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Tank Calculation Summary Sheet

API-850 11th Ed. Modified

V26

GLM INDUSTRIES 1..P.

Size:
Outside Diameter = 12 fi- 0 in Approx Capacity = 402 BBL Tag # TBD
Height= 201t
Design: Pressure 1 psi Vacuum  0.025 ps @ Temp. 200F MDMT: 11F
Setrvice: Water/Slop Tanks Product specific gravity:  1.000 Floor CA Nil
Roof Load: 481 psf Wind : 92 MPH Seismic: Nil Roof C.A.; it
{2.3kPa) { 147.1 Km/h )

ABC 2006 Environmental loads used for Edson

Materials:
Roof A-36 Shell A-36 Bottom A-36
Pipe SA-106-B Flange SA-105N Structural G40.21-44W
Bolting A-103-B7 A-194-2H Gaskets Manways - Neoprene Other
Nozzles - 5.5. Flexitallic
Roof Slope: 2.26:12 Rafler Type NIA Bottom Type Fiat
’ Thickness:  0.1875  # Reqg'd NIA Thickness: 0.25
Stiffener: C3x4.1  Cir Column NIA Anchors: 4
Radius: N/A 1/2 Apex Angle: N/A
Stiffener: NIA
Shell Skirt: ~ N/A
Course Width [ft] | Thkns [in} CA ‘ :
1 5 3/16 0 Insulation : 2" Urethane Panel with Steel Cladding
2 5 3116 0 Lifting/Tailing Lugs: 25k LL, 25 KTL
3 5 3/18 0 Venting: Pump in Rate = 0. bbihr
4 5 3/16 0 Pump Out Rate = 0. bblhr
Max Emerg. Venting Pressure = 49.73 oz
Normal Free Vent size required 2in
Emergency Fres Vent size requirad 10 in
Estimated Tank Weights:
Tank Empty: 12230 LB (5559 Kg)
Tank Full of Product: 152999 LB (69545 Kg)
Tank Full of Water: 152999 LB (69545 Kg)
Testing/Inspection;
Air test pressure: T 15 - in H20

Tank to be air/soap leak tested.

Tank floor to be vacuum box tested to 3.0 PSIG

Spot radiography per API-650

Ali internal inspections fo oblain thickness readings and record same, are as per SSPC-PAZ

Internal coating holiday detection to be conducted in accordance with NACE RPO 188-90

Other Information:

GLM Job# 10-797-1/2

Rev 0 Page 3 of 30
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Setfings

GLM INDUSTRIES, L.P.

Tank Calculations references the following codes:
AISC ASD gth Ed

ABC 2008 / NBC 2005

API 850 11th Ed June 2007

Modified See Nofes: Appendix J
Appendix A L1 Small Field Tanks Appendix M

Appendix E O seismic Appendix S

Appendix F Small internal Pressure Appendix V

Appendix | Leak Detection Appendix P

Notes:

1. Shell thickness determined using the one foot method

OO0 00

Shop Built

Elevated Temperaiure
Stainless

External Pressure
Nozzie Loads

2. Snow loads determined referencing NBC 2005 / ABC 2008. The roof snow load is determined referencing the

ground snow Joad with a low importance factor and the snow load has a 1/50 chance of ocouring.

3. Hourly 1/50 Wind pressures from NBC 2005 / ABC 2006 with a gust factor of 2. Wind Analysis for overtuming

is based on API 650,

Warnings
Max Operating Pressure per API650 App R.2 is 6.4 oz

##REF!

GLM Job# 10-797-1/2
Rev 0 Page 5 of 30
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Shell Thickness

GLM INDUSTRIES, L.P.

Tank Data:

Nominal Diameter 11.984 ft Sd= 23200 psi
Height 20 ft Shell Joint Eff = 0.85
Specific Gravity 1 E= 28,800,000 psi

St= 24900 psi

Shell Thickness - Includes considerations for Apendices M, F and V as required
APf 650 5.6.3.2

t3=26"D*(H-1)/(S4"E)+CA

H = Design Pressure plus liquid head at bottom of shell course under consideration

Minimum Design Hydrotest Design |
Course Width Thickness Thickness Actual Thickness
1 (Bottom) 5 ft 0.03367 in 0.0298 in 316 in

2 5 ft 0.02577 in 0.0225 in 316  in
3 5 ft 0.01787 in 0.0151 in 316 in
4 5 ft 0.00897 in 0.0077 in 3M6 in
5
6
7
8
9
10

Number of Intermadiate Wind Girders Required 0

Number of Intermediate Vacuum RingsRequired 0

Bottom Thickness Required for external pressure 0.0880 in

GLM Job# 10-797-1/2
Rev O Page 6 of 30

MADE BY: J. Brunton
DATE:  4-Jan-11




Shell Thickness

GLM INDUSTRIES, L.P.

Shell Thickness
APl 650 5.6.3.2

Sd = 23200  psi

First Sheil Course
t=2.6"*D " (H_liquid + H_preshead - 1) * Spg/ { Sd_red *E } + CA
t=2.6"11.984 ft (20 ft+ 1 psi*27.7/(12)-1)*1/ (23200 psi * 0.85) + Oin

{= 0.0337 in

t = 26*d* (H_fiquid + H_preshead- 1)/St*E

t = 26*12ft*(20ft+1.26ft-1)/(24900 psi* 0.85)
t= 0.0298 in

Note: Remaining shell courses calculated using same method.
Check Sheli Thickness for external pressure per App V.8
CA exciuded from shell stifness calculations
Elastic Buckling
(D/ts)"0.75" (Hts /D )} * (Fy/E)*0.5>0.19
(11.984 f/0.1875in }*0.75 * ( 20ft / 11.984 ft ) * (36000 / 28800000psi )*0.5
1.334 > 0.19
Elastic Buckling will occur
(See wind overturning analysis for wind speed and pressure calculations)

Ps = Max(Pe, Py + 0.4* Pe)

Ps = Max{ 3.6 psf, 10.4 psf + 0.4 * 3.6 psf)
Ps = Max( 3.6 psf, 11.9 psf)

Ps = 11.88  psf

Transformed Height of Sheil
Hts = transformed width of shell t_top = 0.1875 in
Hts = Z Wi * (t_top / ti )*2.5 / ( # stiffeners + 1)
Hts = (5* (0.18756/0.1875 2.5+ 5* { 0.1875/0.1875)*2.5+ ... ) / 1

Hts = 20.0000 ft
Minimum Shell Thickness on unsitffened shell ( for stiffened shell use Hts between stiffeners)
tin = 1.903 * (Hts * Ps )*0.4 *D*0.6 / (E*0.4)
tmin = 1.903 * (20 * 11.88 }*0.4 * 11.98470.6 / ( 28800000°0.4 )
tmln = 0.078 in

t min @pPlies to alf shell courses

tsmin = 0.1875 in

Max External Pressure for an unstiffened Shell
Pmax= 02*E/((Hts/D)*(D/tsmin)* 2.5
Pmax= 0.2 * 28800000 psi/(20ft/11.984 ft)*(11.984 ft/0.1875in)*2.5)
Pmax = 105.680 psf
Pmax = 0.734  psi

GLM Jobi# 10-797-1/2
Rev 0 Page 7 of 30

MADE BY:
DATE:

J. Brunton
4-Jan-11



Intermediate Stiffening Rings

GLM INDUSTRIES, L.P.

Intermediate Wind Girders :

Maximum Height of Unstiffened Shell - API 850 3.9.7.1
Hu = 600,000 * t"2.6 / DAM.5* (120 mph / V )*2
Hu = 600,000 * ( 0.1875 in )*2.5 / (11.98 ft )A1.5 * ( 120mph / 91.41 mph }*2
Hu = 379.435 ft

Number of intermediate wind girders Required
N = Hts /Hu
N=20ft/379.441
N= 0

Vacuum Stiffening Rings Per Appendix V ( External Pressure must be greater then 0.0361 psi)
Hsafe = 0.2 *tsmin*2.5* E/( D*.5 * Ps)

Hsafe =  N/A

Hsafe = N/A ft
Ns = RHts / Hsafe -1
Ns = N/A

Ng = 0

0 Intermediate Girders Required

GLM Job# 10-797-1/2
Rev O Page 8 of 30

MADE BY:
DATE:

J. Brunton
4-Jan-11



Bottom Thickness GLM INDUSTRIES, L.P.

Bottom Thickness
APl 6505.4.1

tb0t1 = 1/4" +CA
tboﬂ = ) 0.25 in

API 650 App V
if weight of bottom plate exceeds vacuum no further calculation is required

PEnax=  density x thickness
PEnax=  0.2841bin*3* 0.25in
PE pax = 0.071 psi

tine = P_ext / density

tinz = 0.025 psi / 0.284 Ibfin*3
trinz = 0.0880 in

Grillage Spacing - (If Required)

Grillage spacing=  28.76 in
Number of Supports = ¢]
tmind= 02408 in

tpor = Max( tmin1, tmin2, tmin4 )
tpot = 0.2500 in

GLM Job# 10-797-1/2 MADE BY: J. Brunton
Rev O Page 9 of 30 DATE: 4-Jan-11



Self Supported Roof

GLM INDUSTRIES, L.P.

Tank Data:
Nominal Diameter = 11.984 ft

Sd= 23200 psi

Height = 20 ft Shell Joint Eff = 0.85
Pr= 4813 psf E= 28800000 psi
Roof Corrosion Allowance 0 Sts = 16000 psi
Consider CA for External Pressure? No
Conical Roof
API 650 3.10.5.1
Roof Slope = 2.25in12 8= 10.62
Dead Load = 9.52 psf
Roof Live Load =  37.18  psf
Insulation Pressure = 1.85 psf
External Pressure = 3.60 psf
Additional Live Load = 0 psf
Load Combinationg AP! 650 App Re)1 and 2
Roof Load
e) 1 48.1 psf
g} 2 28 psf
Minimum Roof Thickness =  0.1681  inincluding corrosion allowance
Min Compression Ring Area = -0.2421 in*2

C3 x 4.1 is sufficient for use as a top compression ring

GLM Job# 10-797-1/2

Rev 0 Page 10 of 30
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Self Supported Roof

GLM INDUSTRIES, L.P.

NBC 2005 Snow Load
Design Snow Load = 0.8 * Ground Snow Load + Rain Load
Desigh Snow Load = 0.8 * 2.1 kPa + 0.1 kPa
Design Snow Load = 1.78 kPa
Design Snow Load = 37.18  psf

Roof Load Combinations AP 650 App R e} and 2
&)1 Roof Load = Dead Load + Snow and Live Load + 0.4 * External Pressure
Roof Load = 10psf + 37.18 psf + 0.4 * 3.6 psf
RoofLoad= 4813  psf

e)2 Roof Load = Dead Load + External Pressure + 0.4 * Snow and Live Load
Roof Load = 10 psf + 3.6 psf + 0.4 *37.18 psf
Roofload= 2789  psf
Dead Load
DL = p_plate * t_roof + P_insul + Additional Weight / A_roof
DL = (0.284 Ib/in*3* 0.1875in) * 144 + 1.85 psf+ 0 lbs / 113 ft*2
DL = 9.52 psf
Design Roof Load
T=Max{e.1,e2)
T = Max( 48.13 psf, 27.99 psf)
T= 4813  psf

Roof Minimum Thickness
Appendix M 5.1 If Applicable
Temp Factor = E / E@temp
TF = 28800000 psi f 28800000 psi

TF = 1.0000
API 650 5.10.5.1
traort = D /(400 * sin(8)) * ( T / 45 Y20.5 * (TF) + CA
troors = 11.984 ft/ (400 * sin{ 10.62 ) ) * (48.13 psf/ 45 *0.5* 10 in
tnmf1 = 0.1681

App V - If External Pressure > 1inH , 0

Yooz = { D/ sin(theta) * ( T/ (0.248 * E) )*0.5 * TF / JEr
trc>0f2 =
troof2 =
troof = Max( troofh tmnml troofS )
troof = 0.1681 in
GLM Job# 10-797-1/2 MADE BY: J. Brunton

Rev 0 Page 11 of 30 DATE: 4-Jan-11



Self Supported Roof

GLM INDUSTRIES, L.P.

Roof to Shell Junction
API 650 5.10.5.2 - for self supported roofs only

Al = DAZ * T /( 3000 * sin(theta) * 45 ) * TF
Al = {11.98 ft )*2 * 48.13 psf/ (3000 * 45 * sin(10.62) ) * 1
Al = 02779  in*2

API 650 App F 5.1 - corroded condition
Aoy = (P -8™troof ) * DA2 /(30800 * tan( theta } )
Ay = (27.7-8*0.1875)* 11.9842 / ( 30800 * tan( 10.62 ))
A2 = 0.6516 in°

Areq = Max( A1 reqs Azreqr A‘_‘req, Asreq)

Aeq= 0.652 in®
Roof to Shelf Joint compression ring area Fig F-2
Rc = 71.81025 in - Inside Radius
W, E 06*(Rc*(ts) 0.5
W, = 08*(71.81*(0.1875))0.5
W, = 22016 in( Corroded Condition )
R2 = Rc¢ /sin(@) = 389.662059 in
Wy, = 03" (R (fy,)"0.5<12
Wy, = 0.3*(389.662*(0.1875))0.5<12
Wy, = 2.564  in( Corroded Condition )

A__roof joint = Wy * tr + We * ts
A rootioint = 2.56 In* 0.1875in+2.202in * 0.1875 in
A orjomt = 0.884  in*2 ( Corroded Condition )

Required Compression ring Area

Acr = Areq “Aroof joint

Acr =  0.652in"2 - 0.804 inA2
Acg. = 02421 in®
Anctual = 2104 in’

C3 x 4.1 is sufficient for use as a top compression ring

GLM Job# 10-797-1/2

MADE BY:
Rev 0 _ Page 12 of 30 | DATE:

J. Brunton
4-Jan-11



Self Supported Roof

GLM INDUSTRIES, L.P.

Roof to Shell Junction

Appendix V.7.2 - corrosion not included in design for external pressure
Xroof = 1.47 * ( D * fcone / sin( theta ))*0.5

Xroof =
Xroof =

top Xsher =
Xshall =
xshell =

Adey =
Adp,, =
Adq =

Top Stiffener
Atgg=
Algg=
Alg=

Agiir =
Astir =
A =

For Anchored Tanks Only
API 620-5.12.4

1.47 % {11,984 f{* 0.1875in / sin( 10.62 ) }*0.5
51330 in

1.47 * (D * t_top 0.5
1.47* (11.984 ft * 0.1875 ) A0.5
220 in

Pr*D"2 /(8 *f* tan( theta) )
48.13 psf * 11.98472 / ( 8 * 23200 * tan( 10.62 ) )
0.0000 in*

( A_req - JE, * t_top * Xonen - JE: * 1 * Xeone ) / JEq
(0in"2-0.85%0.1875In*2.2in-0.7*0.1875in*5.13in )/ 0.7
-1.464 in°

Max( 0.5 * Adreq, A1stiff )
Max(0.5*0, -1.464)
o in?

0.6*(R,* () )"0.5
0.6"(389.662*(0.1875))"0.5
51286 in ( Corroded Condition )

0.6* (R " () )05
068*(71.81*(0.1875))*0.5
22018  in ( Corroded Condition )

71.81025 in
0 psi - additional downward force on Roof

(R3/(2*sin(theta) ) * (DL + (W +F)/A)
(71.81in/(2*sin(10.62))* (1 psi+ (-0.086 psi+ 0)
181.9532 Ibfin

DP * R3 / sin(theta)
1 psi*71.81in/sin{ 10.62)
389.6621 Infin

GLM Job# 10-797-1/2
Rev 0

. MADE BY:'
Page 13 of 30 DATE:

J. Brunton
4-Jan-11



Self Supported Roof

GLM INDUSTRIES, L.P.

Tog = Pg*"Rc
Tyg = 1*71.81
Tag = 71.81 tbfin

= Tz“'wh-i-Tzs*Wc-T«,*RC*COS(th)

Qr= 38966*513+71.81*%22-181.95*71.81 * cos( 10.62)
Q= -10685.81 b
Abgy = Q /20000
Abgq = -10685.8 / 20000
ABpgq = 053 In®
APl 620 5.10.3
Yootz = Max(T1, T2}/ (Sts*E) + RCA
tioors = 389.66/(16000*0.7)+0
troofa = 003479 iI"I
GLM Jobd#t 10-797-1/2 ' MADE BY: J. Brunton

Rev 0 Page 14 of 30 DATE:  4-Jan-11



Wind Overturning and Pmax

GLM INDUSTRIES L.P.

Tank Data: Notes:
_
Diameter D 11.984 ft 1. Simullaneous wind and pressure foading must be
Height H 20 ft applied unless specificatly waived by the purchaser.
Roof plate thickness,corroded th 0.1875 in Roof weight 878 1b (Corroded)
Overturning resistance Dis= 8.0221b  Excluding CA
Design pressure P 277 inH20 = 16.00 ozfin® = 1.0000 psi
Wind Code:
See NBC2005 / ABC 2006 4.1.7 for definitions
1/50 Hourly Wind Pressure, q= 0.46 kPa
Gust factor, Cy = 2.00
Exposure Factor, C, = 0.91
External Pres Coefficent, Cp = 1.0
Force Coefficient, C; = 0.600 (Cylindrical Surfaces)
Importance factor, |, = 1.0
Design Shell Wind Pressure, p;= 0.5 kPa = 10.44 psf
Design Roof Wind Pressure, p,= 0.83 kPa = 17.4 psf
Design Wind Speed, V = 81.41 mph
Overturning Moments API§50 5.11.2
Mw Mpi M Mf
(ft ibs) (ft Ios) {ft Ibs) {ft Ibs)
36,790 97,326 53,325 223,342
Anchors Required
Anchors:
Number of anchors 4
Anchor diameter 12.734
GLM Job# 10-797-1/2 MADE BY: J. Brunton
Rev 0 Page 15 of 30 DATE: 4-Jan-11



Wind Overturning and Pmax

GLM INDUSTRIES L.P.

AP} 850 5.11.2 - Corroded Condition

Wind Moment

FPressure Moment

Resisting Moment
from tank weight

Mw = { arm * area * Py + ( area * arm * Py,
Mw=H/2*OD*H*Py+0D"3/*8*3.14" Py )
Mw=201ft/2*11.984 ft* 20 ft * 10.44 psf + ( 11.984 ft }*3 /8 * 3.14 * 17.4 psf
Mw = 36,790 filbs

Mpi=Pint*area*QOD/2
Mpi = 144 psf* 3142 * (11.984 ft )22 /4 * 11.984 ft/ 2
Mpi = 97,326 ft Ibs

Mdi = ( Dy g + Roof supported by Shell ) * CD / 2
Mdl = (8899 ibs ) * 11.984 ft /2

Mdl = 53,325 ftibs
Weight of fluid that resists overturning
APl 650 5,11.2 W, = 79%t, " (F,"Hip " 07 )05
W, = 7.9*0.25in* (36000 psi* 10 ft * 0.7 )*0.5
Wy = 991 Ib/ft
Customer Specitied Max W= 7.9*tb* (Fy * HLLL * SPG }*0.5
W= 990 Ib/ft
W = W, pi*D
W, = 990 [b/ft * 3.14 * 11.98 ft
W, = 37273 b
Liqid Resisting Mf = WI* Df2
Moment Mf = 372731b*11.98f/2
Mf = 223,342 ftlbs
If Internal pressure excesads the following limits then Anchors are required
511.2.1 Prmaxt = (Mdi/1.5-06*Mw)/{pi/8*D"3}
(Check empty Tank) P = {53325 ftlbs / 1.5 - 0.6 * 36790 ftlbs )} / { pi/8 * 11.98 ft A3) * 0.111
Pnaxt = 2215 oz
511.2.2 Pose = [(Mdl+Mf)/2-Mw]/(0.4*pil8*D"3)
(Check half full tank) Pnaxe = [( 53325 ftibs + 223342 filbs ) / 2 - 36790 ftibs ] / ( 0.4%pi/8 * 11.98 £ A3} *0.111
Pmae = 41729 oz
F4.2 Praxa = 0.245* (D.g)/ OD*2 + 8 *t_roof - 0.817 * Mw / OD"3
(Check full tank) Peraxa = 0.245* 8021 |bs / 11.984*2 f1h2 + 8 * { 0.1875 in ) - 0.817 * 36790 fi Ibs / 11.98443 "3
Paaxa = -1.317 oz = . -2.28 inH20
Prax = -1.317 oz
Design Pressure = 16 0z

Anchors Required

Anchor Spacing (If Required)
Min Number of Anchors = circumference / 10
Min # Anchors = 11.984 £ * 3.14 / 10#
Min # Anchors = 4

GLM Job# 10-797-1/2
Rev 0

MADE BY:
Page 16 of 30 DATE:

J. Brunton
4-Jan-11



Estimated Tank Weight

GLM INDUSTRIES L.P.

Estimated Tank Weights

Item Uncorroded Corroded
Roof 878 Ib 878 b
Top Angle 154 b 154 Ib*
Rafters 0 b 0 " Ib*
Columns 0 Ib 0 b*
Shell 5,760 Iy 5,760 ib
Segondary Shell 0 Ib 0 b
Cone Bottom Ib 0 Ib
Cone Stiffener 1] 0 ib*
Skirt Ib 0 Ib
Legs Ib 0 Ib*
Floor b 1,249 Ib
Secondary Floor b 0 Ib
Fittings ib 498 Ib*
internals b 0 Ib*
Attachments (skid) Ib 1,500 Ib*
Insulation - Roof b 216 Ib
Insulation - Shell 1,393 3] 1,393 Ib*
Est Total, Empty 12,230 Ib 12,230 b
Tofal, Full of Product 153,000 ib 153,000 Ib
Tofal, Full of Test Water 153,000 Ib 153,000 Ib

* - corrosion not considered

* - fittings welght is an approximation

GLM Job# 10-797-1/2
Rev 0

Page 17 of 30

MADE BY: J. Brun_ton
DATE: 4-Jan-11



Foundation Loads

GLM INDUSTRIES L.P.

==

l—

L

P

Load imperial Metric
Perimeter Load, P
{Includes Weight of tank minus weight of
foor) 413.86 Ib/ft 6. kN/m
Distributed load, w
{Includes weight of bottom, liquid and 9.7 psi 87.16 kPa
internal pressure)
Max Anchor Load, Pa
(See anchor chair summary for list of 4,918 Iby 2,235 kg
anchor loads) :
Column Load, Pc
{Weight of column and roof supported N/A N/A
by column)
Seismic Shear, Vygismic N/A N/A
Wind Shear, Vg 2,503 Ib 1,138 kg
Wind Moment, Mw 36,790 49,881
Seismic Moment, Ms NIA N/A

ft Ibs Nm

Vseismic

Vwind

GLM Job# 10-797-1/2
Rev 0

Page 18 of 30

MADE BY. J. Branton

DATE:

4-Jan-11



Anchor Bolt Chair Design

GLM INDUSTRIES, L.P.

Tank Data:
Tank diameter D= 11.98 ft W1 = 7,950 Ibf
Shell thickness (corroded) ts= A875in : W2 = 8,535 Ibf
Bottom Thickness (corroded) th= .250n W3= 7,950 |bf
Roof Thickness {corroded) th = 1875 0n Pt= 16.13 inH20
Pf = .inH20
) ] Pfis only applicable to tanks with
AP1 650 - Table §,21b - Uplift Loads (US Customary Units) frangible roofs
Uplift Load Net Uplift Formula {Ibf) and calculated result - U Allowable Anchor Bolt Stess Total .?_r;calz‘or Ball NIO\'E:’;ESSS“B" SheIIRS;t;:sd@; (no
Design Pressure [(P-8*th)D"2 * 4.08] - WH 15,000 psi 7,391 Ibf 20,000 psi 4,826 psi
7,391 Ibf :
Test Presswre [(Pt-8 ‘h)%ff]b‘f‘-osl -wi 20,000 psi 34 lbf 25000 psi | 22 psi
] [(1.5* Pf- 8*h)D*2 *4.08]) - W3 . .
Failure Pressure 8,826 Ibf Fy 0 36,000 psi psi
] [4*Mw/D]-W2 . .
Wind Load 3,745 Ibf 0.8 x Fy 3,745 Ibf 25,000 psi 2,448 psi
Seismic Load [4 M?\lf’ E ]-wa2 0.8 x Fy N/A 25,000 psi psi
Design
Presssure + [(P-8*th)D"2 *4.08) +[4 Mw / D] - W1 20,000 psi 19,671 Ibf 25,000 psi 12,846 psi
Wind 19,671 Ibf :
Deﬂgsr‘e?sr;si’:“re [(P-B*n}DA2 *4.08] +{4 Me/ D] - W1 0.8 xFy N/A 25,000 psi psi
N/A
Note: API 650 Formulas for Failure based solely on roof / shell failure - subject to future improvemsnt
Worst Case, U = 16,671 Ibf -
# of Anchors, N = 4 o
!
|
1 — ]
Anchor Chair Data: -
Max Anchor chair load (bolt load) P 4.918 kip
Anchor boit diameter d 1.25in .
Anchor chair height h i2in
Anchor bolt eccentricity e 4.5 in
Top plate width along shell a 55 in
Repad Height H 0 in
Repad Width A 0in =
Repad Thickness tr 0 in lj_
Vertical Side Plates:
Plate width - top k1 7in
Plate width - bottom k2 2625 in
Plate thickness ] 0.5in
Washer Plate Data: :
Distance between vertical plates g 4.5 in
Washer Bolt Hole Diameter f 1.375 in
Washer plate thickness c 1in
Washer plate length L 4 in
Washer plate stress Sy 9.44 ksi max = 25 ksi
ACCEPTABLE
Welds:
Allowable weld stress across throat f 9.6 ksi
Minimurn weld size ’ w 0.0625 in
GLM Job# 10-797-1/2 MADE BY: J. Brunton
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Anchor Bolt Chair Design

GLM INDUSTRIES, L.P.

Calculations .
Washer Plate Stress - AISI T-182 Volume If Part VI (Anchor Bolt Chairs)

S, = 15*P*L/{c**(g-f)
Su= 15*4.918kip*4/(1/2* (4.5~ 1.375)
Sy 9442 ks

Reduction Factor

0/(0A77*a*m/(R*{)*0.5* (m /)2 + 1.0)

O/(0177*565in*0.25in/(71.804in*0.1875in Y*0.5*{0.25in/0.1875 in }*2 + 1.0}
0.8946

NNN
unouon
[ W

Tank Shell Stress - for highest anchor load, remaining shell stresses calculated using same method

_Pe 1322 L0031
SRR Ny R
S=4.91Kp*4.5in *1,32*0.89 +0.031/(71.904in * 0.1875 in )
0.1875 ~2 143*550n* 12°2in*2 + (4* 5.5 in * 1272 in"2 JA0.33

{71.804in*0.18751in )
8= 12.856  ksi

Shear in Weld
Wv = Load / Weld Length
Wy=481Kp/(4in+2*12in)
Wy= ' 0.1756 Kip / in weld

Max bending
Wh=p*el/(a*h+2/3*h"2)
Wh=491kip*45in/(4in*12in+2/3*12/2in"2)
Wh = 0.1537  kip/in weld

Weld Stress
W = ( WvA2 + WhA2 0.5
W= {01752 +0.153 }*0.5
W= 0.2334 kip / in weld

Min Weld Size

w=W/f
w = 0.233 kip/in / 9.6 ksi
w= 0.024309547 in
dmin = Max( 1/2",004*(h-¢)}
Join = Max( 1/2,0.04 *(12-1)) -
jm\‘n = 0.5
check
j*k-P/25>0

05*481-4918/26=2.21

GLM Job# 10-797-1/2
Rev O Page 20 of 30
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API-650 Repad Sheet

Bottom Shell course

GLM INDUSTRIES, L.P.

Nozzle Design Data: (see t_able below)

D, = outside diameter of nozzle [in] Notes:
t, = nominal nozzle wall thickness [in] 1. Based on corrodad conditien.
fmin = Minimum nozzle wall thickness = (0.875t, - CA) [in] 2. Nozzle wall thickness based on XS pipe.

D.o = cutout opening in shell for nozzle [in]

Opening Reinforcement per Para. §.7.2: (see fable below)
A, = area of excess metal in shell available for reinforcement = (f5 - ty)Deo. [in?]
A, = area removed from cutout = (t;. ca) Do [in?]
A4 = portion of nozzle projecting outward = 2 Aty [in?)

A, = shell fo nozzle cross-sectional area = 2 * tty, [in]

Repad Requirement: (See table below)
If Ay + Az + Ay < Ay, Repad is Required

Sample Results for First Shell Course

NOZZLE DATA REINFORCEMENT DATA REPAD REQ'D ?
[Do] (t) [tmin (Deol [Az] [A4] [As + Agl [A+ Ay + A
3.500 0.3000 0.2625 3.625 0.1221 0.5576 0.6497 1.2073 no
4.500 0.3370 0.2949 4.625 0.1557 0.7115 0.8062 1.5176 no
6.625 0.4320 0.3780 6.750 0.2273 1.0383 1.2848 2.3232 no
8.625 0.5 0.4375 8.750 0.2946 1.3460 1.6953 3.0413 . no
10.75 05 0.4375 10.875 0.3662 167290 1.6953 3.3682 no
12,75 0.5 0.4375 12.875 0.4335 1.9806 1.6953 3.6759 no
24.5* 0.250 0.2188 24.625 0.8291 3.7880 0.4648 4,2529 no
OTHER:
0.2500 0.2500 48.125 1.6204 7.4030 0.5938 7.9968 | no
Nozzle Size Repads ﬁequired for Shell Course:
NPS 1 2 3 4 5 6 7 8
3 No No No No
4 No No No No
6 No No No No
8 No No No No
10 No No No No
12 No No No No
24* No No No No
48 No No No No

* - APl 650 Shell Manway

GLM Job# 10-797-1/2 MADE BY: J. Brunion
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Lifting Lug Design/Lift Analysis

GLM INDUSTRIES, L.P.

