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G.L.M. INDUSTRIES L.P.

SECTION 2

CALCULATIONS



G.L.M. INDUSTRIES L.P.

TANK DESIGN CALCULLATION PACKAGE
V26
FOR
Husky Oil Operations Ltd.
12 ft- 0 in OD x 20 ft - 0 in Height
Tag # TBD
P.O. # 8400261587
GLM Job# 10-797-1/2
MADE BY: J. Brunton

January 4, 2011
CHECKED BY: DATE:
APPROVED BY: DATE:
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0 1/4/2011 | J. Brunton Created Calculation Package
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DESIGN CALCULATIONS:
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Tank Calculation Summary Sheet

API-650 11th Ed. Modifted

V26

GLM INDUSTRIES L.P.

Size:

Qutside Diameter = 12 ft- 0 in Approx Capacity = 402 BBL Tag # TBD
Height= 201t :
Design: Pressure 1psi Vacuum 0.025 psi @ Temp.- 200 F MDMT: 11F
Service: Water/Slop Tanks Product specific gravity: 1.000 Floor CA Nil
Roof Load: 48,1 psf Wind : 92 MPH Seismic: Nil Roof CA.: Nil
{2.3kPa) (147.1 Km/)

ABC 2006 Environmental loads used for Edson

Materials:
Roof A-36 Shell _A-38 Bottom A-36
Pipe SA-108-8 Flange SA-105N Structural G40.21-44W
Bolting A-193-B7 A-194-2H Gaskets Manways - Naoprene Other
Nozzles - 8.5. Flexitallic
Roof Slope: 2.25:12 Rafter Type N/A Bottom Type Flat
’ Thickness: 0.1875 #Req'd NIA Thickness:; 0.25
Stiffener: C3x4.1 Cir Column N/A ' Anchors: 4
Radius: N/A 1/2 Apex Angle: N/A
Stiffener:; NIA
Shell : Skirt: " NIA
Course Width [ft] | Thkns [in] CA :
1 5 3116 V] Insulation : 2" Urethane Panel with Stesl Cladding
2 5 16 0 Lifting/Tailing Lugs: 25k LL, 25 kTL
3 5 3/16 0 Venting: Pump in Rate = 0. bblhr
4 5 3118 0 Pump Out Rate = 0. bblthr
Max Emerg. Venting Pressure = 49.73 oz
Normal Free Vent size required 2in
Emergency Free Vent size required 10 in
Estimated Tank Weights:
Tank Emply: 12230 LB (5558 Kg)
Tank Full of Product; 152099 LB (69545 Kg)
Tank Full of Water: 152908 LB (69545 Kg)
Testing/Inspection:
Air test pressure: " 15 - 1/8in H20

Tank to be air/soap leak tested.

Tank floor to be vacuum box tested {0 3.0 PSIG

Spot radiography per API-650

All internal inspections to obtain thickness readings and record same, are as per SSPG-PA2

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

Other Information:

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

MADE BY: J. Brunton
Page 3 of 30 DATE: 4-Jan-11



 Settings

GLM INDUSTRIES, L.P.

) Tank Calculations references the following codes:

“AISC ASD gth Ed

ABRC 2006 / NBC 2005

API 650 11th Ed June 2007

Madified See Notes: Appendix J - ] Shop Built

Appendix A ] Small Field Tanks Appendix M ] Efevated Temperalture
Appendix E U seismic Appendix S 0 Stainless

Appendix F Small Internal Prassure Appendix V U External Pressure
Appendix | A1 Leak Defection Appendix P il Nozzle Loads

Notes:

1. Shell thickness determined using the one foot method

2. Snow loads determined referencing NBC 2005 / ABC 2006. The roof snow load Is determined referencing the

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

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

is based on AP| 650.

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

#REF!

GLM Job# 10-797-1/2 : ' MADE BY: J. Brunton
Rev 0 Page 5 of 30 DATE: 4-Jan-11



Shell Thickness

GLM INDUSTRIES, L.P.

Tank Data:

" Nominat Diameter 11.984 ft Sd=
Height 20 fi Shell Joint Eff =
Specific Gravity 1 E=

St=

23200 psi
0.85

28,800,000 psi

24900 psi

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

APl 650 5.6.3.2 :
ty=26*D*(H-1)/(Ss*E)*+CA

H = Design Pressure plus liguid 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 3M6  in
3 5 ft 0.01787 in 0.0151 in 3/16  in
4 5 ft 0.00997 in 0.0077 in 3/16 in
5
6
7
8
9
10
Number of Intermediate 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 - MADE BY: J. Brunton
Rev 0 Page 6 of 30 DATE: 4-Jan-11




N

Shell Thickness

GLM INDUSTRIES, L.P.

Shell Thickness
AP 650 5.6.3.2

Sd= 23200 psi

First Shell Course
t=26*D*(H_liquid + H_preshead - 1) * Spg/ (Sd_red*E) + CA
t=26*11.084ft (20fi+ 1psi*27.7/(12)-1)*1/(23200 psi*0.85} + Qin

t= - 0.0337 in

t, = 2.6 *d* (H_liquid + H_preshead - 1)/St*E

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

Note: Remaining shell courses calculated using same method.
Check Shell Thickness for external pressure per App V.8
CA excluded from shell stifness calculations
Elastic Buckiing
(D/ts)M.75* (Hts /D) *(Fy/E )*0.5> 0.18
(11.984 ft/ 0.1875 in }*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 Shell :
Hts = transformed width of shell t_top = 0.1875 in
Hts = Z Wi * (t_top / ti }2.5 / ( # stiffeners + 1)
Hts=(5*(0.1875/0.1875)*2.5+5* (0.1875/0.1875)"25+ ... ) /1

Hts = 20.0000 ft
Minimum Shell Thickness on unsitffened shell ( for stiffened shell use Hts between stiffeners)
o = 1.903* (Hts * Ps y*0.4 *D"0.6/({E"0.4)
ton = 1.903*(20*11.88 0.4 * 11.984%0.6 / ( 28800000"0.4 )
tom = 0.078 in

t o @pplies to all shell courses

tsmin = 0.1875 in

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

GLM Job# 10-797-1/2
Rev O 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 - APl 650 3.9.7.1
Hu = 600,000 * /2.5 / DM.5* (120 mph / V }*2
Hu =600,000* (0.1875in }*2.5/{11.98 ft }*.5* ( 120mph / 81.41 mph )2
Hu= . - 379435 ft '

Number of infermediate wind girders Required
N =Hts/Hu
N=20ft/379.44
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 = Hts / Hsafe -1
Ns = N/A

Ns = 0

0 Intermediate Girders Required

GLM Job# 10-797-1/2 _ MADE BY: -J. Brunton
Rev 0 Page 8 of 30 DATE: 4-Jan-11



Bottom Thlckness GLM INDUSTRIES, L.P.

Bottom Thickness
APJI 650 5.4.1

toort = 174" +CA
toort = 025 i

APl 650 App V ' .
If weight of bottom pfate exceeds vacuum no further calcufation is required

PE.ax=  density x thickness
PEhax= 02841bin*3*0.25in
PE o = 0.071 psi

tmine = P_ext / density

tminz = 0.025 psi/ 0.284 Ib/in*3 '
tinz = 0.0880 in

Grillage Spacing - (If Required)

Grillage spacing=  28.76 in
Number of Supports = 6
tmind= 0.2408 in

thot = Max( tmin1, tmin2, tmin4 )
toot = 0.2500 in
GLM Job# 10-797-1/2 : ' MADE BY: J. Brunton

Rev 0 Page 9 of 30 DATE: 4-Jan-11



Self Supported Roof

GLM INDUSTRIES, L.P.

Tank Data:
Nominal Diameter =
Height =
Pr=

Roof Corrosion Allowance
Consider CA for External Pressure?

Conical Roof
APl 650 3.10.5.1

Roof Slope =

Dead

Load =

Roof Live Load =
Insulation Pressure =
External Pressure =
Additional Live Load =

11.984 ft Sd= 23200 psl
20 ft Shell Joint Eff = 0.85
4813  psf E = 28,800,000 psi
0 Sts = 16000 psi
No
225in12 o= 10.62

9.52 psf
3718  psf
1.85 psf
3.60 psf
0 psf

Load Combinations AP/ 650 App R e} 1 and 2

e)1
e)2

Roof Load
48.1 psf
28 psf

Minimum Roof Thickness =

0.1681  in including corrosion allowance

Min Compression Ring Area = -0.2421 int2

)

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

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

MADE BY:

Page 10 of 30

DATE:

J. Brunton
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R

Self Supported Roof

GLM INDUSTRIES, LP.

NBC 2005 Snow Load

Design Snow Load = 0.8 * Ground Snow Load + Rain Load
Design Snow Load = 0.8 * 2.1 kPa + 0.1 kPa

Design Snow Load = 1.78 kPa

Design Snow Load =  37.18  psf

‘Rogf Load Combinations AP/ 650 App R e)1 and 2

e)1 Roof Load = Dead Load + Snow and Live Load + 0.4 * External Pressure
Roof Load = 10psf + 37.18 psf + 0.4 * 3.6 psf
Roof Load= 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
Roof Load = 2789  psf

Dead Load
DL = p_plate * t_roof + P_insul + Additicnal Weight / A_roof
DL = {0.284 Ibfin*3 * 0.1875in) * 144 + 1.85 psf + 0 Ibs / 113 ft"2
DL = 9.52 psf

Design Roof Load

T=Max(e1,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 / 28800000 psi

TF = 1.0000
AP 650 5.10.5.1
froon = D /(400 *sin(©))*(T/45)*0.5* (TF) + CA
troott = 11.984 ft/ (400 *sin(10.62) ) * (48.13 psf/45)70.5*101n
froon = 0.1681

App V - If External Pressure > 1inH ;0

tesz=  (D/sin(theta) * ( T /(0.248 * E) }*0.5 * TF / JEr
ticore =

tmnf2 =

ti‘ﬂﬂf = Max( trooﬂ- troofz- troofa )

oot = 0.1681 in

GLM Job# 10-797-1/2
Rev 0 Page 11 of 30

MADE BY:
DATE:

J. Brunton
4-Jan-11



GLM INDUSTRIES, L.P.

