~ .......... , .••..• "f"'•~·· ... t-11-•"t ••• 
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I ·-
l 

I 

'fRAY. TEAMICO. 
llfAIIIIIAMNI 

TUBOS REUNIDOS IN3USTRIAL S.L.U 
Barrio Sagarrlbtil. 2 • f470 AMilRRlO 

(Spain 

EN 10204:20041 3,1 

CI!!RTIPtCADO DE CALIDAD 
MILl.. TilT C!RTIFICA.TE 

I ...... N~!OQQ3~~31iifitiv!90~:~] 
rn· UAU'tO I.AM. ENFA ~AIR. fA$ !10\.LID COOU!O IN STILL Alii 

opcpfMiGNI1"IH15"0 I DID!"'•n••• 
ITeM·F All. lffM CU. LONC.INDIIIIFI COLADA 

U ~IPII ~1,11Nf1llfll ~~~I.IINISI" Ci.t!N" 
N"TU808 
OV.HIII'I 

-· ~ailllllftli3"'1Gr--"'' 1 Jl'"''----un.~llllll!':d ,:-l•T:U~im ~--"'~'~15mii~WU .... 

TOY AI. 

fNIItyOI NO IV'!UII1£1Dli.Qil M 1U 

II 
Ill 

PAG. 114 

LONO. TOTAI.Ifll 
Wlilll 

Ult013 
a'no23 

li.511 
11011 

ENSAVOttlll 14CONTAOI.IIIBI ~Ioiii"! RIIQIJISITOSIA5QWIQIIHU RIIISU~ T ADO I ~tlllll.l 

V18l.IAL Y DIMI!NSIOHAI; 
IIIIUoiL .OIYtN-1-

o\M\IRAIO 02 OUO II 

.I~ 

UOO.O Pill UEC. 

flbi84Y(U! tf(!NQ!lJOIC08 y MW! (JsQIC:QB I U£.\!NQIQCIINI ·~Dl'IU'IUM'CM Tilt 

1¢1 AISAU/SAIOIII~ .OK 

.. ~· '• ' . 

.,,.~ ... , .• ..-.......... _..... • ., . .,_, . ...,..,, ... ,r., ......... ,,..-... .,. 

Q.l( 

OK. 

II C.E 

~~~ 6,41 

- '· . . .. 
.,.·; ""'"~INJ'IWI~OI.II,II ... I.OI'IIIIfol-'••"'i••-f+-·' 
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I 
I 

... 
TUBOS REUNIDOS INDUSTRIAL. S L U 
Barrio Sagarrlbal. 2 .. Of470 AMURttra 

(!pain) 

EN 102C4:2004/3.1 

CIR11FICADO DE CALIDAD 
MILL TEST CERTIFIOATI! 

TL.W 

INA'II'a DB IBQDIIt!XQ' •Mt"'' •w•!t'll 

C Mn St P 8 C! Nl i,l(l C11 V AI l't. N~ 
MIN CUI 0,10 

PAO. ~14 

II CE. 

~~~;lh· r-5 ;B.Ifl-·lf,J."I""''Io'V.s'""im~, HI:"H~i,H3~:1iiH8~:11~-~~~:IIlHt~l~~~~~uN:III-11Nr~, l~'~ffl¥-, -...:........ -.. ·--·~----t.M-ur 
10582S O.ao Q.e:l O.il3 0,010 0.001 0,100 0.110 0.010 UZO 0.001 0.001 0.001 0,003 o.~o 

EQIIII'IIAI 

MIN 
.. 5 ~~ 0.1&0 

______ ................ ____ , .......... _____ ·-----· 
taaeas 0.570 Uta 

18"~~~.~~ ~~ 1 C~t• V 

-------·-·-"""''-·--··--------~-
100Q5 L P Oo8t7 M o.Jiol 80'" ., 1101 32 U 
toil2e L P o,aa• R o.~~ sue1 Uli13 n as 

Ill ~ ~ LQNQitUOINAI./1 '!' ~ 111AHMRIW. 
()I Ti,ullwtluiiUP•IilrlP"*'Ifllln 

1~1 jttld paonlfUllo) 

14l Lo • t ISO.I) mml 
.;··. 

AN!!XOAlMP 

1•111!.LifS 1\RI PI'OOUC8D AT OUR AMUIII'IIO a'lti!L PlANT 18PAIN), WHICI'I IS ALISQ 
CIA11FI!III TO Ill) 1001, 'mil 8A~· AIDUR T\111! '-l.AHf", 

• .,, ............. , ..... -, ..... -_.. ........... - ............. , .. ,....,.,..~ ... -.. ............ ,., •• '' v .... , ••• 
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WI 1 I .... 

eN 10204:2004 I 3.1 

OllRTtFtCADO Of! CAUDAD 
MILL TISTei!RTIFICATI! 

TLW 

'TQU!AANCU IN ACCOIIOANCI! wmt AlfMIAIMI AIIAI30. 

MIIJRAIO OUIUOII 

. ·~,..:. .......................... _....~-.. ~·· .. ·•f'll ... "' ......... - .•...•.... ;, --· .. 

WITNESS 0 
Rick Wlndell . :s if . REVIEW ~ 

.?'#&) 
.---~~--··· , ........ " -··-- . , . 