RAD —G
®F
|:25k LL : l
= 18 in
H = 8 in
= 2 in
= 10 in
] = 14 in
A = 2 mn
= 4 in
= 8 in
E Lugt= 0.825 in
Boli Hole Reinforcement
1 Thickness 1t = 0 in
oD= 0 in
¥
! X
B
API 650 APP J3.8.3: Lifting lugs are to be designed fo carry their share of
iwice the weight of the tank with a safely factor of 4.
Weld o150 70,000 psi E70XX
Weld Size 316 in Tank Weight= 13,000 b
Material : SA 516 Gr70 Tank Height = 20 ft
U1 = 70,000 Center of Gravity = 10 ft
Oys. = 38,000 Tailing lug height = 4.5 in
radial distance o TL = 637 ft
Failure Modes Tank OD =  11.984 ft
Tension Failure 5.05 OK LLLoad = 13,000 Ib
Hoop Tension Failure 2.52 OK Min Pin Diameter = 176  in
Bearirig Stress Failure 2.88 OK
Double Shear Failure 5.856 OK
Weld Failure 2.25 OK
Weld Failure Governs Design
GLM Jobi# 10-797-1/2. ’ MADE BY: J. Brunton
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Lifting Lug Design/Lift Analysis

Allowable Stresses APf 650 APP J: Safety factor of 4 when fiffing twice the tank weight

Tension Failure
On = Ors. /4
=70000 psi/ 4
T = 17,500 pS|

Shear Failure
Tan = 0.4+ Ty g,
= 0.40 *38000 psi
Tan ™ 15,200 psi
AISC F4 used for allowable Shear because it is
more cohselvative than API 650 APP J

Bearing Stress
O = 09" Oyg.
= (0.9 * 38000 psi
O = 34,200 psi
Allowable siress is from AISC (J8-1)

Weld Failure
ga= 0.25* O75.weld
= 0.25 * 70000 psi
O = 17500 psi

Critical Stresses Lug stresses whenused on a fank
Tension Failure
a=P/{t*(H-F)
o=13000/(063*(8-2))

o= 3,467 psi
OK
FS.= 5.05

Hoop Tension Failure
o=P/{{G-FR2)*t+{0D/2-F/2)*nt)
o=13000/((4-2/2)*0625)+(-1)*0

g= : 6,933 psi
OK
FS = 2.52

Bearing Stress
o =P/ (t* Shackie Pin Diameter )

o =13000/(0.6256*1.75)

o= 11,886 psi
OK
FS = 2.88

Double Shear Failure
o=P/(2*t* g}
o=13000/(2*0.625%4)

o= 2,600 psi
OK '
FS= 5.85

GLM INDUSTRIES, L.P.

MADE BY: J. Brunton
DATE: 4-Jan-11
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Lifting Lug Design/Lift Analysis

GLM INDUSTRIES, L.P.

Weld Check
Cenfter of gravily of weld
X-bar = 0 in

y-bar=D"2 / (2C +2D)
y-bar=10*2/(2*10+2*2)
y-bar = 4167 -in
=2* 1 +2*J)2
=(D"3*t/12)y+D*t*[(B/2)2+(D/2-y-bar)}2]
=(10"3*0.133/12)+10* 0133 *[(8/2)2+ (10/2-4.167)"2]

J
J
J
J 33.287 in™4

1
1
1
J2=(Cr3%t112)+ C ¥ t*[({y-bar)2+((B-C)/2 2]

J2=(2/8%0.133/12) +2* 0133 * [ (4167 )" 2+ ((8-2) /2 }*2]
J2 = 7101 in™4

J= 80.78 in"4

Lifting Lug Weld Stresses

1, =P *sin©* (E - ybar) * (D-yban) /J + P*sin © / ((D + C )*2 *)
T,=P*sin®*(E-yban *(B/2)/J+P*cos ©/((D+C)y2*)

-1 2 2 142
Tiotal = (Ty + Ty }

Table 1. Lifting Lug Stress { Twice tank Weight )

Distance Distance

LL from TL from Lifting Lug Weld
Angle CG CG LL Load TL Load Stress (psi)

0 124 116 6,269 13,461 7,105

5 124 122 6,452 13,096 7.362
10 122 127 6,628 12,744 7.560
16 120 131 6,800 12,401 - 7,697
20 117 135 6,970 12,060 7,773
25 112 137 7,141 11,717 7,788
30 107 138 7,317 11,367 7,743
35 102 138 7,499 11,003 7,638
40 95 138 7,691 10,618 7475
45 88 136 7,898 10,204 7,265
80 80 133 8,124 9,752 6,982
55 71 129 8,377 9,247 6,658
60 62 124 8,665 8,669 6,290
65 52 118 9,004 7,992 5,883
70 42 111 9,414 7172 5,449
75 32 104 0,928 6,144 5,003
80 22 25 10,605 4,790 4,575
85 11 86 11,552 2,896 4,223
90 0 76 13,000 0 4,073

Max lifting Lug Shear Stress = 7,788 psi
OK

GLM Job# 10-797-1/2

Rev 0
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Tailing Lug Design/Lift Analysis

GLM INDUSTRIES, L.P.

Y
[

Lifting Lug [£5£L_E
= 4.5 in
= 9 in
= 45 in
= 3.375 in
= 2 in
= 2 in

Tail thickness = 075 in

Weld size 0.25 in

N Shackle Pin = 1.75
- R
X
Max Tank Weight 13,000 Ibs
TL on Tank
Tension Failure 4.63
Hoop Failure 2.32 1
Double Shear Failure 572
Bearing Failure 3.33
Weld Failure 3.77
Hoop Failure Governs Design
“GLM Job# 10-797-1/2 MADE BY: J. Brunton
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Tailing Lug Design/Lift Analysis

GLM INDUSTRIES, L.P.

Critical Stresses

Tension Failure
o=P/{{*{2*8-V})

0=13461/(0.75* (2% 3.375-2))

o= 3,779  psi
oK
Tank FS=  4.63

Hoop Tension Failure
g=P/({(S-V/i2)*t)
o=13461/((3.375-2/2)*0.75)

Bearing Stress
0 =P/(t*Shackle PinD)
0 =13461/(0.75* 1.75)

g= 10268 psi
OK
Tank FS = 3.33

Double Shear Failure .
o=P/(2*t"S)
o=13461/(2%0.756*3.375)

g= 7557 psi g= 2,659 psi
OK OK
Tank FS = 2.32 Tank FS = 572
Weld Check
Weld Center of Gravily

X bar=05*Q"2/(N+Q)
X bar=05*242/(9+2)
X_bar= 0.182 in

Y_bar=0.5*N*2 /(N + Q)
Y bar=05*@"2/(9+2)
Y_bar= 3682 in

JI=t NA3/12+ N*t* (X2 + (N2 - Y )A2)
J1=0177*9"3/12+9*%0.177 (0.182/2 + (9/2 - 3.682)"2)

J1= 11.871 in*4

J2 =t QA3 /124 Q Rt (VA2 + (QU2- X)2)
J2=0477% 203+ 0177 *2* (3.682/2 + (2/2-0.182)*2)

J2 = 5154  in™4
J=2%(J1+J2)
J=2%(11.87 +5.15)

J= 34.05  in*4

Lifting Lug Weld Stresses

- Welded on both sides

T = P * cos(theta) * ( R-Ybar } - P * sin{theta) * ( M- Xbar)

T, =T *Yhar/J+ P * cos(theta) / (t* (N+ Q))

1, =T *Xbar/J + P * sin(theta) / (t* (N + Q))

MADE BY: J. Brunton
DATE: 4-Jan-11
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Tailing Lug Design/Lift Analysis

GLM INDUSTRIES, L.P.

2 172

Tiotal = (Ty2 + Ty )
Table 2. Tailing Lug Stress ( Twice tank Weight }
Weld Weld
TLLoad Torque Tx Ty Stress
Angle (Ibs } {lb in) {psi) (psi) (psi)
0] 13,461 11,011 4,648 59 4,648
5 12,963 5,685 3,931 321 3,944
10} 12,464 6595 3,227 560 3,276
15 11,966 -3,918 2,544 774 2,660
20| 11,467 -8,121 1,889 064 2,121
25| 10,969 | -11,884 1,268 1,127 1,696
30 10470 | -15,188 686 1,263 1,438
_ 35| 9,9M -18,015 150 1,372 1,381
40| 9,473 -20,356 -338 1,455 1,484
45| 8,974 -22,210 -772 1,511 1,687
50| 8,476 -23,679 1,151 1,541 1,923
65| 7977 -24,473 -1,471 1,547 2,135
60| 7,479 -24,907 -1,733 1,530 2,312
65| 6,980 -24 903 -1,935 1,491 2,443
70] 8,481 -24,486 -2.078 1,433 2,525
75| 5,983 -23,687 -2,164 1,367 2,654
80| 5,484 -22,542 -2,193 1,267 2,532
85| 4,986 -21,091 -2,169 1,163 2,461
90| 4,487 -19,375 -2,095 1,049 2,343
Max Stress = 4,648 psi
F.8. = 3.765 On Tank

GLM Job# 10-797-1/2

Rev 0
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GLM INDUSTRIES, L.P.

API-650 App I: Grillage Requirements

Liquid, Height : H= 20 ft
Specific Gravity G= 1

Design Pressure Pg= 27.700 inH20 = 1 péi‘
Hydrostatic Pressure at tank bottom P = 9.74 psi
Bottom Plate Thickness t,= 025 in
Bottom Plate Corrosion Allowance  CA = 0 in
Bottom Plate Material F,=  A-38  psi
Bottom Plate Yield Strength F,= 58000 psi
Center-Center Grillage Spacing: b= 28762 in
Grillage width: W= 6 in
Number of Supports: N= 8

Calculations

((b-w)y**P/(1.5*Fy))*0.6+CA

thottom =
thottom = ({28.76in-6in)*2*9.74 psi/ (1.5 * 568000 psi ) )*0.5 + 0 in

tboﬂom = 0.2408 in

Check floor deflection
dnax= 0.0284*p*(b-w)M4/(E*(tg-CA)"3)

Anax = 0.0284*9.74*(28.76-6 )/ (28800000* (9.25-0)3)
dmax = 0.16 in
Aimit = (tg) /2
jimit = 0.125 in
GLM Job# 10-797-1/2 ’ MADE BY:. J. Brunton
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Approximate Center of Gravity GLM INDUSTRIES, L.P.

| Woeight of Roof 878 b

¢ Wroof Centroid of roof, x 244 49 in

Weight of Shell 5,760 th

Centroid of shell, x 120 in

X l Wshell Weight of Bottom 1,249 ib
Centroid of Bot, x 0.125 in

Weight of Insulation 1,383 Ib

Centroid of In, x 120 in

l Whottom Weight of top angle 154 Ib

Centroid of TA., x 238.125 in
for C3 x 4.1 3/8" from tap of shell

Weight of Product 132,196.63 Ib
Centroid, x 120 it

Other Weight
Centroid, x

Approx Center of Gravity = Sum(xwW,)
(Empty) Sum(Wi)

= (877 Ibs * 244 in + 5760 Ibs * 120 in + 1248 Ibs * 0.125in + 1393 lbs * 120 in + 154 |bs * 238.125 in + 1500 Ibs * 3 in )
{877 lbs + 5760 Ibs + 1248 Ibs + 1393 Ibs + 154 Ibs + 1500 Ibs }

101.92 in = 8.40 ft

1

Approx Center of Gravity Sum{xW;)
(Full) Sum(Wi)

= (877 Ibs * 244 in + 5760 lbs * 120in + 1248 Ibs * 0.125 in + 1303 Ibs * 120 in + 54 lbs * 238,125 in + 1500 |bs * 3 in + 132186 lbs * 120in )
(877 Ibs + 5760 Ibs + 1248 Ibs + 1393 Ibs + 154 Ibs + 1500 fbs + 132196 Ibs )

118.62 in = 0.88 ft

NOTE: The above approximation does not include the effects from nozzles and attachments.
Therefore it is fo used as a guide only.

GLM Job# 10-797-1/2 MADE BY: J. Brunton
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APPENDIX 1:

BASE SKID ANALYSIS
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v"  STORAGE TANKS
@ G.L.M. TANKS & EQUIPMENT LTD. v SERVICE & ACCESSORIES

v INSULATION & COATING

v CARBON & STAINLESS

v CUSTOM PLATE FABRICATION
Battleford Plant & Sales Office Camrose Plant Edmonton Head Office . Calgary Sales Office
14™ St & 5™ Ave., PO. Box 1229 3812 - 42 Avenue 1508 8" Street #900, 706 7" Ave., S.W.
Battleford, Saskatchewan Camrose, Albetta Nisku, Alberta Calgary, Alberta
Canada SOM OEO Canada T4B 4B9 Canada T9E 736 Canada T2P OT9
Telephone (306) 937-7785 Telephone (780) 672-0777 Telephone (780) 955-2233 Telephone (403) 231-2730
Fax (306) 937-7788 Fax (780) 672-1088 Fax {780} 955-2241 Fax (403) 234-8274

Toll Free (800) 663-7785 Toll Free (866) 672-0777 Toll Free (800) 661-9828 Toll Free (800) 661-9446
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G.L.M. INDUSTRIES L.P.

SECTION 3

MATERIAL TEST REPORTS



MATERIAL IDENTIFICATION SHEET

GLM JOB #: DESCRIPTION: CUSTOMER: FAB. FACILITY: Nisku
10-797-1 ;}fl'd?::egVr\’la)t(ezro'll'a‘:;;::'lr(-;:zgt)m BBL Husky Energy ¢/o Excelslor Engineering Ltd Date: June 30'11
DWG # PC# aTy DESCRIPTION MATERIAL DWG MARK HEAT #
3 2 1 1/4" PLATE X SKETCH A36 N1 ADPO896
3 4 1 10" STD ERW PIPE A-53-B N1 58142
3 10 1 3" XS RFWN 150# SA-105N N8 70225
3 11 1 3" XS SMLS PIPE SA-106-B N8 965485
3 12 1 4" XS RFWN 150# SA-105N N6 80407
3 13 1 4" XS SMLS PIPE SA-106-B N6 24137 -
3 14 1 4" RFBL 150# SA-105N N6 10/31380
3 17 1 4" XS RFWN 150# SA-105N NS 80407
3 18 1 4" XS SMLS PIPE SA-106-B N5 24137
3 19 i 4" XS RFWN 150# SA-105N N7 80407
3 20 1 4" X5 SMLS PIPE SA-106-B N7 24137
3 21 1 4" RFBL 150# SA-105N N7 10/31380
3 24 1 3" XS RFWN 150# SA-105N N2 70225
3 25 1 3" XS SMLS PIPE SA-106-B N2 965485
3 26 1 3/16" THK REPAD X SKETCH A36 N2 1457V
3 27 1 3" XS RFWN 150# SA-105N N9 70225
3 28 1 3" XS SMLS PIPE SA-106-B N9 965485
3 29 1 3" XS RFWN 150# SA-105N N3 70225
3 30 1 3" XS SMLS PIPE SA-106-B N3 965485
3 35 1 1 1/2" NPT FULL COUPLING 3000# | SA-182-F304 Q268
3 36 2 1 1/4™ NPT COUPLING 3000# SA-182-F304 87B1
3 37 1 1" NPT COUPLING 3000# SA-182-F304 N936
4 1 1 3" XS RFWN 150+# SA-105N 70225
4 2 1 3" XS SMLS PIPE SA-106-B 965485
4 23 1 3" RFSO 150# A-105 RVC-232
50 1 4 3/16" PLATE A36 1457v
50 B1 2 1/4" THK PLATE X SKETCH A36 NT8184
50 R1 2 3/16" THK REPAD X SKETCH A36 NT7748

SHT.10F1
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qlesugs

V&M FRANCE " oo MATERIAL TEST REPORT» (A0
TUBERIGE SAINT SAULVE INSPECTION CERTIFICATE
SAINT SAULVE 1 )
ZONE INDUSTRIELLE 3.4 EN 10204 ;: 2004
50850 SAINT SAULVE M
No. : 110208¢30 A0Sy
VALLOURBC & MANNESMANN TURES | o0% ! o
Dats: 16.9Y.2010
Valisureo Group
3 x Al o
A1) {ADY. 13
V&M FRANCE VEM.Order-No. LA1980
11X
Suborder 066/55086 O
{A08.9) LY
Customar Ordor-No, V2454
CCTF CORPORATION
8407 53RD AVENUE
ERPMONTON AB T6B 3G2 TaB 362
A5 [A0R3)
Ordeter Order-No. ViA2454
VALLOUREC TUBES CANADA INC. / BURLINGTON, ONTARIO LTL Oate  20.07.2010
604 :
(MT.3)
Order-No, '4888301.00
(201, £:62, BO4) Hot Anished saamlons Uno plpe
Bevcriplion of theproduct | €N bavelled,
angle 30° (+8/ -0), rentfaca 1.6 mm (£ 0.8)
Jnaldoe without rust protaction
Qutsldo dry varnigh
Asmlled
AP) apap, § L, PEL1, 10,2007
ASTMA 1086 M-0BJASTMASIOM-04 A
ASME SA 108, Edivan 2007 { ASME SA 530 M, Edition 2007
ASME Bollar and Prossure Vaisel Code, Section Il Partie A,
Editlon 2007, Addonda 2008b
O8AZ 245.1:2009
Neoco MR 0175 /180 15166-2:2003/ COR.1:2006/
BN IS0 15158.2:2003, Annoxe A.2.1.2
Nace MR 01032008, Patagraphe 2.4
X42
Qrade B ace. o APl spee. 6L
Qrada B acc. to ASTM A 106 M/ASME SA 108
Grads 280 aco, to CBA Z 245.1, Cal. |
{a04)
Sour sevice as defined In paragraph 10 of 08A 2 248.4, but without HIG tast. Thoae PSI.1 produsts do nat canform to
Annex H of AR BL,
(Sh)] (AD9) (CIL] (209} @10}
VaMitam |Cust. itam |itom text Olmunaions Stngle longth
14 SKU No 2620410 NP8 3SCHED Fixedfength 20 ft+ 4n-0in
- OD-Teleranco + 0.76 %« 0.76 %
WT-Telaranca + 16 % « 12.6 %

WMTR VERIFICATION STAMP
DATE: —adthda.hlo L) REVIEW BY: 1.;_...._.

CONFORMS TOASME § It A EDITION f ADDENDA: 2%




VAM FRANCE {aos) MATERIAL TEST REPORT » {AD2)
TUBBRIE SAINT SAULVE INGPECTION CERYIFICATE
SAINT SAULVE 1 .
ZONE INDUSTRIELLE 3,V EN 10204 : 2004
G0800 SAINT SAULVE

No. : 110708vi0 [AD3)

Page: 2/ 5

VAL&OUR EC
&MANNSSM&NN TUBES Date: $9.14.2010
Valloureo Graup
Ay} (Ats} ooy (68} L) @)
VaM ttem [Cust. Horn [ Heat Quanlity Total length Waolght
] Iy
14 885486 263 £.102,030 61.631

ey
HEAT CHEMICAL ANALYSIS

o & maximum of 1,36% manganeen,

For aach raduction of 0,01%% carbon below 0.30 %, an [ncranse of 0,05% manpanass above 1,08 % would be parmitted

(BO7.1) 18
Heat Procoss c 8t Mn p -] cr Mo Ni Cu T
% % % %
0,18 040 0,40 011
0,06 0,08 0,16 i 0,00 ]
[BOT.4)
Heat NbiCbh v B ata2 2628 0014 1003 1088
% % % % . % % %
i . . - . .00 - - .
mex 0,11 0.0 0,004 015 - 1,60 040 0,40
965465 0,00 0,00 0,000 000 4,84 0,52 035 0,33 !
¢002 VNB+T)
2528 MNIC
014 CR4CULMONILY
1003 CE = C+MN/BH{CRMO+VYEHNI+CUYE
1090 C+F(MN/G+51124+CLM Ss NU20+ {{CRéMO+VINBY5)E"B}
[Haats fully ired
[ 0]

PRODYCT CHEMIDAL ANALYSIS

For ench reduciion of 0,01% carban below 0,30 %, anincrense of 0,05% manganese above 1.08 % would be nsrmmed

to & maximum of 1,36% mangenoao,




" | V&M FRANCE (poy MATERIAL TEST REFORT - 2y
TUBERIE SAINT SBAULVE ' INSPECTION CERTIFICATE
2ONE INDUSTRIELLE ‘ 3 EN 10204 : 2004
80500 SAINT SAULVE ‘ M

No. : 110708v1D {A03)
: Popet 3/ &
VA. A
ALLOUREC & MANNESMANN TURES Gata: 10.19.2010
Valloures Group
1om)
PRODUCY CHEMICAL ANALYS!S
Rer.) {020.9) : .
Heat Tout Placa c 5t Mn P 8 Cr Mo NI Cu n
% % % % % % % % % %
min - 0,10 0.20 . ‘- - - . - -
max 0,20 0,60 108 | 0030 | o030 | 040 | o048 040 0,40 0,41
965485 01Leve 0,16 0,19 076 | oofa | 0602 | 023 009 0,08 018 | o000
95485 0z0L2Y8 0,16 0,19 0676 | 0017 | 0002 | 023 004 0,08 0,18 0,00
wanYy {eo.9)
Hagt Yost Pluce Nb/Ch v B oooz | 32828 | 0014 1003 1099
% % % % . % % %
mll'l . - [ . 3.00 * * -
mex 0,11 008 | 0001 | 015 . 1,00 0,40 0,40
£48485 0101276 0.00 0,09 o000 | oo 470 0,53 0,36 0,38
085486 0201276 0,00 600 | o000 | o000 4,61 0,63 0,36 035
0002 V4NB+TI
2520 MN/C
o314 CR+CUSMO+NI+Y
1603 CE = C+MNIGHOReMOHVYGH{NI+ QUM
1090 CHF{MN/B+SH24+ CUME+NIZ0+((CRWMO+VNBY5)+5'B)
{8oh)
HEAY TREAYMENT

lNORMALl!ED CONDITION MiN $20°C (1808 F) COOLING AR

TENSILE YEBT RESULYS

Typs (10} Tuba strip spocimen
Test tamparature (£oy) Room tarparatura
Dlraetangcel) {ongitudinal

[oouBLE LENGTH




vau FRANCE men ' MATERIAL TEST REPORT» . a2}

;ﬁla:;!éi Stsvbg SAULVE  ° INSPEQTION CERTIFICATE
ZONE INDUSTRIELLE ’ ‘ ' 3.1 8N 10204 : 2004
66660 BAINT SAULVE M
No. : 110708v10 03}

Pegor 4t 8

VALLOUREC &
MANNESMANN TUBES Dats: 10.11.2010

Valloursc Group

THNBILE THST REGULTS
(80,4} {C00.3} &10.3) wn {E13) {e12)
Hoat Ted Pleto Dimenslan Ys T8 Eieng,
R’D a Rﬂ1 o
in?sqin pat pat %
min . 42000 acoao 240
0,74x0,30
0,22
{0f02)
Dimanaton Tast placo dimonsions
Teat plece area
HARDNEES YEST REGULTS
{69 HRB EQUIVALENT 70 22 HRC |
[Mathod of tost(cson Rockwoll B |
GOy (1= 27 ey | oy | (e | oy
Hoat Test Place HRB HRB HR3 Meen
m[ﬂ . v - - »
max
88649% ‘ ’
(GRQ) .
. TECHNOLOGICAL AND OTHER TESTS ON S8PECIMEN :
Yast Condltions Tost rala Reault
Flettening test FloYaning tast {apacific) ' Sollsfactory
(054}
OYHER 1878 ON PIPE
Tost Conditions Tast rato Roault
Hydrostetle taol 2073 R8I 4 8EC 100% eachlot Sallafaciory -
Appaarance & Dimansiona Aspect & Dimenslons (spécifique) | 100% oach ot Satlefactory
Bddy Cumeni taal CBA 22484 100% epch lol Satlafoctory
fasidual magnetdsm 30 GAUSS MAX . 100% each ol Sstlefaclory
(AD4, B4} :
MARKING, IDENTIFICATION
V & M FRANGE 6L, 0061 AP} DATE OF MARKING A/SA108 2245,1-073 w2 X

14 Patnt atenciled on gno elde

0.300 88.80 X 7.62 B + X42 4 200 CAT 1 PELT § SMLS 2670 PSIHT HEAT
;] H 80 VM24 3 LENGTH




VAM FRANGE Aol MATERIAL TEST REPORT ~ {A0n
YUBERIE SAINT SAULVE INSPECTION CERTIFICATE
SAINY sAuLVE : 2 ,
ZONE INDUSTRIELLE ‘ {4 BN 10204: 2004
69880 SAINT SAULVE M . _

No. : 110708v10 M08

: Page: 5/ 8 ’
VALLOUR
QUREC & MANNESMANN TUDES Date: 18.14.2010
Valtourss Group

{201}

The suppiied producis ara In compliance with the requiremants of the ordar

1403, 20%, 20%)

Date 19.11.2010

Vaiidatad by Ingpeciion Ropresentativa
Valdife DELACROIX

o +(33)3272514 68

a +{33)327231526

@ vilarle dalacrolk@vmiubenfr

Stamp

InaXation tn parenthesss comeapand b eiizules #boordng to €N 10184

ﬁu taalmeniat and cortiiaation feipectively May natthar be mos ifed aof Utk i aihar producis. Ofiinces &10 cagedsd A {alaifizalion of documents #nd wil bo subjacs to eriminal proticulion, I
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"MILL TEST & INSPECTION C-ERTIF.ICATE'

CUST()MER UNIFIED ALLOYS -

ACCORDING TOEN 10204/DIN5004913 1.B

ORIGIN: TAIWAN

'INVOICE NO: BN069509097 DATE: 12/30/0t

CERT N0'62877 . ORDER ¥0: BP-57197 uc NO: PAGE: 3
ool ﬁgmxu BOTH SPECIFICATION:
_ ATER A182/SA182 -04a
HBAT NO. H:mé; DESCRIPTION QUANTITY e oot
- . , DIMENSTON:
, 115 |ouo78 N876 |FULL CPLG 3/4" 3000% NPT T5PC  JASME B16.11 - 2000
”1 116 {9U105 ,N879 |FULL CPLG 1" 3000# NPT 80PC
=5 11T eU067 N860 IFULL CPLG 1-1/4" 30004 NPT 20PC  {SURRACE:
118 {YTO60855 0268 {FULL CPLG 1-1/2" 3000# NPT wiﬂ wl 25FC oy VISUAL. . .GO0D
119 |YT060864 Q267 |PULL CPLG 2% 3000# NPT . 50PC
120 |FS-0174 N8S1 [FULL CPLG 2-1/2" 30004 NPT 5pC
121 100807 N827 {45D BLBOW 3/4" 30004 NPT J0PC
: CHEMICAL COMPOSITION %)
TEM 5 :
C Si Mn P S Cu Cr Ni Mo v Cb(Nb) N
Min - - - - - . 18.000 | 8.000 - - .
Max | 0.030 | 1.000 | 2.000 [ 0.045 | 0.030 . 20.000 | 13.000 - . 0.100
115] 0,020 | 6,250 | 1.700 | 0.037 | 0.024 - "18.210 | 8.510 : - 0.100
116 1 0.020 | 0.290 | 1.730 | 0.026 | 0.027 - 18250 | 8.550 | - | . - 0.100
17| 0.020 | 0.250 | 1.700 | 0.024 | 0.028 - 18.160 | 8.520 f - | . - 0.100
[18 | 0.021 | 0.430 | 1,150 | 0.039 0.002 . 18.180 | 8.350 - - - 0.036
L1971 0.027 | 0.440 [ 1.370.[.0:035 :f-0.002 . 18.260 | 8.150 . . . 0.030
[120 ] 0.022 | 0.270 | 1.940 | 0.039 | 0.020 . 18.200 | 8.150 . . . 0.081
cof 121 10,020 | 0.310 | 1.5% | 0,029 | 0.026 . 18,270 | 8.610 - - . 0.100
T MECHANICAL TEST Remark:
TTEM [ SOLUTION TREATED : 1040°C ,¥.Q.
B Tensile | Yield Elon- R of A | Hardness |CONFORMS TO NACE MRO175-2003
LS Strength | Strength| Gation STEEL MAKING PROCESS : ELECTRIC FURNACE
(KSD) | (KSD) (%) (%) (Hp)  [MERCURY FREE '
Min 75.0 30.0 30.0 50.0 -
Max - - - - 235
115 82.2 36. 1 66.0 4.6 156 ¥E CERTIFY THE ABOVE MENTIONED FITTINGS HAVE BEEN
17| 8.3 37.0 | 6.0 | 75.3 isp | SPECIFICATIONS SHOWN
118 79.2 38.7 73.1 81,7 156 o~
19§ 79.7 36.3 69.7 81.7 156 _f’C‘A— 2
120 83.6 41.8 66.8 7.4 161
121 | 83.8 40.0 63.4 73,7 167 O.L. MANAGER o wtior . INSPECTOR
SHENG “CHENG T Eiéf CHUN CHIEH HUANG

BW-D0839 REV:0

Q2 68(YTd0p 85 )(l‘fz F CPLe.) Zpd

ISAte Nty

MTR VERIFICATION STAMP
PATE: Nuadig M1 11 REVIEW BY: 7

CO/NFORMST&ASMFNl) A EDITION F ADDENDA; WA

i, ] ot

77 S ]



7 5263—?6 Avenun  E e
Edmontonr S hoa T

KS Manufacturing Enterprises Ltd,

“rj’;“ Qty. Produck | s‘péﬁiﬂ’c‘étion_ HeatNo Description
1 8  1-1/4"X3-1/2'LONG 3000 THRD  A/SA182 ~ 87B1  2-1/4"RD BAR
; , A479-04, 419303

COUPLING B16.11 F304)’F304L
o R - 'GRBB wi'

ical Properties - |
et o Mn P 5 8 Cr NI Mo Cu V

8781  .023 1.601 .031 .021 .279 18.1478.666 .416 480 - . 488 077 -

ﬁé'}hfmrkv
; : SOLUTION:
_ _,_:___M-Azsz-oza PR E ANNEALED)

81,000 PSI 62

Bang

83%1(\"14%?3‘!7_ B000M CPLEY Zo4.