Self Supported Roof

-, Roof to Shell Junction
: ) AP{ 650 5.10.5.2 - for self supported roofs only

Al = DA2 * T/ ( 3000 * sin(theta) * 45 ) * TF
Alggy = (11.98 ft )42 * 48.13 psf/ ( 3000 * 45 * sin(10.62 ) ) * 1
Al = 0.2779 in"2

API 650 App F 5.1 - corroded condition
A2 = (P -8*troof ) * D2/ ( 30800 * tan( theta ) )
A2pq = (27.7-8*0.1875) * 11.9842 / ( 30800 * tan( 10.62 ))
A2 = 0.8516 in‘

Areq = Max( Al req: A2req- A‘?’req,ASreq )

A= 0.652 in*
Roor to Shell Joint compression ring area Fig F-2
Rc = 71.81025 in - Inside Radius
W, = 0B*(Rc™*(ts) )05
W, = 06*(71.81*(0.1875))"0.5
W, = 2.2018 in ( Corroded Condition }
R2 = Rc /sin(®) = 389.662059 in
) Wy = 0.3*(R;* (t,)"0.56<12
Wy = 0.3*(389.662"(0.1875))*0.5 <12
Wy, = 2.564  in ( Corroded Condition )

A_roof joint = Wh * tr + Wc * ts
A roofjoint = 2.56 in * 0.1875in + 2.202 in * 0.1875 in
A oot joint = 0.894 in"2 ( Corroded Condition )

Required Compression ring Area

AC‘..R- = Anaq 'Aroof]olnt

Acgr. = 0.852in*2 - 0.894 in*2
Acgr. = 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:  J. Brunton
Rev 0 Page120of30 : DATE: 4-Jan-11



Self Supported Roof

GLM INDUSTRIES, L.P.

) Roofto Shell Junction
Appendix V.7.2 - corrosion not included in design for external presstire
Xroof = 1.47 * ( D * tcone / sin( theta ))*0.5

top

Top Stiffener

For Anchored Tanks Only

Xroof =
Xroof =

Kshell =
xshell =

Kshen =

Adgq =
Ad o =
Adgq =

_A1 stiff =
Alg =
Algim =

Agiri =
Asti‘ff =
Astiff =

) APl 620-5.12.4

1.47 *(11.984 ft * 0.1875 in / sin( 10.62 ) )*0.5
51330 in

1.47%(D*t_top )05
1.47 * (11.984 ft * 0.1875 ) A0.5
220 in

Pr*DA2 /(8 *f* tan( theta) )
48.13 psf * 11.98472 / ( 8 * 23200 * tan( 10.62 ) )
0.0000 in®

{A_req- JE, * t_top ™ Xanen - JE: * tr* Xeone ) / JEg
{0in*2-0.85*0.1875iIn*2.2in-0.7*0.1875in*513in}/0.7
-1.464 in*

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

06*{Ry*(t,))"0.5
0.6*(389.662*(0.1875))"0.5
5.1286 in ( Corroded Condition )

0.6*(R.™ () )05
06*(71.81*(0.1875))"0.5
2.2016 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 Ib/in

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:
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Self Supported Roof

GLM INDUSTRIES, L.P.

Tzs = ‘ Pg *Re
Tog = 1*71.81
Tog = 71.81 Ibfin

= To* Wi+ Tag *We- Ty * R, * cos( th)

Q= 380.66* 513 + 71.81 * 2.2 - 181.95 * 71.81 * cos( 10.62 )
Q= -10685.81 Ib
ABeq= Q20000
A=  -10685.8 /20000
AByg = 053 in°
AP/ 620 5.10.3
toe™  Max(T1,T2)/(Sts*E)+RCA
fos=  389.68/(16000*0.7)+0
toots = 0.03479 in

GLM Job# 10-797-1/2 _ e MADE BY:  J. Brunton
Rev 0 Page 14 of 30 DATE: 4-Jan-i1



Wind Overturning and Pmax

GLM INDUSTRIES L.P.

Tank Data: ) Notes:
Diameter D 11.984 ft 1. Simultanecus wind and pressure loading must be
Height H 20 ft applied untess spocifically waived by the purchaser.
Roof plate thickness,corroded th 0.1875 in Roof weight 878 Ib (Corroded)
Overturning resistance D= 8,022b  Excluding CA _
Design pressure P 1277 inH20 = 16.00 ozfin® =. 1.0000 psi
Wind Code:
See NBC2005 / ABC 2006 4.1.7 for definitions
1/50 Hourly Wind Pressure, q= 0.48 kPa
Gust factor, Gy = 2.00
Exposure Factor, Cg = 0.91
External Pres Coefficent, C, = 1.0
Force Coefficient, Cy= 0.800 (Cylindrica! Surfaces)
Importance factor, I, = 1.0
Design Shell Wind Pressure, p; =  0.5kPa = 10.44 psf
Design Roof Wind Pressure, p,= 0.83kPa = 17.4 psf
Design Wind Speed, V = 91.41 mph
Overturning Moments AP1650 5.11.2
Mw Mpi Mdl Mf
(ft Ibs) {ft Ibs) (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 ¢ Page 15 of 30 DATE: 4-Jan-11



‘Wind Overturning and Pmax

GLM INDUSTRIES L.P.

APt 650 5.11.2 - Corroded Condition
Wind Moment Mw = { arm * area * Py + ( area * arm * Py,
' Mw=H/2*OD*H*Py+0OD"3/*8*3.14* Py
Mw=20ft/2*11.984 f*20 ft * 10.44 psf + ( 11.984 ft }*3/8 * 3.14 * 17.4 psf

Mw = 36,790 ft Ibs
Pressure Moment Mpi = Pint *area *OD / 2
Mpi=144 psf*3.142* (11.984 ft }2/4 * 11.984 ft/ 2
Mpi = 97,326 ftlbs
Resisting Moment Mdl = ( D s + Roof supported by Shell ) * OD / 2
from tank weight Mdl = (8899 Ibs ) * 11.984 ft /2
Mdl = 53,325 ft Ibs
Weight of fluid that resists overturning
AP 650 5.11.2 Wy = 79*t,*(F,*Hyp* 0.7 )05
W, = 7.9*0.25iIn* (36000 psi*10ft*0.7 )*0.5
Wg = 991 Ib/ft
Cusfomer Specified Max w= 7.9*tb * { Fy * HLLL * SPG )*0.5
W= 990 Ib/ft
W, = W *pi*D
W, = 990 Ib/ft * 3.14 * 11.98 ft
W = 37273 b
Liguid Resisting MF = Wl D/f2
Moment Mf = 372731b*11.981/2
MF = 223,342 filbs
If Internal pressure exceeds the following limits then Anchors are required
511.21 Prext = (Ml /1.5-06*Mw)/{pi/8*D"3)
(Check empty Tank) Prmax = {53325 ftlbs / 1.5 - 0.6 * 36790 filbs ) / ( pif8 * 11.98 £ A3) * 0.111
Prax1 = 2.215 0z
511.2.2 | Pmax = [(Mdl+MF)/2-Mw]/(0.4*pi/l8*D"3)
{Check half fulf tank) Paxz = [( 53325 filbs + 223342 ftibs ) / 2 - 36790 ftlbs 1/ ( 0.4*p¥8 * 11.98 it ~3 ) * 0.111
Prae = 41728 oz
F4.2 Praa = 0.245*{Dg)/ OD*2 + B *t_roof - 0.817 * Mw / OD"3
" (Check full tank) Pas = 0.245 * 8021 |bs / 11.984%2-f12 + 8 * { 0.1875 in } - 0.817 * 36790 ft Ibs / 11.984%3 fir3
Pras = -1.317 oz = -2.28 inH20
Prax = -1.317 oz
Design Pressure = 16 oz

Anchors Required

Anchor Spacing (If Required)
Min Number of Anchors = circumference / 10
Min # Anchors = 11,984 ft * 3.14 / 10ft
Min # Anchors = 4

GLM Job# 10-797-1/2 ‘
Rev 0 Page 16 of 30

MADE BY: J. Brunton
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Estimated Tank Weight

GLM INDUSTRIES L.P.

Estimated Tank Weights

ltemn Uncorroded Corroded
Roof 878 Ib 878 b
Top Angle 154 Ib 154 lb*
Rafters 0 b 0 Ib*
Columns 0 b 0 Ib*
Shell b 5,760 Ib
Secondary Shell Ib 0 Ib
Cone Bottom Ib 0 b
Cone Stiffener b 0 Ib*
Skirt b 0 I
Legs b 0 Ib*
Floor ik 1,249 b
Secondary Fioor Ib 1] ib
Fittings Ib 498 Ib*
Internals b Q Ib*
Attachments (skid) b 1,500 "
Insulation - Roof Ib 216 Ib
Insulation - Shell 1,393 Ib 1,393 Ib*
Est Total, Empty 12,230 I 12,230 b
Total, Full of Product 153,000 b 153,000 b
Total, Full of Test Water 153,000 Ib 183,000 ib

* - corrosion not considered

* - fittings weight is an approximation

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

Page 17 of 30
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Foundation Loads

GLM INDUSTRIES L.P.

MW
M,
Q -
h 4
w
y
\j P, y
P
Load Imperial Metric
Perimeter Load, P
{Includes Weight of tank minus weight of
floon) 413.86 ib/ft 8. kN/m
Distributed load, w
{Includes weight of bottom, liquid and 9.7 psi 67.16 kPa
internal pressure)
Max Ancher Load, Pa
(Sae anchor chair summary for list of 4,918 1b 2,235 kg
anchor loads) T
Column Load, Pc
(Weight of column and roof supported NIA NfA
by column)
Seismic Shear, Vgismic NfA NIA
Wind Shear, Vg 2,503 Ib 1,138 kg
Wind Moment, Mw 36,790 49,881
Seismic Moment, Ms N/A N/A
ft Ibs Nm

i e Vselsmlc

[ Vwind

GLM Job# 10-767-1/2
Rev 0 o
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Anchor Bolt Chair Design

GLM INDUSTRIES, L.P.