' 



TRT 
INSPECTION CERTIFICATE DIN EN 10204: 2005-01 3.1 I Ns! 1-0202 I 

Quality management system has been certified according to ISO 9001 :2008 by Bureau Verltas Certification (Certificate Number UA 226868/1) 
Environmental management system has been certified according to ISO 14001:2004 by Bureau Verltas Certification (Certificate Number UA 226869) 

Occupational health and safety management system has been certified according to OHSAS 18001:2007 by Bureau Veritas CertifiCation {Certificate Number UA 226339) 

Open Jofnt-8tock Company "Byelorussian Steel Works- managemen 

Nt 
pos. ... 
no.. 

1 

company of"Byelorussian MetaDurglcal Company" holding" 
37, Promyshlennaya street 247210 Zhlobin- Belarus 
TeL +375 (2334) 5-41-29, Fax +375 (2334) 5-60-42 

www.belsteel.co_m aualdir@bmz.aomel. 

Number of heat Number of lot Grada steal tStandard 
Chamlt:al 

composition, % HoMep tiCMap Mapa~ XIIMII'IIICIIIIII - napnM 
~% 

~ BIC ace. to ASTM A10S.2011 
NormiHopMa 

336364/ BJC ace. to ASME SA106-2081 
130253 NACE MR 017&-.2!2003, 

ISO 15111W:2003 and Ladle (fact) 
PED 87123JEC, -(IIJMr) 

NACE MR 0103-2010 

c 

max 
.30 

.24 

- . .. .. ~- .. ... . . . uescnpuon or 1ne gooas: not stRUned seamless pipes for oll-and..gas 
Industry. 
0niiC3HMe TOBapa: Tpy&t 6ecwoBHwe RIPR'IeAe4JopMMpoaattlll>le AM 
lfeCirre- 111 raaonpoaoAOB· 
Final application: For pipeline transportatton systems for pelfoleum 

and natural gas Industries. 
..__Jiriii..,.,.,...,_~-AIIII~ItniiOIIOII 
~ 
Delivery Conclltlonat Normalized 
YCIIOBMe ROCTIIBKII: HopM81111l30118H8 

~TR:I 
81 Mn p s ·er 

mill ~- mu max max 
J.t l.D6 .035 .035 ..40 

.28 .Sl .015 .014 .IJT 

- --

Ni cu T1 Mo v 

- III8X IIIIIX .ax 
.40 .40 .15 .08 

.13 .28 .112 .016 

AI 

Contract N2 12025764 appendix 2 
ICoJnpallr... llpiiiiO)IIeHJI 
PO number 10P6586SHE 
Wagon Nt 66401902 
/IIIRH 
Country of destinatiOn: USA 
Ctpnt•--
Conslgnee: Kaly Pipe CO., U.C 
· ~ 11680 Bloomfield Ave., 

Nb NbW 

CA 90670 Santa Fe Springs 
USA 

Nb+TI CrtNI+ ~ CEV Mo proeMS: +V -tCU+V 

max 
1.00 

e+AOD 
.52 .38 

~ 6-tO-l3 

l /'/___ . "'/"? WHNCSS 0 
~~/.u~~-% ~ -/t(~:.,!:/&c;_ REViEW'~ 

Rick Wl;;O...: <f-~({..._!:5 



INSPECTION CERTIFICATE DIN EN 10204: 2005-01 3.1 I Nt 1-0202 I 
QuaHty management system has been certlf.ed according to ISO 9001 :2008 by Bureau Veritas Certification (Certificate Number UA 225978) 

Environmental management system has been certified according to ISO 14001:2004 by Bureau Veritas CertHication (Certificate Number UA 225979) 
mber UA 226339' 

---~ ---~- ··- ... --~ ----- ..... -------- -- .... ··-- -----·· --·-··--- _.,...._._. --~.;:p .. ....... ·--- -- --- - ---- ..... ------ -·-··- ----- -----·--------
Nt Dimensions -Pm- QuanUtv -IOJnkllecno Hlmlness Mec:la11cal propartiU~Mexaallr-CIIIlilaTea 
po 00 WT Lengtb Nlimb Quonllly Weight, kg Total length ace. to TenuoT..t- Ha 
s. IIMaMeJp Ton. cr. AIM!& .. of ...... -- NACEMR .,._........ 

nao, of c=.: 0175- LongltucRnal dlrecdon 
packa 2:2003 

_ ... _ ... pee longitudinal Strip Teat 
kDn- ._.... ~ Speclmens 
10 'IV,I6a -NACEIIR OGJ>noo&•--·-... aaecr - 0171-2:20113 

. .._... 
wr. dimension of apeclman 0,7& IIi _........, 

- ASTMJU70 
mm fncb mm Inch m ft Net, kg Gross, m ft. Tensile Yield ElongaUon ... jUOiu ... A- M .,.. Homo, kg M 

., stranglh, atrength. y~ 
• lipfml. 