MTR VERIFICATION STAMP
Ts:ﬁu.ﬂ.nr_':L_Ll REVIEWBY: _2__

CONFORMSTOASMESN A EDITION /| ADDENDA: ZeTL

-/‘45_’_1%)_

bl

B We hereby certify the above results to be correct as
el

containad in the records of the company. = = {
/ Kwang Y. Lee
] . Page 1 of
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a a ﬁ : ” w ﬁ m a a An 180-9001 Regwtered Manufacturer

M\Sl Ra'\[’

A ARG 1= £ 08 B BRAT 1= e BE 303 57
BOTH-WELL STEEL FITTINGS CO., LTD.

NO.303, JEN-HSIN ROAD JEN-WU HSIANG
KAOHSIUNG HSIEN, TAIWAN R.O.C.{81460)

TEL: (07) 371-0497, 871-1636 , 872-0260 FAX: (886-7) 871-3864 , 571-8882

MILL TEST & INSPECTION CERTIFICATE

CUSTOMER :UNTFIED ALLOYS

ACCORDING TO EN10204/DIN50049/3.1.B
[NVOICE NO: BH079608013

WES SﬁE:hﬁEJMww.bumw.com.tw E-MAILbothwell@aww.bathwall.com.w or box@mail bothwall, com tw

ORIGIN: TATWAN
DATE: 11/14/07

CBRT NO:72746 ORDER NO: EP-63527 LIC  NO: PAGE: 6
BOTH SPECIPICKTION:
TN RAM MATERTAL | gy DESCRIPTION qunvmry 1% 4R
HBAT NO.
HT.CD
DIMENSION
095 |3w356 N942 [FULL CELG 3/4" 3000# NPT 100PC prsuE 816, u 2005
096 |owi77 N941 (RULL CPLG 1" 3000# NPT 100BC
097 J3w278 N936 JRULL CPLG 1"x3-1/2"L 30004 NPT S0¥C g
098 Jow1s1 N926 [FULL CPLG 1-1/4" 3000# NPT 255C [ pa GO0
099 [owW1ds N923 [FULL CPLG 1-1/2° 3000# NPT 100PC
100 {oW175 N939 |45D ELBO¥ 1/2" 30008 NPT , 10PC
101 |ps-1488 N9O4 [45D ELBOW 3/4° 30008 NPT {0FC
ﬁm CHEMICAL COMPOSITION (%)
C 8i ¥ P S Ca’ Cr Ni Mo Y Ch{Nb) | N
Min | - - - . . .| 18.000 | 8.000 - X
Max { 0.030 { 1.000 { 2,000 | 0.045 | 0.0%0 « | 20,000 { 13.000 . . 0.100
095 | G.020 | 0950 [ 1.770 | 0.028 | 0.028 - 18.120 | &.180 - 07100
09 | 0.030 f 0.230 | 1.850 | 0.029 | 0.028 . 18.150 ! 8.180 . . 0.100
097 | 0.020 | 0.310 | 1.830 | 0.029 | 0.030 ; 18.160 | 8.190 | - . 0.100
098 { 0.020 | 0.280 | 1.870 | 0.028 | 0.029 ; 18,240 { 8.200 . - - 0.100
099 | 0.030 } 0,270 | 1.870 | 0.028 | ¢.028 . 18.240 | 3.200 . - 0.100
100 | 0.0%0 [ 0.260 | 1.840 | 0.025 | 0.028 - | 18,140 | 8.120 . 0.100
100 | 0.022 | 0.330 { 1.850 | 0.040 | 0.024 . 18.080 | 8.080 ; . 0.094
MECHANICAL TEST Remark:
- SOLUTION TREATED : 1040°C ¥,
Tensile | Yield Bton- | Rof A | Hardness [CONFORMS TO NACE MRO175-2003
Strength | Strength | Gation STEHL wég PROCESS : BLECTRIC FURNACE
&sD | &S | @y %) (i [EROR
Min | 75.0 30.0 30.0 50.0 .
Max . - - - 235
WS 8.0 1 ah0 9.4 98T T IO g CRRTIFY THE ABOVR MENTIONBD FITTINGS HAVE BEEN
096 84.2 35.5 64.6 75.8 156 MANUFACTURBD AND TESTED TN ACCORDANCE WITH THE
097 88.2 43.6 58.8 74.9 171 SPECIFICATICNS SHOWN
098 | 2.1 37.8 61.0 72,7 155 '
09 | 83.2 9.7 | é6.2 | 6.2 152 J”C‘Aﬂ—— c.c
100 81.3 36.1 65,4 76.3 161 0.C. Ao mbl’b(;fbﬂ
101]  87.4 42.2 57.8 75.4 170 SHENG CHENG LEE CHUN CHIEH RUANG
) BW-D0d3% REV:O .
WITR VERIFICATION STAMD "
, DATE: S3880. L% L ... REVIEWEBY: M,
T‘&Q@\&“ﬁ CONFORMS TOASME§ ] B EDITION fABDENDA: -éi :2 :
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G.L.M. INDUSTRIES L.P.

SECTION 4

WELD PROCEDURES



WELDING PROCEDURE SPECIFICATION NO.: 1-1-051A (Rev.2)
WELDING PROCEDURE QUALIFICATION RECORD NO. (S): __1-1-051-2
QUALIFIED FOR '

Restricted Applications: %660 A alded

Base Metal (Typlcal) E Qmung 18 ZI < aa age

_wmmmmm&mm
Processm) SMAW Weld Types: _GROOVE & FILLET
Paosition: ALLEQ&IJ]QNL_ Dlameter: ___ALL DIAMETERS _

. Filler Metal:

BASE METAL CONDITIONS & GROOVE THICKNESS RANGE QUALIFIED:;
NOTCH TOUGHNESS APPLICATIONS TO -46°C AS WELDED

BASE METAL THICKNESS RANGE t0.0.500 in

COMBINED DEPOSITED WELD METAL THICKNESS |

ASME SECTION IX — 127mm (0,500 In) maximum
PROVINCIAL REGISTRATION

Prapared By Ludwig & Associates Lid. Page 1 of 7



QW-482 WELDING PROCEDURE SPECIFICATION (wWpPs)

G.LM. Industries L.P,
Waelding Procadure Spaclﬂcatlon No, __1J_Q$_‘|A_(ng,g)____ Date __Eabmam_ga._zg_QL

Revigion(s)

Supporting PQR'No. (s) _ o 1-1-051-2
Welding Process'{es) _SMAW Type(s) ___Manual

JOINTS (QW-402)
Joint Design A

Root Opaning A ar ed tvbica * ; ; : .' “:;;- :'." r :'- ;_7 B
Backing !M;h 9[ wﬁhgm Retalners . Not rggg[[gﬁ_

BASE METALS (QW-403)
P-Number
Thlckness Range: Groove
Flilet
Plpe Diameter Ranges: Groove
Fillet

—Dlldiameters
Depolted Weld Metal (Per Pass) __12.7 mm (0.500 [n.) maximum

FILLER METALS (QW-404) SMAW - SMAW |

Spacification No. (SFA) SFA §,1 SFAG.1
AWS No. (Class) £6010 E7018-1
F-No. F3_ F4

A1

A-No. Al

Size mumum__a@zmmmmmﬂ__

Deposited Weld Metal Thickness Range

Graove 40mm(0.188 in)max. 7.9 mm(Q.312[n)max, .
All fillet sizes Al fillet sizes

Fillat

POSITION (QW-405)

Pasltion of Groove A[] pggmgng Positionof Fillet __Allposgitions
Weld Progression __._____F3: Vertical down E4: Vertical down
PREHEAT (QW-4086) '

Preheat Temperature (MInImurﬁ) 10°C (50°F)
interpass Temperature (Maxlmum) ____ae_o_gﬁqg"F)

Preheat Malntenance 10° prior to

Prepared By Ludwlg & Assoclates Lid. : Page 20f7



WPS No. __1-1-051A (Rev,2)

POST WELD HEAT TREATMENT (QW-407)

Temperature Range N/A Time Range NA_
ELECTRICAL CHARACTERISTICS (QW-409)

Current __ Direct _ Polarity ___Reverse, electrode positive
Amps ~SeoTebla#1 _ Volts ____ See Table#l

Maximum Heat Input _ :
‘ Base Metal Thickness Range E6010 Elaectrode ‘ E7018-1 Electrode
0.125 - 0.500 in. 17,770 Jiin. : 20,210 Jiin.

TECHNIQUE (QW-410)

String or Weave _E6010: Either E7018-1; Either . Travel Speed —S0eTablo#l

Initial & Interpass Cleaning Brus [ ] Of ¢ as requlred

Mathold of Back Gouging ____._Alr carbon are, back-grind es required.

Muitiple or Single Pass Per Side ___F3; Either __F4; Muitiple _
: Not permitted S

Peening

TABLE 1 - WELDING PARAMETERS

Process | Filler Metal Diameter { Current Type] Amperage: Voltage Travel Spead
min (in, & Polarity Range Range _mm/min.(.p.m.
SMAW | E8010 2.4 (3/32) _DCRP 40 - 100 18-28 | 62-300(2.5-12)
SMAW | _E6010 3.2 (1/8) - DCRP €0 - 140 19-30 88 - 350 (3.9 - 14)
SMAW E6010 4.0 (5/32) DCRP 90 - 225 21-3 182 - 400 (6.4 - 18)

| “SMAW | E7018-1 |24 (3732) DCRP_ | 80-110 18-24 | 82-300(3.2-12)
__SMAW | __E7018-1 | 3.2 (1/8) DCRP 90 - 180 18- 26 123 - 360 (4.8 - 14)
|__SMAW | E7018-1 | 4.0 (5/32) DCRP. 130 - 220 16-28 | 187-400(7.4-16)
SMAW | E7018-1 | 6.0(3/16) | DCRP. | 200-800 | 20-30 | 302-800(11.0- 20)
SMAW | E7018-1 | 6.5(7/32) | __DCRP 40 - 340 20-32 | 3827560(14.3-22)
__SMAW T E7018-1 | _ 6.4 (1/4) DCRP 275 - 380 21-32 | 436-880(17.2-22)

Note: Wéldlng parameters shall be adjusted to insure that the maximum heat lnpdt value specified in
QW-4089 above Is not exceeded. _ Heat input (Jin.) = X
- Trave! Speed (ipm)

Preparad By Ludwlg & Associates Ltd. : Page 3of7



™\

S| N

> |" 316 +. alE .

Figure 1
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Figure 4
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WPS No. __1-1:051A (Rev.2)
TYPICAL JOINT DESIGNS
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Figure 2
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Figure 3

Single Square Butt with Backing Strip Double Square Butt
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Figure 11

Single J Buit with Backing Strip
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Figure 6
Double Vee Butt
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Figure 9
Pouble U Butt
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Figure 12
Double J Butt
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Figure 13
Single Bevel Buit

Figure 14

-I'-ﬂi 318 +- 318 In

Single Beve] Butt with Backing Strip

Or as per the joint design on the approved construction drawing.

Prepared By Ludwig & Assoclates Lid.
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Figure 16
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QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

- G.LM. Industrles LP. . '

Procedure Qualification Record No. 1-1-051-2 Date _December 15. 2008
- Welding Procedure Specification No. ______1-1-051A (Rev.2)

Welding Process(es) _SMAW Type(s) Manual
JOINTS (QW-402) , o

Type Butt joint, sinale vee groove, sea next page

BASE METALS (QW-403)

Matorial Spec. . SA516108A518 . Type orGrade .......QL.G.O.IO.QLZO......_

P-No. _P1 _Gip.1 ToP-No. __P1 Grp.2 __ Thickness _____mzmm_(g,ggg_mg___
. Diameter NIA ‘ Other Plate Product Form

FILLER METALS (QW-404)

Specification No. (SFA) SFA 5.1 SFAB.1

AWS No. (Class) E6010 E7018-1

Filler Metal F~No. F3 F4

Filler Metal A-No. A1 ' Al ‘

Size of Electrode
- Deposited Weld Metal Thickness __Zﬂﬁ.mmﬂ&&iln.l___wmm,l_____

POSITION (QW-405)

Position of Groove 3¢

Weld Pragression : Vertical Down

PREHEAT (QW-406)

Preheat Tempsrature ____ 10°C (60°F) _  Interpass Temp. (Max.) ___232°C (450°F)

POSTWELD HEAT TREATMENT (QW-407)

Temperature N/A . Time N/A

ELECTRICAL CHARACTERISTICS (QW-409)

Current Polarity ___Reverse elecirode positive _

Amps §.§9.D§KLD.§99___ Volts ____Seenextpege =

Heat Input F3:_17.770 Jfin, maximum F4: 20.210 J/in. maximum._

TECHNIQUE (QW-410) - |

String or Weave Both Trave! Speed _____Seenextpage

‘Multiple or Single Pass Per Side ____Multlole

Preparad By Ludwig & Assoclates Ltd. Page 50f7



PQR NO.

1-1-064-2_
ao°
0.2491n,
M6 in.
Note: Pass #1 weldad from backsids followed by grinding out groove side to
sound metal and depositing passes #2 to #4,
| - Diameter Current & | Amperage | Voltage Travel Speed
Pass | Pracass | Filier Metal mm (in.) Polarity Range Range mmimin (i.p.m.
1 SMAW .| EB010 4.0(56/32) | DCRP 100-115 24 -28 231 (8.1)
2 SMAW | E7018-1 [ 3.2 (1/8) DCRP 140-148 | 22-24 264 (10.4)
3 SMAW | E7018-1 3.2 (1/8) DCRP 128132 | 21.23 254 (10.0)
4 SMAW E7018-1 3.2 (1/8) DCRP 136-145 | 22-24 243 (0.6).

Prepared By -Ludwlg & Assoclates Ltd.
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PQRNO. __1-1-051-2
TENSILE TEST (QW-150)
Specimen | WIdth™ | Thickness | Area | Ulimate | Uliimate Charactor &

No. mm{in.) | mm(n) | Sq.mm Load Stress . Fracture Location

{Sq. in.) | N (Ibs. MPa {psi)

T1 - 181 652 | 106 85 284 624 .___Partial Cup & Cone

ﬁ {0.762) - {0.217) (0.163) | (12,400) | (76,100} | Parent Matal {SA 516 Gr. 60)

T2 19.2 §.61 108 63 178 503 Partlal Cup & Cone

: (0.766) (0.217) | (0.164) | .(12,000) | (72,900) Weld Metal

GUIDED BEND TEST (QwW-160)

Type & Figure No. Resul 8 & Figure No. Result
QwW-462.3a, TRB - R1 Pags QW-462.3a, TFB - F1 Pass
QW-462.3a, TRE - R2 Pass _QW-462.3a, TFB - F2 Pass

CHARPY IMPACT TOUGHNESS -
Type of Test Charpy V Noteh - Orlentation Transverse
Test Temperature __ -48°C {-58°F) Specimen Size 10X 5.mm
Specimen No. No,l_q_li_ Looatlon Impact Values_J (. lbs}
B2.1 Wald Metal 16.6(12.2)
822 Weld Metal 25.8 (18.0)
B2.3 __Waeld Metal 44.7 (33.0) -
B3.1 P{Grp.1- HAZ 69.4 (61.2)
B3.2 P1Grp,1 - HAZ. 95.5 (70.4)
_B33 P1 Grp. 1~ HAZ 108 (79.4)
B4, 1 P1Gm2.-HAZ 90:8 (67.0)
B4.2 P1Grp.2- HAZ 101(74.2
84.3 P1 Grp.2 - HAZ 107 (79.0)
OTHER TESTS

Welders Name Wilber Davie Stamp No WD

Tests Conductad By Ludwlg & Assoclates Lid.

Laboratory Test No. _ 06-1

We certily the statements in this record are correct and that the test welds were prepared,
welded and tested In accordance with the requiraments of Section IX of the ASME Code.
u

Manufacturer . M. | 3.

Signed

Date ”farr /fﬁ 7
7 - —

Prepared By Ludwiy & Assoclates Lid. Page7of 7
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LABORATORY TEST REPORT
CUSTOMER: G.L.M. Industries L..P. ‘Laboratory Test No.: E06-1029.2
1508 - 8 Straet . Date: January 9, 2007
Nisku, AB -
TOE 786
Attention: Wilber Davie
PGR No.: 19-081-2 o _
Material: SA 516 Gr. 60 to SA 516 Gr. 70
Thickness: 6.32 mm (0.249 In.)

Thermal Condltion; As Welded

TENSILE TEST QW-150

SAMPLE NUMBER T Qw-482.1(a) T2 . QW-462.1(a)
WIDTH mm (in.) 191  (0.752) 19.2 (0.758)
THICKNESS mm (In.} 552 {0.217) 851 - (0.217)
AREA sq. mm (sq. In.) 106 (0.183) - 108 {0.164)
ULTIMATE LOAD N (lbs) - 55284  (12,400) 63178  (12,000)
UTS MPa (psi) 524 (76,100) 503 (72,900)

" FRACTURE TYPE Partiat Cup & Cone - Pariial Cup & Cone
FRACTURE LOCATION Parant Metal (SA 616 Gr. 60) Weld Metal

GUIDED-BEND TEST QW-160

SAMPLEWIDTH: 38.1mm (1.60in,) SAMPLE THICKNESS:  6.32mm (0.249In.)

PLUNGER SIZE: 22.2mm (0.878in.) YOKE SiZE: 41.1mm (1.62in.)
QW-462.3(a) Face Bend Root Bend Face Bend Root Bend
SAMPLE NUMBER(S) F1 R1 F2 R2

RESULTS Pass Pass Pass Pass

Wae certily the test results in this repart and that the specimen(s) were prepared and tested In accordance with the
requirements of ASME Seclion IX, 2004 editlon and latest addenda. Material Information has been provided by
the Customer whose name appears on this report, : '
' Samples associated with this report ” be discardad in 30 days,

Laboratory Test Conducted By:

Natashua Colller, C.E.T.
4027 - 14 Straet, S.F., CALCARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169 Fage TR
7925 Davles Road, EDMQONTON, ALBERTA T6E N1 PHONE: (780) 468-31030 FAX: (780) 468-3032



LUDWIG & ASSOCMTES LTD.

MatenalsandWedmgConsulting o

LABORATORY TEST REPORT
- CUSTOMER: G.L.M, Industries L.P. : Laboratory Test No.: E06-1029.2
1608 - 8 Sireet Date: January 2, 2007
Nisku, AB :
TOE 786
Attention: Wilber Davie
PQR No.: 1-1-051-2
Material: SAG160Cr.860to SAB16 Gr. 70
Thickness: 8.32 mm (0.248 in.)

Thermal Condition: As Welded

NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-Notch ‘ORIENTATION: Transverse
TEST TEMPERATURE: -48°C (-66°F) SPECIMEN SIZE: 10 x5 mm
Specimen | Notch - impact Values
Number Location ___Joules (ft.Ibs)
B21 Weld Metal within 1/18" of root 16.6 (12.2)
B2.2 Weld Metal within /16" of root 25.8 {19.0)
B2.3 Weld Metal within 1/16" of root 44.7 (33.0)
B3.1 Gr. 80 - HAZ 69.4 (81.2)
B3.2 Gr. 60 - HAZ : 85.6 (70.4)
B3.3 Gr. 60 - HAZ 108 (79.4)
B4.1 - Gr. 70- HAZ 909  (67.0)
B4.2 Gr, 70 - HAZ 101 (74.2)
B4.3 , Cr. 70 - HAZ 107 (79.0)

We certify the test rasults In this report and that the specimen(s) were prepared and tesled in accordance with the
raquirements of ASME Section VIII, Div. I, UG-84 - 2004 edition and lalest addenda. Materlal information has
heen provided by the Customer whose name appsars on this reporl.

Sampfos essociated with ¢thls report willfe discarded In 30 days

Laboratory Test Conducted By:
' - Natashua Collier, C.E.T.

4027 - 14 Steeat, 5.€, CALGARY, ALBERTA TG 3K6 PHONE: (103) 262-7072  FAX: (403) 266-3169 Pago 1 of 1
7925 Davies Road, EDMONTON, ALBERTA T6E 4N1 PHONE: (780} 468-5030  FAX: (760) 468-3032



LABORATORY TEST REPORT
CUSTOMER:  G.L.M. Industries L.P. B Laboratory Test No.: E06-1020.2
1508 - 8 Street Date: January 9, 2007
Nisku, AB '
TOE 786
Attention: Wilber Davie
PQR No.: . 1-1-061-2
Materlal: SA518Gr.60t0 SA516 Gr. 70
Thickness: 6.32 mm (0.249 in.)
Thermal Condition: _As Welded
HARDNESS TEST
TYPE OF TEST: Vickers | LOAD:  10kg

INSTRUMENT TYPE: Leco V-100-C1

Thi™ 7 ‘
L Y e o/g 10°
dmm_ 12/
/
Midwall ~ ¢ oy 18
%nm": «22 _ 28 *
8A518Gr. 70 SA 518 G, 60

1) 164 HV 7) 171 HV 18) 179 HV 19) 167 HV 2B) 169 HV
2) 188 HY 8 203HV 14) 1B1HV 20) 171 HV  26) 168 HV
3 182HV Q) 199 HV 15) 173 MV 21) 180 HV  27) 181 WV
4 175 HV  10) 186 HV 16) 172 HV 22) 165 HV  28) 168 WV

' 6) 185 HV  11) 173HV  17) 166 HV  23) 169 HV ° 20) 160 HV
6) 162 HV 12) 190 HV  18) 176 HV  24) 180 HV '

Wae certlly the test results in this report and that the specimen(s}) were praparsd and tested In accordance with the

requirements of ASTM F92-82 (Reapproved 2003). The Information regarding material ldentification (lo. size,

{hickness, heat numbsr, etc.) has been providéd by the ouWer whose name appears on this report, ’
|

Laboratory Test Conducted By: ; f/( e
- Natashua Colller, C.E.T.
4027 - 14 Streat, S.E, CALGARY, ALBERTA T2G3K6 PHONE: (403) 2627072 FAX: (403) 266-3169 Page 1 of 1
7925 Davies Road, EDMONTON, ALBERTA T8E dNJ PHONE: (780} 468.3030 FAX: (780) 4663032




WELDING PROCEDURE SPECIFICATION NO.: ' —2-1-129A (Rev.2)

WELDING PROCEDURE QUALIFICATION RECORD NO.(8): 2-1-129-1, 2-1-129-4
2:1-129-3

QUALIFIED FOR

Restrictod Applications: __ APl 12D, 12F, 620 & 850 Welded Storgge Tank Fabrication
Base Metal (Typical): P1 Groups 1 & 2 to P1 Groups 18 2

(SA 333 Gr.6, SA 350 Gr.LF2, SA 420 WPL6, SA §16 Gr.70 efc.)
Process(es): SAW : Weld Types: _GROOVE & FILLET
Position: FLAT & HORIZONTAL Diameter: ALL DIAMETERS

Filler Metal: F7A2-EM12K
BASE METAL CONDITIONS & GROOVE. THICKNESS RANGE QUALIFIED,

NOTCH TOUGHNESS APPLICATIONS TO -29°C AS WELDED
BASE METAL THICKNESS RANGE ..4.810 38,1 mm (0,188 {0 1.50Q in.} Inclusive

COMBINED DEPOSITED WELD METAL THICKNESS
ASME SECTION IX — 38,1 mm (1.50 in.) maximum

SAFETY CODES ACT - PROVINCE OF ALBERTA
WELDING PROCEDURE

2. N0, WP ,..cvcmucnisans K Bt B
8pe0. Mo Al o)A A REVR Do

Wkt Process,, ... e .,S. ....................................
Mat. Gr. PNo L GYLLZ... topﬂml...f?.ﬁi!.:l.z. ......

Bteo, Gr. F No., é ...... ANo,

™. Qual, ro:'-b,ho 3T TYUR RN 1 o .
Vo= 24%

wmam...ﬁ.m&?@aﬁ . aiciets,
v, M004,..08y2 S

PROVINCIAL REGISTRATION

Pege 1 of 14

Prapared By Ludwlg Assoclates Ltd.




QW-482 WELDING PROGEDURE SPECIFICATION (WPS)

G ..M, INDUSTRIES L..P.

Company Name

Woeiding Procedure Specification No, 2-1-129A (Rev.2)  Date

Revision(s) __Rev.2: Essential - addition of PQR# 2-1-129-4, deletion of PQR# 2»1 129-2.

Rev.2: Non

antial - updated to latest ¢

uirements.

WPS No. formerly 2-1-129A (Rev.1)

Supporting PQR No.(s)

2-1-129-1, 2-1-129-4, 2-1-129-3

Welding Process(es)

SAW Type(s) Machine

JOINTS (QW-402)

Joint Design All ASME groove 8, fillet, reference construction drawing for joint details,
Where joint detalls are not specified, refer to figures 1 to 15 attached. .

Root Opening As per attached typical aroove degigns, see figures 1 to 15 attached

Backing With or without Retainers Not reguired

BASE METALS (QW-403)

P-Number P1 Groups 1 & 2 To P-Numher P1Groups 1&2

Thickness Range:  Groove See cover page for thickness qualified by governing code
Fillet All base metal thicknesses

Pipe Diameter Ranges: Groove All diameters

Fillst All diameters

Deposited Weld Metal (Per Pass) _ 12.7 mm (0.50 In.) maximum

FILLER METALS (QW-404) SAW

Spacification No. (SFA) SFAB.17

AWS No. (Class) F7AZ-EMA2K

F-No. EG_.

A-No., At

Size 5/64 to 3/16 in. inclusive

Supplemental Filler Metal Without

Wire Trade Name & Designation
Flux Trade Name & Deslgnation
Flux Type

Lincoln Electrlc L61 wire

Lincoln Electric 860 flux

Neutral

Recrushed Slag

st be lestod a

ection 1, P FA 5.17 raments

Deposited Weld Metal Thickness Range:

38,1 mm (1.50 in.) max.

‘Groove

Fillet All fillet sizes

POSITION (QW-405)

Position of Groove Flat & Horizontal Position of Flllet Flat & Horizontal
Weld Progression N/A

PREHEAT (QW-406)

Preheat Temperature (Minimum) ___ See attached prehaat sheet

Interpass Temperature (Maximum) 232°C (450°F)

Preheat Maintenance _See altached Qrehegt sheet prior to welding. Preheat maintenance is
not required if welding is interrupted or after the completion of welding
untess requlired by the code of construction.

Prapared By Ludwig Associates Ltd. Page 2 of 14



WPS NO. _ 2-1-129A (Rev.2)
POST WELD HEAT TREATMENT (QW-407)
Temperature Range N{A Time Range
ELECTRICAL CHARACTERISTICS (QW-409)
Current Direct Polarity Reverse, electrode positive
Amps Ses Table #1 Volts See Table #1
Maximum Heat Input
Base Metal Thickness Range SAW

0.188 - 0.374 in. 27,477 Jfin,

0.375 - 0.624 in. 33,150 J/in,

0.625 - 1.50 in, 46,500 Jfin.
TECHNIQUE (QW-410)

String Travel Speed See Table #1

String or Weave
Contact Tube to Work Distance

Initial & Interpass Cleaning Brushing, chipping or grinding as required

Method of Back Gouging Air carbon arc, back-grind as reguired
Qsclllation N/A

Ciosed to Qut Chamber N/A

Mulliple or Single Pass Per Side Multiple

Multiple or Single Electrodes Sinale

Peening Not required

Use of Thermal Process IN/A

12.7 mm (0.50 in.) to 38.1 mm (1.50 in.)

TABLE 1 - WELDING PARAMETERS

Process Filler Metal Diameter| Current Typel Amperage] Voltage Travel Speed
mm (in.} { & Polarity Range Range mm/min (i.p.m.)
SAW F7A2-EM12K | 2.0 (6/84)] DCRP 200-450 | 265-32 164 - 760 (6.5 - 30)
SAW F7A2-EM12K | 2.4 (3/32)] DCRP 260-600 | 25-33 205-812 (8.1 - 32)
SAW F7AZ-EM12K | 3.2 (1/8) DCRP 300-600 | 26-34 256 - 890 (10.1 - 35)
SAW F7A2-EM12K | 4.0 (5/32)] DCRP 400-700 | 26-34 341 - 1015 (13.5 - 40)
SAW F7A2-EM12K | 5.0 (3/18)] DCRP 500~ 1000] 28-38 459 - 1270-(18.1 - 60
Note: Weiding parameters shall be adjusted to insure that the maximum heat input value specified in
QW-409 above is not excesded. '
Heaf Input {oules per inch) = (Amperage X Valtage X 60) / Travel Speed (inches per minute)

Prepared By Ludwig Assoclates Ltd,

Page 3 of 14



WPS NO. __ 2-1-129A (Rev.2)

TYPICAL JOINT DESIGNS

T\, | ;—f——\

e

S e

I I"" 3118 +/- 316 In. b~ 14 +- 4 1n.

TN

)

g

I

fe-ane 4318 1.

Figure 1 Figure 2 Figure 3
Single Square Butt Single Square Butt with Backing Strip  Double Square Butt
G187 Ny 80241-15 ° T\ AP
TN/ SN[ % s\ 3
- | —J
| F—ame w26 in. ~o-f }o- aria st e, «3 |-"3I165tl-sl1sln.