Jank Data:
Tank diameter D= 11.98 ft W1 = 7,950 ibf
Sheli thickness (corroded} ts = A8751in Wwz2-= 8,535 Ibf
Bottom Thickness (corroded) th= 25in W3= 7,950 Ibf
Roof Thickness (corroded) th = 1875 in Pt= 15.13 inH20
Pf= . inH20
) ) ] Ffls only applicable to tanks with
API 650 - Table 5.21b - Uplift Loads (US Customary Units) frangible roofs
Upift Load | - Net Uplit Formula (of) and calculated sesult -U | Allowable Anchor Bolt Stess | TO'8! Achor Bolt] Aflowette Shell S"E"RSG‘;‘:; (o
Design Pressure [(P-8*th)D"2 * 4.08] - W1 15,000 psi 7,301 Ibf 20,000 psi 4,826 psi
' 7,391 Ibf )
Test Pressure [(Pt-8 th)%‘flb?ﬂa] - Wi 20,000 psi 34 Ibf 25,000 psi | 22 psi
) [(1.5 * Pf- 8*th)D*2 *4.08] - W3 . .
Failure Pressure 8,828 Ibf Fy -0 ) 36,000 psi psi
‘ [4*NMw/D]- W2 . .
Wind Load 3,745 Ibf 0.8 xFy 3,745 |bf 25,000 psi 2,446 psi
Seismic Load [4 MSN':, E 1-Wa2 0.8 x Fy N/A 25,000 psi psi
Dresign
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 -
Desigsne’i’;:fi’zure [(P-8*th)DA2 *4.08] +[4 Ms/ D] - WA 0.8 x Fy N/A 25,000 psi psi
NIA '
Note: AP| 650 Fermutas for Failure based snleiy‘on raof / shell failure - subject to fulure improvement
Worst Case, U = 19,671 Ibf
# of Anchors, N = 4

-

T — _L — 3
Anchor Chair Data: =
Max Anchor chair load {bolt load) P 4.918 kip
Anchor bolt diameter d 125in .
Anchor-chair height h 12 in
Anchor bolt eccentricity e 4.5 in
Top plate width along shell a 5.5 in
Repad Height H 0in
Repad Width A 0in —
Repad Thickness ir 0in __E_f 'i
Vertical Side Plates:
Plate width - top ki 7 in
Plate width - bottom k2 2625 in
Plate thickness ] 0.5 in
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 strass Sw 9.44 ksi max = 25 ksi

ACCEPTABLE

Welds:
Allowable weld stress across throat f 9.6 ksi
Minimum weld size w 0.0625 in
GLM Job# 10-797-1/2 MADE BY: J. Brunton
Rev 0 Page 19 of 30 DATE: 4-Jan-11



Anchor Bolt Chair Design

GLM INDUSTRIES, L.P.

Calculations ' ,
Washer Plate Stress - AlSI T-192 Volume If Part Vi {Anchor Bolt Chairs)

S, = 15*P*Li(c**(g-f)
Su= 15%4.918Kip*4/(172*(4.5-1.375)
Sy 9.442 ks

Reduction Factor _
Z=1.0/{0177*a*m/(R*t)M.8* (m/t)*2 + 1.0}
Z=1.0/(0177*55in*0:25in/(71.904 in*0.1875in Y*0.5* (0.25in/0.1875 in )2 + 1.0}
Z= 0.8946 :

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

P-e 132.Z 0.031

= e
2 F
t | 143-a-k +(4-a-h2)u333 SRt
Rt
S§=481kp*4.5in *1.32*0.89 +0.031/(71.904in*0.1875in}
0.1875 A2 1.43*65in*12/2in"2 + (4 *55in* 1242in*2 }*0.33

(71.904in* 0.1875in)
8= 12.85  Ksi

Shear in Weld
Wv = Load / Weld Length
Wyv=491kip/{(4in+2*12in)
Wy = 0.1756 kip / in weld

Max bending
Wh=p*e/(a*h+2/3*h"2)
Wh=491kip*4.5in/(4in*12in+2/3* 1252 in*2)
Wh = 0.1537 kip / in weld

Weld Stress
W = { W2 + Wh*2 )10.5
W =(0.175%2+ 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
imm= Max( 1/2",0.04*(h-¢))
jrnia = Max( 1/2,0.04*{12-1)} -
jmin = 05
check
j*k-Pi25>0

05*4.81-4918/25=2.21

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

Botiom Shell course

GLM INDUSTRIES, L.P.

) Nozzle Design Data: (ses table beiow)

D, = outside diameter of nozzle [in} Notes:
t, = nominal nozzle wall thickness [in] 1. Based on corroded condition.
toin-= Minimum nozzle wall thickness = (0.875t, - CA) [in] 2. Nozzle wall thickness based on X5 pipe.

D.,, = cutout opening in shell for nozzle fin]

Opening Reinforcement per Para, 5.7.2: (see table befow)
A, = area of excess metal in shell available for reinforcement = (t; - t3)De . [in?]
A, = area removed from cutout = (ty_cay Deo. [in]
Az = portion of nozzle projecting outward =2 * 4(tmin)2 [in?]

A, = shell to nozzle cross-sectional area = 2 * {4, [in]

Repad Requirement: (sée fable befow)
If A; + Az + A4 <Ay, Repad is Required

Sample Results for First Shell Course

NOZZLE DATA REINFORCEMENT DATA REPAD REQ'D ?
) (Dol [tn] (trin] [Deol [As) (A1 [As+ A4l (A +As+ A
3.500 0.3000 0.2625 3.625 0.1221 0.5676 0.6497 1.2073 no
4.500 0.3370 0.2949 4625 0.1557 0.7115 0.8062 1.5176 no
6.626 0.4320 0.3780 5.750 0.2273 1.0383 1.2848 2.3232 ho
8.625 0.5 0.4375 8.750 0.2946 1.3480 1.6953 3.0413 no
10.75 0.5 0.4375 10.875 0.3662 16720 1.6953 3.3682 no
12.76 0.5 0.4375 12.875 0.4336 1.9806 1.6953 3.67569 no
245* 0.250 0.2188 24625 0.8291 3.7880 0.4648 4.2529 ho
0.2500 0.2500 48.125 1.6204 74030 | 05938 7.9968 no
Nozzle Size Repads Required 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

) *. API 650 Shell Manway

GLM Job# 10-797-1/2 MADE BY: J. Brunton
" RevO Page 21 of 30 DATE: 4-Jan-11



Lifting Lug Design/Lift Analysis

GLM INDUSTRIES, L.P.

RAD -G
o F

0

R
b

AP 650 APP J3.8.3: Lifting lugs are to be designed to carry their share of
twice the waight of the tank with a safely facfor of 4.

Weld org.:
Weld Size 3M6

70,000 psi
in

Material : SA 516 Gr 70

Ors= . 70,000

Oys. = 38,000

Failure Modes
Tension Failure

Hoop Tension Failure
Bearing Stress Failure
Double Shear Failure
Weld Failure

E70XX

'5.05 OK

2.52 OK
2.88 OK
5.85 OK
2.26 OK

Weld Failure Governs Design

= 18
= 8
= 2
= 10
= 14
= 2
= 4
= _ 8
Lugts= 0.625
Bolt Hole Reinforcemant
Thickness rt = 0
oD= 0
Tank Weight= 13,000
Tank Height = 20
Center of Gravity = 10 -

Tailing lug height = 4.5

radial distance to TL. = 6.37
Tank OD= 11.984
LL Load = 13,000

Min Pin Diameter=  1.75

in

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

Page 22 of 30
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‘Lifting Lug Design/Lift Analysis

Allowabhle Stresses API 650 APP J: Safely factor of 4 when liffing twice the tank weight

Tension Failure
On=0rg.- /4
=70000 psi / 4

Can= 17,500 psi

Shear Failure
T = 04* Ovyg.
= 0.40 *38000 psi
15,200 psi
AISC F4 used for allowable Shear hecause it is
more conservative than API 860 APP J

Ta =

Bearing Stress _
Om=0.9" ovg.
= 0.9 * 38000 psi
O = 34,200 psi
Allowable stress is from AISC (J8-1)

Weld Failure
O = 0.25 * 07 5 wold
=0.25 * 70000 psi
O = 17500 psi

Critical Stresses Lug stresses whenused on a tank

Tension Failure
o=P/(t*(H-F)
o=13000/(0.63*(8-2))

o= 3,467 psi
OK
FS = 5.056

Hoop Tension Failure
o=P/{(G-FR2)*t+{QD2-F/2)}*t)
o=13000/((4-2/2}*0625)+(-1}*0

o= 6,933 psi
OK
FS = 2.62

Bearing Stress
g = P /(t* Shackle Pin Diameter }

o =13000/(0.626*1.75)

g= 11,886 psi
oK .
FS= 2.88

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

o= 2,600 psi
OK _
FS= 5.85

GLM Job# 10-797-1/2
Rev 0 '
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Lifting Lug Design/Lift Analysis

GLM INDUSTRIES, L.P.

Weld Check

Center 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

J=2%J1+2% 2
J1=(D"3*t/12)+D*t*[(B/2)"2+(D/2-y-bar 2]
J1=(10%3*0.133/12) +10* 0133 " [(8/2)"2 + (10/2 - 4167 }*2 ]
J1= 33.287 in™4

J2=(C"3*t/12)+C*t*[(y-barY2+ ((B-C)/2 )*2]
J2=(203%0133/12)+2*0.133* [{(4.167 2+ ((8-2)/2 2]
J2 = 7.101  in*4
J= 80.78 inM

Lifting Lug Weld Stresses

T,=P*sin ©*{E - ybar) * (D-ybar) /J+P*sin© /((D+C)2*)

Ty=P*sin6*(E-ybar)*(BlZ)lJ+P*cosel((D+C)*2*t)
Tiotal = (Ty2+ sz )1"2

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 6,462 13,096 7,362

10 122 127 6,628 12,744 7,660

15 120 131 6,800 12,401 - 7,697

20 117 1356 6,970 12,060 7,773
25 112 137 7,141 11,717 7,788
30 107 138 7,317 14,367 7,743

35 102 138 7,499 11,003 7,638
40 95 138 7,691 10,618 7,475
45 88 136 7,898 10,204 7.265
50 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 7.172 5,449

75 32 104 9,928 6,144 5,003

80 22 95 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 _ MADE BY: J. Brunton
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Tailing Lug Design/Lift Analysis

GLM INDUSTRIES, L.P.

Tail thickness =

Weld size

Shackle Pin =

4.5 in
9 in
4.5 in
3.375 in
2 in
2 in
0.75 in
0.25 in
1.75

N
b
Max Tank Weight 13,000 Ibs
TL on Tank
Tension Failure 4,63
Hoop Failure 2.32
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
Rev 0 Page 25 of 30 DATE: 4-Jan-11



Tailing L.ug Design/Lift Analysis

GLM INDUSTRIES, L.P.