.__.._ fipeAen A,o% .. 1808608- Rm 1IIIIV'I-
1 

psi Rtu 
pol HBW 

min min mln21 70000 40000 

1 73.0 2.876 5.16 G.203 . 6..40 21.0 7 308 17348 17374 19e1.63 81133.8 1801160 81200 $86110 1!6 (..()/+0.10) (-CI+0.33) 

TOTAL 7 308 17348_ L.._ 17374. 1991_.53 81133.1 
-It is hemi!Y certified th!lt produCtS coverecfby tbls ciiiilllc:ate haS been tested and Is complied wiCh the requlrelnetD of lhe contract. 
-n~ 'IIOIIJIOA~ ~Bif8CIUlllll8Mcepnlljl111181e, IICIIollllltaMCIOCJIBSICTI¥JI~ 1IDHrJialllll.. 
·VIsuaUy measuring ta&twas performed with satisfactory result. 
• Bllayam.H0-113MI!pllTemotlb1il KOifi1IOJlb npo88JIBH 0 YAOBJI8lllllpll'l8llbHIIIM ~taTOII. 
- No weld repair. Free of mercury and mercury containing compounds. 
-Ee3--C88piCII.6nP1JIIIH~- ,-gs 

WITNESS 0 

REVIEW ca:=.--

Impact Test, KV 
l'a&lraYII"!!8 

Impact anergy, KV, T 

• "c 
Pa!oraJAapa 

1 2 3 Avera 
ga c,.. 

1 Personal for fiDT ..methods 
andUTis 

qulllllled acc.to EN 4n,1811 
llopalttanlll>~·· 

lllllfiPOIIID-­
IIJKMY31t-~ 

-.cEH413, • 



CERTIFIED TEST REPORT 

SHIP FROM SHIP TO 
MCJUNKIN CORP 
MCJUNKIN ROAD 
NITRO WV251430513 

us STEEL I LLC 
USS DIVISION 
PITTSBUGH PA15219 

MANUFACTURING PLANT 
us STEEL I LLC 
USS DIVISION 

MANUFACTURER 
US STEEL LLC 
USS DIVISION 
P.O. BOX 3180 
PITTSBURGH 

I :1-, v"' 
PA152194776 ·rt\ PITTSBUGH PA15219 

HEAT # A82443 ./ 
MCJUNKIN PO NUMBER S002633048 PART # 0320-0216 LINE # 01 
SHIPPED 04/07/16 
VENDOR ORDER NUMBER DR2549601 

*-* SPECIFICATIONS *-* 
PIPE CARBON SMLS STD PIP~ API SL- 42ND EDITION DATED 1/00 PS 
L-1 GRADE B AND GRADE X42 AS TM A53- 01 ASTM A106- 99 GRADE 
B QUAD STENCIL ASME SA53- 2001 EDITION ASME SA106- 2001 
EDITION GRADE B CARBON EQUIV ALENT .43 MAX TO SR18 BLK REG 
MILL COAT PE BEV 30 DEG MEETIN G ALL THE APPLICABLE REQUIREME 
NTS OF NACE STANDARD MR-01-75 2002 · 
MANUFACTURED IN THE USA. NO REPAIRS BY WELDING. NO 
MERCURY OR MERCURY COMPOUNDS ARE ADDED TO THE STEEL AND ALL 
MERCURY BEARING EQUIPMENT 

*-*-*-* NOTES *-*-*-* 
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. PREPARED BY THE OFFICE OF: S.ANADELL MGR. 
Q.A. USS TUBULAR PRODUCTS 

*-*-* DESCRIPTION *-*-* 
2.8750 INCH OD X 0.2030 INCH WALL GRADE B SML 

CHEMICAL ANALYSIS-PRODUCT 
AL c 

0.036 0.22 
NI p 

0.02 0.012 

CHEMICAL ANALYSIS-HEAT 
AL c 

0.038 0.19 
NI p 

0.03 0.012 
CARBON EQUIVALENT 
0.40 

YIELD STRENGTH 
ULTIMATE STRENGTH 
PERCENT-ELONGATION 
FLATNESS 
ROCKWELL B 

CB 
0.001 

s 
0.006 

CB 
0.001 

s 
0.003 

*-* CONTINUED *-* 

CHEMISTRY 

CR 
0.09 

SI 
0.18 

CHEMISTRY 

CR 
0.12 

SI 
0.18 

PHYSICAL 
YIELD 
TENSILE 
ELONGATION 

cu 
0.02 

v 
0.002 

cu 
0.02 

v 
0.001 

MN 

1. 09 

MN 
1.06 

·-. 
MO 

. 0. 02 

MO 

0.01 



CERTIFIED TEST REPORT 
HEAT # A82443 

HYDROTEST PRESSURE 
HYDROTEST DURATION 

QUALITY ASSURANCE CONTACT 

HYDRO PRESSURE 
HYDRO PRESSURE 

S. ANADELL 
US STEEL LLC 

3000 
5 

PSI 
SEC 

THIS INFORMATION WAS RECEIVED ELECTRONICALLY FROM THE MANUFACTURER IDENTIFIED 
ABOVE. 