Figure 4 Figure & Figure 6

Single Ves Butt Single Vee Butt with Backing Strip Double Vae Butt

Radius 18 1n. Racdiug 1/8%n.
+- 11181, + 116 ln. .
60° +-20° 60° 4:20°

T N % /

¢

= " 918 +- 316
| lq- =t M6 +-3161n,

Figure 7 Figure 8

Single U Butt Single U Butt with Backing Strip

Radius (/8 4n} Reius 18 in. >_
+- 416 n. +- {6 .
20° 4. 10° 20° 4-10°

Radlus 178 n,

+- 1116 In,
50%4. 20°
Typleal

S

T

Flgure 9
Double U Buit

Radius 1/8 In.
+f- 118 In, >

209 4 10°
Typeal

|""‘&'1B - 316,

|

Y I 2 SN

¢ 3

p ¢

| |-ane 31161 C | Jesne e aien.

Figure 10 Figure 11

Single J Butt Single J Butt with Backing Sirip

] f-ane w-amam.

Figure 12
Double J Butt

40%-20° ;
Typtoal

' o o
w200 ) 40%4-20 ;

¢S

)

ke

TN R S

Figure 13 Figure 14

Single Beve! Buft Single Bevel Butt with Backing Strip

Or as per the joint design on the approved construction drawing.

Prapared By Ludwig Associates Ltd.

| f=-att6 «t-3n16 . -I'-Tli 6 +- 318 In,

|

Figure 15

=~ 8/16 +- 3116 In. -

Double Bevel Buit

Page 4 of 14



WPS No. 2-1-129A (Rev.2)

PREHEAT
P-No. 1

1. Welds joining presé.Ure parts or attachments shall be prehaated to not less than the
minimum preheat temperatures stated in paragraph 5.

2. The preheat temperature shall be maintained during welding.

3. If welding is interrupted, the weld Joint and adjacent areas shalt be reheated to the minimum
preheat temparature stated in paragraph 5, prior to the start of welding.

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

5. Minimum preheating temperatures shall be as follows:

NOMINAL WALL THICKNESS MINIMUM PREHEAT TEMPERATURE
Oto32mm (Oto 1.25 In) 10°C (B0°F)
Qvar 32 mm (Over 1.25 in.} 95°C (200°F)

- The preheat zone shall extend at least 76 mm (3.0 in.) beyond each edge of the weld.

Prepared By Ludwig Assoclates Ltd. Page 6 0of 14



QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

Company Name

G.L.M. INDUSTRIES L.P.

Procedure Qualification Record No.
Welding Procedure Spacification No.

Format update & Editorial update,

PQR Revision

2-1-129-1 Date August 22, 2000

WPS No. formerly 2-1-129A (Rev.1), August 6, 2008

2-1-129A (Rev.2)

Machine

Welding Process(es) SAW Type(s)

JOINTS (QW-402)

Type Butt joint, single vee groove, see next page

BASE METALS (QW-403)

Material Spec. SA 36 to SA 516 Type or Grade N/A to Gr.70

P-No. _P1 Grp,1 _ To P-No, P1 Crp.2 Thickness 6,32 mm (0.242 in.)
Diameter N/A Other Plate Product Form mic to 0,249 in,
FILLER METALS (QW-404)

Specification No. (SFA) SFA5.17

AWS No. (Class) E7A2-EM 12K

Fiiler Metal F-No. )

Filler Metal A-No. Al

Supplemental Filler Metal Without

Flux Type Neutral

-Size of Electrode - See attached skeich

Deposited Weld Metail Thickngss

POSITION (QQW-408)
Position of Groove

6,32 mirri (0.249 In.)

16 Weld Progression __N/A

PREHEAT (QW-406)
Preheat Temperature

10°C (50°F)

Interpass Temp. (Max.) 200°C (392°F)

POSTWELD HEAT TREATMENT (QW-407)

Temperature N/A

Time N/A

ELECTRICAL CHARACTERISTICS (QW-409)

Polarity Reverse, electrode positive

Current Direct

Amps See next page Volts See next pade
Heat Input FG: 27 477 Jin. maximur :

TECHNIQUE (QW-410)

String or Weave String Travel Speed __See next page
Multiple or Single Pass Per Side Muitiple

Muitiple or Single Electrodes Sinale

Prepared By Ludwig Asgoclates Ltd.

Page 6 of 14



 45°

PQR NO.

< 7‘/

\/

_L

2-1-129-1

0.249 n.

1/8 i |n
Pass | Process | Filler Metal Dianeter Current' & | Amperage | Voitage Travel Speed
rom {in.) | Polarity Range Range mm/min (i.p.m.)
All SAW | F7TA2-EM12K | 2.4 (3/32) | DCRP 325 31 5569 (22)
Prepared By Ludwig Assoclates Ltd, Page 7 of 14



POR NO, 2-1-129-1

CHARPY IMPACT TOUGHNESS

Typoe of Test Charpy V Notch Orientation : Transverse
Test Temperature __ -54° C (-86° F) Specimen Size 10X 4 mm
Specimen No. Notch Location Impact Values _J (ft. lbs)
A2.1 Waeld Matal within 1/16 in. of root 20.3 (15.0)
A2.2 Weld Metal within 1/16 In. of root 21.7 (16.0)
A2.3 Weld Metal within 1/16 in, of root 21.7 _(16.0)
A3, 1 SA 36« HAZ ‘ 8.5 (7.0)
A3.2 ' SA 36 - HAZ. 231 (17.0)
A3.3 - SA 38 - HAZ o 18.0 (14.0)
Ad.1 Gr. 70 - HAZ 13.3 (9.8)
Ad.2 Gr, 70 ~ HAZ 13.8 (10.0)
Ad.3 Gr. 70 - HAZ 13,6 (10.0)
OTHER TESTS

. Rockwell Hardngss - sge attached laboratory test report

Welders Name Cliff Debrule Stamp No. cD
Tests Conducted By ngwtg & Agsogia:gg ng

Labbratory Test No. __~~ E00-888:1

We hereby recertify that the statements In this record have beén revised in accordance with
Paragraph QW-200.2 and that the test welds were prepared, welded and tested In accordance
with the requirements of Section IX of the ASME Code.

Manufacturer G.L.M INDUSTRIES L.P.

Date ____0B8/12/08

Page 8 of 14
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QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

Company Name G.LM. INDUSTRIES | P,
Procedure Qualification Record No. 2-1-129-4 Date August 7, 2008
Welding Procedure Specification No. 2-1-129A (Rev.2)
Welding Process(es) SAW Type(s) Machine
JOINTS (QW-402)
Type Butt joint, single ves groove, see next page
BASE METALS (QW-403)
Material Spec, SA 516 to SA 516 Type or Grade Gr.601o Gr.70
P-No. _P1_Grp1d To P-No. P1 Grp.2 Thickness 9.52 mm (0.378 in.)
Heat Number 207420 - 65196 Carbon Equivalent _0.36 %
Diameter N/A Other Plate Product Form
FILLER METALS (QW-404)
Specification No. (SFA) SFA 6.17
AWS No. (Class) FIA2-EM12IC"
Filter Metal F-No. ___ F6
Filler Metal A-No. Al
Supplemental Filler Metal Without
Flux Typs Neutral
Size of Electrode _See aftached skelch
Deposited Weld Metal Thickness __9.52 mim (0,375 in.)
Other * Lincoln Electile 181 Wire
* Lingoln Electric 860 Flux
POSITION (QW-405)
Position of Groove 1G Woeld Progression __N/A
PREHEAT (QW-406)
Preheat Temperaiure 10°C (50°F) Interpass Temp. (Max.) ___200°C (392°F)
POSTWELD HEAT TREATMENT (QW-407)
Temperature N/A Time N/A
ELECTRICAL CHARACTERISTICS (QW-409)
Current Rirect Polarity Reverse, electrode positive
Amps See next page Volts See next page

Heat Input F6:_33.150 Jfin, maximum
TECHNIQUE (QW-410)

String or Weave String Travel Speed _Seenexipage
Multiple or Single Pass Per Side Both
Multiple or Single Electrodes Sinale

Prepared By Ludwig Assoclates Lid. Page 9 of 14



PQR NO. 2-1-129-4
| \( 60°
0.375 in.
Pass | Process | Filter Metal Diameter | Current & | Amperage | Voltage Travel Speed
mm (In)) | Polarity Range Range mmimin (L.p.m.)
1 SAW | FTA2-EM12K | 2.4 (3/32) DCRP 300 29 523 (20.8)
2 SAW | F7TAZ-EM12K | 2.4 (3/32) DCRP 300 29 523 (20.6)
3* SAW | FTA2-EM12K | 2.4 (3/32) DCRP 340 30 46¢ (18.5)
4* SAW | F7TA2-EM12K | 2.4 (3/32) DCRP. 340 30 489 (18.5)
" SAW | FTA2-EM12K | 2.4 (3/32) DCRP 340 30 469 (18.6)

Prapared By Ludwig Assoclates Ltd.

* Racorded welding parameters provided by G.L.M. INDUSTRIES L.P.

-

Page 10 of 14




PQR NO, 2-1-129-4

CHARPY IMPACT TOUGHNESS

Typa of Test Charpy V Notch Orientation Transverse
Test Temperature _-46°C (-60°F) Specimen Size 10 X 8 mm
Spacimen No. Notch Location Impact Values J (ft. Ibs)
L2.1 . Weld Metal within 1/16 In, of surface 41.6.(30.6)
L2,2 : Woeld Matal within 1/18 In. of surface | . 27.4 {20.2)
L2.3 Waeld Metal within 1/16 In. of surface _ 20.0 (21.4)
3.1 Gr, 60 - HAZ_ 93.8 (69.2)
L3.2 Gr, 60 - HAZ 87.9 (64.8)
1.3.3 ‘ Gr, 60 - HAZ 83,8 (61.8)
NEX] Br. 70 - HAZ 760 (118)
N3,2 Gr, 70 - HAZ >163 (>120)
N3.3 Gr. 70 - HAZ >183 (>120)
OTHER TE_STS
Vickers Hardness - see attached | atory test report

Welders Name Merlin Grabla ______ Certificate File No. N/A

Tests Conducted By ___ . Associates Lid.

Laboratory TestNo. _____E08-817.2 e

Manufacturer _G.L.MINDUSTRIES L.P.

Dats 8/ 19/08 Signed Cogdtmim

Page 11 of 14
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QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

Company Name _ G.L.M. INDUSTRIES L.P.

Procedure Qualification Record No. 2-1-129-3 Date _August 22,2000
Welding Procedure Specification No. 2-1-129A (Rev.2)
PQR Revision Format update & Editorial update,
WPS No. formerly 2-1-129A (Rev.1), August 7, 2008
Welding Process(es) __. SAW Type(s) Maghine
JOINTS (QW-402)
Type Buit joint. single vee groove, see next page
BASE METALS (QW-403) ,
Material Spec. SA 3610 SAB16 Type or Grade N{A to Gr.70
P-No. _P1 Gtp.1__. To P-No. P1 Grb.2 Thickness 19.1 om (0.750in.)
Diameter N{A " Other Plate Produgt Form
FILLER METALS (QW-404) .
Specification No. (SFA) SFAB.17
AWS No. (Class) F7A2-EM12K
Filler Metal F-No. . F&
Fifler Metal A-No. Al
Supplemental Filler Metal Without
Flux Type Neutra)
Size of Electrode : See aftached sketch
Deépositéd Weld Metal Thickness __19.1 min'(0.760 1.)
POSITION (GW-405)
Posttion of Groove 16 Weld Progression __N/A
PREHEAT (QW-406)
Preheat Temperature 10°C (50°F) Interpass Temp. (Max.) ____200°C (392°F),
POSTWELD HEAT TREATMENT (QW-407)
Temperature : N/A Time N/A
ELECTRICAL CHARACTERISTICS (QW-409)
Current Direct Polarity Reverse, electrode positive
Amps See next page Voits ______ See next page
Heat input F6. 46.500 J/in, maximum
TECHNIQUE (QW-410)
String or Weave String Travel Speed _ See next page
Multiple or Single Pass Per Side Multiple
Muitiple or Single Electrodes Single

Preparad By Ludwig Assoclates Ltd, Page 12 of 14



(

N\

PQR NO.

2-1-129-3

/ .

g 0.750 in.

1/8 in. —JA
Pass | Process | Filler Metal Diameter | Current & 1 Amperage | Voilage Travel Spaad
mm (in.) | Potarity -Range Range mm/min {.p.m.)
All  SAW | F7A2-EM12K | 2.4 (3/32) | DCRP 425 31 432 (17)
Freparad By Ludwig Asscciates Lid, Page 13 of 14



PQR NO, 2-1-129-3

TENSILE TEST (QW-150)
Speciman Width Thickness Area Uitimale | Ultimate Character &
No. mm (in.) | mm{in) | Sq. mm Load Stress Fracture Location
(Sg.In) | N(bs) | MPa (psi) ‘

T 19.0 16.0 304 160 200 527 Partial Cup 8 Cone___ |
{0.748) | (0.630) (0.47%) | (38,020) | (78,400) | Parent Metal (SA 616 Gr, 70

T2 19,0 - 16.0 . 304 15 500 526 Parilal Cup & Cone
(0.748) (0.630) (0.471) | {35,900) | (76,100) Parent Mstal (SA 36)

GUIDED BEND TEST (QW-160)

Type & Figure No. Result Type & E@re No. Result
QW-462.2, TSB - 81 Pass QW-462.2, TSB - §3 Pass
QW-462.2, TSB - S2 Pass QW-482.2, TSB - 84 Pass

CHARPY IMPACT TOUGHNESS

Type of Test Charpy V Notch Orlentation Transverse
Test Temperature __-46° C (-B0° F) Specimen Size 0X 10 qm
Spacimen No. MNotch Location Impact Valdes J (it Ibs)
C2.1 Weld Metal within 1/16 in. of root 33.9 (25.0)
Cc2.2 Weld Metal within 1/18 In. of root 34.2 (25.2)
€23 ] Weld Metal within 1/16 In. of root 410 (30.2)
C3n SA 36 - HAZ 20.3 (16.0
Cca.2 SA 36 - HAZ 38.2 (282
C3.3 SA 36 - HAZ 31,2 (23.0)
(K] Gr, 70- HAZ ‘ 166 _(114)
C4.2 Gr. 70 - HAZ 121 (89.0)
C4.3 Gr. 70 - HAZ 115 (86.0)
OTHER TESTS
Rockwell Hardness - see attached laboratory test report
Welders'Name Cliff Debrule Stamp No. _cD
Tests Conducted By Ludwig & Associates Itd. _

Laboratory Test No., E00-598.3

Wa hareby recertify that the statements in this record have been revised in accordance with
Paragraph QW-200.2 and that the test welds were prepared, welded and tested in accordance
with the requirements of Saction IX of the ASME Code.

Manufacturer G.L.M INDUSTRIES L.,P,

Date 8//?/08 LI o=

W

Prapared By Ludwig Assoclates Ltd. Page 14 of 14




LUDWIG & ASSOCIATES L.

" Materials and Welding Engineering

LABORATORY TEST REPORT

CUSTONMER:  GLM Tanks & Equipment Laboratory Test No.: E00-508.1
1508 — 8 Strest Date: August 22, 2000
Nisku, Alberta _ .
TOE 736
. Attention: ' .Wllbgar Davie
PQAR Number: 2-1-129-1
* Matorial: 5A 36 to SAS516 Gr. 70
Thickness: 6.32 mm (0.249 in.)
Thermal Conditlon: As Welded
NOTCH-TOUGHNESS TEST
" TYPE OF TEST: Charpy V-Notch ORIENTATION: Transverse
TEST TEMPERATURE: -54°C (-65°F) © SPECIMEN SIZE: 10 x4 mm
Specimen ' Noteh Impact Valuas
Number Location Joules (ft.lbs)
A2.1 Weld Metal within 1/16" of surface 20.3 (15.0)
A2.2 Weld Matal within 1/16" of surface i (16.0)
A23 Weld Metal within 1/16" of suiface 21.7 (16.0)
A3.1 " SA 36 ~HAZ 9.5 (7.0)
A3.2 SA 36 - HAZ 23.1 (17.0)
A3.3 SA 36 - HAZ 19.0 (14.0)
Ad .1 Gr. 70 - HAZ 13.3 (9.8)
Ad.2 Gr. 70 - HAZ 13.6 (10.0)
A4.3 - Gr.70- HAZ 13.6 (10.0)

We certify the lest results in this report and that the specimen(s) weré prepared and tested In accordance with the
requiraments of ASME Section Vill, Div. |, UG-84, 1098 edition and latest addenda. The informalion regarding
material identification (l.e. size, thiickness, heat number, efc.) has been provided by the customer whose name

appears on this report.
Laboratory Test Conducted By: 4;4“)_4@«.
Karen Koens, C.E.T.

4027 - 14 Steeet S.E., CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169
7925 Davies Road, EOMONTON, ALBERTA T6F 4NT  PHONE: (780) 468:3030 FAX: (700} 468-3032




LUDWIG & ASSOCIATES v,

" Materials and Welding'l:"j’?z‘a”'“'ﬁ'er in _ |

LABORATORY TEST REPORT

CUSTOMER:  GLM Tanks. & Equiprent Laboratory Test No.: E00-598.1
1508 — 8 Street Date: August 22, 2000
Nisku, Alberta )
TOE 786
Atiention:  Wilber Davie
PQR Number: 2-1-128-1
"Materlal: SA 3610 SA 516 Gr. 70
Thickness: 6.32 mm (0.249 In.)
Thermal Condition: As Welded
HARDNESS TEST
TYPE OF TEST: Rockwall SCALE: B
INSTRUMENT TYPE:  Wilson
TN
4 8
N2 o/
\ /
\ /
1 ’ 6 { 1
/ \
/.3 , ANGAN
SA 38 N’ SAB18GI. 70
1)  73HRB 5) 85 HRB 9) 74 HRB
2) 74 HRB 6) 84 HRB 10) 87 HRB
3) 80 HRB 7) 82 HRB 11) 83 HRB
4) 82 HRB 8) 87 HMRB

d In accordance with the

We certlfy the test results in this report and that the spacimen(s) were prepared and teste
thickness, heat number,

requiraments of ASTM E18 - 98. The information regarding material Identification (l.e. size,
alc.) has been provided by the cuslomer whose nam@ appeears on this report.

Laboratory Test Conducted By:

pra
. L4
Angela Sultanlan/Karen Koens, C.E.T.
4027 - 14 Street S.E., CALGARY, ALBERTA 12G 3K6 PHONE: (403} 262-2072 FAX: (403) 266-316%
7925 Davies Road, EDMONTON, ALBERTA  T6E 4N1 PHONE: (780) 468-3030 FAX: (780) 468-3032



LUDWIG 8 ASSOCIATES v,

" Materials and Welding Engineering

. LABORATORY TEST REPORT
CUSTOMER:  GLM Tanks.& Equipment Laboratory Test No.: E00-588.2
1508 ~ 8 Street ' Date: August 22, 2000
Nisku, Alberta ,
TOE 786
Attention: ' Wi!bgr Davie
PQR Number: 2-1-129-2
Material: SA 36t0 SA516Gr. 70
Thickness: 9.562 mm (0.375 in.)
Thermal Conditlon: As Welded
_ NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-<Notch ORIENTATION: Transverse
TEST TEMPERATURE: -50°C (-58°F) T SPECIMEN SIZE: 10 x 7 mm
Specimen ' Notch impact Values
Number Location Joulgs (it.lbs)
B2.1 Weld Mefal within /16" of surface , 477 (35.2)
B2.2 Weld Metal within 1/16" of surface 49.1 (36.2)
B82.3 Woeid Metal within 1/16" of surface 39.6 (29.2)
B3.1 " 5A36-HAZ 33.9 (25.0)
B3.2 SA 36 - HAZ 16.3 (12.0)
B3.3 SA 36 - HAZ 31.2 (23.0)
B4.1 Gr. 70 - HAZ 16.2 (11.2)
B4.2 Gr. 70 ~ HAZ 13.6 (10.0)
B4.3 Gr. 70 - HAZ 23.6 (17.4)

We ceriify the tast resulls In this report and thet the specimen(s) were prepared and tested in accordance with the
raquirements of ASME Section VIll, Div. |, UG-84, 1998 edition and latest addenda. The informalion regarding

matérial identification (i.e. size, thickness, heat number, otc.}) has been provided by the customer whose name
appears on this report,

Laboratory Test Conducted By: WJ
. ' Kareh Koens, C.E.T.

4027 - 14 Stroat $.€, CALGARY, ALBERTA T2G JK& PHONE: (403) 262-2072 FAX: (403} 566-3169
7925 Davius Road, EDMONTON, ALBERTA  TEE AN1  PHONE: (780) A68-3030 FAX: (780} 468-3032




LUDWIG 8 ASSOCIATES v1v.

* Materials and Welding Engineering

LABORATORY TEST REPORT

GUSTOMER:  GLM Tanks.& Equipment Laboratory Test No.: E00-508.2
1608 - 8§ Strest Date: August 22, 2000
Nisku, Alberta .
TOE 756

Attentlon:  Wilber Davie

PQR Number: 2-1-128.2

Material: - 8A 36 to SA 516 Gr. 70

Thickness: 9.52 mm (0.375 in.)

Thermal Condition: As Welded

HARDNESS TEST
TYPE OF TEST: Rockwell ‘ SCALE: B

INSTRUMENT TYPE:

8A 516 Gr, 70 SA 36
1) B80HRB 8) 90 HRB 11) 84 HRB
2) 88 HRB 7) 88 HRB 12) 85 HRB
3) 90 HRB 8) 80 HRB 13) 73 HRB
4) 89 HRB 9) 886 HRB
5) 90 HRB 10) 85 HRB

We certlfy the test results in this report and that the specimen(s) were prepared and tested In accordance with the
requirements.of ASTM E18 - 98, The information regarding matarlal Identification (Le. size, thickness, heat number,

elc.) has been provided by the customer whose name appears on this report.

Laboratory Test Conducted By: @;ﬁ@g‘
4027 - 14 Street 5., CALGARY, ALBERTA 2ARPABR }cﬁmﬁ%ﬁarﬂﬁ }2’3%965-3:99'5'7’

7925 Davies Road, EDMONTON, ALBERTA T6EANI PHONE: {780} 468-3030 FAX: (780) 468-3032




LUDWIG & ASSOCMTES LTD.

" Materials n E(’ginn —

‘ . LABORATORY TEST REPORT

CUSTOMER: GLM Tanks & Equipment Laboratory Test No,: E00-588.3

1508 - 8 Sireet Date: August 22, 2000

Nisku, Alberta

TOE 786
Attentlon; Wiiber Davie
PAR Number: 2-1+129-3
Materlal: SA 38 to SAB16 Gr. 70
Thickness: 19.1 mm (0.750 in.)
Thermal Conditlon: As Welded

TENSILE TEST QW-150
SAMPLE NUMBER ' T4 QW-482.1(a) T2 QW-462.1(a)
WIDTH mm (in) 19.0 (0.748) 19,0 (0.748)
THICKNESS mim (in) - 180 (0.630) 16.0 (0.630)
AREA sq-mm (sq in) T304 (0.471) 304 (0.471)
ULTIMATE LOAD N (Ibs) 160 200 (36,020) 15500  (35,800)
UTS MPa (psi) 527 (76,400) 525 (76,100)
FRACTURE TYPE Partial Cup & Cone Partial Cup & Cons
FRACTURE LOCATION Parent Metal {(SA §18 Gr. 70) Parent Metal (SA 36)
GUIDED-BEND TEST QW-160

SAMPLE WIDTH: 8,52 mm (0.375In.) SAMPLE THICKNESS: 19.1 mm (0.750 in.)
PLUNGER SIZE: 38.1mm (1.50in.) YOKE SIZE: 60.3mm (2.375in.)
QW-462,2 Side Bend Side Bend Side Bend Side Bend
SAMPLE NUMBER(S) S1 82 83 S4
RESULTS Pass Pass Pass Pass

We certify the test results in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Sectlon IX — 98. The Information regarding materlal Identificatlon (Le. size, thickness, heat
number, efc,) has beaen provided by the customer.whose name appsars on this report, :

Laboratory Test Conducted By: 'mlu/n.’ , ;
! KarenKoens, C.E.T.

4027 « 14 Street .8, CALGARY, ALBERTA 126G 3K6 PHONE: (401) 262-7072  FAX: {403) 266-3169
7925 Davies Road, EDMONTON, ALDERTA  T6E 4NT  PHONE: {780} 468-3030  FAX: (7801 466-3032



Y ALUDWIG & ASSOCIATES L1p.

ter."l Iing--Eninerin T

 LABORATORY TEST REPORT
CUSTOMER: OLM Tanks & Equipment Laboratory Test No.: E00-598.3
: 1508 — 8 Strest Date: August 22, 2000
Nisku, Alberta .
TOE 786

Attention:  Wilber Davie:

PQR Numbaer: 2-1-129-3

Material: SA 36 to SA 516 Gr. 70

Thickness: 19.1 mm (0.750 in.)

Thermal Condition: _As Welded

NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-Notch ORIENTATION: Transverse
TEST TEMPERATURE: -46°C (-50°F) © SPECIMEN SIZE: 103 10 mm
Specimen i Notch Impact Values
Number l.ocation Joules {ft.lbs)

C24 Weld Metal within 1/16" of surface 33.9 (25.0)
c2.2 Weld Metal within 1/16" of surface /342 (25.2)
c2.3 Weld Matat within 1/16" of surface 41.0 (30.2)
C3.1 " 8A36 - HAZ ‘ 20.3 (15.0)
C3.2 SA 36 - HAZ 38.2 (28.2)
C3.3 SA 36 - HAZ 31.2 (23.0}
c4.1 ' Gr. 70 - HAZ 166 (114)
C4.2 Gr. 70 - HAZ 121 (89.0)
C4.3 Gr. 70 - HAZ 115 (85.0)

We certify the test resuits in this report and that the specimen(s) were prepared and tested In accordance with the
requirements of ASME Section VHI, Div. |, UG-84, 1998 edition and latest addenda, The information regarding
matérial {dentification (i.e. size, thickness, heat number, efc.) has been providad by the customer whaose name

appears on this report.

Laboratory Test Conducted By: , %
. Karen Koens, C.E.T.

4027 - 14 §irggl $.€, CALGARY, ALBERTA Y2G 3Ké PHONE: (403) 262-7072  FAX: (403} 2.66«3169
7925 Davies Road, EDMONTYON, ALBERTA  TGE 4NT  PHONE: (760 468-3030 FAX: (760) 468-3032



LUDWIG 8 ASSOCIATES L.

" Materials and Welding Engineering

LABORATORY TEST REPORT

CUSTOMER: OGLM ‘i‘anks & Equipment Laboratory Test No,: E00-598.3
1508 ~ 8 Stroet Date: August 22, 2000
Nisku, Alberta - .
TOE 756

Attentlon: Wilber Davie

PGR Nuwmber: 2-1-129-3

Materfai: - SA36to SA516Gr. 70

Thickness: 19.1 mm (0.780 In.)

Thermal Condition: As Welded

HARDNESS TEST
TYPE OF TEST: Rokuwell ‘ SCALE: B

INSTRUMENT TYPE: Wilson

13

14 20
SA 516 Gr. 70 - SA 36
1) 82 HRB 6) 92 HRB 11) 85 HRB 16) 90 HRB
2) 98 HRB 7) 80 HRB 12) 87 HRB 17) 86 HRB
3) 89 HRB 8) 78 HRB 13) 79 HRB 18) 91 HRB
4) 85 HRB g) 89 HRB 14) 84 HRB 19) 93 MRB
'5) 89 HRB 10) 86 HRB 15) 89 HRB 20) 82 HRB

Wae certify the test resulls In this report and that the specimen(s) were prepared and tesled In accordance with the
raquirements of ASTM E18 - 88. The Informatlon regarding material identification (i.e. size, thickness, heat number,

stc.) has been provided by the customer whose name appears on this report.

Laboratory Test Conducted By, /ﬁgﬂg_l&am .
: ‘Angela Suitanian/Karen Koens, C.E.T..

4027 - 14 Street 8.6, CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072  FAX: (403) 266-3169
7925 Davies Road, EDMONYON, ALBERTA T6F ANT PHONE: (780) 468-3030 FAX; (780) 468-3032




WELDING PROCEDURE SPECIFICATION NO.: 3-8-168A (Rev.2)
WELDING PROCEDURE QUALIFICATION RECORD NO, (S): 3-8-168

QUALIFIED FOR
Base Metal (Typlcal): P8 to P8 (SA 240, SA 312 Types 304, 304L 316, 316L, eic.)
Process(es): GMAW (Surface-Tension-Transfer) /GMAW Weld Types: GROOVE & FILLET
Position: ALL POSITIONS Diameter: ALL DIAMETERS
Filler Metal: GMAW - STT; ER308LS[, ER316LS]

GMAW.: ER3XX(L)Si)

BASE METAL CONDITIONS & GROOVE THICKNESS RANGE QUALIFIED:

STANDARD APPLICATIONS AS WELDED

BASE METAL THICKNESS RANGE 1.6 to 9.42 mm (0.062 te 0.371 in.} Inclusive
COMBINED DEPOSITED WELD METAL THICKNESS _

ASME B31.1 e 2:42 MM-(0.371 In.) maximum

ASME B31.3 9.42 mm (0,37 maximum

ASME SECT. VIil, DIV.1 9.42 mm (0,371 in.) maximum

PROVINCE OF ALBERTA
SAFETY CODES ACT

WELDING PROCEDUHE

Reg. No, WP ........................ f,
Spac No. ., ""5 "'MQSASR .....
Weld Process ... GMAW(Q‘T? G?
Mall, Bt P Nowerrory Beressens 10 P N

Eloc. Gr, F Noww . F Bun A Mo 3'
Th, Qual, For...ﬂt.l.‘l.m.m... PWHT ceerres N.Q..... .