Critical Stresses

Tension Failure
e=P/(t*(2*8-V} .
0=13461/(0.75*(2*3.375-2)}

g= 3,779  psi
OK
Tank FS = 463

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

Bearing Stress
o=P/(1*Shackle PinD)
o=13461/(0.75*1.75)

o= 10256 psi
OK "
Tank FS = 3.33

Double Shear Faijlure s
a=P/{(2*{*8)
o=13461/(2*0.756*3.375)

g= 7,557 psi o= 2,659 psi
OK OK
TankFS=  2.32 Tank FS = 5.72
Weld Check
Weld Center of Gravily
X bar=05*Q"2/(N+Q)
X bar=05*2/2/(9+2)
X_bar= 0182 in
Y_bar=0.5*"N*2/(N+ Q)

Y _ bar=05*9"2/(9+2)
Y _bar = 3682 in

J1=tNAB/ 12+ N * % (XA2 + (N/2- Y )2)
J1=0177*983/12 +9*0.177 (0.182/2 + (9 /2 - 3682)2)

J1 = 11.871 in*4

J2=1* Q312+ QR (YA2 + (QU2- X )2)
J2=0477%2/3+ 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= 3405 in4

Lifting Lug Weld Stresses

- Welded on both sides

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

1= T* Ybar/J + P * cos(theta) / (t* (N +Q))

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

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

GLM INDUSTRIES, L.P.-

— 2 2 12
Tiotal = (Ty + Ty )

Table 2. Tailing Lug Stress { Twice tank Weight)

Weld Weld
TLLoad Torque Tx Ty Stress

Angle {lbs})  ({lbin) {psi) . {psi) {psi)
0| 13,461 11,011 4,648 59 4,648

5[ 12,963 5,685 3,931 321 3,944

10 12,464 695 3,227 580 3,276

15] 11,966 -3,918 2,544 774 2,660

20} 11,467 -8,121 1,889 964 2,121
25] 10,969 | -11,884 1,268 1,127 1,696

30; 10,470 | -15,188 686 1,263 1,438

35; 9,971 -18,015 150 1,372 1,381
40; 9,473 -20,356 -338 1,455 1,494
45 8,974 -22,210 -772 1,511 1,697
50 8,476 -23,678 | 1,151 1,541 1,923
55y 7977 -24,473 | 1,471 1,647 2,135

60f 7,479 -24,907 | -1,733 1,530 2,312
65| 6,980 -24,903 | 1,935 1,491 2,443

70; 6,481 -24,486 -2,078 1,433 2,526

75; 5,983 -23,687 | -2,164 1,357 2,554
80} 5,484 -22,542 -2,193 1,267 2,532
85| 4,986 -21,0¢1 -2,169 1,163 2,461

90} 4,487 -19,375 -2,085 1,049 2,343

Max Stress = 4,648 psi
F.S. = 3.765 On Tank
GLM Job# 10-797-1/2 MADE BY: J. Brunton
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GLM INDUSTRIES, L.P.

API-8650 App I: Grillage Requirements

Liquid Height H= 20 ft

Specific Gravity G= 1

Design Pressure Pg= 27700 inH20 = 1 béi'
Hydrostatic Pressure at tank bottom P = 9.74 psi
Bottom Plate Thickness tg= 0256 in
Bottom Plate Corrosion Allowance  CA = 0 in
Bottom Plate Material Fy,= A-36 psi
Bottom Plate Yield Strength Fy= 58000 psi
Center-Center Grillage Spacing: b= 28.762 in
Grillage width: w= 8 in
Number of Supports: _ N= 8
Calculations

tI:mttqm: ((b-W)A*Pf(1_5*Fy))"0.5+CA
frottom = ((28.78iIn-6in)2*9.74psi/(1.6* 58000 psi)})*0.5+0in
thottom = 0.2408 in

Check floor deflection ‘

duax = 0.0284*p*(b-w)M /(E*(ig-CA)3)

dmax = 0.0284 *9.74 * (28.76 - 6 Y4 / (28800000 * (0.25-0)"3)

Arpex = 016 in
dimz = (tg) /2
At = 0.1256 in
GLM Job# 10-797-1/2 ' MADE BY: J. Brunton
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Approximate Center of Gravity GLM INDUSTRIES, LP.

| Weight of Roof 878 b

v Wioor Centroid of roof, x 24449 in

Weight of Shell 5,760 b

Centroid of shell, x 120 in

X l Weshell Weight of Bottom 1,249 I
Centroid of Bot, x 0.125 in

Weight of Insulation 1,393 b

Centroid of In, x : 120 in

l Whottomn Weight of top angle 154 Ib

Centroid of T.A., X 238.125 in
for C3 x 4.1 3/8" from top of shell

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

Other Weight
Centroid, x

Approx Center of Gravity = Sum(W;)
{(Empty) Sum(Wi)

=( 877 lbs * 244 in + 5760 Ibs * 120 in + 1248 1bs * 0.125 in + 1393 Ibs * 120 in + 154 |bs * 238.1256in + 1500 tbs * 3 in )
(877 lbs + 5760 Ibs + 1248 Ibs + 1393 Ibs + 154 |bs + 1500 Ibs }

101.92 in = 8.49 ft

Approx Center of Gravity Sum(xW}
(Full) Sum(Wi)

= (877 lbs * 244 in + 5760 lbs * 120 in + 1248 Ibs * 0.126 in + 1393 Ibs * 120 in + 154 |bs * 238.125 in + 1500 Ibs * 3 in + 132196 Ibs * 120in)
(877 Ibs + 5760 Ibs + 1248 los + 1393 lbs + 154 lbs + 1500 Ibs + 132196 lbs )

= 118.62 in = 9.88 ft

NOTE: The above appféximation does nof 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"  INSULATION & COATING
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) v"  CUSTOM PLATE FABRICATION
Battieford Plant & Sales Office Camrose Plant Edmonton Head Office Calgary Sales Office
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ASME PRESSURE VESSELS
STORAGE TANKS

SERVICE & ACCESSORIES
INSULATION & COATING
CARBON & STAINLESS
CUSTOM PLATE FABRICATION
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Telephone (308) 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
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G.L.M. INDUSTRIES L.P.

SECTION 3

MATERIAL TEST REPORTS



MATERIAL IDENTIFICATION SHEET

GLMJCB #: DESCRIPTION: CUSTOMER: FAB. FACILITY: Nisku
10-797-2 ;:;dz;g;o: ::::’;:ISG?‘:;%O{J el Husky Energy c/o Excelsior Enginaering Ltd Date: June 30'11
DWG # PC# QarTy DESCRIPTION MATERIAL DWG MARK HEAT #
3 2 i 1/4" PLATE X SKETCH A36 N1 AQP0896
3 4 1 10" STD ERW PIPE A-53-B N1 58142
3 10 1 3" XS RPWN 1504# SA-105N N8 70225
3 11 1 3" X5 SMLS PIPE SA-106-B N8 965485
3 12 1 4" XS RFWN 1504# SA-105N NG 80407
3 13 1 4" XS SMLS PIPE SA-106-B N6 24137
3 14 1 4" RFBL 150# SA-105N NG 10/31380
3 17 1 4" XS RFWN 150# SA-105N N5 80407
3 18 1 4" XS SMLS PIPE SA-106-B NS 24137
3 19 1 4" XS RFWN 150# SA-105N N7 80407
3 20 1 4" XS SMLS PIPE SA-106-B N7 24137
3 2 1 4" RFBL 150# SA-105N N7 10731380
3 24 1 3" XS RFWN 1504# SA-105N NS 70225
3 25 1 3" XS SMLS PIPE SA-106-B NS 965485
3 26 1 3/16" THK REPAD X SKETCH A36 NS 1457V
3 27 1 3" XS RFWN 150# SA-105N N3 70225
3 28 1 3" X5 SMLS PIPE SA-106-B N3 965485
3 35 1 3" XS RFWN 150+# SA-105N N2 70225
3 36 1 3" XS SMLS PIPE SA-106-B N2 965485
3 37 1 3" RFSO 150# SA-105N N2 RVC-232
3 38 1 3" STD RFWN 150# SA-182-F304 N2 21735
3 45 1 1 1/2" NPT FULL COUPLING 3000# | SA-182-F304 L1 Q199
3 46 2 1 1/4" NPT COUPLING 3000# SA-182-F304 L1 8781
3 47 1 1" NPT COUPLING 3000# SA-182-F304 C1 N969
4 1 1 3" X5 RFWN 150# SA-105N 70225
4 2 1 3" XS SMLS PIPE SA-106-B 965485
4 23 1 3" RFS0 150# A-105 RVC-232
50 1 4 3/16" PLATE A36 1457V
50 B1 2 1/4" THK PLATE X SKETCH A36 AOPOBY6
50 R1 2 3/16" THK REPAD X SKETCH A36 1457V
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qlasURE

VEM FRANCE a0 MATERIAL TEST REPORT» (02
TUBERIE SAINT BAULVE INSPECTION CERTIFICATE
SAINT SAULVE .
ZONE INDUSTRIBLLE ‘ 3 BN 10204 1 2004
£9860 SAINT SAULVE M
No, : 110785¢10 (DS}
Page: 1 o
VALLOUREC & MANNESMANN TUBES
Data! 10174010
Vallouran Group
3 ¥ Ao o
Hol) {AD.1)
V&M FRANCE VaMOrder-No. LASSE
(ADL1}
Suborder 060/6868 ¢
pon.1) oy
Customer COrdar-No, V24244
GCTF CORPORATION
6407 S3IRD AVENUE
EDMONTON AB T6B 362 TaB 362
2] (Aor3)
Orderer Order-No, VM2454
VALLOLUREC TUBES CANADA INC. / BURLINGTON, ONTARIO LTL Qate  2007.2010
6064 :
(A07.3)
Order-No, 4866381.00
(801, B2, BO4) Hot fnished seamloss ne pipe
Daseription of the product | BN bavalled,
angle 30* (+5/-0), roat facw 1.6 mm (¢ 0.6}
Insido withott rust protection
Quisldo dry vamish
Aa rolled

APl spao, § L, PBL1Y, 10,2007

ABTMA 106 -08 JABTMASIOM -4 A

ASME SA 106, Editon 2007 / ASME SA 830 M, Bdition 2007
ABME 8oller ond Preasure Vaasel Codae, Sectlon 1), Parlle A,
Edition 2007, Addenda 2008b

OBAZ 246.1:2000

Nsce MR 01768 /180 151806-2:2003/ COR.1:2005/

BN 190 164568212003, Annaxe A.2.1.2

Nece MR 0103-2008, Paragraphe 2.1

X 42

Grade B ace. to ARl epac. 6L

Grado B aco. to ASTM A 106 M/ ASME SA 108

Grado 25D avo. lo CBA Z 245.1, Cat. |

(LLY)

Sour cavice ag dofined tn peragraph 16 of CBA Z 246, 1, but without HIC teat, Theae PBL1 produsts do hot canform to