*-* END OF REPORT *-* 



From: AMERICAN PIPING PRODUCTS Date: 12127/2007 To: HEAT EXCHANGE DESIGN 
PON:12813 Part:4500437 Qly: 0 He~t#: 77223K 

All2 Inspection c:ertlficoate "3.1" (EN 10 204) 
MS Document No.• 4181U7lBP . 
Nlf Custcmer's 0nSer (P.O.) NoJitem No.: -

SON: S202337 Ln#: 5 

~ 
ArcelorMittal 

·-
P1027111001t874 AMERICAN PIPING PRODUCTS 

Manufacturer's Wori\s ~ No.: 
1121144103107 

A11 Supplle(a On:ler No.: A10 Advice· Note No.: -. 
SAP : 31100211881 

8111, OUantily deliYered: 813 ldJIIIililln -cuatomer 1 Consignee: 112t13 
pc!ll mn kga 

feet 
88 1011.t70 30381 r ., 

3&41.716 .. 
oPf ~11 Dlmenaiona: 

4" x 0.43r (1:14.3 x t1.10 mm) 
11112 Steel designation: 

BJX42 L _j 
801, Product, condltlona and terms of delivery: -·· 
1103. 
1104 StamlnaiiHI Une pipes ace.. tD APIIL. 43"' edit. 1M PSL-1 t AITM Al3·08/ A8MI SAIIM4/ ASTII A1UMI I ABlE 8A11JS.04 

I NACE MM11f.03, grade BIX42, bewllecl encle at:c. to APIIL, In DRL,Iacqverllnlahtld, eertmtld aGC.. to .EH 1020411:1-2084 
Hot ron.cl n rolled 

D8 0 continues on appendix 
I~· 801 

Marking: Manufacturer's martc, mill inspector's stamp -
/' 

MITTAL STEEL 0 0 OSTRAVA,a..a.. 

p..- Heat chemical analysis (%) !C70 Sllel made by baaic oxy jel1 process, Cully ldlled, smd cast. 

~-~lc ~ ·r-Sl Cu Nl Cr Mo v n B Nb Cl 

772231( 0..181 0.10 om CUI07 0.0111 Cl.08 D.G2 D.G4 UC14 <0.1103 cO..ot3 cO,OGIIS ca .. ~ 0..213 

i!lll Ol continues on appendix --Tastresultll: 
psi J· p&i ~' %7' 

ft..lb HRB 
SOT Heat No coo Specimen No. cu Yield Point C12 Tensile Strength C13 Elongation c:«H3 Impact Teat C30o32 Hardnasa 

Longitudinal strip eped'men- 1" 
B UOOOmln. aaaoomtn.. Hmln.. 

C04 Requnmenta: X42 42000mln. IIIUOOmln. 28mln.. II max. 

77223K 42081 87162 38.2 71 .. 1 

211 Dl contlnuea on appendix 
1 VIsual and dimanaicnal inspection with - r--·- Hydraulic; teat- min. test pressure -·- pslls l 300DI6 001 061 

satisfactory results 181 and test pressure duration -
CliO Flattening last - sallsfaclory ~ I)Q2 The pipes tested on tigh!r1ess by NDT • 

C51 1 Expanding teet • satisfactory 

~v 
In ace. to 

CS2 Bending lest- satiSfactory 0 
Ring expanding test (DIN EN 10236) • satisl'aclary Nondestructive Elektromagnetic Testing ---

~ u D03 

CS& [J Ring tensile test (DIN EN 10237) ·satisfactory - --~·-·---... --. 
lffHRC • 98 HRB max. 

MSNA Order No.: P10Z76110D58874 Customer Name : AMERICAN PIPING PRODUCTS 
m 1 All pipes conform to lhe above mentioned standards and ordering requirements and agreementa. 

.-o~ MSO PIPES & TUBES a.s. 
Alii QA Department 
VBtlmovskA 689 
707 02 Oslrava-Kuni!ice 

Tel.:++420 _, F""'ot420 58Se82lle2 

·· '·INESS 

REVIEW 

Vessel name : SOCOL 1 

--· --

0 
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FEDERAL STEEl SUPPLY .. lltC .. 
THESE iEST REPORlS AB!!Lil ai'» 

YOUR P.O..# _____ _ 

INSPECTION CERTIFICATE ~J Ni'llnll<>: 

696198 

Page I Pagi:a: 

116 
{BS EN 10204 3.1:2004 -ISO 104743.18; 1991) Oallel9i;o< lF"4IIInlaly :z1.2DI3 
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;rA~~~5 ~IP.!~JJ Test Certificate Form TC1: Rovisioo 1: Date 31 Oct 2000 

13609 Industrial Road. Houston. TX 77015 

Customer: CustomerP.O. No.: 73374 f Mfl Order No.: 41-JJ9Q!I-02 I SldppiDa Mullest : BT047095 

AMERICAN AU.OY SI'EEL Product Description: ASTM. .A516-70(ti6)/ASME SAS16-70(04ED.) Sblp Date: lOJa 08 Cert No: 031175465 6230 NORTH HOUSION ROSSLYN RD 
P.O. BOX4046' Cert Date: · 10 Ja 08 <Piae tor 1) 
HOUSI'ON_ 
rx 77240 0469 

Size: 0.250 X 96.00 X 360.0 (:IN) 
Tested Pieces Tensles Cluarpy IIDpad Tests 

Heat Piece Piece Tst YS UTS ~RA :a-: rt'st Average Ails. Eaelv(FI'LB) 'J&Siaear Tit Tit Tit BDWIT 
ld ld DimeDs1oDs 1.,0( (PS1) (PSI) ~ Hardaetl 1 l 3 Ayg 1 2 3 AYK Tmp Dir ~} TJIIp Mill' 

W7FJj92 0574 0.250 X 96.00 (T.L.C) I~ :~ ~~m ~ T 

f IT :>4UUU 25 

Heat 
/ 

CbemJal A.Dalysis 
[d c Mn p s Sl TelAI SoiAI Ca Nl Cr Mo Cb v '11 CEV ORGN 

W7K692 v 1· .18 I 1M .0091.0031 .21 I .0311-.0301.34 1.17 1.10 1.05 1.007 .006 1.025 I .43 I USA 

M:RCURY IS NOT A ME~ALLURGICAL COMPONENT OF TaE STEEL AND NO MERCORY WAS IN'l"EN'riONALLY ADDED 
DORING 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 

O)~rll 

Certified a true copy of the 
original. re.tained in our fllc. 