“ALBEHTA BOILERS SAFETV ASAOOIATION

PROVINCIAL REGISTRATION

Prepared By Ludwlg & Associates Ltd. Page 10f 7



QW-482 WELDING PROCEDURE SPECIFICATION (WPS)

G.L.M. Industrles L P.
Welding Procedure Specification No. 3-8-168A (Rev.2) Date _September 26, 2006

Revision _ Rev. 2 (Nonessential} Corporate name change (1‘grmerlx GLM Tanks &
Equipment Ltd.) WPS No. formerly 3-8-168A (Rev.1)

Supporting PQR No. (s) 3-8-168

Welding Process(es) GMAW (STT) / GMAW Type(s) Semi-automatic

JOINTS {QW-402)
Joint Design | ASME groove & fillet, refersn tion drawing for joint detalls,

Where joint details are not specified, re[er to flaures 1 to 15 attached

Root Opening As pi al groove desians f 15 altached
Backing With or without Retainers Not reguired

BASE METALS (Qw-403)
P-Number P8 To P-Number
Thickness Range:  Groove cover page for nas: ified by governing code

Fillet All base metal thicknesses

Plpe Diameter Ranges: Groove All diameters

Flllet All diameters
Deposited Wald Metal (Per Pass) GMAW (STT): 2.79 mm (0,110 in.) maximum
GMAW: 6.63 mm (0.261 in.) maximum

FILLER METALS (QW-404) GMAW (STT) GMAW

Specification No. (8FA) SFA 5.9 SFA5.9

AWS No. (Class) ER308LS8I, ER318LSi ER3)<X(L)(S:)"

F-No, F6 F6

A-Na, A8

Size 030 10,045 in. Inclusive 0.0QO to 0.045 in. inclusive
Filler Metal Product Form Solid wire Solid wire

Supplemental Filler Metal Without Without

Depasited Weld Metal Thickness Range:
Groove 2.7¢ mm (0,110 In.} max.** 6.63 mm (0.261 in.) max.**

Fillet All fillet sizes All flllet sizes

| chemical composition to base al being welded

Other *__ Match filler metal ch al position to b met ng
*_Combined deposited weld metal thickness shall not exceed 9.42 mm (0.371 In.}
for ASME B31.1, B31.3 and for ASME Section Vill, Dlv.1

POSITION (QW-405)

Position of Groove All positions Position of Fillet All positions
Weld Progression CGMAW {STT): Vertical down GMAW: Verlical up
PREHEAT (QW-406)

Preheat Temperature (Minimum) 10°C (50°F)

Interpass Temperature (Maximum) 177°C (350°F) _
Preheat Maintenance _10°C prior fo welding. Preheat maintenance Is not required if welding is

interrupted or after the compiation of welding unless required by the

..code of construction.

" Prepared By Ludwlg & Assoclates Lid, Page 20f 7



WPS NO. 3-8-168A (Rev.2)

POST WELD HEAT TREATMENT (QW-407) .
Time Range

Temperature Range N/A N/A

GAS (QW-408)

Specification No. (SFA) SFA 5.32 AWS No. {Class) __SG-HeAC-7.6(2.6
Shielding 90% Helium, 7.5% Argon, 2.5% Carbon DI de, 10-25 liters per minute {20-50 cfph
Backing Not Required Trailing Not Required
ELECTRICAL CHARACTERISTICS (QW-409)

Current Direct Polarity Reverse, electrode positive
Amps See Tgble #1 Volts See Table #1

Mode of Metal Transfer GMAW (STT); Short circultin
Mode of Metal Transfer GMAW: Pulsating Arc__ ( SPRAY )

TECHNIQUE (QW-410)
Travel Speed See Table #1

String or Weave Either

Orifice or Gas Cup Size 9.92 mm (0.375 In,) to0 19.1 mm (07560 in.}
Initial & Interpass Cleaning Brushing, chibping or grinding as required with equipment
{hat will not contaminate

Method of Back Gouging Alr carbon arc, back-grind as required with equipment

that witl not contaminate
Osclllation N/A
Contact Tube to Work Distance +6.35 mm (0.250 | A 0.750 in

Contact Tube to Work Distance GMAW: 12,7 mm (0.500 in.) 1o 25.4 mm (1.00 in.)
Multiple or Single Pass Per Side ___GMAW (STT): Single, root pass only GMAW: Either

Multiple or Single Electrodes Single
Electrode Spacing NFA
Peening Not permitted
TABLE 1 - WELDING PARAMETERS
Current
Diameter Amperage | Vollage Travel Spesad
Process Fillar Metal mm (in.) & ;gﬁ:_"y Reange Range mm/min. (L.p.m.)
GMAW - STT ER3ICELSI 0.8 (0,030) DCRP 70- 130 12-21 38 - 260 (1.5-10)
GMAW - STT or 0.9 (0.035) PCRP 80 - 200 1322 50- 600 {2.0-26b)
GMAW - 8TT ER316LS! 1.1 {0.045) DCRP 100 - 260 14 -23 75 - 900 (3.0 - 36)
GMAW ER3XX(L)s) | 0.8 (0.030) DCRP 60 - 130 14 - 29 38 - 260 (1.5-10)
GMAW ER3XX(L)(Si) | 0.9 (0.035) DCRP 70 -200 16- 30 50 - 600 (2.0 - 25)
GMAW ER3XX(L)(Si) 1.1 (0.0486) DCRP 70 - 250 16~ 30 75-900 (3.0 - 35)
Note: Size of electrods, filler metal, number of passes, voltage, amperage, and frave! speed wil vary with
position, joint thickness, joint type etc. Match filler matal chomical composition to base metal being
welded.

Prepared By Ludwlg & Associales Lid,

Page 3 of 7



WPS NO. 3-8-168A (Rev.2)
TYPICAL JOINT DESIGNS

-." |" 316+ 346 In. —I-I #_, 104+ 114 In. il f“" MG+ 36 In,

Figure 1 Figure 2 Flgure 3
Single Square Buit Single Square Butt with Backing Sfrip  Double Sguare Butt

N N_ﬂﬁ ‘

-'—l !"— 316 5316 0n. —'I:'Tlf* B+ W18 In.

Figure 4 Figure 5 Figure 6
Single Ves Bult Single Vese Butt with Backing Strip Double Vee Buit

Redis 17310, Radiug 1/8 [, Radus i&in,
+ 116 I, - t1gin. + 116in.
0% 4207 807 w1 20° 50%an20°
Typita!

- .
| R *L‘“:‘ N .-

Figure 7 Figure 8 Figure 9
Single U Butt Single U Butt with Backing Strip Double U Buit

Radius 1/81n Radius 1/8 In. \ .
B in. +- 1016 In, Radius 1/8 in.
r ) A +- 118
20%+2- 10 20% 4. 107
? \. ? ? \. % =
Sl ? >‘ ?

S
| 116 +1. 31181 o] - wts v srei ~! - 3116 e1.2081n,

f

Figure 10 Figure 11 Figure 12
Single J Buit Single J Butt with Backing Strip - Double J Butt

40+ 209 ? 4004120 ; %3;& Izof'
TN SN MR 20 S 2

—] |36 +t. 316in. ~e| | a0 s a0 —e| [=-an6 w1 31161,
Figure 13 Figure 14 Figure 15
Single Bevel Butt Single Bevel Butt with Backing Strip Double Bevel Butt

Or as per the joint design on the approved construction drawing.

Prepared By Ludwig & Associates Ltd, Page 4 of 7



QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

G.L.M.lgg_ugjrles L.P.

Procedure Qualification Record No. 3-8-168 Date _December9.2003
PQR Revision Carporate name change (formerly GLM Tanks & Egmgmegt Ltd.),

September 26, 2006
Waelding Procedure Spacification No. 3-8-168A (Rev.2)
Welding Process(es) GMAW - STT / GMAW Type(s) _Seml-automatic
JOINTS (QW-402)
Type Butt oint. single vee grogve, see nexl page
BASE METALS (QW-403)
Material Spec. SA 312 Type or Grade Type 3041
P-No. _.__ﬁ_.._ ToP-No, _P8 Thickness ______ 8,56 mm (0,337 in.) _
Diameter 114.3.mm (4.50 in.) O.D. Other Schedule 80
FILLER METALS (QW-404) GMAW - STT GMAW
Specification No. (SFA) SFA 5.9 SFA 5.9
AWS No. (Class) ER308LSI ER308LSI
Filler Matal F-No, Fé 6
Fller Metal A-No, A8 A8
Size of Electrode See attached sketch
Deposited Weld Metal Thickness 2.54 mm (0.100 jh.} 6.02 mm (0.237 in.)
POSITION (QW-405)
Position of Groove 5G
Weld Progression GMAW - STT: Vertical down GMAW: Vertical up
PREHEAT (QW-406)
Preheat Temperature 10°C (50°F) Interpass Temp. (Max.) 177°C {350°F)
POSTWELD HEAT TREATMENT (QW-407)
Temperature N/A Time N/A
GAS (QW-408)
Specification No. (SFA) S8FA 5,32 AWS No. (Class) __ 8G-HeAC-7.5/2.8
Shlelding % Hellum, 7.5% Argon, 2.5% bon Dioxide, 17.5 liter; i fbh
Backing
ELECTRICAL CHARACTERISTICS (QW-409)
Current Direcl Polarily Reverse, electrode positive
Amps See next page Volts See next page
Mode of Metal Transfer GMAW - 8TT: Short circuiting arc
Mode of Metal Transfer GMAW: Pulsating Arg
TECHNIQUE (QwW-410)
String or Weave GMAW - STT: Weave GMAW: Weave
Travel Speed See next page
Mulliple or Single Pass Per Side ___ GMAW - STT: Single GMAW: Multiple
Multiple or Single Electrodes Single

Page 50f 7

Prepared By Ludwig & Associates Lid.



— G0°® e

PQR NO. _3-8-168

|

0.337 in.

3/32 in.
Diameter Current & | Amperage | Voltage Travel Spead
Pass | Process | Filler Metal mm (in.) Polarily Range Range mm/min. (l.p.m.)
1 GMAW | ER308L.Si 1.1 (0.045) DCRP 95 - 100 16- 18 167 (6.6)
2 GMAW | ER308LSI 1.1 (0.045) DCRP 85 - 90 23-26 79 (3.1)
3 GMAW | ER308LSi 1.1 {0,045) DCRP 80 - 85 23-26 56 (2.2)

Prepared By Ludwlg & Assoclates Lid.

Page6of?



PQR NO. _3-8-168

TENSILE TEST {QW-150)
Specimen Width Thickness Area Ultimate Uitimate Characler &
No. mm{in) | mm(n) | Sg.mm Load Siress Fracture Location
{Sq.in.) N (ibs.) MPa (psi)
T1 18.7 7.15 134 72 800 544 Parttal Cup & Cone
(0.736) (0.281) {0.207) (16,400) (79,000) Parent Metal
T2 18.9 8.69 126 68 000 538 Parilal Cup & Cone
(0,744) (0.263) {0.198} {15,300) (78,000) Parent Metal .
GUIDED BEND TEST (QW-160)

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

OTHER TESTS
Vickers Hardness - see atlached |laboratory test report
Welders Name Dwayne Huber Cortificate File No. W-17511

Tests Conducted By Ludwig & Associates Ltd.

Laboratory Test No.

EQ03-1087.1

We héreby racertify that the statements in this record have been revised in accordance with
Paragraph QW-200.2 and that the test walds were prepared, welded and tested in accordance
with the requirements of Section IX of the ASME Code.

Manufacturer

G.LM. INDUSTRIES LP,

Date ch 5:/& é_

Prepared By Ludwlg & Assoclates Lid,

Signed
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&

Materials and Welding Engineering

LABORATORY TEST REPORT
GUSTOME‘R: GLM Tanks & Equipment Ltd. Laboratory Test No.: E03-1087.1
1508 - 8 Street Date: December 11, 2003
Nisku, AB
TSE 756
Attention: Wither Davie
PQR No.: 3-8-168
Material; SA 312 Type 304L

Size: 114.3 mm (4.50 In.) O.D. x 8.56 mm (0.337 In.) w.t.
Thermal Conditlon: As Welded

TENSILE TEST QW-150

SAMPLE NUMBER T1 QW-462.1(b) T2 QW-462.1(b)
WIDTH mm (in.) 18,7 (0.736) 18.9 (0.744)
THICKNESS mm (in.) 7.15 (0.281) 6.69 (0.2683)
AREA sg9. mm {sq. in.) 134 (0.207) 126 {0.196)
ULTIMATE LOAD N (ibs) 72800 (18,400) 68 000  (15,300)
UTS MPa (psi) 544 (79,000) 538 (78,000)
FRACTURE TYPE Parlial Cup & Cone Partial Cup & Cone
FRACTURE LOCATION Parent Metal Parent Metal

GUIDED-BEND TEST QW-160

121 mm (0.750in.) SAMPLE THICKNESS: 8.56 mm (0.337 in.)

SAMPLE WIDTH:
YOKE SIZE: 645 mm (2.15in.}

PLUNGER SIZE: 31.8mm (1.25in.)

QW-462.3 (a) Face Bend Root Bend Face Bend Root Bend
SAMPLE NUMBER(S) F1 R1 Fa R2
RESULTS Pass Pass Pass Pass

We certify the test results in this raport and that the specimen(s) were prepared and tested in accordance with the

requirgments of ASME Section IX, 2001 editlon and lalest addends. The information regarding materlal identification
{i.e. size, thickness, heat numbsr, etc.) has been provided by the oy, ﬂe name appears on this regon.

Laboratory Test Conducted By: -
Natashua Collier, CE.T.

4027 .34 Strect S.£, CALGARY, ALBERTA T2G JKG PHONE: {403} 262-7072 FAX: (403) 266-3163 Page 1 ol 1

7925 Davies Road, EQDMONTON, ALBERTA  T6E 4NE PHONE: (780) 466.3030 FAX: (780) 468-3032



Materials and Welding Engineering

&

CUSTOMER: GLM Tanks & Equipment Ltd.
1508 - 8 Street

LABORATORY TEST REPORT

Laboratory Test No.: E03-1087.1
Date: December 11, 2003

Nisku, AB
TIE 7586
Attention: Wilber Davie
FQR No.: 3-8-168
Material: SA 312 Type 3041,

Slze: 114.3 mm (4.50 in,) O.D. x 8,56 mm (0.337 in.) w.t.
Thermal Gondition: As Welded

HARDNESS TEST

TYPE OF TEST: Vickers LOAD: 500g

INSTRUMENT TYPE: Leco V-100-C1

+ 10

1) 189 HV 8) 202 HV 11) 212 MV 16) 210 RV
2) 173 HV 7) 208 HV  12) 194 HV 17) 203 HV
3) 186 HV 8) 203 HV 13) 215 HV 18) 174 RV
4) 182 HV 9) 187 HV 14) 202 Hv
5) 213 WV 10) 204 HY  15) 207 HV

We certify the test results in this report and that the specimen(s) were prepared and tested In accordance with the
raquirements of ASTM E384 - 99. The Information regarding material identification (le. size, thicknass, heat number,

elc.) has heen provided by the customer whose name appears offihis ppport.

-

Laboratory Test Conducted By: (e
Natashua Collier, C.E.T.

4027 - 14 Slreel 5.6, CALGARY, ALBERTA T2G IK6  PHONE: (4031 2637072 FAX: [403) 266-3169 Pags 1 of 1

7925 [avies Roadd EDMONTON, ALBENYA  T6E ANT  BHONE: (780} 468.700G  FAK: (7801 46 1112



WELDING PROCEDURE SPECIFICATION NO.; 31-1-066A (Rev.4)

WELDING PROCEDURE QUALIFICATION RECORD NO.(S8): 31-1-066-1, 31-1-66-2,
31-1-066-3

QUALIFIED FOR

Base Metal (Typical): P1 Groups 1& 2 to P1 Groups 1.8 2
(SA 333 Gr.6, SA 350 Gr.LF2, SA 420 WPLE, SA 516 Gr.70, efc.)

Process(es): GMAW / SMAW Weld Types: GROQVE & FILLET
Position: ALL POSITIONS Diameter: ____ALL Q[AMETE RS
Flller Metal: ER708-8, E7018-1

BASE METAL CONDITIONS & GROOVE THICKNESS RANGE QUALIFIED:
NOTCH TOUGHNESS APPLICATIONS TO -46°C AS WELDED

BASE METAL THICKNESS RANGE 3.2 t0 25.4 mm (0,125 to 1.0 in.} inclusive
COMBINED DEPOSITED WELD METAL THICKNESS

ASME B31.1 12.1 mm {0.750 in.) maximum

ASME B31.3 1.1 mm (0.750 in,) maximum

ASME SE(‘J"TIQN VI, DIVISION 1 23.1 mm (0.910 in.) maxinmum

[ ﬂhﬂl

SAFETY CODES ACT - PROVINCE OF ALBERTA
WELDING PROOEDUHE

Rag. No. Wi,

e ~3li€9<a w\ C Kk "ﬁ
Wald Process.. PMAWNL S ﬁW‘

Mall, G O No, | 1 Hr? "o PN, ok e
060, Gr. F N0, o L Fof Ao A W —
. cua pm?ezrm% foz;wgw A Y —

........ E;?.‘é
Yr. d&‘ Mo.0L..0ay.2%. Signad e % |

i, AOSEBERG, BENG
resnesretmoss WELOING SPECIA

PROVINCIAL REGISTRATION

A

Prepared By Ludwig Assoclates Lid, Page 1 of 13



QW-482 WELDING PROCEDURE SPECIFICATION (WPS)

~ Company-Name _.. . ... ... GLMINDUSTRIES L.P, . ettt e
Welding Procedure Specification No. 31-1066A (Rev. 4} Date July 7, 2008

Revision(s) Rev.4: Essentlal - addition of PQR# 31-1-066-3,
' WPS No. formerly 31-066A (Rev.3)

Supporting PQR No.(s) 31-1-066-1, 31-1-006-2, 31-1-066-3
Welding Process(es) GMAW. | SMAW Type(s) Seml-automatic / Manual
JOINTS (QW-402)

Joint Design Alt ASME groove & flllet, reference construction drawing for joint detalls.
Where joint delalls are not specifted, refer to figures 1 to 15 attached

Root Opening As per attached typical groove designs, see fiqures 1 to 15 attached

Backing With or without Retainers Not required
BASE METALS (QW-403)
P-Number Pl Groups 1 &2 To P-Number P1.Groups 1& 2

Thickness Range: Groove See cover page for thigkness qualifled by qoverning code
Fillet All base metal thicknesses

Pipe Diameter Ranges: Groove All diameters__
Fillet All diameters
Deposited Weld Metal (Per Pass) __12.7mm {0.50 in) maximum

FILLER METALS (QW-404) GMAW SMAW

Spacification No. (SFA) SFA5.18 - SFA 5.1

AWS No. (Class) ER708:6 E7018-1

F-No. F6 .4

A-No. * Al

Size "0.030 to 0,045 in. Inclusive 3/32 to 1/4 in. inclusive
Filler Metal Product Form Solid wire _N/A

Supplemental Filler Metal Without NFA

Deaposited Weld Metal Thickness Range:

Groove 2.8 mm (0,410 In.) max.** 20,3 mm (0.80 in.) max.”
Filtet L Al fillet sizes All fillet sizes

Other *Chemical composition shall meet the requirements of ASME Section Il, Part G

SFA 5.18 for ER70S-8
** Combined deposited weld metal thickness shall not exceed 19.1 mm (0.750 in,)

* Combined deposited weld metal thickness shall not exceed
" for ASME B31.1 & B31,3 and 23.1 mm (0.910 in.) for ASME Sectlon VIII, Div.1

POSITION (QW-405)

Posltion of Groove Flat & Horizontal __ Position of Fillet Flat & Horlzontal
Woeld Progression N/A

PREHEAT (QW-406) :

Preheat Temperature (Minimum}) 10 °C_(50°F)

Interpass Temperature (Maximum) 260°C (500°F)

Preheat Maintenance _10 °C_(50°F) prigr to welding. Preheat maintenance is not required If
welding Is intercupted or after the completion of welding unless required

hv the code of construction,

Prepared By Ludwig Associates Ltd. Page 2 of 13



POST WELD HEAT TREATMENT (QW-407)

WPS NO.

31-1068A {(Rev. 4)

Temperature Range _NIA Time Range. _N/A
GAS (QW-408)
Specification No. (SFA) SFA 5.32 AWS No. (Class) _ SG-AC-25
Shielding 75% Argon, 25% CQz, 10 - 25 liters per minute (20 - 50 ft3/hr)
Backing Not Reguired Tralling Not Required
ELECTRICAL CHARACTERISTICS (QW-409)
Current LRirect Polarity Reverse, elecirode positive
Amps See Table #1 Volis __See Table #1
Mode of Metal Transfer MAW: Short ciruiting arc
Maximum Heat Input
Base Metal Thickness Range GMAW SMAW
0.125 - 0.499 in. 21,700 Jfin. 40,650 Jfin.
0.50 -1.0in. 27,440 J/fin. 46,190 Jfin.
TECHNIQUE (QW-410)

String or Weave Either

Orifice or Gas Cup Size

Travel Speed See Table #1
9,52 mm (0.375 in.).10 19.1 mm (0.750 in.)

initlal & Interpass Cleaning Brushing, chipping or arinding as required
Method of Back Gouging Alr carbon are, back-grind as required

Contact Tube to Work Distance 6.356 mm (0.250 in.) fo 19.1 mm (0.780 In.)

Multiple or Single Pass Per Side GMAW:_Single, root pass only SMAW: Muitiple
Multiple or Single Electrodes Single ~
Peening Not permitted
Use of Thermal Process N/A
TABLE 1 - WELDING PARAMETERS
Dlameter | Current Type | Amperage | Voltage Travel Speed
Process | Filler Metal mm {in.) & Polarl?y Ranggg Range mm/min, (‘i).p.m.)
GMAW ER70S- 6 0.8 (0,030) DCRP 70 - 130 14 - 20 64 - 250 (2.1-10)
GMAW ER705- 6 0.9.(0.0356) DCRP 80180 15 - 22 67 - 600 {2.6 - 25)
GMAW ER70S- 6 1.1 (0.046) DCRP 100 - 225 16 - 23 80 - 900 (3.5 - 36)
SMAW E7018-1 2.4 (3/32) DCRP 60 - 110 18-24 36 - 300 (1.4-12)
SMAW E7018-1 3.2 (1/8) 'DCRP 90 - 160 18 - 26 53 -~ 350 (2.1 - 14)
SMAW E7018-1 - 4.0 (5/32) DCRP 110 ~ 220 18- 28 69 - 400 (2.7 - 16)
SMAW E7018-1 5.0 (3/18) DCRP 160 - 300 20-30 106 - 500 (4.2 - 20)
SMAW | E7018-1 8.5 (7/32) DCRP 240 - 340 20+ 32 158 - 650 (6.2 - 22)
SMAW E7018-1 6.4 {(1/4) DCRP 276 - 380 21- 32 191 - 550 (7.5 - 22)
Note: Welding parameters shall be adjusted to insure that the maximum heat input value spacified in
QW-409 above I8 not exceadsd. -
Heat Input (joules per inch) = (Amparage X Yoltage X 60) / Trave!l Speed (Inches per minute)

Preparaed By Ludwlg Assoclates Ltd.

Page 3 of 13



WPS NO. __ 31-1066A (Rev. 4)

TYPICAL JOINT DESIGNS

S 33 e < %

“I:r1:l‘ 114 4114 1n. e |""“ 316 +- M6 In,

Figure 1 Figure 2 "~ Figure 3
Single Square Butt Single Square Butl with Backing Strip  Double Square Butt

TN/ 3 N % e“""”q,g %

“""'I """3!18 +/-3M8Bin.

] |=-sr16 413116 n, =] J=-3n8 - 316n
Figure 4 Figure 5 Figure 6
Single Vee Butt with Backing Strip Double Ves Butt

Single Vee Butt

Radius 1/8 In. RGCEUS 18 : Radius 1181,
+£- 116 In, _ R - 1181n.
50%+.20° 80° 4. 20° 507 20°
Typleal

AR S S WA S | ﬁﬁ%

-] - n
| F-w04-310m, -] Fl-ww-ama:n. -

Figure 7 Figure 8 ' Figure 9
Single U Butt Single U Butt with Backing Strip Double U Butt

e " Es
0 o QL ] '
20° +1. 10 207+ 10 200 +J- 10°
> \ 59 \ ?
v < p 2

| |36 4r.am8 10, o | W, | |- 9116 +1- 3116 1n.

Figure 10 Figure 11 Figure 12
Single J Buit Single J Butt with Backing Strip Double J Butt

e ) wowe ) Y
TN N O

— — [~ 3118 +/- 3116 In.
| |—-3!16 +-3n81n ~o| |~ 3116 +- are n.

Figure 13 Figure 14 Figure 15
Single Bevel Butt Single Bevel Butt with Backing Strip Double Bevel Butt

Or as per the joint design on the approved construction drawing.

Propared By Ludwlg Associates Lid. Page 4 of 13



QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

Company Name G.L.M. INDUSTRIES L.P,

Procedure Qualification Record No. _31-1-066~-1 Date May 3, 1993
Waelding Procedure Spacification No. . 31:1:008A (Revd) _ .. s

PQR Revision Format update. WPS No. formetly 31-1-066A (Rev,3), July 7, 2008
Welding Process(es) GMAW / SMAW Type(s) _Semi-automatic { Manual
JOINTS (QW-402)

Type. Butt joint, single vee groove, see next page

BASE METALS (QW-403)

Material Spec. SA 333 1o SA 516 Type or Grade Gr. 6o Gr. 70
P-No. _P1 Grp.1 To P-No. P1 Grp.2 Thickness 6.32 mm (0.249 in,)
FILLER METALS {QW-404) GMAW SMAW
Specification No. (SFA) SFA5.18 SFA 5.1

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

Flller Mstal F-No. F6 F4

Filler Metal A-No. * Al

Filler Metal Product Form Solld wire N/A

Suplemental Filler Metal Without N/{A

Size of Electrode See attached sketch

Deposited Weld Metal Thickness

_2.54 mm (0.10in.)

3.78 mm (0.149 In.)

@ requirements of ASME Section |l Pa

Other * Chemical composition meet
SFA 5.18 for ER70S:6
POSITION (QW-405)
Position of Groove 16
Weld Progression N/A
PREHEAT (QW-406)
Preheat Temperature 21°C (T0°F) interpass Temp. (Max.) 204°C (400°F)
POSTWELD HEAT TREATMENT (QW-407)
Temperature N/A Time N /A
GAS (QW-408)
Spacification No. (SFA) _SEA $.32 AWS No. (Class) __SG-AG-25
Shielding 75% Argon, 25% €Oz, 10 liters per minute (20 ft*/hr)
Backing Without Tralling Without

ELECTRICAL CHARACTERISTICS (QW-409)

Reverse, slectrode positive

Current _Direct Polarity
Amps See nextpage . Volts Ses next page
Heat Input F6: 21,700 J/in. maximum F4;.40.650 J/in. maximum
Mode of Metal Transfer Short circuiting arc .
. TECHNIQUE (QW-410)
String or Weave Weave _Travel Speed _Seg next page
Muiltiple or Single Pass Per Side __ GMAW: Single SMAW: Multiple
Muitiple or Single Electrodes Single s

Prepared By Ludwlg Assoclates Lid,
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PQR NO. __31-1-066-1

i

£0.249 in.

|

Diameter Current & | Amperage | Voltage Travel Speed
Pass | Process | FillerMetal | 1 4y Polarity Range Rangge mm/min, (p.m.)
-1 GMAW ER70S-8 0.8(0,036) | DCRP 1 70-85 15-17 23 (3.7
2 | SMAW | E7018-1 3.2 (1/8) DCRP__| 116-126 | 21-28 107 (4.5)
3&4 | SMAW E7018-1 - | 4.0 (6/32) — DCRP 175 - 185 22 - 24 150 - 208 (6.0 - 8.2)

Prepared By Ludwlg Assoclates Litd, Page 6 of 13



PQR NO. __31-1-066-1

CHARPY IMPACT TOUGHNESS

Typs of Test ___ Charpy V Noteh ~ ~ ~ Oilentation’ =~ -~~~ Transverse:
Test Temperature __-46°C (-50° F) Specimen Size 10 X 6 mm
Specimen No, Notch Lacation Impact Values J (ft. ths)
B2.1 Weld Metal . 34.0 (25.5)
B2.2 Weld Metal 42.0 (31.0)
B2.3 "~ Weld Metal 59,6 (44.0)
B3:1 . P1CpA-HAZ 75.2_(55.5)
B3.2 P1 Grp.d - HAZ 88,9 (73.0)
B3.3 P1 Grp.1 - HAZ 56.6 (41.0)
Ba1 BT Gip2 - HAZ 237 (175)
B4.2 P1 Grp.2 - HAZ 12.2 (9.0)
B4.3 P Grg.2 - HAZ 33.8 (25.0)
OTHER TESTS

Welders Name Brad: Ludwlg Certificate File No. NLA

Tests Conducted By L.udwig & Associates Ltd,

Laboratory Test No. E03-146.2

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

Manufacturer G.L.M, INDUSTRIES L.P.