Annex H of AP L.
W) A9 CAL) (609) ®10}
VAR itam | Guat. itam | ltom teat Olmensions , {9ingletangth
L SKU No 2620410 NP838CHED Fixad longih 20 Ft+ 4in+0in
- Qb-Totaranca + 0,76 % - 0.76 %
WT-Tolarance + 16 % « 12.6 %
WMTR VERIFICATION STANIP
DATE S Blel ) REVIEWBY: o -

CONFORMS TOASME § i f EDITION { ARDENDA quh

B F i




V&M FRANCH {ADY) MATERIAL, TEST REPORT - (AR
TUBERIE SAINT SAULVE INSPEQTION CERTIPICATE
SAINT SAULVE .
ZONE INDUSTRIGLLE ‘ 3.1 BN 10204 : 2004
80880 SAINT SAULVE

Ke. : 110708v10 (AR}

Pege:2/ &

VALLOUREC & MANN SH&NH TUB
NNE £ DOnte: 19.11.2010
Vallouro Qraup
My (A0} {Bor.y) (808} 1) (1Y)
VAM tem |Cust. Kem | Heat Quaniity Total langth Welght
f [}
14 885485 253 5,102,030 §1.831

ey
HEAY CHEMICAL ANALYSBIB

For each reduction 61 0,01%6 ¢arbon balow 0.39 %, anincraase o10,05% manganesa above 1,05 % weuld be parmitted
10 & maximum of 1,38% manganase,

BOT.0)

Heat

(918)
Procose

0002 VoNB#YI

2626 MNiC

0014 CR4CUSMOINISY

1003 OF = G+MNIB+{CReMOSVYB+(NI+CUV1E

1089 CoF(MNIB+8I/24+CU/E+NI204{(CReMO+VNBYE}+5*B)
[Haats fully kiited

en)

PRODUCT GHEMIDAL ANALYE!S

For each mdumlnn 010,01% carban belew 0.30 %, anincreasa of 0,08% manganesa above 1.08 % would be parmlited

to & manmum of 1,38% manganoso,




VAM FRANCE (aon MATERIAL TEST REPORT « )
TUBERIE SAINT SAULVE ‘ INSPECTION CERTIFIGATE
BAINT SAULVE .
ZONE INDUSTRIELLE ‘ 34 BN 10204 : 2004
60380 SAINT SAULVE M
No.: 110708v10 A03)
) Pogo: 3/ &
YALLOUR -
BC & MANNESMANN TUDES Oate: 19.11.2010
Valloures Group
(or3)
PRODUCT CHEMICAL ANALYSIS
(Bor.1) (c00.)
Heat Toest Place c St Mn [ 8 Cr Mo NI Cu n
% % % % % % % % % %
mln - 0.10 0429 . - - - - - -
max 7 028 0,11
0101276
pasdas 020L278 0,18 0,19 076 | 007 | 0002 0,23 0,08 0,08 0,18 0.00

oLy {con.9)
Heat Test Place NG v B 0002 2528 0014 1003 1009

¢1bL276
85485 0201278 0,00 0c0 | 0000 | 000 4,01 0.63 0,36 0,35
0002 VeNB+TI
2628 MN/C
o014 CRICULMONIHV
1063 GE o O+MN/BHOR+MOWVHEH{NI+CUY1S
1080 G+E(MN/B+5124+ CUNSNUZ04 ((CR-MOVNBYE)#5'D)
{804
MEAT TREAYMENT

[NORMALIZED CONDITION MIN 920°C (1888 F) COOLING AIR

TENSILE TEBT RESULYS

Type (0.1} Tuba otrip speciman
Tast temperature (eos) Room tamperaiure
Ulrectiam(con) {ongitudinal

[oouste LenaTh




VAM FRAKCE e ‘ MATERIAL TEST REPORT . (ana)

';za:_rng at\vag SAULVE INSPECTION CERTIFICATE

ZONE INDUSTRIELLE ‘ 3.1 EN 10204 : 2004

S96B0 SAINT SAULVE M
Ko, : 110708v10 a8
Page: 4l &

VALLOUREC & MANNESHMANN TUBES

Vallouree Group

Date; 19.11.2010

THNSILE TEST REAULTS
R (cob.1} (163 ey {13} T ILE Y
Hast Tast Pleco Qimenslon Ya h i) Eleng.
R',” Rm 2
inteqln pel pal %

0101278 0,74x0,30

0,22
{ola3p
Dimansion ‘Tast pleco dimensions
Test plece area

HARDNESS TEST RESULTS
Inﬂ HRB EQUIVALENT TO 22 HRC
[Matnod of testicsa) Rockwoll B

o0y {600.1) eI eay | {osn) cany

Hoet Tast Piace HRB HRB HRB Mean

min . . . .

— mﬁ-—--- e L e T = : ==.-.4I====ﬁ

(en}
TEGHNOLOQICAL AND OTHER TESTS ON SPECIMEN
Yosl Condltons Tent rdls Reault
Fintientng tost Flattening tast (apacific) ' Satlstastory
{oBd)
OYHER TEGTS ON PIPE
Test Cenditions Teot rato Regult
Hydrostatic test 2073 P81 8 BEC 100% each lot Sallalactory -
Appearants & Dimensions Agpect & Dimanalons (spdcifique) 100% each lot Salisfactory
fddy Cument tasl Q8A 2246-1 100% oach lo} Sallefactory
Raaldual maghetam 40 QAUSS MAX ) 100% each (ol Satlefaciny
(ADH, B :

MARKING, IDENTIFICATION

ENGTH

NURIBEN

14 Palnt sterictied an ono plde V & M FRANGE 8L 0081 API DATE OF MARKING AJSAICB 2245.1-07 3 U2 X
: / 0,300 88.80 X 7. PSL1 3 SMLE 2870 PSIHT HEAY




VAM FRANCE {aony
YUBERIE SAINY 8AULVE

SAINT SAULVE
ZONE INDUSTRIELLE
69680 SAINT SAULVE M

VALLOUREC & MANNESMANN TUBES

Vellourea Oroup

Page: 5/ 8
Date: 10.91.2010

MATERIAL TEST REPORT - {A02)
INSPECTION CERYIFICATE

3.1 8N 10204 : 2004
No, 1 110708v10

{r0y)
The supplied products are In egmpliance with the requiremants of the order

{ADS, 202, 203}
Dale 10.11.2016
Valldatad by Ingpection Representativa
Valdrie DELACROIX

= + (3327231450

a8 +(33)32721625

& vatorle.dalacrein@vmiubanly
Gtamp

(ngication n paraithasea comepond Lo elributes atdaniing to €N 10162

Humnmwmmm respectivaly may neiher be modifad nos utad for oiher products. OFinces it rogerdad A lalsification ¢f doouments 00 will be subjaa 1o Caminal prod sculdn,
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PARAMOUNT FORGE"

MANUFACTURERS OF : FORGED FLANGES & FITTINGS

QN3G

FGVNORD
TEST CERTIFICATE
TYPE EN10204:2004 3.1
FIJS’]‘OMER: M/S. UNIFIED ALLOYS, CANADA Ipwrc.rusm — [DATES0N12010
F O.NO & DATE: EP-88503 DID,_14/10/2010 NSPECYYON AGENCY: TUV () EVILTD,
| . ,
[FosRRoO: DESCRIPTION SIZE__ | DIMENSION MATERIAL JHEAT ROJOTY (Nosy
128 |WNRF PLANGES 1504 SCHA40S 2'NPS  JASME B16.52003| ASTM/ASME A/SA1B2FI0A/304L 2008a | 21728 35
131 RF ELANGES 150# SCH.408 3'NPS  [ASME B16.5 2003| ASTM/ASME A/SA 18273043041 2008a] 21738 23
133 JWNRE FLANGES 600# SCH.405 3"NPS |ASME B16.52003| ASTMIASME A/SA182P304/3041.2008a ] 21708 10
134 RF FLANGES 600¥ SCH.405 a"NPS | ASME B16,52003| ASTM/ASME A/SA182P304/304L 20080 | 21715 15
135 JWNRF PLANGES 3004 SCH.40S 6'NPS |ASME D165 2003] ASTM/ASME A/SA182F304/304L 20080 | 21718 02
CHEMICAL COMPOSITION %
FREATNG. | C MN 3 S ] I Cr Mo v N TL_] CEQ
20728 | 0038 | 1.86 | 0038 1 0008 | 036 | - | 821 | 1806 [ ~ ISEN YT R
__% a73s [-0023 | 1o0 | ooz | ooto | ez | - ew | 2 | - o ook | - | -
21708 | 0023 | 134 | ogs0 | oo | 033 - tew | wi | - - poost | - | -
2718 | oms | 163 | oos | 0027 | ez - e | s | - ~ oo | - -
2718 | oo | oa63 | 00es | ooy | 02 - ) ogi7 | mia § - . booos | ] .
- —
; PHYSICAL PROPERTIES
HEAT NO. UTS | VS | %EL | RED.IN .| HARDNESS CHARPY V IMPACT TEST
Mia | MPa | - AREA % — TEMP. 1 3 3 AVG,
71728 61000 | 307.07 |- 3040 67.08 <IARC - - - - ™
21738 58915 | 28772 | 4630 13.20 <22 HRC - - - - -
21708 57072 | 30687 | 5142 7081 <22HRC - - - - -
21718 gozss | 30534 | 5200 68.11 <22 HRC - - - - -
20118 60285 | 30534 | 5200 68.11 AT - - - -
iy et Sy
HEAT NO. HEAT LIEATMENT HEAT TREATMENT TEMP, LAl REF NO.
21925 SOLUTION ANNEALED 3060 °C & WATER QUENCHED BRFDAII0 & ACTIBI07 (1-3)
21738 SOLUTION ANNEALED 1060 °C & WATER QUENCHED PE/BI2/I0 & ACHIBTAS (1-3)
21708 SOLUTION ANNEALED 1060 °C & WATER QUENCHED PI/A23/10 & AT2136
21718 SOLUTION ANNGALED 1060°C & WATER QUENCHED PR/B24/10 & AC/18654 (1-2)
21718 SOLUTION ANNEALED ] 1060 °C & WATER QUENCHED PF/824/10 & AC/18634 (12}
lREMARKS: :
(09% PMI TEST & FOUND SATISFACTORY,
ASTM A262 IGC PRACTICE ‘B TEST SATISFACTORY.
GEIGER — MULLER TEST SATISFACTORY - NIL RABIOACTIVITY,
[MATERIAL CONFIRMS TO NACE MRO175 (2003) & NACE MR0103(2007). __
s PARAMOUNT FORGE,
7 l\ﬁﬂ.,xi'f.‘h‘,p
Signatureffea) OF Surveyor

L

Reglatered Otfice ! 3, Guru Himinat Bldg,, 140, Dr. Mascaranhas Road, Mazgaon, Muinbal - 400 010.
g . & : 91.22.2376 0007 / 6667 0079 « & : 91-22-2373 2667

Factory : 09/400,
& : 91-22-2742 DBO2, 2742 G300 +

260/263, Jawahar industrial Estate,

3 ; plorge@homb.venl

Kamothe - 410 200, Panvel, (Dlst. Rajgadh) « & :91-22-2742 0301, 2742 0716, 2742 5058
\net.in / qaqe@paramountforge.arg « Webalte wvaw.pforgeindia.com

QAIQR/0B

We Cerlify that all iteims herein confirm to the applicable standards and customer requirem
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‘a & ﬁ ; w 'ﬂ ﬁ m a a An 1SO-9001 Registered Manufacturer
48 85 - 5% 98 B AR A (= B8 308 IR v L] A3
BOTH-WELL STEEL FITTINGS CO., LTD.