AMERICAN~~ STEEL 
t:bt~ t 

~ 
WITNESS 0 

REVIEW~ 
~(~ 6~t7~ 

(l') Cust Part # : 73374 WE HEREBY CERTIFY 111AT THIS MATERIAL 
WAS TESTED IN ACCORDANCE wrm nm lason Thomas 
APPROPIUATE SPECIFICATION dliibi!DI'i 



PLD fSl NORTH AMERICAN 
STAINLESS 

METALLURGICAL TEST REPORT 6870 Highway 42 East 
Ghen~ ~ 41045-9615 
(502) -"17-6000 

Certificate: 442736 02 Ma~TO: Ship To: 
RO:r..t.ED ALLOYS ROLLED ALLOYS 
6555 SOV'l'K 57TH WEST AVBIIIJE 6555 S01l'1'H 57TH NEST A'V'EIItJB 
TULSA, OR 74131 TULSA, OX 74131 Customer:2830 023 

Date: 12/19/2008 

Steel: 304/304L 

Finish: HRAP 

Page: 1 

Your Order:S01065 NAS Order: AN 040954 7 04 Corrosion: A8TII A262/0:Z&B,180Ben4-o~ 

PRODUCT DESCRXPTXOH: 
STAr.NLBSS STEBL PLATE, BRAP; UNS 30400/30403 
ASTM A240/08,A480/08a,A666/03; ASMB SA240/07,SA480/07,SA666/07 
CHEM ONLY ON FOLLOHXNG AS~: A276/06a,A479/06a,A484/06b,A312/07 
CBEM ONLY ON FOLLOWXNG ASMB: SA312/07,SA479/07 
AMS5511H/5513H XMXK; MXL-S-50590 AMD3(X CRN MBAS); M~L-S-40438 
NACE MR0175/01, MR0103/07; QQS766D-A X ~G PERM 
MXN. SOLUT:tON A!IN1AL TEMP 19 001', WA"l'!lR QUENCHBD 

p~:t> 

REMARKS: 
Nat '1 is Free of Meraury Contamination. Ro -ld repairs. 
EN 10204:2004 3.11 QQS763F CODd A; RoBS Compliant 
Material is Free of :Radioactive Contamination 
NAB Steel Making Process: BAI', :r.oo, &: Cont. Casting 
Product Kfg.by a Quality Mgt.sys. in Conf. w/XSO 9001:2000 
*Melted 5. Manufactured in the USA; Mat'l is DFARs Campliant 
EN 10204 3.1.B/Dl:N 50049 

Skid # Prod # ~iakness Width Weight --------Length------- Mark Pieces 

P76436 * 044TJ4 .3750 60.0000 7,835 PLATE 240.00 5 

CHEMXCAL ANALYSXS CM(COuntry of Melt) ES(Spaln) US(Unlted States) ZA(South Africa) JP(Japan) 

HEAT CM c co 

4TJ4 V lJS .0230 .1720 

s s~ 

.0010 .2880 

MECHANXCAL PROPERTIES 

Skid # <>rod I 

1 d 
0 i 
e r 

UTS 
ItS X 

CR 

18.2225 

.2% YS BLORG 
J::SX %-2• 

ctJ 

.U25 

hrd 
RB 

MN 110 H 

1.7675 .uso .0708 

111111111 
TRACER# 

R of A 
% 

18121821 

l'li p 

8.3305 .0360 

r- 1111111~1111 ~ 

TRACER# 180821 -

P76436 OUTJ4 I' T 82.89 34.56 57.93 81.50 70.32 

ROLLED Al~ASSURANCE 
APPROVED I 
DATE \s;t -Q$ -a5r I 

11111111111111 1111111111111 
TRACER# 18082 1 l ,... ,,_ • , I TRACER# 180821 

ac BNGINBD ~ _.::;;E--~ 

&-- ~E..n--f.·· .~. ERIC HESS 

rWJ.t/~/5 ~~ 

12/19/2008 



To:HEAT EXCHANGER DESIGN, INC. I 12/c1/2008 From:AMERICAN ALLOY STEEL 
P O.!r :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 

SHIP TO: 
ARCELORMITTAL PLATE LLC 

AMERICAN ALLOY STEEL 
6230 N HOUSTON ROSSLYN RD 
NORTH HOUSTON TX 77091 

SOLO TO: . 
AMERICAN ALLOY STEEL, INC 
P. 0. BOX 40469 
HOUSTON TX 77240-0469 

PAGE NO: 01 OF 02 
FILE NO: 0284-01-32 

MILL ORDER NO: 20619-003 
MELT NO: R0473_.,.. 
SLAB NO: ll.JU)' 

DATE: 09/30/08 

01-C 

P L A T E D I M E N S I 0 N S / D E S C R I P T I 0 N 
TOTAL 

QTY 

1 

GAUGE 

.5" 

WIDTH 

120" 

LENGTH 

480" 
DESCRIPTION 

RECTANGLE 

PIECE 
WEIGHT 

8168ft 

CUSTOMER INFORMATION 
CUSTOMER PO: 76647 

Certified a true copy of the 
original, retained in our file. 