Date éMg /4 L1008 Signed . AT TR S

Propared By Ludwlg Associatas Ltd. Page 7 of 13



L@T’@WE@ & A@@@@EATJE@ 1o,

Weldmg Consultmg and Eng.'neermg

| LABORATORY TEST REPORT
CUSTOMER: GLM TANKS & EQUIPMENT LTD. Laboratory Test No.: E93-146.2
. PO.Box 24 . . o Date: May 4, 1993
Nisku, AB ' _ : .
TOC 2G0
Attention: - - Mr. Wiber Davie
Material: SA 333 Gr. 6to SA 516-70 PQR No.:. 31-1-066-1

Size: 323.9 mm (12.75 in.) ‘

Thickness: 6.35 mm (0.249 in.)
Process GMAWISMAW

Thermal Condition: As Welded.

- TOUGHNESS TEST
. Type of Test  Charpy V-Notch Test Te.mperalure ~46°G (-50°F)
~ Orientation Transverse Specimen Size 10mm x 6mm
: R .o IMPACT
SPECIMEN NOTCH : VALUES SHEAR
NO. LOCATION J (ft.Ibs.) %
B2.4 Weld ' 34.6 (25.5) 19
B2.2 . Weld 42.0 (31.0) 26
B2.3 Weld , - §59.6 (44.0) 38
83.1 Grp.1 HAZ 75.2 (55.5) 54
B3.2 Grp.1 HAZ 98.9 (73.0) - . 88
B3.3 . Gip 1 HAZ 55.6 (41.0). 48
B4.1 Grp.2 HAZ 28.7 (17.5) " 17
B4.2 Grp.2 HAZ 12.2 {9.0) 8
B4.3 Grp.2 HAZ : 33.9 (25.0) 22

Hammer Velocity at Impact 5.18 m/sec.
Energy at Impact 406.7 Joules (300 ft. Ib.)

We cerlify the test resulfs in this report and that the specimen(s) were prepared and tested in
accordance with the requirements of _ASME Section Vill, Div.l, UG-84 - 1992 edition and
latest addencla. The information regarding material identification (i.e. size, thickness, heat
number, efc.) has been provided by the Customem‘hyawe appears on this report.
Laboratory Test Conducted By %ﬁ AT

GEORGE TAILLEUR, C.E. T

4027 - 14 Street 5.6, CALGARY., ALBERTA TG 3K6 PHONE: (103} 262-7072 FAX: (403} 266-3169
7925 Davies Road. EDMONTON, ALBERTA TEE N1 PHONE: (403] 468-3030 FAX: M(.)JJ 468-3032



QW.-483 PROCEDURE QUALIFICATION RECORD (PQR}
Company Name G.L.M. INDUSTRIES L.P.

Procedure Qualification Record No. 31-1-066-2 Date December 11, 1994
Waelding Procedure Specmcatlon No. __....31-1-066A (Rev.4)

PQR Ravision Format update, WPS No. formerly 31-1-066A (Rev 31, Julz 7 2098
Welding Process(es) GMAW / SMAW Type(s) _Semi-automatic / Manual
JOINTS (QW-402)

Type Buit joint, single ves groove, see next page

BASE METALS (QW-403)

Material Spsc. SA 51610 SA 516 Type or Grade Gr. 70

P-No. _P1 To P-Neo. __P1 Thickness 9.52 mm (0.375 In.}
FILLER METALS (QW-404) GMAW SMAW
Specification No. (SFA}) SFA 5.18 SFA 8.1

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

Filler Matal F-No. Fé. F4

Filler Metal A~No. Al

Fllier Metal Product Form Solid wire N/A

Suplemental Filler Metal Without N/A

Size of Electrode See aitached sketch

Deposited Weld Metal Thickness 2.54 mm (0.101n.) : 6.98 mm (0.276 In.)
Other * Chemical composition meets the requlrements of ASME Section Il Part C

SFA 5,18 for ER708-6

POSITION (QW-405)

Position of Groove 16

Weld Progression N/A

PREHEAT (QW-406) '

Preheat Temperature 21°C (TO°F) Interpass Temp. (Max.) __ 204°C (400°F)
POSTWELD HEAT TREATMENT (QW-407)

Temperature NLA Time NIA

GAS (QW-408)

Specification No. (SFA) SFA 5,32 AWS No. (Class) __SG-AC-25
Shielding 75% Argon, 25% COz, 10 liters per minute (20 ft3/hr)

Backing Without Trailing Without
ELECTRICAL CHARACTERISTICS (QW.409)

Current Direct Polarity Reverse, ¢lectrode positive
Amps __ See_next page Volts See next page

Mode of Metal Transfer Short circulting arc '

TECHNIQUE (QW-410)

String or Weave Weave Travel Speed _See pext page

Multipte or Single Pass Per Side ___GMAW: Single SMAW: Multiple

Multiple or Single Electrodes Single '

Prepared By Ludwig Associates Lid. Page 8 of 13



60°

PQR NO.

31-1-066-2

Current &

Dlameter Amperage | Voltage Travel Speed
Pass | Process | FilerMetal | WY | “pocie” | “Ringe | Range | _mmimin. (ipm)
1 GMAW ER705-6 0.9 (0,035) DCRP 70 - 86 15-17 90 (3.5)
2 SMAW E7018-1 3.2 (1/8) DCRP 116 - 126 21.23 100 (4.0)
3&4 | SMAW E7018-1 5.0 (3/16) _BPCRP 210 - 225 22-24 126 - 190 (6.0 ~.7.5)

Prepared By Ludwlg Assoclates Lid,

Fage 9 of 13



PQR NO., 31-1-066-2
TENSILE TEST (QW-150)
Specimen |  Width ] Thickness |  Area Ultimate | Ultimate Character &
1 Neo. | aim(in | wim(In) " Sgofmm p o Lodd T “Streds |- Fracture'Location
, (Sq.In.) | N(bs.) ] MPa (psi) '
T1 18.9 8.43 169 76,800 483 Partial Cup & Cone
{0.744) (0.332) (0.247) (17,300) | (89,990) ___Parent Metal
T2 19.0 8.37 169 76,600 482 Partial Cup & Cone
(0.748) {0.330) (0.247) {17,240) 1 (69,840) Parent Metal
GUIDED BEND TEST (QW-160)

Type & Figure No, Result Type & i%lgure No, Rosult
QW-462.2, TSB - 81 Pass — QW-462.2, T9B - 53 Pass
QW-462.2, TSB - S2 Pass - QW-462.2, TSB - 54 _F’as,s

OTHER TESTS.
Vickers Hardness - see attached laboratory test report
Weldars Name Brad Ludwig Certificate File No, N/A
Tests Conducted By Ludwig & Assoclates Lid.
Laboratory Test No. £94-490. 1

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

Manufacturer

Date ﬁd#](_’ gﬂ[:z Qs)ég;

Prepared By Ludwlg Assoclates Ltd.

G.L.M, INDUSTRIES L.P.

Signed

N T A S g

Page 10 of 13




\ LUDWIE & ASSOCIATIES o,

Welding Consulting and Engineering

[.LABORATORY TEST REPORT
CUSTOMER:  GLM Tanks & Equipment Ltd. Laboratory Test No,: E94-49(
S P.0O. Box 24 ‘ Date: December 13, 1994
Nisku, AB .
TOC 2G0
Attention: - Wilber Davie
PQR No.: 31-1-066-2

Material: SA 516 Gr.70 ] '
Process: GMAW / SMAW Thickness: 9.53mm (0.375 in.)

Thermal Condition; As Welded
TENSILE TEST (QW-150)

T2

" SAMPLE NUMBER T1 :
WIDTH mm (in) . : 18.9 {0.744) 19.0 (0.748)
THICKNESS mm (in) 843 - (0.332) 8.37 (0.330)

AREA sq mm (sq in) 159 (0.247) 159 (0.247)

ULT. LOAD N (Ibs) 76 900 (17,300) 76 600 (17,240)

UTS MPa (psi) . 483 (69,990) 482 (69,840)

FRACTURE TYPE Partial Cup & Cone Partial Cup & Cone

FRACTURE LOCATION Parent Metal FParent Metal
GUIDED-BEND TEST (QW-160)

SANMPLE WIDTH 9.53 mm (0.375 in.)

SAMPLE THICKNESS 9.53 mm (0.375In.)

PLUNGER SIZE S 381 mm . (1.501In.)

YOKE SIZE 60.3 mm (2.3751in.)

SAMPLE TYPE Side Bend Side Bend Side Bend Side Bend

SAMPLE NUMBER(S) _ 31 82 S$3 S84

Pass Pass ~ Pass Pass

RESULTS

We certify the test results in this report and that the specimen(s) were prepared and tested in’
accordance with the requirements of _ASME Section IX, 1992  edition and latest addenda.

“The information regarding material identification (i.e. size, thickness, heat number, elc.) has
been provided by the Customer whose name appears on this report.

-

LY T e

[.aboralory Test Conducted By ~ f)/ b e )
Kelly lirey, C?E.T./

4037 - ¥ Street S.E. CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169
7a9% Navies Roard FOMOINTON AIRERTA TEF dNT  PHONE: M08 JARLINIA FA Y 14031 AR 7



CUSTOMER:

) LUDWIE & ASSOCTIATES wn

Welding Consulting and Engineering

LABORATORY TEST REPORT

" Laboratory Test No.: E94-49
Date: December 12, 1994

GLM Tanks & Equipment Ltd.
P.O. Box 24 '

Nisku, AB TOC 2G0

Atlention:

Wilber Davie

Material: SA 516 Gr.70

Process: GMAW / SMAW
Thermal Condition: As Welded

PQR No.: 31-1-066-2
Thickness: 9.53mm (0.375 in.)

Test Method: Vickers

HARDNESS TEST

Load: 500 g.
Machine Type: Buehler Micromet
(B [T
Typ.
Midweall,, . 34 35,
1) 173 HV 10) 199 HV 19) 181 HV: 28) 169 HV
2) 170 HV 11) 181 HV 200 174 HV 29) 174 HV
3) 186 HV 12) 182 HV 21) 173 HV 30) 169 HV
4) 180 HV 13) 178 HV 22y 191 HV 31) 182 HV
5) 196 HV C14) 168 HV 23) 192 HV 32) 181 HV
6) 191 HV 18) 77 MV 24) 189 HV 33) 177 HV
7) 181 HV 16) 181 HV 25) 158 HV 34y 174 HV
8) 187 HV 17) 187 HV 26) 173 HV 35) 183 HV
9) 160 HV 18) 182 Hv 27 159 HV

We cerlify the test results in this report and that the specimen(s) were prepared and tested in
accordance with the requirements of _ ASTM £384-1993  edition and latest addenda, The

information regarding material identification (i.e. size, thickness, heat number, elc.) has been
provided by the Customer whose name appears on th:mpoﬂ -

//7//// w/
Keily Frey,C.ET. /

Laboratory Test Conducted By

4027 - 14 Street S.E. CALGARY, ALBERTA T2C JK6 PHONE: (403) 262-7072 FAX: {403) 266-3169

7925 Navies Board FIAAOINTOIM AT RFRTA  YAE ANT  DEANS: FATY 460 INA £ AV, (A% 260 00




QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

Company Name G.L.M. INDUSTRIES L..P.
Procedure Qualification Record No. 31-1-066-3 Date June 9, 2008
.. Welding Procedure Spacification No. .31-1-066A (Rev. 4)
Welding Process(es) GMAW { SMAW Type(s) Seml-automatic / Manua
JOINTS (QW-402)
Type Butt joint, single vee groove, see next page
BASE METALS (QW-403)

- Material Spec. SA 51610 SA 516 Type or Grade Gr. 60 to Gr. 70
P-No. _P1 Grp.1 To P-No. P1 _Gp.2 Thickness 12,7 mm (0.50 in.}
Heat Number 288533-09787 Carbon Equivalent _0.39
Diameter N/A Other Plate Product Form
FILLER METALS (QW-404) GMAW SMAW
Specification No. (SFA) SFA5.18 SFA 6.1
AWS No. (Class) ER70S-6 E7018-1
Fiiler Metal F-No. E6 F4
Filler Metal A-No. * A1
Filler Metal Product Form Solid wire N/A
Suplemental Filler Metal Without N/A
Size of Electrode See altached sketch
Deposited Weld Metal Thickness 25.4 mm (0.10 In.) 10.2 m (0.40 in.)

Other * Chemical compaosition meets the regulrements of ASME §ectfon i, Part C c

SFA 5.18 for ER708-6

POSITION (QW-405)
Positlon of Groove 3G
Weld Progression GMAW: Vertical down SMAW: Vertical Up
PREHEAT (QW-406)
Preheat Temperature 10°C (50°F) Interpass Temp. (Max,) 260°C (600°F)
POSTWELD HEAT TREATMENT (QW-407)
Temperature N/A Time N/A
GAS (QW-408)
Specification No., (SFA) SFA §.32 __ AWS No. (Class) __SG-AC-26
Shielding 75% Argon, 25% CO2, 13 liters per minute (28 ft3/hr)
Backing Without Trailing Without
ELECTRICAL CHARACTERISTICS (QW-409)
Current Diract Polarity Reverse, slectrode positive
Amps See next page ' Volts Sge noxt page
Heat input _F6: 27,440 J/in. maximum ____ F4: 46,190 Jfin. maximum
Mode of Metal Transfer Short clrcuiting arc
TECHNIQUE (QW-410)
String or Weave Weave Travel Speed _Sea next page
Multiple or Single Pass Per Side _ GMAW: Single - SMAW; Multiple
Multiple or Single Electrodes Single_ . _
Page 11 of 13
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- 60°

PQR NO.

31-1-066-3

- Diameter Curtent & | Amperage | Voltdge Travel Speed

Pass | Process | Filler Metal l mm (In.) Potarlly Range Range | mm/min. (ip.m.)

1 GMAW | ER70S-6 | 1.1(0.045) DCRP 167-169 17-18 163.(6.4)
2 SMAW_| E7018-1 2.4 (3/32) DCRP 98-100 22:23 133 (5.8).

a | 8SMAW | E7o18- | 2.4(3/32) |  DCRP 103-104 | 22-23 129(5.1)

4 SMAW | E7018-1 2.4 (3/32) DCRP 103104 | 2223 77 (3.0)

5 SMAW | E7018-1 2.4 (3/32) DCRP 102-103 | 22-23 120 (4.7)

8 SMAW | _E7018-1 2.4 (3/32) DCRP 07-08 22.73 89 (3.6)

Prepared By Ludwig Assoclates Ltd.
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PQR NO. __31-1-066-3

TENSILE TEST (QW-150)
Specimen Width Thickness Area Ultimate { Ultimate Character &
1 Noo | mmr{in) o mi(ing) | S8q:mm] Loasd | -Stress | - Fracture Location
{8g.in.}) ] N{(bs.) | MPa (psi)

T1 10.0 11.3 215 112 020 522 Partial Cup & Cone
{0.748) (0.445) {0.333) | (25,200} [ (75,700) | Parent Metal (SA 516 Gr. 60)

T2 18.1 11.5 220 113 618 529 Partial Cup & Cone
{0.762) (0.453) (0.340) | (25,500) | (76,800) | Parent Metal {SA 616 Gr. 70)

GUIDED BEND TEST (QW-160)

Type & Figure No. Result Type & F!gyré No. Result
QW-462.2, TSB - S1 Pass QW-462.2, TSB - 83 Pass
QW-462.2, TSB - S2 " Pass QW-462.2, TSB -84 - Pass

CHARPY IMPACT TOUGHNESS

Type of Test Charpy V Notch QOrientation Transverse
Test Temperature __-48° C (-50° F) Specimen Size 10 X 10 mm
Specimen No. Notch Location Impaot Values J (ft. Ibs)
B2.1 Weld Metal 131 (96.4)
B2.2 Weld Metal >163 (>120)
B2.3 ~ Weld Metal ' 118 (86.8)
Ba.i P1 Grp.1 - HAZ >163 (>120)
B3.2 P1 Grp.1 - HAZ 145 (107)
B3.3 A P1 Grp.1 - HAZ 114 {(84.4)
B4.1 P1Grp.2 - HAZ_ ' 163 (>120)
B4.2 P1 Gip.2 - HAZ 122 _(89.8)
B4.3 P1 Grp.2 - HAZ 113 {83.0)
OTHER TESTS
Vickers Hardness - see attached iaboratory test report
Welders Name John Lahdoz Certificate File No. W-23997
Tests Conducted By Ludwlg Assoclates Lid,
Laboratery Test No. E08-522.1

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

Manufacturer G.L.MINDUSTRIES L.P.

C"""M-“"N-—-_\
Date Mg /#Z’;g)ﬁ. Signet™— 77F~=5 -

Prepared By Ludwig Assoclates Ltd. Page 13 of 13



LUIG ASSOCIATES LTD.

| a Weldmg Cosultmg

LABORATORY TEST REPORT

Customer: G.L.M. Industries L.P. Laboratory Test No.: E08-522.1

1508 - 8 Strest Date: June 19, 2008

Nisku, AB

TOE 756
Attention: Wilber Davie
PQR No.: 31-1-066-3 Heat No.: 288533.99787
Materlal: SA 616 Cr. 60 fo SA 516 Gr. 70 ,
Thickness: 12.7 mm (0.500 in.)

Thermal Condition: = As Welded

TENSILE TEST QW-150

SAMPLE NUMBER T - QW-462.1(a} T2 QW-462.1(a)
WIDTH mm (In.) 19.0 (0.748) 19.1 (0.752)
THICKNESS mm (In.) 11.3 {0.445) 11.6 (0.453)
AREA sq. mm (sq. in.) 215 (0.333) 220 (0.340)
ULTIMATE LOAD N (lbs) 112 020 (25,200) 113618 (25,500)
UTS MPa (pst) 522 (75,700) 528 (76,800)
FRACTURE TYPE Partial Cup & Cone Partial Cup & Cone
FRACTURE LOCATION Parent Metal (SA 516 Gr. 60) Parent Metal (SA 516 Gr. 70)
GUIDED-BEND TEST QW-160
SAMPLE WIDTH: 862 mm (0.375in.) SAMPLE THICKNESS: 12.7 mm  (0.500 in.}
PLUNGER SIZE: 38.1mm (1.50In.) YOKE SIZE: 60.3mm (2,375 In.}
QW-462.2 Slde Bend Side Bend Side Bend Side Bend
SAMPLE NUMBER(S) 51 S2 S3 84
RESULTS Pass Pass Pass Pass

We certify the test results in this report and that the specimen(s) were prepared and lested In accordance with the
requirements of ASME Section IX, 2007 edition and latest addenda. Material information has been provided by the

Customer whose name appears on this report.
Samples assoclated with thls regort will be discarded In 30 days.

Laboratory Test Condugcted By: / éu——v-/ / 4«4_\

Eric Dacyk, T.7. / karen Koens, REE.T.

4027 - 14 Street, $.F,, CALGARY, ALBERTA  T2G 3K6  PHONE: (403) 262-7073  FAX: (403) 266-3169
7925 Davies Road, EDMONTON, ALBERTA T6E 4N1 PHONE: (700) 468-3030  FAX: (780) 468-3032

Page 1 of 1



LUDWI G ASSOCIATES LTD

7- atenals and WeldmgConsulmg

LABORATORY TEST REPORT
Customer: G.LM. Industries L.P. Laboratory Tast No.: E08-522,1
1508 - 8 Street Date: June 19, 2008
Nisku, AB
TOE 756
Attention: Wilber Davie _
“PQR No.: 31-1-066-3 Heat No.: 288633-99787
Material: SA 516 Gr. 60 ta SA 516 Gr. 70
Thickness: 12.7 mm (0.500 in.)

Thermal Condition:  As Welded

NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-Notch ORIENTATION: Transverse
TEST TEMPERATURE:  -46°C (-50°F) SPECIMEN SIZE: 10x 10 mm
Specimen Notch Impact Values

Number Location Joulss (ft.Ibs)

B2.1 Weld Metal within 1/16" 6f root 131 (96.4)

B2.2 Waeld Metal within 1/16" of root >163 (>120)

B2.3 Wald Metal within 1/16” of root 118 (86.8)

B3.1 Gr. 60 HAZ >163 (>120)

B3.2 Gr. 60 HAZ 145 (107)

B3.3 @r. 60 HAZ 114 (84.4)

B4.1 Gr. 70 HAZ ‘ >163 (>120)

B4.2 Gr. 70 HAZ 122 (89.8)

B4.3 Gr. 70 HAZ 113 (83.0)

We cartify the test resulls in this report and that the specimen(s) were prepared and fesled In accordance with the
requirements of ASME Section VI, Div. |, UG-84 ~ 2007 edition and latest addenda. Material information has been

provided by the Customer whoso name appears on this report.
Samples associated with this report will be discarded in 30 days.

Laboratory Test Conducted By: , / /
/" Erlc Dacyk, T.T. / Karen Koens, RET.

Page 1 of 1
4027 - 14 Straet, 5.E, CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072  FAK: (403) 266-3769 o

7925 Davies Road, EDMONTON, ALBERTA Tof ANT PHONE: (760) 468-3030  FAX: (760) 468-3032



 /\ LUDWIG ASSOCIATES Lo

LABORATORY TEST REPORT
Customer: G.L.M. Industries L.P. Laboratory Test No.: E08-522.1
1508 - § Strest Date: July 4, 2008
Nisku, AB
TIE 756
Attention: Wilber Davie -
PQR No.: 31-1-066-3 Heat No.: 288533-99787
Material: SA 516 Gr. 60 to SA516 Gr. 70
Thickness: 12.7 mm (0.500 in.)

Thermal Condition;  As Welded

HARDNESS TEST

Type of Test: Vickers 10kg (HV10). Instrument: Leco V-100-C1

£
1

i

Midwaller =

R

1] 149 3
2} 156 4
5
6
7
8
9
10

We certify the test results In this report and that the speciman(s) were prepared and tested In accordance with the requirements of
ASTM E92-82 {Reapproved 2003). Material information has been provided by the Customer whose name appears on this report,

Samples associated wlr:v/ﬂw!s rap@rt will be discarded in 30 days

Laboratory Test Conducted By: y . _ _
Eric Dacyk, T.T. / Karen Koens, R.E.T.

. - ) Page 1 of 1
4027 - [4 Streat, 5.E., CALGARY, ALBERTA T2G 3KG PHONE: (403) 262-7072  FAX: (403) 266-3169 9

7925 Davies Roadl, EDMONTON, ALBERTA Toff 4NT PHONE: (780) 468-3030  FAX: (780) 468-3032



WELDING PROCEDURE SPECIFICATION NO.:
WELDING PROCEDURE QUALIFICATION RECORD NO.(S):

41-1-144A (Rev.2)

41-1-134,.41-1-134-2

QUALIFIED‘FOR

Base Metal (Typicai): P1Groups 1 & 2to P1 Groups 18 2
(SA 333 Gr.6, SA 350 Gr,LF2 SA 420 WPLG, SA 516 Gr.70, etc.)
Weld Types: GROOVE & FILLET

Process(es): GTAW [ SMAW
Position: ALL POSITIONS Diameter: DIA ERS
Filler Metal: ER708-2. E7018-1

BASE METAL CONDITIONS & GROOVE THICKNESS RANGE QUALIFIED:

NOTCH TOUGHNESS APPLICATIONS TO -46°C AS WELDED

BASE METAL THICKNESS RANGE

3.2 10 25.4 mam (0,125 t0 1.00 in.) inclusive

COMBINED DEPOSITED WELD METAL THICKNESS

19.1 mm (0.750 in.) maximum

ASME B31,1
ASME B31.3 19,1 mm (0.750 in.) maximum
ASME SECT., VIIl, DIV.1 284 mm (1.00in.) maximum

PROVINCE QF ALBERTA
SAFETY CODES ACT

WELDING PROCEDURE

Rag. No. WP,, ‘-’t3 Z
Spec No. ... LU. ™ L I"'I.H (&EV?)
Weld Process ... TAV"/ MAW

Mafl. Gr. P No..lG' H'zm P Nob. @212,
Elac. Gr. F No.., '

-~ C o A I

ATERRREEY ELLLH

vr o.m08 .ﬁ.uayl‘l. SIGNOT vuvrrrerre
R. ROSEBEQZP &
WELDING-EP

PROVINCIAL REGISTRATION

Prepared By Ludwig & Associates Lid.
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QW-482 WELDING PROCEDURE SPECIFICATION (WPS)

G.L.M. Industries L.P.

Welding Procedure Spedification No. 41-1-144A (Rev.2) Date September 12, 2006
e change (formerly GLM Tanks &

Revision Rev. 2 (Nonessential) Corporate nam nae (for y
Eauipment Ltd.) WPS No. formerly 41-1-144A (Rev. 1)

Supporting PQR No.(s) 41-1-134,41-1-134-2
Welding Process(es) GTAW / SMAW Type(s) Manual

JOINTS (QwW-402)

Joint Design All ASME groove & fillel, reference construction drawing for joint detalils,
Where joint details are not specified, refer to figures 1 to 15 altached

Root Opening As per attached typical groove deslans. gee fiqures 1 fo 15 attached
With or without Retainers Not reguired

Backing
BASE METALS (QW-403)
P-Number P1Groups1&2 To P-Number P1Groups1&2
Thickness Range:  Groove See cover page for thickness qualified by governing code
Fillet - il base metal thicknesses
Pipe Diameter Ranges: Groove All diameters
Fitlet All diameters
Deposited Weld Metal (Per Pass) GTAW: 4.78 m in.) maximum
SMAW: 12.7 mm (0,500 in.) maximym
FILLER METALS (QW-404) GTAW SMAW
Specification No, (SFA) __SFAS5.18 SFA 5.1
AWS No. (Class) ER70S8-2 E7018-1
F-No. Fé F4
A-No. Al Al
Size 1/16 0 5/32 in. inclugive 3/32 to 1/4 in. inclusive
Consumable Inserts Not reguirad N/A
Filler Metai Product Form Solid wire N/A

Flux Without the addition of flux__ N/A

Deposited Weld Metal Thickness Range:
Groove 4.78 mm (0.188in) max.*  20.6 mm (0.812 in.) meax.*

Fillet All fillet sizes All fillet sizes
Other __*Combined deposited weld metal thickne 8 shall not exceed 19.1 mm (0.750 in.

for ASME B31.1 & 831.3 and 25.4 mm (1.00 in.) for ASME Section VIII, Div, 1

POSITION (QW-405)

Position of Groove All positions Position of Fillet All positions

Weld Progression GTAW: Vertical up or vertical down SMAW: Vertical up
PREHEAT (QW.-406)

Preheat Temperature (Minimum) See attached preheat sheet

Interpass Temperature (Maximum) 260°C (500°F)

Preheat Maintenance _See attached preheat sheat rior to welding, Preheat maintenanca is
net required If welding is interrupted or after the complstion of weldin

uniess required by the code of construction.

Preparad By Ludwig & Associates Ltd, Page 2 of 11



WPS NO. _ 41-1-144A (Rev. 2)

POST WELD HEAT TREATMENT (QW-407)

Temperature Range N/A Time Range N/A

GAS (QW-408) |

Speclfication No. (SFA) SFA 532 AWS No. (Class) __SG-A
Shielding 100% Argon, 5 - 20 liters per minute (10 - 40 cfph)

Backing Not required Trailing Not required

ELECTRICAL CHARACTERISTICS (Qw-409)

Current Direct Polarity GTAW: Straight SMAW: Reverse

Amps See Table #1 Volts See Table #1
Maximum Heat input
Base Metal Thickness Range | GTAW SMAW
0.125 - 0.499 in. 30,000 J/in. 30,130 J/in.
0.500-1.0in, 52,570 Jiin, 69,990 Jin.
Pulsing Current GTAW, With or without
Tungsten Electrode 1/16 to 5/32 inch diameter
Tungsten Classification EWTh-1, EWTh-2, EWCe-2. EWlLa-1, EWta-1.5, EWLa-2
TECHNIQUE (QW-410)
String or Weave Either Travel Speed See Tahle #1
Orifice or Gas Cup Size : 9.52 to 19.1 mm (0,375 t0.0.750 in.)
Initiai & Interpass Cleaning rushing, chippi rinding as required
Method of Back Gouging Air carbon arg, back-grind as required
Oscillation N/A
Closed or Out of Chamber N/A
Multiple or Single Pass Per Side GTAW: Either SMAW: _Multiple
Multiple or Single Flectrodes Single
Electrode Spacing _ N/A
Peening Not permitted

TABLE 1 - WELDING PARAMETERS

; Diameter Current Type | Amperage { Voltage Trave! Speed

Process Filler Motal mn (in.} - & Polarl{; Rgngg__ Rangge mm/min. (i.p.m.}
GTAW ER708-2 1.6 (1/16) DCSP 50 - 140 6-14 9-300 (0.4-12)
GTAW ER708-2 2.4 (3/32) DCsSP 70200 8-18 17 - 360 {0.7 - 14)
GTAW ER70S-2 3.2 (1/8) DCSP 100 - 285 8-20 27 - 400 (1.1 - 16)
GTAW ER708-2 4.0 (5/32) DCSP 120 - 350 10- 21 35 - 450 (1.4 - 18)
SMAW £7018-1 2.4 (3/32) DCRP 60- 110 18-24 24 - 300 (1.0 12)
SMAW E7018-1 3.2 (1/8) DCRP a0 - 180 18 - 26 36- 350 (1.4 -14)
SMAW E7018-1 4.0 (5132) DCRP 130-220 | 19-28 54 - 400 (2.2 - 16}
SMAW E7018-1 5.0 (3/16) DCRP 200 - 300 20-30 88 - 500 (3.5 - 20)
SMAW E7018-1 8.5 (7/32) DCRP 240 - 340 20-32 105 - 550 (4.2 - 22)
SMAW E7018-1 6.4 (1/4) DCRP 275- 360 21-32 126 - 550 (5.0 - 22)
Note: Welding parameters shaii be adjusted to Insure that the maximum heat input value specified in

QW-409 above is not exceeded. Heat Input (J/in.) = Volis X Amps X 60

Travel Speed (ipm)

Prepared By Ludwig & Assaciales Lid. Pags 3 of 11



TN

WPS NO.
TYPICAL JOINT DESIGNS

N

41-1-144A {(Rev. 2)

TN

%

e

7 g

"'" ,"* H16-+- W16 in.