NO.303, JEN-HSIN ROAD JEN-WU HSIANG R
KAOHSIUNG HSIEN, TAIWAN R.O.C.(81405)
TEL: (07 ) 371-0497 , 371-1636, 372-0260 FAX: (886-7) 371-3864, 371-3882

WEB SITE:http://www.bothwell.com.tw E-MA!L:bothwell@wmv.bothwell.cpm.tw or box@mail.bothwell.com.tw

MILL TEST & INSPECTION CERTIFICATE PO 7
ACCORDING TO EN10204/DINSG049/3,1.8B - (CS-QDQJS‘-

(d3L143820¥

DATE- 11717704

CUSTOMER :UNIFIED ALLOYS INVOICE NO: BH049307064
CHRT NO:41968 ORDHR NO: HP-41414 LIC N PAGH: 19
ITEM LF::ERML POTH | SPRCIEICATION:
umaT No. | WELL DESCRLPTION QuanTiTy [A1B2/SA182 02
N P " F304 4 304
DIMENSION:
084 {90160 N588 |FULL CPLG 1"x 3-1/2°L 3000# NPT, .. SOFC  |ASME B16.11 - 2001
085 |a6sa78 | ©199 |FULL (PG 1-1/27 3000# NPT R 50 1
086 |A64386 Q201 |FULL CPLG 27 3000# NPT 125PC  |SURTACE:
087 |as6044 Q190 |FULL CPLG 3" 3000# NPT 30C
088 98012 NG5O |THE 3747 3000# NPT opc | VISUAL. . 600D
089 |$25032 NGG3 |TRE 1" 3000# NET 105C
090 [6R222 NG10 | TRR 2 3000# NPT §PC
. CHEMICAL COMPOSITION (%)
C Si Mn p S Co Cr Ni Mo v Nb N
Min - - - - - - 18.000 §.000 - - - -
wax | 0.030 | 1.000 | 2.000 [ 0.045 | 0.030 - 20.000 | 13.000 | - - - 0.100
084 | 0.010 | 0.520 | 1.700 | 0.027 | 0,037 } - 18.150 | 8.110 - - - 0.087
085 | 0.017f 0.427v] 1.693+f 0.027] 0.004 - 18.200 | 9.233 . - . 0.068
os6 | 0.014 | 0.343 { 1.679 | 0,027 | 0.001 . 18.206 | 9.066 I . 0.064
o087 | 0.014 | 0.378 { 1.700 | 0.031 | 0.00! - 18.300 | 9.250 - - . 0.074
oss | 0.018 | 0.260 | 1.690 | 0.025 | 0.025 - 18.210 | 8.340 - - . 0.081
089 | 0.023 | 0.405 | 1.370 | 0.029 | 0.012 . 18.190 { 9.096 | - . - 0.056 |
000 | 0.019 | 0.500 | 1.820 | 0.025 | 0.023 : 18.280 | -8.110 - - - 0.085
MECHANICAL TEST Rema rk:
T TEN SOLUTION TREATED : 1040°C,¥.Q.
Tensile Yield Flon- R of A | Hardness CONFORMS TO NACE MRO175-97
Stvongth | Strength | Gation STEEL gwexn;c PROCESS : ELBCTRIC FURNACE
ks | wsn | (%) (p) _[HERCURY FRE |
Min | 75.0 30.0 30.0 50.0 .
max - - - - 133 .

p 3. 40.9 44 " 167 WE CERTIFY THE ABOVE MENTIONED FITTINGS HAVE BEEN
o4 | 837 | 0.9 | ¢ 8 WANUEACTURED AND TESTED IN ACCORDANCE WITH THE
oR6 | %4.9 42..4 58.8 85.2 167 DA
087 | 8.4 45.6 55,4 77.2 174 C il ‘ iF
088 | 81.4 35.2 60.4 76,0 161 Ied—c‘"“ < . 3
ogo | 79.8 37.2 66.2 76.1 156 T FARAGER TR
090 | 78.8 38.1 62.8 74.0 152 SHENG CHRNG L.RR. CHUN CHIEH HUANG

B¥-D083% REV.O v T
NL5UTS ~Q v, FULL CPLG) SAIS)
MTR VERIFICATION STAMP
EP- Mt 1A Tacur pare Sufa L REV‘EWBY‘—ﬁ—"‘“‘
CONFORMSTOASME § 1t g  EDITION fADDENDA 2o b
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Phone (780) 466-4122 KS Manufacturmg Enterpl lses Lt'd v 5203-76 Avenus %
Fax  (780) 463-5587 . . .';.' ~ Edmonton, Alperta TGB 0A7
. - ' B ' % 5 '
MATERIAL TES_T REPORT 19920 . B . Date: 2011%' i "if # ,i ]
Purchaser: MRC MIDFIELD SUPPLY LTD., NISKU Distributor: NISKU AB . o o
Purchager Order No. 7500952359-B0 . Distributor ,Order No: ? OF72%p
Produets
temn - L . e
No. Qty. Product S_psclticahon Heat No Descrlptlon
1 50  1-1/4"X3-1/2' LONG 3000 THRD ~ A/SA182 .  87B1  2-1/4"RDBAR .
COUPLING B16.11 : F304/F304L S ASTM A276-04, A479- 04, A193-03 CL-1 GR
88, A320-03 CL 1 GR B8, ASME SA479-04,
SA320-04 CL 1 GR B8, SA193-04 CL 1 GR
B8, EN 10204 3.18B
. T tl'-,:__.'ﬁ'i. . ‘{’:. ‘. 5
Chemical Pyoperties * <" o ERERC .
HeatNo.C - “Mn » P'" & 8 | Cr "WNi Mo LU V. S .M
8781 023 1601 .081 .021 - .279 18447 8.666 416 480 & .
o A BRI R T
Mechanical Propertles o
Elong : Impac
:\5?1 Meat No Yield Tensile Uin2w RA B.H.N. Frprpar't =y Remarks
1 8781 41,000 PSI 81,000 PSI 62 70 142 CORROSION TEST: SOLUTION
' ASTM A262-02a PR E ANNEALED
WTR VERIFIGATION STAMS
DATE: -

We hereby certify the above results to be correct as

contained in the records of the company.

di REVIEW BY: ﬁ‘m
GO#\'FOI'!!‘\-IS TO ASME &1 e

g ,.9 [DITIONIADI)&NDA

2o

gz/wé—“

Kwang Y. Lees
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#TAOY
QO m & m : m w ﬁ m a El An 1S0-9001 Reglstered Manmacmrer
RN = A0 B Ak = 88 303 %% '
BOTH-WELL STEEL FITTINGS CO,, LTD.
NO.303, JEN-HSIN ROAD JENWU HSIANG .
® KAOHSIUNG HSIEN, TAIWAN R.0.C.(81460)
TEL: (07) 871-0497, 371-1586 , 872-0260 FAX: (886-7)371 3864 371-3882
WEB SITE:http:/Aiww, bothwan som.iw EMAIL: bulhwellwboﬂmel com.tw or hox@ivall, bothweil.oom W
MILL TEST & INSPECTION CERTIRICATE
. ACCORDING TO EN10204/DIN50049/3.1.B ORIGIN: TAIWAN
CUSTOMER:UNIRIED ALLOYS INVOICE NO:BX079611092 DATE: 03/03/08
CERT NOi80373 ORDER MNO: EP-65954 LIC  NO: PAGE: 2
- BOMH | o MATERIAL spﬁcgmgcagﬁm
WELL | HBEAT NO. DESCRIPTION QUANTITY [ASHE 54182 ~hos
_ Hr.Cp. _ _ DIMENSION:
055 | No47 12550 HEX PLUG 1" NeT SQPC [ASHE-BI6.1) + 2005
036 | N99o [omis2 CAP 3/4" 30008 NPT S0PC
058 [vN969 19W179 JRULL CPLG 1vx3-1/2"L 30008 NPT v 100PC |suRFACE:
059 | No66 [FS-2934 90D BLBOW 1-1/2" 30004 NPT 7PC [BY VISUAL. . .G000
079 | N9s6 jowi7g FULL CPLG 1/2° 30004 S/W S0PC
080 | NBOS2 YTO71604 B0D), ELBOW 1" 30008 S/¥ 250 PC
081 { N962 [FS-2936 90D ELBOW 2" 30008 S/W 150PC
IT&Y [ pomy CHEMICAL COMPOSITION (%)
WMLL | ¢ Si M P S Cu Cr Ni Ho v Tcthy T N
Hin | yecof - - - - . - 18.000 | 8.000 . : . .
Max 0.030 |} 1.000 | 2.000 | 0.045 | 0.0% 20,000 { 13.000 ] - . 0,100
035 TN647 [ 0.019 | 0.500 1 0.970 | 0.031 J 0.031 18,080 | 9.470 . - 0.060
056 [N990 | 0.030 | 0.270 | 1.810 } 0.029 | 0.026 18.210 | 8.200 . 0.100
058 [N9%69 | 0.030 { 0,270 | 1.820 | 0.029 | 0.028 18.120 { 8.160 . . 0.100
059 {M966 | 0.018 | 0.360 | 1.840 | 0.038 | 0.020 18.150 | 8.100 . 0.059
079 | 8956 [ 0.020 | 0.280 | 1.830 | 0.029 | 0.028 18.180 | 8.220 - 0.100
080 (NBOS2 | 0.023 | 0.500 | 1.060 | 0.040 | 0.025 18,150 | 8.130 . . 0.081
081 Inos2 1 0.021 | 0.260 | 1.860 { 0.038 | 0.024 18.280 | 8.150 - 0.091
"MECHANICAL TEST Remark:
(TR SOLUTION TREATED ; 1040°C \W.Q.
BOM [ensile | Vield | Bion- | K of & TWatdnsss |CONFORMS T0 NACE 1R0175.3005
WELL | Streagth | Strength | Gation (AVQ.) |STEEL KAKING PROCESS : ELECTRIC FURNACH
HT.CD (KS1) {KSI) (%) * (HB) MERCURY FRER .
Min | 75.0 30.0 30.0 50.0 .
Max - - - - 235
055 {N647 87.7 34.3 62,0 78.0 170 | WE'CERTIFY THI ABOVE MPNI‘[%NED FITTINGS HAVR BBEN
056 [Noso 85.8 39.4 63.6 4.6 158 | MANUFACTURBD AND TESTED IN ACCORDANCE WITH THE|
o6 w0 | 853 | 388 | e3s | 5 170 | SPECIFICATIONS SHOWN
039 |66 82.8 40,0 65.0 75.9 158 ~
4 079 |n956 84.8 38.1 53.0 5.5 156 C4 ?
080 [NBOSZ | 99.7 4.1 54.0 7.7 172 ~TRSPHCTOR
081 |N962 83.7 37.2 65.0 75.3 158 CHUN CHIEH HUANG
BW-D0839 REV0
TR VERIFICATION STAMP
DATE: .~ SSzam— 2%\ REVIEW BY! _ Y2t s
CONFORMS TOASMES Il vy EDITION J ADDENDA: 2ot = ~F[§E§-

(TSN




G.L.M. INDUSTRIES L.P.