S P E C I F I C A T I 0 N ( S ) 
AMERICAN ALLOY STEEL 
~ u~soo~ 

THIS MATERIAL HAS BEEN MANUi'ACTUIU:D AND TESTED IN ACCORDANCE WITH PURCHASE 
ORDER REQUIREMENTS AND SPECIFICATION(S). 

AM ALLOY-TUF-37 REV 8 YR 06 
ASME SA516 GR 60 
ASHE SA516 ED 04 GRADES 60/65/70 06 ADDENDA 
MATERIAL PRODUCED UNDERA CERTIFIED QUALITY MGMT SYSTEM COMPLYING WITH 
ISO 9001 ABS-QE CERT. NO. 30130 

CHEMICAL COMPOSITION 

MELT:R0473 ./··· ~19 ~8 .6os s 
.001 

cu 
.04 

SI 
.35 

NI 
.25 

V TI B AL CB SB AS 
MELT:R0473 .001 .004 .0003 ,030 .001 .0010 .0030 

CR 
.06 

SN 
.004 

MO 
.01 

CEF 
.39 

CARBON EQUIVALENT FORMULA (CEF) 
CEF = C + (MN * .1667) + ((CR + MO + V) * .2000) + ((CU + NI) * .0667) 

MANUFACTURE 

FINELINE - VACUUM DEGASSED - MCQUAID-ERN GRAIN SIZE 

HEAT TREAT CONDITION 

T E N S I L E 

SLAB 

MATL 
OR HEAT TREAT 

TEST DESCRIPTION 

PL/TEST NORMALIZE 

P R 0 P E R T I E S 

YIELD 
NO. LOC DIR 

STRENGTH 
PSI X 100 

NOM 
TEMP 

HOLD 
MINS 

1650F 

TENSILE 
STRENGTH 
PSI X 100 

18 

COOL 
MTHD 

AIR COOL 

ELONGATION 
GAGE 
LGTH % 

Rick Windell 

%R.A. 
8.00" 25.0 68.0 

:::sERE.::~RTI.:: ~OVE 519~;<>'i 735 
INFORMATION IS CORRECT: .11" I . ~-- .-L·~ 

QUALITY ASSURANCE LABORATORY --'wPb. ·..!!·~~~~~~~~o4!~~Ro.!-"""=t~.d· ~T;:;; .• •Po:· E;;~;,;·~:;.:~;,TI;.., . .;..--
COATESVILLE, PA 19320 ELINORE ZAPLITNY 

WITNESS 0 
REVIEW 1 



: 12/::."-/2008 From: AMERICAN ALLOY STEEL 
P.O.j~ :5631-AAS-14627 
Item :2 (1 PC) 1/2" X 60" X 120" 

:TAG: (2) 3952C, (1) 3952E 

GENERAL INFORMATION 

To: HEAT EXCHANGER DESIGN, INC. 
S.O.# :337319 AA PL#:5908507 

TEST CERTIFICATE 
PAGE NO: 02 OF 02 
FILE NO: 0284-01-32 

MILL ORDER NO: 20619-003 
MELT NO: R0473 
SLAB NO: lL\B 

DATE: 09/30/08 

ALL STEEL HAS BEEN MELTED AND MANUFACTURED IN THE U.S.A. 
MATERIAL HAS BEEN VACUUM DEGASSED AND CALCIUM TREATED 
FOR SULFIDE SHAPE CONTROL. 
FINELINE MOD FOR SULPHUR 
TEST CERTS. ARE PREPARED IN ACCORD. WITH PROCEDURES 
OUTLINED IN EN 10204:2004 PARA 3.1 
B/L 149724 TTJX 81022 

WE HEREBY CERTIFY THE ABOVE 
INFORMATION IS CORRECT: 

QUALITY ASSURANCE LABORATORY 
COATESVILLE, PA 19320 ELINORE ZAPLITNY 

WITNESS 0 
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OS/08/2013 ~;AMIR%eaH ALLOY STBBL To: HEAT EXCHANGER DESIGN, INC. 
P.O.f :003408-00 S.O.I :449980 AA PLI:S130237 
Item :3 (1 PC) 3-1/4• X 24.13" OD 

:TAG 00831-0000 

TIST CERTIFICATE 
PIJ NO: 01 01' 02 

MILL t&a :g; iilgi!Ao~5 
MILT HO: CS506 
SLU HO: 5 

DAft: 02/0S/13 

Pl.A'l'E DIMENSIONS 
'l'OfAL 
Qn GAUGE WIJ)TR 

1 3.25" 96" 

SIND TO: 