Figure 1
Single Square Butt

soam 15° \

"-*' = 8 st via i,

~w| | 316 +t. 6 .

TN/

H-I '-—- N8+ 316 In,

Figure 4
Single Vee Butt

Redius 1/8 |n,
+H 118,
507w 20°

Figure 2 Figure 3
Single Square Butt with Backing Strip  Double Square Butt
60%+/ 18°
60°+f. 15°
% ? \ / % i Typlcal ( %
"'] [=~ans +-anain. "a ,—— 3116 +1. 316 in.
Figure 5 Figure 6
Single Vee Butt with Backing Strip Doubie Vee Butt
':ﬂ"r"’s‘i':’"- Radius 130,

+4 tiGin.

50° 4. 20° \ 50° 4 20°
Typical

T \/

S SV S S T4

-'-’ I‘* 16+ W16 in,

Figure 7
Single U Butt

Radius 1/8 in}
20742 10° ?

b

"'ITI-FI- 36 +- 316 in, ""’ L— 164136,
Figure 8

Single U Butt with Backing Strip

Radius 1/8in,
- 1181n, >

Figure 9
Double U Butt

20% w1 10°

#1186 In,

Radius 1/8 In.
+a 116 in,
209 ¢/ 10P
Typleal

R SN

....'

Figure 10
Single J Butt

40%/. 20° ?

|“ INB - W6 in,

O T

-.-.I I—--»- 3716 +/- 3116 (n,

v

"", I"“ 316 +/- 3116 In,

Figure 11 Figure 12
Single J Butt with Backing Strip Double J Butt
40°%4/-20° ) %3;;2: i:m ¢

TN

P SN

¢y ) ¢

- N6 +i- 316 in.

=

Figure 13
Single Bevel Butt

L1
| |- 316+ 311610

,

™= 316 +/ 3/16in,

Figure 14

Figure 15
Single Bevel Butt with Backing Strip

Double Bevel Butt

Or as per the joint desigh on the approved construction drawing.

Preparad By Ludwlg & Assogclates Lid.
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WPS NO, _ 41-1-144A (Rev. 2)

PREHEAT
P-No. 1

1. Welds joining pressure parts or altachments shall be preheated to not less than the
minimum preheat temperatures stated in paragraph 5.

2, The preheat temperature shall be maintained during welding.

3. lf weldingis interrupted, the weld joint and adjacent areas shall be reheated to the minimum
preheat temperature stated in paragraph 8, prior to the start of welding.

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

5. Minimum preheating temperatures shall be as follows:

PRESSURE VESSELS IN ACCORDANCE WITH ASME SECTION Vill, DIV. 1

NOMINAL WALL THICKNESS MINIMUM PREHEAT TEMPERATURE
010 32 mm (0 to 1.25 in) 10°C  {50°F)

Ovar 32 mm (Over 1.25 In.) 95°C (200°F)

Over 25 mm (1.0 in.) & specified maximum 79°C (175°F)

carbon content in excess of 0.30%.

- The conditions of UW-30 shall apply for base metal termperatures below 0°C (32°F).
- The preheat zone shall extend at least 50 mm (2.0 in.) beyond each adge of the weld.

PROCESS PIPING IN ACCORDANCE WITH ASME B31.3

NOMINAL WALL THICKNESS MINIMUM SPECIFIED BASE MINIMUM PREHEAT
METAL TENSILE STRENGTH TEMPERATURE
<25 mm (1.0in.) <490 MPa (71 ksl) 10°C_ (50°F)
> 25 mm {1.0in.) All 79°C (175°F)
All > 490 MPa (71 ksl) 78°C (175°F)

- The preheat zons shall extend atleast 25 mm (1.0 in.) beyond each edge of the weld.
- The interruption of welding shall be subject to the requirements of paragraph 330.2.4,

POWER PIPING IN ACCORDANCE WITH ASME B31.1

NOMINAL WALL THICKNESS MINIMUM PREHEAT TEMPERATURE
Over 26 mm (1.0 in.) & specified maximum 80°C (175°F)
carbon content in excess of 0.30%.

All others 10°C (50°F)

- The preheat zone shall extend beyond each edge of the weld for at least 76.2 mm (3.0 in.) or
1.5 times the base metal thickness (as defined in paragraph 131.4.1), whichever is greater.

Prepared By Ludwig & Associates Ltd. Page 5 of 11



QW-483 PROCEDURE QUALIFICATION RECORD (PQR)
G.L.M. industries |..P.

Procedure Qualification Record No. 41-1-134 Date __ April 23, 2001
PQR Revision Corporate name change (formerly GLM Tanks & Equipment Ltd.).

September 12, 2008

Welding Procedure Spedification No. 41-1-144A (Rev.2)

Welding Process(es) GTAW { SMAW Type(s) Manual
JOINTS (QW-402

Type : Butt jeint, single vee groove, ses next page

BASE METALS (QW-403)

Material Spegc. SA 333 to SA 350 Type or Grade Gr.6toGr LF2
P-No. _P1_Grp.1 ToP-No. _ P11 Gip.2 Thickness 6.32 mm (0.249 in.)
Diameter 114.3 mm (4.50 in.) O.D. Other Schedule 80 n/c to 0.249 in,
FILLER METALS (QW-404) GTAW SMAW
Specification No. (SFA) 8FA5.18 SFA 8.1

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

Filler Metal F-No. F6 F4

Filler Metal A-No. Al Al

Size of Electrode _.See attached sketch
‘Deposited Weld Metal Thickness 2.38 mm (0.094 in) 3.94 mm (0.1565in.)
POSITION (QW-405)

Position of Groove 5G

Weld Progression Vertical up

PREHEAT (QW-406)

Preheat Temperature 10°C (50°F) Interpass Temp. (Max.) ___232°C (450°F)
POSTWELD HEAT TREATMENT (QW-407)

Temperature N/A - Time N/A

GAS (QW-408)

Specificatfon No. (SFA) SFA 5.32 AWS No, (Class) _SG-A

Shielding 100% Argon 13 liters per minute (27 cfoh)

Backing Without Trailing Without

ELECTRICAL CHARACTERISTICS (QW-409)

Current Direct Polarity GTAW, Straight SMAW: Rever.
Amps See next page Volts ge next page

Heat input F6: 30,000 Jfin. maximum F4: 52 570 J/in. maximum
Other 3/32 in. diameter 2% thorlated tungsten electrode, EWTh-2

TECHNIQUE (QW-410)

String or Weave Both Travel Speed See next pa
Multipte or Single Pass Per Side ___ GTAW: Singie SMAW: Multiple
Multiple or Single Electrodes Single

Prepared By Ludwig & Associates Lid. Page 6 of 11
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PQRNO. _ 41-1-134

Prepared By Ludwig & Associates Lid.

- \““--.
./’- - _H-“.\" —
20 [
e
e o ,/«f_'"'/
( N T ) 0.249 in.
N2y
S
N /£,
e e
1/8 In,
Diameter Current & | Amperage | Voltage Travel Speed
Fass | Process | Filler Metal mm (in.} Polarity Range Range mm/min (i.p.m.)
1 GTAW ER70S-2 2.4 (3/32) DCsP 100- 110 9-10 56 (2.2)
2-3 SMAW | E7018-1 2.4 (3/32) OCRP 72-75 20 53 - 127 (2.1 - 5.0

Page 7 of 11



PQR NO. 41-1-134

TENSILE TEST (QW-150)

Specimen Width Thickness Area Ultimate Ultimate Characler &
No. mm (in.) mm (in.) | Sq. mm toad Stress Fraclure Location
(5g. in,) N (Ibs.) MPa (psi)
T1 18.0 4.06 77.1 40 000 519 Partlal Cup & Cone
(0.748) (0.160) (0.120) (8,290) (76,200) | Parent Metal (SA 333 Gr. 8)
T2 19.2 4.15 79.7 40 900 513 Partial Cup & Cone
(0.756) (0.163) {0,123) (9,190) (74,400) | Parent Metal (SA 333 Gt. 6)

GUIDED BEND TEST (QW-160)

Type & Figure No, Rasult Type & Figure No, Resuit
QW-462.3a, TRB - R1 Pass QW-462.3a, TFB - F1 Pass
QW-462 3a, TRB - R2 Pass QW-462.3a, TFB - F2 Pass

CHARPY IMPACT TOUGHNESS
Type of Test Charpy V Notch Orientation Transverse
Test Temperature __-48°C (-55°F) Specimen Size 10x6 mm
Specimen No, Notch Location impact Values J (fl. Ibs)

A2.1 Weld Metal with 1/16" of root 31.6 {23.2)

A2.2 Weld Metal with 116" of root 39.3 (25.0)

A2.3 Weld Metal with 1/16" of root 41.0 (30.2)

Ad.q P1Grp.1 - HAZ 65.6 (41.0)

Ad.2 P1Grp.1-HAZ 96.5 (71.2)

A33 P1 Grp.1 - HAZ 83.3 (61.4)

AdA P1Gp.2 - FAZ 44.7 (33.0)

Ad.2 P1Grp.2- HAZ 25.8 (19.0)

A4.3 P1Grp.2 - HAZ 50.2 (37.0)

OTHER TESTS
Vickers Hardness - see attached laboratory test report

Welders Name Robert Gotlschlich  Certificate File No. W-13480
Tests Conducted By Ludwig & Assoclates L td.
Laboratory Test No. E01-283.1

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

Manufacturer G.L.M. INDUSTRIES L.P. P

Date Sclﬂl /s;/é (

Prepared By Ludwig 8 Associates Lid. Page 8 of 11



QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

G.L M. Industries L P,
Procedure Qualification Record No. 41-1-134-2 Date _ February 25, 2002
PQR Revision Corporate name change (formerly GLM Tanks & Equipment Lid.),
September 12, 2008

Welding Procedure Spedification No. 41-1-144A (Rev.2)
Welding Process(es) GTAW / SMAW Type(s) Manual

JOINTS (QW-402)
Type Butt foint, single vee groove, see next page .

BASE METALS (QW-403)
Materia! Spec. SA 333 to SA 350 Type or Grade Gr.6toGr LF2

Heat No. 81042 to 38493 CE. 0.27 to 0.39

P-No. _P1 Grp.1 To P-Ne. P1 _Grp.2 Thickness 12.7 mm (0,500 in.)
Diameter 2191 mm (8.625 in.) O.D. Other N/A

FILLER METALS (QW-404) GTAW SMAW
Specification No. {(SFA) SFA 5.18 SFA 5.1

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

Filler Metal F-No. F6 F4

Filler Metat A-No, ‘ Al Al

Size of Electrode Sea attached sketch

Deposited Weld Metal Thickness 2.38 mm (0.094 in. 10.3 mm (0.4086 in.

*Lincoln Elaclric Co.: Lincoln ER70S-2

**Lincoln Electric Co.: Excalibur E7018-1

Other .

POSITION (QW-405)

Position of Groove 5G

Weld Progression Vertical up

PREHEAT (QW-406) .

Preheat Temperature 10°C (50°F) Interpass Temp. (Max.)} ___232°C (450°F)
POSTWELD HEAT TREATMENT (QW-407)

Temperature N/A Time N/A

GAS (QwW-408)

Specification No, (SFA) SFA 5,32 ‘ AWS No. (Class) __SG-A

Shielding 100% Argon 13 liters per minute (27 cfph)

Backing Without Trailing Without

ELECTRICAL CHARACTERISTICS (QW-409)

Current Rirect Polarity GTAW: Straight SMAW: Reverse
Amps See next page Volts See next page

Heat Input £6: 63,820 Jlin. maximum F4: 69,990 J/lin. maximum
Other 3/32 in. diameter 2% thoriated tunasten electrode, EWTh-2
TECHNIQUE (QW-410)

String or Weave Both Travel Speed See next page
Multiple or Single Pass Per Side GTAW: Single SMAW; Multiple

Multiple or Single Electrodes Single

Prepared By Ludwig & Associatas Ltd, Page 9 of 11



PQR NO, 41-1-134-2
e B0° e
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£ e f 0.500 in.
C\\\ 3 5/
N 2 /
o~ - '
. Diameter Current & | Amperage | Vollage Travel Speed
Pass | Process | Filler Metal mm (in.) Polarily Range Range mm/min (i.nh.m.)
1 GTAW ER70S-2 2.4 (332 DCSP 110 10 26 {1.0)
2 SMAW E7018-1 2.4 (3/32) DCRP 80 20 84 (3.3)
3-5 | SMAW E7018-1 3.2 (1/8) DCRP 110 20 48-74(1.9-2.9)

Prapared By Ludwig & Associates Ltd.
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PQR NO., 41-1-134-2
TENSILE TEST (QW-150)
Speacimen Width Thickness Area Ultimate Ultimate Character &

No, mm (in.) mm(in}) | Sq. mm Load Strass Fracture Location

(8g.in) | Nbs) | MPa {psi
T1 _ 18.9 11.6 219 94 400 431 Partlal Cup & Cone
(0.744) (0.457) (0.340) | (21,200) {62,400} | Parent Metal {(SA 333 Gr. 6)
T2 19.0 0.82 187 81 200 435 Partial Cup & Cone
{0,748) {0.387) (0.289) | (18,300) {63,100) | Parent Metal (SA 333 Gr, 6)
GUIDED BEND TEST (QW-160)

Type & Figure No, Rasult Type & Figure No. Result
QwW-462.2 TSB - §1 Pass QW-462.2, TSB - S3 Pass
QW-462.2 TSB - 52 Pass QW-462.2 TSB - 84 Pass

CHARPY IMPACT TOUGHNESS
Type of Test Charpy V Noich Orientation Transverse
Test Temperature __ -46°C (-50°F) Specimen Size 10 x 10 mm
Specimen No. Notch Locetion Impact Values J (ft, lbs)
R2.1 Weld Metal within 1/18" of root 124 (91.2)
_R2.2 Weld Metal within 1/16" of root 128 (95.4)
R2.3 Weld Metal within 1/18" of roat 67.8 (50.0)
R3.1 P1Grp.1- HAZ >260 (>192)
R3.2 P1Grp.1-HAZ >260 (>192)
R3.3 P1Grp.1 - HAZ >260 (>192)
R4 P1Grp.2- HAZ 40.1 (29.6)
R4.2 ' P1Grp.2 - HAZ 44.5 (32.8)
R4.3 Pt Grp.2 - HAZ 41,2 (30.4)
OTHER TESTS
Rockwell Hardness - see aftached laboratory test report
Vickers Hardness - see attached laboratory test report
Brinell Hardness - see attached laboratory test report
Welders Name Don Johnson Coertificate File No. N/A

Tests Conducted By

Ludwig & Associates Ltd.

Laboratory Test No. E£02-150.156

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

with the requirements of Section IX of the A

Manufacturer G.L.M.

SME Code.
INDUSTRIES [..P.

Date Se QL/ gé /06

Prapared By Ludwigy & Associales Lid,

Signed
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4 LUDWIG & ASSOCIATES LTD.
b " Materials and We!dmg Engmeermg

LABORATORY TEST REPORT

Laboratory Test No.: E01-283.1
Date: April 23, 2001

CUSTOMER: GLM Tanks & Equipment Ltd,
1508 — 8 Street

Nisku, AB
TIE 756
Attention: Wilber Davie
PQR No,: 41-1-134
Material: SA 333 Gr. 6 to SA 350 Gr. LF2

114.3 mm (4.50In.) O.D. x 6.32 mm (0.248 in.) w.t.

Size:
Thermal Condition: As Welded

TENSILE TEST QW-150
SAMPLE NUMBER T1 QW-462.1(b) T2 QW-462.1(b)
WIDTH mm (in) 19.0 (0.748) 19.2 (0.756)
THICKNESS mm (in) 4.086 {0.160} 4.15 {0.163)
AREA sq mm (sq in) 77.1 (0.120) 79.7 {0.123)
ULTIMATE LOAD N (Ibs) 40 000 (8,990) 40 900 {9,190)
UTS MPa (psi) 519 (75,200) 513 (74,400)
FRACTURE TYPE Partial Cup & Cone Partial Cup & Cone
FRACTURE LGCATION Parent Metal (SA 333 Gr. 6) Parent Metal (SA 333 Gr. 6)

GUIDED-BEND TEST QW-160

SAMPLE WIDTH: 19.1mm  (0.750in.) SAMPLE THICKNESS: 6.32 mm (0.249in.)

PLUNGER SIZE: 22.2mm (0.875in.) YOKE SIZE: 41.1mm (1.619in.)
QW-462.3(a) Face Bend Reoot Bend Face Bend Root Bend
SAMPLE NUMBER(S) F1 R1 F2 R2

RESULTS Pass Pass Pass Pass

We certify the test resulls in this report and thal the specimen(s) ware prepared and tested in accordance with the
requirements of ASME Section [X, 1998 edition and lalest addenda. The information regarding material identification
(Le. size, lhickness, heal number, efc.) has been provided by the customer whose name appears on this repori.

/-:- /.-«7 P
Laboratory Test Conducted By: / 2 /%,4

Andrew Elash / Ron Peters, C. ET.

4027 - 14 Street 5., CALGARY, ALBERTA T2G JK6 PHONE; (03} 262-7072 FAX: {403} 266-3169
7925 Davies Raad, EDMONTON, ALBERTA T6EANT PHCINE: (740)468-3030 FAX: (760} 4683032




AR LUDWIG & ASSOCIATES L1,
W

Materials and Welding Engineering

LABORATORY TEST REPORT
CUSTOMER:  GLM Tanks & Equipment Ltd. Laboratory Test No.: E01-283.1
1508 — 8 Street Date: April 23, 2001
Nisku, AB
T9E 756
Attention: Wilber Davie
PQR No.: 41-1-134
Material: SA 333 Gr. 6 to SA 350 Gr. LF2
Size; 114.3 mm (4.50in.) 0.0. x 6.32 mm {0.249 in,) w.t.
Thermal Condition: As Welded
NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-Notch ORIENTATION: Transverse
TEST TEMPERATURE: -48°C (-65°F) SPECIMEN SIZE: 10 x § mm
Specimen Notch Impact Valuas
Number Location Joules {ft.lbs)
A2.1 Weld Metal within 1/16" of root 31.6 (23.2)
A2.2 Weld Metal within 1/16" of root 39.3 (29.0)
A2,3 Weld Metal within 1/16" of root 41.0 (30.2)
A3.1 Gr. 6 - HAZ 55.6 (41.0)
A3.2 Gr.6 - HAZ 96.5 {71.2)
A3.3 Gr, 6 - HAZ 83.3 (61.4)
Ad.1 Gr. LF2 - HAZ 447 (33.0)
A4.2 Gr. LF2 - HAZ 25.8 (19.0)
Ad.3 ’ Gr. LF2 - HAZ 50.2 (37.0)

We certify the test resuits in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section VIII, Div. I, UG-84, 1998 edition and latest addanda. The information regarding

material identification (i.e. size, thickness, heat number, elc.) has been provided by the customer whose name

appears on this report.
7
i
/Lw,./ g z/
Laboratory Test Conducted By: faar, _/:‘,,f/‘, .

“Andrew Elash / Ro'ﬁ"Peters. CE.T.

4027 - 14 Street 5.6, CALGARY, ALBERTA T2G JK6 PHONE: (403) 262-7072  FAX: (403) 266-3169
T025 Dovies Road, EDMUNTON, ALBERTA TGEANT  PHONF: (801 4683010 FAX: (760) 468-3032




AR LUDWIG & ASSOCIATES Lip.

Materials and Welding Engineering

LABORATORY TEST REPORT
CUSTOMER:  GLM Tanks & Equipment Ltd, Laboratory Test No.: £01-283.1
1508 - 8 Street Date: April 23, 2001
Nisku, AB
TIE 786
Attention: Wilber Davie
PQR No.: 41-1-134
Material; SA 333 Gr. 6 to SA 350 Gr. LF2
Size:; 114.3 mm (4.50 in.) O.D. x 6.32 mm (0.249 in.) w.t
Thermal Conditlon: As Welded
HARDNESS TEST
TYPE OF TEST: Vickers LOAD: 500 ¢

INSTRUMENT TYPE: Leco V-100-C1

1 mm 1 2 - .. 8
Typ. ' °
10 18 .
SA 333 Gr. 6 SA 350 Gr. LF2

1) 144 HV 6) 185 MV 11) 185 HV 16) 189 HV
2) 173 HV 7) 180 RV 12) 183 HV 17) 182 HV
3) 186 HV 8) 177 HV 13) 155 HV 18} 150 HV
4) 205 HV 9) 147 HV 14) 164 HV
5) 193 HV 10) 150 WV 16) 157 HV

We certify the test results in this report and thal the specimen(s) were prepared and lested in accordance with the
requirernents of ASTM €384 - 99. The information regarding malerial identification (i.e. size, thickness, heat number,

elc.} has been providad by the customer whose name appears on this r,aggzt-." =

«

Laboratory Test Conducted By: : ) a&a%-; e
Andrew Elash / Ron Peters, C.E.T.

4027 - 14 Sweet S.E, CALGARY, ALBERTA T2G JK6 PHONE: (403) 262-7072  FAX: 1403) 266-3 169
7925 [havies Roac, EDMONTON, ALBERTA T6EANT PHONE: (760) 468-1030  FAK: (780} 468.3032




4 LUDWIG & ASSOCIATES Lip.
M

Materials and Welding Engineering

LABORATORY TEST REPORT

Laboratory Test No.: £02-150.15

CUSTOMER:  GLM Tanks & Equipment Ltd.
Date: March 1, 2002

1508 —- 8 Street

Nisku, AB
TOE 756
Atteation: Wilber Davie
PQR No.: 41-1-134-2
Material: SA 333 Gr. 6 to SA 350 Gr. LF2

Size: 219.1 mm (8.625 in.) O.D. x 12.7 mm (0.500 in.) w.t,
Thermal Condition: As Welded

TENSILE TEST QW-150

SAMPLE NUMBER T QW-462.1(b) T2 QW-482.1(b)
WIDTH mm (in) 18.9 (0.744) 19.0 {0.748)
THICKNESS mm (in) 11.6 (0.457) 0.82 {0.387)

AREA sq mm (sq in) 219 (0.340) 187 (0.289)

ULT. LOAD N (lbs) 94400  (21,200) 81200  (18,300)

UTS MPa (psi) 431 (62,400) 435 (63,100)
FRACTURE TYPE Partiat Cup & Cone Partial Cup & Cone
FRACTURE LOCATION Parent Metal (SA 333 Gt. 6) Parent Matal (SA 333 Gr. 6)

GUIDED-BEND TEST QW-160

SAMPLE THICKNESS: 12.7 mm  (0.500 in.)

SAMPLE WIDTH: 8.62 mm (0.375n,)
YOKE SIZE: 60.3mm (2.375in.)

PLUNGER SIZE: 38.1mm (1.50in.)

QW-462.2 Side Bend Side Bend Side Bend Slde Bend
SAMPLE NUMBER(S) 51 S2 53 54
RESULTS Pass Pass Pass Pass

We cerlify the test results in this report and that the specimen(s) ware prepared and tested in accordance with the
requirements of ASME Section 1X, 2001 edition and latest addenda. The information regarding material identification
(i.e. slze, thickness, heat number, efc.) has been provided by the customer whose name appears on this reporl.

[

Chfis Lachuk / Kareﬁ Koens, C.E.T,

Laboratory Test Conducted By:

4027 - 14 Street 5.€, CALGARY, ALBERTA T2G IK6 PHONE: (403) 262.7072 FAX: {403} 266-3163
7025 Davias Road, EDMONION, ALBERTA T6E 4NT  PHONE: (7601 168-3000  EAX: (780} 1683032




LUDWIG & ASSOCIATES L.

Materials and Welding Engineering

&

LABORATORY TEST REPORT
CUSTOMER: GLM Tanks & Equipment Ltd. Laboratory Test No.: E02-150.15
1508 — 8 Street Date: March 1, 2002
Nisku, AB
TOE 756
Attention: Wilber Davie
PQR No.: 41-1-134-2
Material: SA 333 Gr. 6to SA 350 Gr. LF2
Size: 219.1 mm (8.625 in.) 0.D. x 12.7 mm (0.500 in.) w.t.
Thermal Condition: As Welded
NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-Natch ORIENTATION: Transverse
TEST TEMPERATURE: -46°C (-50°F) SPECIMEN SIZE: 10 x 10 mm
Specimen Nolch | Impact Values
Number Location Joules (ft.ibs)
R2.1 Weld Metal within 1/18" of raot 124 (91.2)
R2.2 Weld Metal within 1/16" of root 129 (95.4)
R2.3 Weld Metal within 1/16" of raot 67.8 (50.0)
R3.1 Gr. 6 - HAZ >260 (>192)
R3.2 Gr. 6 - HAZ >260 (>192)
R3.3 Gr. 6 - HAZ >260 (»192)
R4.1 Gr. LF2 - HAZ 40.1 (29.6)
R4.2 Gr. LF2 - HAZ 44.5 (32.8)
R4.3 Gr. LF2 - HAZ 41,2 (30.4)

We cerlify the test results in this report and that the specimen(s) were prepared and lested in accordance with the
requirements of ASME Section Vill, Div. 1, UG-84, 2001 edition and latest addenda, The information regarding
material idenlification (ie. size, thickness, heal number, elc,) has been pravided by the cusiomer whose name

appears on this report.

o
Laboratory Test Conducted By: /{,ﬁrm, P, P
Chrls Lachuk /Karen Koens, C.E.T.

4027 . 14 Sireel 5.€., CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403} 266-3169
7925 Davirs Roarl EDMONTON, ALBERTA  Y6E 4NT PHONE: (750) 468:3030 FAX: (780) 468.3032




4 LUDWIG 8 ASSOCIATES L1».
b Materials and Welding Engineering

LABORATORY TEST REPORT
Laboratory Test No.: E02-150.15

CUSTOMER: GLM Tanks & Equipment Ltd,
: 1508 ~ 8 Street Date: March 1, 2002
Nisku, AB
T9E 756
Attention: Wilber Davie
PQR No.: 41-1-134.2
Material: SA 333 Gr. 6 10 SA 350 Gr. LF2

Size: 219.1 mm (8.625 In.) O.D. x 12,7 mm (0.500 in.) w.t.
Thermal Condition: As Welded

HARDNESS TEST
TYPE OF TEST: Rockwell SCALE: B
INSTRUMENT TYPE: NewAge Digital Versitron
T
'o2\ s
1 3 7 12
oy .
p
SA 350 Gr. LF2 SA 333Gr. 6
1) 78 HRB 5) 90 HRB 9) 84 HRB
2) 87 HRB 6) 89 HRB 10) 79 HRB

3) 88 HRB 7) 84 HRB ) 79 HRB
4) 86 HRB 8) 78 HRB 12) 71 HRB

Wae certily the test resulls in this report and that the specimen(s) were prapered and tested in accordance with the
requirements of ASTM E18 - 98. The information reqarding material identification (l.e. size, thickness, heat number,

etc.) has been provided by the customer whose name appears on this report,

Laboratory Test Conducted By: / Mi

Chris Lachuk’/ Karen Koens, C.E.T.

4027 - 14 Street S.E., CALGARY, ALBERTA T2G IK6  PHONE: (400) 262.72072  FAX: (403) 266-3169
U5 Davies Hoacl EDMONTON. ALBERTA TEE 4N PRINE: (7800 4683030 FAK: (PRO) 4681132




AR LUDWIG & ASSOCIATES L.

Materials and Welding Engineering

LABORATORY TEST REPORT

CUSTOMER: GLM Tanks & Equipment Ltd. Laboratory Test No.: E02-150.15
1508 — 8 Street Date: March 1, 2002
Nisku, AB
TOE 756
Attentlon: Wilber Davie
PQR No.: 41-1-134-2
Material: SA 333 Gr. 6to SA 350 Gr. LF2
Size: 219.1 mm (8.625 in.) O.D. x 12.7 mm (0.500 in.) w.t.
Thermal Condition: As Welded
HARDNESS TEST
TYPE OF TEST: Vickers LOAD: 10kg
INSTRUMENT TYPE: Mitutoyo AVK-C1
f""'__—""‘"*\. : LR ! 0.5miry baginning al lus.rfuﬁ_llno
1 4 s 7 a1 1mm
2 s 3
= e
SA 333Gr. 8 SA 350 Gr. LF2

1 138 HVY-  6) 1177HY  11) 167 HV  18) 138 HV
2) 143 HV 7) 185 HV  12) 143 HV  17) 159 HV
3) 146 HV 8) 196 HV  13) 148 HV  18) 174 RV
4) 147 HV 9) 180 HV  14) 150 HV  19) 189 HV

5) 172 HV 10) 174 WY 15) 154 HV 20y 187 RV
21) 160 RV

We cerlily the test resulls in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASTM E02-82 (Reapproved 1997). The information regarding material Idenlification fie. size,
thickness, heat number, otc.) has been providad by the customer whose name appears on this report.

_
Laboratory Test Conducted By: / 3_74 Accacd éé,..g,&
Chris Lachuk / Karen Koens, C.E.T.

4027 . 14 Streal 5.E, CALGARY, ALBERTA T2G IK6 PHONE: (403) 262.7072 FAX: 403) 266-3169
7425 Davles Roadl EDMONTON, ALBERTA  T6E 4Nt PHONE: (760) 468-3030 FAX: (280) 4603032




A8 LUDWIG & ASSOCIATES vLp.
m

Materials and Welding Engineering

LABORATORY TEST REPORT
CUSTOMER:  GLM Tanks & Equipment Ltd. Laboratory Test No.: E02-150.15
1508 ~ 8 Street Date: March 1, 2002
Nisku, AB
TOE 756
Attentlon: Wilber Davie
PQR No.: 41-1-134-2

Material: 8A 333 Gr. 6 to SA 350 Gr. LF2
Size: 219.1 mm (8.625n.) 0.D. x 12.7 mm {0.500 in.) w.t.