SECTION 4

WELD PROCEDURES



WELDING PROCEDURE SPECIFICATION NO.: 1-1-051A (Rev.2)
WELDING PROCEDURE QUALIFICATION RECORD NO. (8): ___1-1-051-2
QUALIFIED FOR |

Restricted Applications: __ AP D &-650 Welded Storage
Base Motal (Wplcal) __Lﬁmw_ﬁmuu
(SA 333 Gr.6, SA 360 Gr.LF2, SA 420 WPLA SASIE.Gr70 6l }
Process{eﬂ SMAW Weld Types: _GROOVE & FILLET
Position: ALL POSITIONS Diameter: ___ALL DIAMETERS

. Filler Metal: £6010. E7018-1

BASE METAL CONDITIONS & GROOVE THICKNESS RANGE QUALIFIED:;

NOTCH TOUGHNESS APPLICATIONS TO -46°C AS WELDED
BASE METAL THICKNESS RANGE to. in

COMBINED DEPOSITED WELD METAL THICKNESS
ASME SECTION X —127.0m (0.500 in) maximum

PROVINCIAL REGISTRATION

Prapared By Ludwig 8 Assoclates Lid, Page 1 of 7



QW-482 WELDING PROCEDURE SPECIFICATION (WPS)

Welding Procedure Speciﬂcatlon No 1 1 QﬁjA (Bgy,gl Date _Eﬂmamg._zm_

Revislon(s) prmg ompany name chanae (former
Supporting PORNo.(8) .~ 11-05u

Waelding Process(es) _SMAW Type(s) .. Manual
JOINTS (QW-402)

Joint Design

Root Opanlng
BASE METALS (QW-403)
P-Number
Thickness Range: Groove

Fillet
Pipe Diameter Ranges: Groove

Fillet _____All diameters

Daposlted Weld Metal (Per Pass) __12.7 mm (0.500 in.) maximum
FILLER METALS (QW-404) SMAW - - SMAW
Specification No. (SFA) _SFAS5.1 SFA 5.1
AWS No. (Class) £6010 E7018-1
F-No. E3 E4

A-No, A1l . Al

Size —3/32t0 §/32 In. Inclusive . 3/32to 1/4 In. Inclusive

Deposited Weld Metel Thickness Range:

Groove 48 mm (0168 in) mex, . 7.9 mm Q312 In)mex,
Al flllot sizes_ All fillet sjzes

Filllet

POSITION (QW-405)

Posiltion of Groove All posifions Position of Fitlet __Allpositlons
Weld Progression __ F3: Vertical down F4: Verticaldown
PREHEAT (QW-408) : : ‘
Preheat Temperature (Minimum) 0°C (60°F)

Preheat Maintenance

Interpass Temperature (Max!mum) - zgq Q (§QQ°F)

Prepared By Ludwlg & Assoclates Ltd, Page2of 7



WPS No. __1-1-05{A(Rev.2)

POST WELD HEAT TREATMENT (QW-407)
Temperature Range N/A Time Range NIA

ELECTRICAL CHARACTERISTICS (QW-409)

Current __ Dirgct Polarity ._..Bﬂygmﬂ._elss.t_da_m[ﬂy_

Amps Seo Table #1 Volts ______ See Table #1
Maximum Heat Input f :
Base Metal Thickness Range E6010 Electrode ' 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 Spead __S.e.e_tehl.e.ﬂ_
initial & Interpass Cieaning 1shing, ghipr ) 8s re

MB‘hOId of Back Gouging ——mwﬂﬂmwgi
Muttiple or Single Pass Per Slde E£3: Either __F4: Multiple _
Peening m.nanmmgd —

TABLE 1 - WELDING PARAMETERS

Diameter | Curent Type| Amperage- Valtage Trave! Speed
Process | Filler Metat mim (in.) & Polarity ange . Range mm/min.{(.p.m.)

SMAW EB010 2.4 (3/32) DCRP 40 - 100 18-28 82 - 300 (2.5 - 12)

SMAW E6010 3.2 (1/8) - DCRP 80 - 140 18-30 98 - 360 (3.9 - 14)
SMAW £6010 4.0 (6/32) DCRP 80226 21-31 162 - 400 (6.4 - 16)
SMAW | E7018-1 | 2.4 (3/32) DCRP 60-110 18-24 | 82-300(3.2+12)
SMAW E7018-1 3.2 (1/8) DCRP 80- 180 18-26 _123 - 350 (4.8 - 14)
SMAW E7018-1 4.0 (5/32) DCRP 130 - 220 15-28 187 -400(7.4 - 16)

" SMAW | E7016-1 5.0 (3/16) DCRP 200 - 300 20 - 30 302 - 600 (11,9 - 20)
__SMAW | ET7018- 8.5 (7/32) DCRP 240 - 340 20- 92 362 - 550 (14.3 - 22)
SMAW | E7018-1 6.4 (1/4) DCRP 275 - 380 21-32 | 438-550(17.3-22)

Note: Weldlng parameters shall be adjusted to Insure that the maximum heat input value spacified in
QW-409 above Is not exceedadl. . Heat Input (J/in.) =
Trave! Spsed (ipm)

Prepared By Ludwig & Asscciates Lid, : Page 3cf7
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Figure 1
Single Square Butt

60%+. 18° .

S A\YA

......I [——ane +- {61,

Flgure 4
Single Ves Butt

Racius 184,
=118k, 7
50%42.00°

WPS No. __1-1-051A (Rev.2)
TYPICAL JOINT DESIGNS

g

' “"‘l ﬁ“ 114+ Af4in,

Figure 2

Single Square Bult with Backing Strip

AN

Flgure 8

Single Vee Butt with Backing Strip

T/

Radivs 1. -
+- 16k,
' 5% w20

¢

"‘ M6 +-3/181n.

Figure 7 .
Single U Butt
Radlys 18 in:
+h1itn,

20%47. 10°

PRt
-

Figure 8

Single U Butt with Backing Strip

Radl}ln,mln.
- 118h, _
20%4.10°Y

T\

¢ T

¢

~| |- arte - ante1

" ' -I:ﬂiane +-31181n,

< e

it "““ 318 - NBin.

Figure 3
Double Square Butt

8074/ 15°

9448 +. 3ne .

Figure 6
Double Vee Butt

Rechus 1B 1a,

e8I g
50200
Typlesl

Vs T\
¢ e . 3 jﬁ e

e

Y

'-l Lanmmm
Double U Butt

Radlus 1/8 in
+=-116in.
209 ¢ 40P
Tyned .

¢

7

~=] f-srte 4r-artam,

Figure 10 Figure 11 Figure 12
Single J Butt Single J Butt with Backing Strip Double J Butt
40%4/- 20° > | 40%.20° ? %3;#; lzu'°

N

T

i D

e

=] |- am6 +1 3118 .

Figure 13
Single Bevel Butt

Figire 14

Single Bevel Butt with Backing Strip

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

Prepared By Ludwlg & Assoclates Lid.

| b-3n6 er-amem

Figure 15
Double Bevel Buit

Page 4 of 7



QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

. G.LM. Industiieg LP, . .
Procedure Qualification Record No. 1-1-051-2 Date _Dsgcember 15, 2008
- Welding Procedure Specification No. 1-1-051A (Rev.2)

Welding Process(es) SMAW Type(s) ___Manual
JOINTS (QW-402) - |

Type | e roo N [}

BASE METALS (QW-403) -

Material Spec. $A 516 10 SA 5186 Type or Grade ___Q_[.ﬁp_tg_ﬁr,lo____
P-No. _P1_Gip.1 ToP-No. __P1 Gip2 Thickness __ . 6.32mm (0249 In)
.Diameter NIA ; Other Plate Product Form
FILLER METALS (QW-404)

Speclfication No. (SFA) SFAL1 SFAS.1

AWS No. (Class) E6010 E£7018-1

Filler Metal F<No. F3 F4

Filler Metal A-No. A1 ' Al .

Size of Electrode

Deposited Weld Metal Thickness _&aﬁmmﬂﬂﬂiwﬁ_mmuﬁﬂu___
POSITION (QW-405)

Position of Groove 3¢

Weld Progression : Vertical Down

PREHEAT (QW-406)

Preheat Temperature 10°C (BO°F) Interpass Temp. (Max.) ___ 232°C (460°F)
POSTWELD HEAT TREATMENT (QW-407)

Temperature N/A _ Time N/A

ELECTRICAL CHARACTERISTICS (QW-409) '

Current DRirect Polarity ____Reverse, elecirode positive
Amps —Sgenextpage Volts ___ Seenextpage
Heat Input F3: 17,770 J/in, meximum F4. 20.210 J/in. maximum
TECHNIQUE (QW-410) - |

String or Weave Both Travel Speed _____Seenextipage .

-Multiple or Single Pass Per Side Multiple,

Preparad By Ludwlg & Associates Lid. Paga 50f7



€0

PQR NO. __1-1-051-2

0.240 In,

116 in.

Note: Pass #1 welded from backslde followed by grinding out groove side to

sound metal and depositing passes #2 to #4.