I DESCRIPTION 

C D S T 0 M E It l N F 0 lt M A '! I 0 N--
CUS'l'OMD 1'0: ~322t-NY 

P.Alt'l' NO. 8 

SPICti'ICATION (S) 

rues 
WEIGHT 
212361 

Ol•C 

~~~-= ~~ON~. '.rES'1'E1) IN ACCORDANCE WITH PURCHASE 

ASidE m16 BEY ED YR 10 Glt 70 11A 
ASME U IU!V ED YR 10 GR f5 UA 
ASTK 6 10 Glt. 70 
ASTK f 10 QR, 65 . . .. ... . ... .. .... . ... . . . 
'lK£ lW1ASEHEN'l' SYS'l'EMS FOR IGNUFAC'l'UaE OF 'l'HIS PRODUCT ARE CERTIFIED 
TO t&o 90!1: 2008 (CERTIFICATE NO. 30130) AND ISO 14001 (CER1'IFICA'l'E 
NO. OOD4!Jv) • 

C R I M I C A 'lC 0 M P 0 S l '1' I 0 N 
C MN P S CO St HI CR MO 

MEL1':C5506 .26 .94 .012 .004 .2!5 .21 .15 .15 .05 

V 'fl 8 AL CB 
MIL'l':C$506 .002 .002 .0001 .029 .002 

HEA1' TREAT CONDITION 
CcnifiCG a uw eopy at' tnt 

orlainaf, retained in our ftle. 
MATt. AMERICAN ALLOY STEEL 

T& =-'Bft&. • HOLD 
MINS COOL ~8y: 

!mU) C>~te<43 
PL/TEST NORMALIZE 16SOF 19 AlR COOL 

TENSILE PROPERTIES 

SLAB 
NO. LOC om ~0 

'l'ENSILE 
STRENGTH 
fSl X 100 

~GA'riON 
LG'l'H \ ~~ 

~·~ 5 80'1'. . '1'RANS. 

WE HEREBY CERTifY lME ABOVE 
INFORMATION IS CORRECT: 

ARCILORMITTAL PLATE LLC 
QUALn'Y Aa8URANCI! LABORATORY 
Ut MODENA ROAD 
COATEaVIUE, PA 11320 

535 824 . 2.00" 26.0 

~~i'iisliifd· .·. '~· -~~lh&;g· . -~' 
EUNORE ZAPU1'NV .:,.,J 

WlfNESS 0 · 
C1/BL~ 5 -tS-l) 
~ REVIEW 



OS/08/2013 ~tAHBRICAH ALLOT 8r.IIL To: HEAT EXCHANGER DSSIGN, INC. 
P.O. I :003408-0~) S.O. I :449980 AA PLI:Sl30237 
Item ;3 11 PC) 3-1/4• X 24.13" OD 

:TAG 00831-0000 

TilT CERTIFICATE 
PAGE NO: 02 OF 02 

MILL ~ U8i iil&i~ao~5 
--,-fV\-,- . 6 ag: JSS06 

I I , \ .J--- t>Ar'Ei 02/05/13 

SLAB LOC 

5 10'1'. 

DIR 

LONG. 

GBNE.AL IHFORMATtOR 

i'DO' SIZE 

-20F FULL 
"'· us. 

18 24 31 

ALL STEEL HAS BEBN YILftD MID~ tH 'l'RE U.S.A. 
WExif'!N w:1mtms4~~: Wl'lB PROCEDURES 
t6f>~MD noc:ESSDtG GUIDELIHES, RUD '10 
liNN. • COH/PLM'EINIO!QfATION 
B/L 113647 BYRY 63011 

WITNESS 0 
RickWindell ~~.,_- 1~ 
~~ RMEW(/"oL--

WE HEREBY CERTIFY THE ABOVE 
INFORMA110N II CORRECT: 

ARCELORMITTAL "-4ft LLC 
QUAUTY A88URANCE I..ABOftATORY 
139 MODENA ROAD 
COATE8VIJ.E, PA 11320 ELINORE ZAPU'i't« 
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HEAT EXCHANGER DESIGN, INC. 1 

Installation, Operation & Maintenance Manual 

I HEATEXCHANGERPERFORMANCE 

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 F AlLURES 

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 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. 

2 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. 

3 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. 

p,E\/IEW 

Client: Cenovus Energy, Inc. P.O.#: 1083-BC-4006 S.O.#: 4474 



HEAT EXCHANGER DESIGN, INC. 2 
Installation, Operation & Maintenance Manual 

4 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. 

2 PARTICULATE MATTER REMOVAL 

The entire system should be clean before start-up. Under some conditions strainers in the supply 
side piping may be required. 

3 CLEANING FACILITIES 

Convenient means should be provided for cleaning the unit as suggested under "Heat Exchanger 
Maintenance" (Paragraph N). 

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. 

2 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. 

3 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. 

4 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. 

5 PULSATION AND VIDRATION 

In all installations, care should be taken to negate or eliminate transmissions of fluid pulsations 
and physical vibrations to the heat exchangers. 

6 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 ofthe 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.O.#: 4474 



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 oftube-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. 

2 SHUT-DOWNOPERATION 

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. 

3 TEMPERATURESHOCK 

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. 

4 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 Item#: BL-E-301 S.O.#: 4474 



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 ofthe 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 

iii) 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.O.#: 4474 



HEAT EXCHANGER DESIGN, INC. 5 
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. 

c) 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-30 1 8.0.#:4474 



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.O.#: 4474 



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.O.#: 4474 
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Full Size as Built Drawings 