Thermal Condition: As Welded

HARDNESS TEST
TYPE OF TEST: Brinell LOAD: 3000kg., 10 mm ball
lNSTR_UMENT TYPE: Brown Bayley

WELD CAP HARDNESS

|__174BHN ]

We certify the test resulls in this report and that the specimen(s) were prepared and fested in accordance with the
requiraments of ASTM E10-00. The information regarding material identification (i.e. size, thickness, heat number,

8ic.) has been provided by the customer whose name appears on this report,

~ s
Laboratory Test Conducted By: /
Chris Lachuk / Karen Koens, C.E.T.

4027 -« M Street 5.6, CALGARY, ALBERTA T2G JK6 PHONE: (403) 262.7072 FAX: {403) 266-216%
7925 Davies Road, EDMONTON, ALBERTA  T6EANI - PHONE: [780) 468:3030 FAX: (7801 466-3002




WELDING PROCEDURE SPECIFICATION NO.: 41-8 / 1-163A (Rev.2)

WELDING PROCEDURE QUALIFICATION RECORD NO.(S): 41-1/8-163-1
QUALIFIED FOR

Base Metal {Typlcal): P1 Groups 1.8 2 to P8 Group 1
Gr.6, SA 350 Gr.LF2 _SA 42 6, 8A 516 Gr.70, ete to
SA 182, SA 24 312, Type 4L, 316 L, 321, etc.
Process(es): GTAW / SMAW Weld Types: GROQ FILLET
Position: ALL POSITIONS Diameter: ALL DIAMETERS
Filler Metal: ER309L., E309L-156/16/17

BASE METAL CONDITIONS & GROOVE THICKNESS RANGE QUALIFIED:

NOTCH TOUGHNESS APPLICATIONS TO -46°C AS WELDED
BASE METAL THICKNESS RANGE 3.2 t0 12,7 mm (0,125 to 0.500 in.) inclusive

COMBINED DEPQSITED WELD METAL THICKNESS

ASME B31.1 12.7 mm (0.600 In.) maximum
ASME B31.3 12.7 mm {0.5G0 in.) maximum

ASME SECT. VI, DIV 12.7 mm (0.500 in.) maximum

Tty

"ALBERTA BOILERS SAEETY A 'sé'm STATIO

PROVINCE OF ALBERTA
BAFETY CODES ACT

WELDING PROCEDURE
Rog. No, WP,,

§pac No....4h )= 8., Fl"l(v?m (m:‘yﬂ
Wald Procass . @YAW A QMAW
Mal. G P NodfZEIE2 1o P No. Fﬁrl
Elas. Gr. F No... 1' 5 + A No...
Th. Qual. Fur3\?tﬂjga7m"P (1] N.? ..........

PROVINGIAL REGISTRATION

Prepared By Ludwlg & Associates Lid. Page10f7



QW-482 WELDING PROCEDURE SPECIFICATION (WPS)

G.L.M. Industries L.P.

Welding Pracedure Speacification No, 41-8 ]1 16§A (Rev.2) Date _September 26, 2008
rate hame change (formerly GLM Tanks &

Revision __Rev, 2 (Nonessential) Corpora change (formerly GLM
Equipment Ltd,} WPS No. formerly 41-8 / 1-163A (Rev.1)

Supporting PQR No.(s) 41-1/8-163-1
Welding Process(es) GTAW / SMAW Type(s) Manual

JOINTS (QW-402)

Joint Design All ASME groove & fillet, reference construction drawing for [oint details,
Whare joint detalls are not specified, refer 1o figures 1 to 15 attached

Root Qpening ached typical groove design figures 1

Backing Wuth or without Retainers Not required

BASE METALS (Qw-403)
P-Number P1Groups 1&2 To P-Number P8 Group 1

Thickness Range:  Groove See cover page for thickness qualified by governing code
Filet All base metal thicknesses

Pipe Diameter Ranges: Groove All diameters

Fiilet AI# dlameters
GTAW: 4.78 mim (0.188 In.) maximum

Deposited Weld Metal (Per Pass)
SMAW: 7.92 mm (0,312 in.) maximum

FILLER METALS (QW-404) GTAW SMAW

Specification No. (SFA) SFAS.9 SFA 5.4

AWS No. (Class) ER308L E309L-15/16/17

F-No. F6 FS

A-No. '

Size _ ' 1/16 fo 5/32 In. inclusive 3[32 {0 3/16 in. inclusive
Consumable Inserts Not Begulrgq NIA

Filler Metal Praduct Form Soild wire

Flux Without the addition of flux NjA

Deposited Weld Matal Thickness Range:

Groove 4,78 mim (0.188 in.) max. 7.92 om (0,312 in.) max.*
_Fillet Mﬂ All fillet sizes

Other _*_Combined deposited weld metal thi s shall not excesd 12.7 in.

for ASME B31.1 & B31,3 and for ASME Section VIil, Div.1

POSITION (QW-405)

Position of Groove All posltions Position of Flllet All positions

Weld Pragression GTAW: Vertical up or vertical down SMAW: Vertical up
PREHEAT (QW-406)

Preheat Temperature (Minimum) 10°C (80°F)

Interpass Temperature (Maximum) 177°C (35 0°F)

nance is pot required if waldin

Preheat Maintenance _10°C prior to welding. Preh
interrupted or after. tng ggmgletlon of welding unless required by the

code of construction.

Prapared By Ludwlg & Assoclates Ltd, Page 20f 7



POST WELD HEAT TREATMENT (QW-407)

Temperature Range

GAS (QW-408)

Specificatlon No. (SFA)

WPS NO. _ 41-8/1-183A (Rev.2)
N/A Time Range N/A
SFA532 AWS No. (Class) __SG-A

Shielding 100% Argon, § - 20 liters per minute (10 - 40 cfph)
Backing 100% Argon, 3 - 10 liters per minute (6 - 20 ciph)
Trailing Not Required
ELECTRICAL CHARACTERISTICS (QW-409)
Current Direct Polarity GTAW: Stralght SMAW: Revarse
Amps See Table #1 Volts See Table #1
Maximum Heat Input
Base Metal Thickness Range GTAW SMAW
0.1256 - 0.500 In. 51,830 Jin. 21,920 Jfin.
Pulsing Current + With or without
Tungsten Electrode 1/16 to 6/32 inch diameter
Tungsten Classification EWTh- -2, EWCe-2, EWLa-1, EWLa-1.5, EWla-2
TECHNIQUE (QW-410)
String or Weave Either TravelSpeed ____ SeeTable#l
Orifice or Gas Cup Size 25210 19.1 mm (0.375 to 0.750 In.)
Initia! & Interpass Cleaning rushing. chippin rinding as required

Method of Back Gouging rbon arc, back-grind as re

Oscillation N/A

Closed or Out of Chamber N/A

Multiple or Single Pass Per Side AW: Eithe AW! tiple

Multiple or Single Electrodes Single

Electrode Spacing N/A

Peening Not permitted

TABLE 1 ~ WELDING PARAMETERS
Diameter | Current Type] Amperage| Voltage Travel Speed

Procese Filler Metal mn(n)| & F'olan‘%,;‘:l Rgnggg_ Range mm/min. (f..p.m.)
GTAW ER3001. 1.8 (1/18) DCsP §0 - 140 6-14 9-300 (04-12)
GTAW ER309L 2.4 (3/32) DCSP 70 - 200 818 17 - 380 (0.7 - 14)
GTAW ER309L 3.2 (1/8) DCSP 100 - 286 9-20 27 =400 (1.1 - 18)
GTAW ER300L 4.0 (6/32) DCSP 120 - 350 10«21 36 -450 {1.4 -18)
SMAW | E309L-16/16/17 | 2.4 (3/32) DCRP 50 - 80 16 « 27 58 - 300 (2.2-12)
SMAW | E309L-15/16/17 | “3.2 (1/8) DCRP 70-120 17- 28 83 - 350 (3.3-14)
SMAW | E309L-18M16/17 | 4.0 (5/32) DCRP 100 - 170 18- 29 126 - 400 (5.0 - 16)
SMAW | E309L-15/16/17 | 5.0 (3/16) DCRP 140 - 220 20-30 196 - 500 (7.7 - 20)

Note: Welding parameters shali be adjusted to Insure that the maximum heat input value speclfied in

QW-409 above Is not exceeded, Heat Input (J/in.) = m
Traval Speed (Ipm)

Prepared By Ludwig

& Assoclates Lid,

Page 3 of 7



WPS NO. __41.8/1-163A (Rev.2)

TYPICAL JOINT DESIGNS

S 59 73 3

"", I‘- ¥18 - UGN, "’:*T#- 114 44 14 in. - |<—3ns +- 3116 In.

Figure 1 Figure 2 Figure 3
Single Square Butt Single Square Butt with Backing Strip Double Square Butt

eug+/-15° \ ﬁozu 15° \
§0%4/. 15°
Typleal

3 \ / 5 9 \/ be
l-— 318 +4 3118 in. **ETFI- 3HB +/- 316 In. { % 3;13 - 3116 In,

Figure 4 Figure § Figure 6
Single Vee Butt Single Vee Butt with Backing Strip Double Vee Buit

Radis 1B in. Radlys 1181, Radiys 11810,
118 & trfala. - it6in,
0% 4020° 60% 4. 20° 60°+.20°
Tymitad

S e \/ ¢
e e I

Figure 7 Figure 8 Figure 9
Single U Buit Single U Butt with Backing Strip Double U Butt

fatn " e
YR 20° o
20° 4. 10 07 +-10 200 4. 10°
Typieat

N[ 3\ % s

~o| |- 3rt6 4. a8 n i iy D—— ] e~ ant6 431161

Figure 10 ' Figure 11 Figure 12
Single J Butt Single J Butt with Backing Strip Double J Butt

40%+)- 209 40%4. 20° 40%+ 20¢
Typlcal
“""'I M6+ 318 In. _'_I ,_.._ 316 +- 3116 In """ [~ 3116 +/- 316 In.

Figure 13 Figure 14 Figure 15
Single Bevel Butt Single Bevel Butt with Backing Strlp Double Bevel Buit

Or as per the joint design on the approved construction drawing.

Prepared By Ludwlg & Associates Ltd. Page 4 of 7



QW-483 WELDING PROCEDURE RECORD (PQR)
G.L.M. Indusgtries L.P.

Procedure Qualification Record No. 41-1/8-163-1 Date June 11, 2002
PQR Revision Corporate name change (formerly GLM Tanks & Equipment Ltd.),

September 26, 2008
Welding Procedure Specification No. 41-8/1-163A_(Rev.2)
Welding Process{es) GTAW / SMAW Type(s) Manual
JOINTS (QW-402)
Type Butt joint, single vee groove, see next page
BASE METALS (QW-403)
Material Spec., SA 516 to SA 240 Type or Grade _Gr.60/70 1o Type 304L
P-No. __ P1Gmp.1/2 ToP-No. P8 Grp.1- Thickness 6.32 mm (0.249 In,)
Diameter N/A, Other Plate Product Form
FILLER METALS (QW-404) GTAW SMAW
Specification No. (SFA) SFAS5.9 SFA 54
AWS No. (Class) ER300L.* E309L-17*
Filler Metat F-No. _F6 kS
Filler Metal A-No, A8 A8
Size of Elactrode See attached sketch
Deposited Weld Metal Thickness _2.38 mm (0.094 in.) 3.24 mm (0.155 in.)
Other *Avesta Welding Products: Avesta 309L

“*Avesta Welding Products: Avesta 309L-17

POSITION (QW-405)
Position of Groove 36
Weld Prograssion Vertical Up
PREHEAT (QW-406)
Preheat Temperature 10°C (50°F) Interpass Temp. (Max.) ___ 177°C (360°F)
POSTWELD HEAT TREATMENT (QW-407)
Temperature Nene Time N/A
GAS (Qw-408)
Speclification No. (SFA) SFA 5.32 AWS No. (Class) __SG-A
Shielding 100% Argon, 12.5 liters per minute (25 gfph)
Backing 100% Ardon, 7.5 liters par minute (15 cfph)
Trailing Without
ELECTRICAL CHARACTERISTICS (QW-409)
Current Rirect Polarity GTAW; Stralght SMAW: Reverse
Amps See next page Volts See next page .
Heat Input F6: 51,830 Jfin. maximum F§: 21,820 Jin. maximum
Other 1/8 in. diameter 2% thorlated tungsten electrode, EWTh-2
TECHNIQUE (QW-410)
String or Weave Weave Trave! Speed See next page
Multiple or Single Pass Per Side GTAW: Single SMAW: Multiple
Multiple or Single Etectrodes Single

Prepared By Ludwlg & Assoclates Lid, PageBof7



Prepared By Ludwig & Assocliates Ltd.

PQR NO. __41-1/8-163-1
60°
0.249 in,
Diameter Current & | Amperage | Voltage Travel Spead
Pass | Process | FiterMetel | mm(n) | Polarity | Renge | Renge | _mmimin (ipm.)
1 GTAW ER300L 2.4 (3/32) DCSP 80 10 24 {0.9)
2 SMAW | E309L-17 2.4 (3/32) DCRP 50 22 . 76 (3.0)
3 SMAW | E300L-17 2.4 (3/32) DCRP 50 22 79 (3.1)
PageBof7



PQR NO. 41-1./ 8-163-1
TENSILE TEST {(QW-150)
Specimen | Width | Thickness Area Uitimate | Ultimate Character &
No. mm (i) § mm (in.) S8q. mm Load Stress Fracture Laocation
(8g.in) | N(bs,) | MPa (psi)
Ti 19.1 4.90 93.6 ' 51 500 550 Partial Cup & Cone
(0.752) (0.193) {0.145) | (11,600) ! (79,800) | Parent Matal (SA 516 Gr. 60/70)
T2 19.0 4,77 50.6 49 900 551 Parllal Cup & Cane
- {0.748) (0.188) (0.140) | (1,200) | (79,900) | Parent Metal (SA 516 Gr. 60/70)
GUIDED BEND TEST (QW-1 60)

Type & Figure No. Resuit Tﬁpe & Flgure No. Résult
QW-462 .34, TRB - R1 Pass QW-462.3a, TFB - F1- Pass
QW-462.3a, TRB - R2 Pass QW-462.3a, TFB - F2 Pass

CHARPY IMPACT TOUGHNESS
Type of Test Charpy V Notch Orlentation Transverse
Test Temperature __ -48°C {-55°F) Specimen Size 10 x5 mm
Specimen No. Notch Location Impact Valuas _J (ft. ths) Lateral Expanslon (inches) |
B2.1 Waeld Meial 38.2 (28.2) 0.042
B2.2 Weld Matal 36,8 (27.0) 0.040
B82.3 Weld Metal 46,1 (34.0) 0.043
B3.1 P1Grp.1/2-HAZ 99.3 (73.2) N/A
R3.2 P1Grp.1/2-HAZ 64.3 (47.4) N/A
B3.3 Pt Grp.1/2-HAZ 24.9 (70.0) N/A
OTHER TESTS
Rockwell Hardness - seg attached laboratory test report
Vickers Hardness - see alla ratory test report
Brinell Hardness - seq altached laboratory test report
Welders Name Don Johnson Certificats File No. N/A

Tests Conducted By Ludwig & Associates Ltd.
Laboratory Test No. EQ2-552.2

We hereby recertify that the statements In this record have been revised In siccordance with
Paragraph QW-200.2 and that the test walds were prepared, welded and tested In accordance
with the requirements of Section 1X of the ASME Code,

G, INDUSTRIES L.P.

Manufacturer

Date ao/ﬂz 5; A ¢

Signed

Frepared By Ludwlg & Assoclates Ltd, Page7of 7



ASSOCIATES L1p.

Materials anWeIding Engineering

(=

LABORATORY TEST REPORT
CUSTOMER: GLM Tanks & Equipment Ltd. Laboratory Test No.: E02-552.2
1508 - 8 Street Date: June 21, 2002
Nisku, AB
TOE 756
Attention; Wilber Davie
PQR No.: 41-1/8-163-1
Material; SA 516 Gr, 60/70 to SA 240 Type 3041
Thickness: 6.32 mm (0.249 in.}
Thermal Condition: As Welded

TENSILE TEST QW-150

SAMPLE NUMBER T1 QW-462.1(a) T2 QW-462.1(a)
WIDTH mm (In) 19.1 {0.752) 19.0 (0.748)
THICKNESS mm (in) 4,90 (0.193) 4.77 (0.188)

AREA sq mm (sq in) 93.8 {0.148) 90.6 (0.140)

ULT. LOAD N (lbs) 51 500 (11,600) 40 800 (11,200)

UTS MPa {psi) 580 (79,800) 551 '(79,900)
FRACTURE TYPE Partial Cup & Cone Partial Cup & Cone
FRACTURE LOCATION Parent Metal (SA 516 Qr. 60/70)  Parent Metal (SA 516 Gr. 60/70)

GUIDED-BEND TEST QW-160

SAMPLE THICKNESS: 6,32 mm (0,249 n.)

SAMPLE WIDTH:  38.1 mm (1.50 in.)
YOKE SIZE:  41.1mm (1.62 In.)

PLUNGER SIZE: 222mm (0.8751n.)
QwW-462.3 (a) Face Bend Root Bend Face Band Root Bend
SAMPLE NUMBER(S)  Fi1 Ri F2 R2
RESULTS Pass Pass Pass Pass

We certify the test resulls in this report and that the specimen(s) were prepared and tasted In accordance with the
requiraments of ASME Saction 1X, 2001 edition and latest addenda. The information ragarding material identification

{l.e. size, thickness, heat numbaer, elc.) has baen provldeaﬁ the cztomer whose name appsars on this repont.
LS

Laboratory Test Conducted By:
Natashua Collier, C.E.T.

4027 - 14 Street 5.5, CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262.7072  FAX: 1403) 266-J169

TAVE Maniins Davdd CALIAMEART AVGLRTA LD AMT MLIONIE PTOA) AC0 2AIR CAV. ITOAL 440 n%a
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CUSTOMER: GLM Tanks & Equipment Ltd.
1508 - 8 Street

Materials and Welding Engineering

LABORATORY TEST REPORT

Laboratory Test No.: E02-552.2
Date: June 20, 2002

Nisku, AB
T9E 756
Attention: Wilber Davie
PQR No.: 41-1/8-163-1
Materlal: 8A 516 Gr. 60/70 to SA 240 Type 3041
Thickness: 8.32 mm (0.249 In.)
Thermal Condition: As Welded
NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-Notch ORIENTATION: Transverse
TEST TEMPERATURE: -48°C (-85°F) SPECIMEN SIZE: 10 x 5 mm
Specimen Notch Impact Values Lateral Expansion
Number Location Joules (it.lhs) in.
B2.1 Weld Metal within 1/18" of root 38.2 (28.2) 0.042
B2.2 Weld Metal within 1/16" of root 36.6 (27.0) 0.040
B2.3 Weld Metal within 1/16" of root 46.1 (34.0) 0.043
B3.1 Gr. 60/70 - HAZ 99.3 {73.2)
B3.2 Gr, 80/70 - HAZ 64.3 (47 .4)
B3.3 Gr. 60/70 - HAZ 94.9 (70.0)

We ce)ﬂfy the test results In this report and that the specimen(s) were prepared and tested in accordance with the
requiraments of ASME Section VIll, Div. {, UG-84 - 2001. The information regarding material identification (i.e. size,
thickness, heat numbher, etc.) has been provided by the customer whose name appears on this report,

Laboratory Test Conducted By: ”Ldﬂ.\

Natashua Coiller, C.E.T.

A027 - 14 Steeet S.E, CALGARY, ALBERTA T2G 3K6 PHONE: (403) 2627072 FAX: (403) 266-3169

POIE Miavine Brizdd FNUAONTOR] AEDEDTY  TEF ANIE DHICIME ITRAL ARR NN LAV (70M 42q 2031



v | Materials and Welding Engineerin,

ILABORATORY TEST REPORT

Laboratory Test No.: E02-552.2
Date: June 24, 2002

CUSTOMER: GLM Tanks & Equipment Ltd.
1508 - 8 Strest

Nisku, AB
TOE 756
Attention: Wilber Davie
PQR No.: 41-1/8-163-1
Material: SA 516 Gr. 60/70 to SA 240 Type 304L
Thickness: 6.32 mm (0.249 In.)

Thermal Condition: As Welded

HARDNESS TEST

TYPE OF TEST: Vickers LOAD: 10 kg

INSTRUMENT TYPE:; l.eco V-100-C1

26 mm [ .1 /8 9, .
25 Em: 10 18.
SA 516 Gr. 80/70 SA 240 Type 304L

1) 164 HY 6 197 HV 11) 206 HY 16) 179 HV
2) 186 HY 7)) 188 HV 12) 223 HV 17} 184 HV
3 198.HV B) 187 HV 13) 177 HV  18) 164 HV
4) 197 HY  9) 171 HV  14) 165 HV
§) 194 HV 10) 167 HV  18) 188 HV

We certify the test results In this report and that the specimen(s) were prepared and tested In accordance with the
requirernents of ASTM E92 - 82 (Reapproved 1997). The information regarding material Identification (i.e. size,

thickness, heat number, elc.) has been provided by the cusWMappears on this report.
Laboratory Test Conducted By: .

Natashua Collier, C.E.T.

4027 - 14 Strect S.6, CALGARY, ALBERTA 12G JK6  PHONE: (403) 262-7072  FAX: (403) 266:3169

VAR Sy s ] PALIPETN L FEAPRY G WAE 1 MIIANIA thed. 149 AAb e Sial smaa



4 LUDWIG & ASSOCIATES Lip.
V " Materials and Welding Engineering v

LABORATORY TEST REPORT
CUSTOMER: GLM Tanks & Equipment Ltd. Lahoratory Tast No.: E02-552.2
1508 - 8 Street Date: June 24, 2002
Nisku, AB
TOE 786
Attention: Wilber Davio
PQR No.; 41-1/8-163-1
Material: SA 516 Gr. 80/70 to SA 240 Type 304L
Thickness: 6.32 mm (0.249 in.)
Thermal Condition: As Welded
HARDNESS TEST
TYPE OF TEST: Rockwsll SCALE: B
INSTRUMENT TYPE;  Wilson )
P
3 4
\ /
1 \\ 2 ] // 7
\ 5 | /
h
SA 240 Type 304L SA 516 Gr, 60/70
1) 81 HAB 4) 88 MRB 7 84 HRB

2) €0 HRB §) 84 HRB
3) 90 HRB 6) 92 HRB

Wae ceriify the test results In this report and that the specimen(s) were prepared and tested in accordance with the
requiraments of ASTM E18 . 88. The information regarding material ldentification (i.e. size, thickness, heat number,

ole.) has baen provided by the customer whose hame appears on this report.

Pl

Laboratory Test Conducted By: y
Natashua Collier, C.E.T.

4027 - 14 Steel 5.F; CALCARY, ALBERTA T2G 3K6 PHONE: [403) 262-7072 FAX: (4031 266-3169

AL dsm b
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LUDWIG& ASSOCLATES LTD.

" Materials and Weldmg Engmeermg

- =

LABORATORY TEST REPORT
CUSTOMER: GLM Tanks & Equipment Ltd. Lahoratory Test No.: E02-552.2
1508 - B Street Date: June 24, 2002
Nisku, AB
TOE 7S6
Attention: Wither Davie
PQR No.: 41-1/8-163-1
Material: SA 516 Gr. 60/70 to SA 240 Type 304L
Thickness: 6.32 mm (0.249 in.}
Thermal Condltion: As Weided
HARDNESS TEST
TYPE OF TEST: Brinell LOAD: 3000 kg., 10 mm ball
INSTRUMENT TYPE: King
Location Brinell Hardness (BHN)
Surface of Weld Cap 166
Surface of Weld Cap 170
L Surface of Weld Cap 159

Average Brinell Hardness 165 BHN

We certify the iest results in this raport and that the spacimen(s) were prepared and tested in accordance with the
requiremsnts of ASTM E10-C0, The Information regarding matarial ldentification (l.o. size, thickness, heat number,

elc.) has baan provided by the customer whose name appears on this repont,

fledi

Laboratory Test Conducted By: .
Natashua Coltar, C.E.T.

4027 - 14 Steeet 5.8, CALOARY, ALBERTA T2C JK6 PHONE: (403) 262-7072  FAX: (403} 266-3169

FANE Mimiclnn Onnd CFUACWRITPALE A1 BCHYA  VEE AR DI 1T0H ARQ PAMY CAVIFTAN) A0 26120



G.L.M. INDUSTRIES L.P.

SECTION 5

MUALITY
CONTROL/INSPECTION
DATA
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Head Office &
Manufacturing

1508 — 8" Street
Nisku AB T9E 758
P: (780) 955-2233
'F:(780) 955-2241
TF: (800) 661-9828

X

Calgary
Sales

#0900, 706 — 7" Avenue SW
Calgary AB T2P 021

P: (403) 231-2730

F: (403) 234-8274

TF: (800) 661-9446

D.

GLM _Job#‘:' (0~797-1] -

Date Tested : V)

Customer:

ar 24 /1

G.L.M. INDUSTRIES LP.

Grande Prairie Facility Saskatchewan
' Facility -

9101 - 150" Avenue
Grande Prairie AB- TBX 0B1 | 14" Street & 5" Avenue

P: (780) 830-1474 PO Box 1229
F: (780) 830-1478 Battleford SK SCM 0EQ
TF: (888) 830-1474 _ -P: {308) 937-7786

F: {308) 937-7788
TF: (800) 663-7785

O

Your Reference: | Tag#: '

* REGORD OF VAcuuM Box TEST

Thisis to certify that the above project has ,beén combleted in compliance with all applicable drawings,
engineering specifications provided, applicable regulatory bodies and jurisdictions. The following areas
have been tested by vacuum box methods in accordance with APl Standards: : '

| Area Tested:

‘Floor seams @ 3.0 psig

‘Testing Medium: _

Ambient Temperature:

Soap Film Solution .
40 Deg.-F minimun R

Light Source Used: Flashlight
Approximate Light Intensity: N/A
Number of Defects Identified: 0

Retest Completed & Satisfactory: yes

M.er/ r;i G fﬁéf’ﬂ %ﬂlﬁvw

Completed by (Print & Sign):

Q-885.01

A.bm're document complies with BS EN 10204:1991 Section 3.1.B

Page 1 of 1



THICKNESS:

TEMPERATURE:
SUBSTRATE TEMP:
RELATIVE HUMIDITY:
DEW POINT:

VERIFIED BY: __{_nJX

INSULATION PRODUCT NAME:

A
PBASF

“PRICE: §

RESIN NUMBER: [ 25 73 . . -
COUNTER READINGS: START . (% = FINISH____ 767 %%,
LOT NUMBER:. A0 33409 |
ISO NUMBER: Koo g |

COUNTER READINGS: START £ FINISH 75 L
Lot NUMBER: AP0 O, O ‘ o
SEALER: | 7’,7; seitlon I- PRICE:S.

CONSUMPTION (GALLONS)

w2 ”li(d_..\,\ z

COATING NAME:

COATING NUMBER: 2010/ Kl bl

LOT NUMBER: D KRS :

IEAT TAPE LOGATION: Sl e

SURFACE PREP: T S AQ{) P 'hk’\' W
' LA _

GLM ACCEPTANCE:
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FINAL FIT-OUT TRAVEL SHEET

DATE WRITTEN: j ) / 8! © REQUIRED By:
) BECSLIR B 8

CUSTOMER: sk \ @*gz% \ A

DESCRIPTION: e WL

JoB NUMBER / SERIAL NUMBER: (O~

WAREHOUSE ITEMS PULLED BY:

FiT-OuT VERIFIED ITEMS RECEIVED
FROM SHIPPING/RECEIVING:

DaTE:

DATE:

[ Check for latest drawing revisions

Check all internals/lengths, gaskets, bolts, studs

Check internals for Teflon/nylon washers on coated flanges

Check external hardware (cages/laddersthoops, gaskets, bolting, tape / dope & wired)

Check all openings are covered if required

Check gauge system & decals

tnitials

FIT-OUT
=m—~

Check blind flanges/installed/painted, and external hardware painted etc.

Visual inspection for cleanliness prior to installing manway cover

2 copies of Nameplate attached - forward to QC

Correct nameplate installed

| FiT-OuT COMMENTS:

Ty
FINAL FiT-OUT RETURNED ITEMS TO SHIP-LODSE~"

QTy:

DESCRIPTION:

GLM Final Fit-Out Inspect Complete: Form received by

QC;

Nameplate photo copies received by QC

Initial: Date: W'Z :}

D‘aie/:L.m_ d_érﬁ// IWIZ{ Dg'!‘.i.‘.:té 2ol

[0 Released for loading, 3" party inspéctor to Aitness
loading & tie down, 24 hours notice required

[ Sfip loose items 3 pary/inspection required , 24 hours
notice required ‘

TRANSPORTATION TO REVIEW PRODUCT LOAD FOR TIE-DOWN:

: : . . . Initial & Date:
[F-TReleased for loading, 3 party inspect after tie Form received from QC by S & R; _
down, 24 hours notice required Above items included for transport; | M@k
: FR T Initial:
[T Released for loading & shipping 3" party inspection | Accessories ready for shipping:
not required Date:
TRANSPORTATION TO CONFIRM CORRECT NAMEPLATE 1S INSTALLED:
SIN: Transporiation: Date:
Date:

Transportation:

PICTURE:

Q-856.05 Upon completion this form is to be returned te the QC Office for filing.

YES

Ll




G.L.M. INDUSTRIES L.P.

SECTION 6

NAMEPLATE FACSIMILE
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