SECTION 19 

Inspection & Test Plan 

§~) ... ,a·/~ WITNESS 0 
#~{fr RE'IEW~· 

Riel< Winde\1 t_-; ~ /' ;? 
7~~ 



BANTREL JOB 

VENDOR PRINT 

EQUIPMENT 
NUMBER 
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. hork may proceed. 
2. 0 Revise and resubmit. Work may proceed subject to Incorporation 

of changes indicated. 

3. 0 Revise and resubmit. Work SHALL NOT proceed. 
4. 0 . Work may proceed. 

BY: 

REV\EW 

0 

~ 



,. 

Heat Exchanger Design, Inc. 
P.O. Box524 
lndianapofis, IN 46206-0524 USA 
Phone: (317)686-9000 • Fax: (317)686-9100 

Inspection and Test Plan 
Revision I 28-Ma 2013 ay-; 

Customer: Cenovus Energy, Inc. P.O.#: 1083-BC-4006 Item#: BL-E-30 I 

Description: Natural Gas Heater Work Order#:4474 

PERFORMED 

NO. ACTIVITY BY: REMARKS 
Vendor Client 

1 Inspection ofmw material: Qty, Markings, M1R's etc. All pressure boundary materials p 
and welded atlachments are in accordance with A.S.M.E. Sections IT and VIII, Div.l 

~ Codes. 
2 Inspection of machined parts. Dt-'lt- p 

3 In process fabrication inspection: Bt#- p 

a) verification of WPSIPQR(s) &* p 

b) verification of filler metal CiJ.(. p 

c) verification of welder's qualifications BLA- p 

d) inspection of weld joint prepamtions and fit-ups &A- p 

e) inspection of root pass and fmal welds But- ,... p 

f) verification of appurtenance layout ~ i-p 

4 Confinnation of valid NDE personnel qualifications & proper NDE procedures. 1)L..t4-1-P .£/1)11 
5 Perfonn PT examination of. 1)t.4l-I- - -

u a) areas as required by A.S.M.E. Sec. VITI, Div.l Code {'.:x.14-f-p 1< A 
b) liftlugfmal welds 13~ p ~ 1ft 

6 Final visual inspection of welds, dimensions and orientations. l3~ 1- p Ill 
7 Petform Spot RT of shell and tube sides. VerifY film and review reader sheet zsut-f-R 

,. 
Subcontracted 

8 
Perform hydrostatic testing w/potable water per ASME Code @ 50°F min. Ho.W 
pressure in each chamber individually for 1 hour using chart recorder. J3L p H~ v 
Perform blast and paint per client specification 'IR-43-SPC-00-019-01 and 
manufacturer's recommendations. Each sub-assembly shall be treated individually prior 

9 to final assembly to insure flange faces and bolts boles are coated. Inspect surface p 
prepamtion & verifY blast profile and coating thickness & appearance. Blast per SS~ 
SPlO and prime 2-3 mils DFT Carbozinc 11. J3L 

10 Confirm Canadian Registration (CRN) through province of Alberta is received. ¢ '--P tpJ 
11 Verification of nameplate stamping. DL.t4- p jUJ 
12 Verify insulation installed per client specification 'IR-43-SPC-()()..()21-02. rsdf- .... R ~\. Subcontracted- certification 

~ ~pplied by installer 

13 
Inspection of shipment preparation. Blow completely dly, oil flange faces, bolted wood 
covers & plastic wrap. Verify one(l) set of spare gaskets is included. i3dt-

p Hflj tlient perfonn final inspection 

14 Acquire Inspection I Shipping Release from client. 13L-ti- p H ient provide after final 
ir spection 

15 Review of Manufacturer's Equipment Record Book & Dispatch Dossier ~ ...... p R 

NOTES: LEGEND: P-Perfonn 
"Vendor" refers to Heat Exchanger Design. Inc. R-Review 

W-Witness 
''Client'' refers to Cenovus Energy or their assigned Third Party lnspecj,r H-Hold (must be present) 

~~ ... A RI- Random Inspection 

W'~~-~~. WITNESS 0 
Reck Windell ~ C--

c[Z--2 ~ 
REVIEW~ 
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Short I Long Term Storage Procedure 



Heat Exchanger Design, Inc. 
P. 0. Box524 
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-Tenn and Long-Tenn Storage for Pressure Vessels & Heat Exchangers 

1.) Internal surfaces may be protected against corrosion by the use of a desiccant, a rust inhibitor or 
blanketing with an inert gas (pressure up to 5 psig) 

2.} If left un-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 

moisture and corrosion. 
4.} If left 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. 

BANTREL 

VENDOR PRINT 

EQUIPMENT 
NUMBER 
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. 0 Work may proceed. 
2. 0 Revise and resubmit. Work may proceed subject to incorporation 

of changes indicated. 
3. 0 Revise and resubmit. Work SHALL NOT proceed. 

:~.r 7!1l'Z· _..my·~"' 

Servi11g 
Petroleum. Petrochemical, Power, Food, a11d ilzdustrial 011 Heat Trallsfer lj':ft,I"'I'111H1!<l"~t,.n 

90 I East Beecber Street 
Indianapolis, IN 46203 USA 

WITNESS 0 

REVIEW c:e:: 
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Sling I Lifting Arrangement Drawing 

WITNESS 0 

REVIEW ~ 
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