: Dlameter Current & | Amperage | Veltage Travel Speed
 Pass | Process | Filler Metaf mm (in.} Polarity Rgn eg Ran ge mm/min ip 1,
1 SMAW .| EB010 4.0(5/32) | DCRP 100-118 | 24-26 231 (9.1)
2 SMaw E7018-1 |- 3.2 (1/8) _DCRP 140-148 | 22-24 284 (10.4)
3 SMAW E7018-1 3.2 (1/8) DCRP__ ! 128-132 | 21.23 254 (10,0
4 SMAW E7018-1 3.2 {1/8) DCRP 135145 { 22-24 243 (9.6).

Prepared By Ludwlg 8 Assoclates Lid.

Pags g of 7



PQRNO. __1-1.051-2

TENSILE TEST (QW-150)
Specimen | Width | Thickness | Area Ullimate " [ Ultimate Character &
No. mm(in.) | mm(n.) | Sq.mm Load ‘Stress . Fracture Location
: {8q.l) | N(bs) | MPa(psi)
T1 191 8.52 106 55 284 624 | . Pariial Cup & Cone
{0.762) ' | (0.217) | (0.163) | (12.400) | (76.1 90) | Parent Metal (SA 516 Gr, 60)
T2 19.2 5.61 106 63178 | 503 Partie! Cup & Cons
: {0.766) (0.217) | (0.164) | (12,000) | (72,900) Weld Metal
GUIDED BEND TEST (QW-160)
Type & Figure No. ' Resull Type & Figure No. . Result
QW-462.3a, TRB - R1 Pass QW-462.3a, TFB - F1 Pass
QW-462.3a, TRE - R2 Pass QW-482.30, TFB - F2 ___Pasg

CHARPY IMPACT TOUGHNESS -

Type of Test Charpy V Notch - Orientation Transverse
Test Temperature __ -48°C (-55°F) Specimen Size 10X 5 mm

Spacimen No. Nolch Location Impact Values J {ft. ths)
_B821 Weld Metal 16.6 (12.2)
B2.2 . Weld Meta) 25.8 (18.0)
B2.3 Woeld Metel ' 44.7 (33.0) -
B3.4 P{ Grp.1-HAZ 69.4 (61.2)
B3.2 P1Gm.1-HAZ 95.5 (70.4)
B33 ' P1Grp.1-HAZ - 108 {79.4)
Ba1 P1 Gip.2 - HAZ 90.9 (67.0)
B4.2 P1 Grp.2 - HAZ 101 {74.2)
"B43 P1Grp.2 - HAZ . 107 (76.0)
OTHER TESTS
Welders Name Wilber Davie Stamp No. WD
Tests Conducted By Ludwlg & Assoclates Ltd.
Laboratory Test No. _ 06-

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 IX of the ASME Code.

Manufacturer ___ G.L.M, Industries L.P.
pate __ /Moy / f{/;ﬁ 7

Prepared By Ludwly & Assoclales Lid, . . Page Tof 7



d '\‘ LUDWIG& ASSOCIATES L1,

Matenalsand Weldmg Consu!tmg

LABORATORY TEST REPORT
CUSTOMER:  G.L.M. industrles L.P. ‘Laboratory Test No.: E06-1029.2
1608 - 8 Street : Date: January 9, 2007
Nisku, AB .
TOE 786
Attention: Wilber Davie
PQR No.: 1-1-051.2
Materlal: ' SA 516 Gr. 60 to SA 516 Gr. 70
Thickness: 6.32 mm (0.249 in.)

Thermal Condition: As Welded

TENSILE TEST QW-150

SAMPLE NUMBER T QW-482.1(a) T2 . QW-462.1(a)
WIDTH mm (In.) 181 (0.752) 19.2 (0.766)
THICKNESS mm (In.) 5.52 {0.217) 851 - (0.217)
AREA sq. mm (sq. in.) 105 (0.163) © 106 (0.164)
ULTIMATE LOAD N (lbs}) ' 656284  (12,400) 53178 (12,000)
UTS MPa (psi) 524 {76,100) 503 (72.900)

' FRACTURE TYPE Partiat Cup & Cone - Partial Cup & Cone
FRACTURE LOCATION Parent Metal (SA 516 Gr. 60) Weld Metal

GUIDED-BEND TEST QwW-160

SAMPLE WIDTH:  38.1mm (1.50in.) SAMPLE THICKNESS:  6.32mm (0.249in.)
PLUNGER SIZE: 22.2mm (0.875In.) YOKE SIZE: 41.1mm (1.62In.)
QW-462.3(a) Face Bend Root Bend Face Bend Root Bendt
SAMPLE NUMBER(S) F1 R1 F2 R2 .

RESULTS Pass Pasg Pass Pass

We certify the test resuits In this report and that the specimen{s) were prepared end tested In accordance with the
requirements of ASME Sectlon IX, 2004 edition and latest addanda. Material- Information has been provided by

the Customer whose name appears on this repori.
Samples assoclated with this report ”E be discarded In 30 days.

| Laboratory Test Conducted By:

Natashua Collier, C.E.T.
4027 - 14 Strant, 5., CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072  FAX: (403) 266-2169 Page 10f1 -
7925 Davies Road, EDMONTON, ALBERTA T6E N1 PHONE: (760) 468-3030 FAX: (760) 468-3032



47\ LUDWIG &.Assocmms LD,

MatenalsandWeldmgConsulting -

LABORATORY TEST REPORT
- CUSTOMER: G.L.M. Industrles L.P. : Laboratory Test No.: £06~1020,2
1508 - 8 Street Date: January 2, 2007
Nisku, AB :
TOE 7S6
Attention: Wilber Davle
PQR No.: 1-1-0651-2 )
Materlal; SA5160Gr. 600 SA516Gr. 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: -48°C (-556°F) SPECIMEN SIZE: 10x 5 mm
Specimen Notch Impact Valuas
Number Location .___Joules (ft.lbs)
B2.1 Weld Metal within 1/16" of root 16.5 (122)
B2.2 Weld Metal within 1/16" of root 25.8 {19.0)
B2.3 Wald Metal within 1/16” of root 447 (33.0)
B3.1 Gr. 60 -HAZ 69.4 (61.2)
B3.2 Gr. 60 - HAZ : 85.5 (70.4)
B83.3 Gr. 60 - HAZ 108 (79.4)
B4.1 - GF. 70 - HAZ 009  (67.0)
B4.2 Gr. 70 - HAZ 101 (74.2)
B4.3 Gr. 70 - HAZ o7 (79.0)

We certify the test.resulls in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section VIil, Div. I, UG-84 - 2004 edition and latest addenda. Malerial information has

been provided by-the Customer whose hame appsars on this report,

Samp!os assoclated with this report willpe discarded in 30 days
'
Laboratory Test Conducted By: ’ i,

Natashua Collier, C.E.T.

4027 - 14 Strewt, 5.6, CALCARY, ALBERYA T2G 3K6 PHONE: (403) 2627072  FAX: (403} 266-3169
7325 Davies Road, EDMONTON, ALBERTA T6E 4N1 PHONE: (780) 468-3030  FAX: (780) 468-3032

Pagie 1 611
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LUDWIG&ASSOCIATES  LTD.

Matenalsand WeldngConsuItmg o

LABORATORY TEST REPORT
CUSTOMER:  G.L.M. Industries L.P. !.aboratoryTest No.: E06-1020.2
1508 - 8 Street Date: January 9, 2007
Nisku, AB '
TOE 786
Attention:  Wilber Davie
PQR No.: _ 1-1-061-2
Material: SA 518 Gr. 80 fo SA 516 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 '

Tmm \
vt 2 e 10°
mm_ \ 11
\
Midwall - - 13y v o
?Tﬁm”"" 022 _ 29 ¢
BA 518 Gr, 70 8A 518 Gr. 60

) 184 HV 7) 171HV 13) 179HV 19) 167 HV  25) 169 HV
2) 188 HV 8 203HV 14) 181 HV 20) 171 HV  28) 188 HV
3) 192HV  9) 199HV 18) 173 HV 21} 180 HV  27) 181 HV
4) 176 HV 10} 166 HV  16) 172 HV 22) 165 HV  28) 168 HV
§) 185 HV 11) 173 HV 17) 168 HV 23) 169 HV ' 20) 180 HV
6) 162 HV 12) 199 HV 18) 176 HY 24) 180 WV '

Wae certify the test results In this report and that the spacimen(s) were prepared and tested In accordance with the
requirements of ASTM E92-§2 (Reapproved 2003). The Information regarding materlal [dentification (ie. size,
thickness, heat number, etc.) has been provided by the custoher whosa name appesrs on thrs report, '

- Laboratory Test Conducted By: 1[1
: Natashua Collier, C. E T.
4027 - 14 Streat, 5.E., CALCARY, ALBERTA T2G3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169 Page 1 of 1

7925 Davies Road, EDMONTON, ALBERTA T6E NI PHONE: (760) 468.3020 FA*.'-(.?BD) 460.3032



WELDING PROCEDURE SPECIFICATION NO.: __2-1-129A (Rev.2)
WELDING PROCEDURE QUALIFICATION RECORD NO.(S): 2-1-129-1, 2-1-129-4

2:1:129:3
| QUALIFIED FOR

Restricted Applications: _ APl 12D, 12F, 620 & 650 Welded Storage Tank Fabrication -
Base Metal (Typical): 1 Groups 1 & 2 to P1 Groups

SA 333 Gr.6, SA 360 Gr.LF2 420 WP 16 Gr1.70 ofc.
Process{es): SAW : Weld Types: _GROOQVE & FILLET
Position: FLAT & HORIZONTAL Diamater: ALL DIAMETERS
Filler Metal: F7A2-EM12K

BASE METAL CONDITIONS & GROOVE-THSCKNESS RANGE QUALIFIED;

NOTCH TOUGHNESS APPLICATIONS TO -29°C AS WELDED
BASE METAL THICKNESS RANGE __4.810 38.1 jam {0.188 {9 1,80 in.) inclusive

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

SARETY CODES ACT - PROVINGE OF ALOERTA
WELDING PROCEDURE

R0 ND WP . crcomnnns ) 1% S
POUV- 1Y 1.a.m,mamh ......

Weld Procass &AW .....
et Gr. o, LBl 173.... o P, TR -
Y~ Y VS R
. Qual, Fortl, BH0. 3R Lt P, oo N Recinne
Clh~29%
wmémm&nm.%&m?m&"ﬁ
L1eb T18] afa (Y, CTTE nd ARRITIZT IS M lllllllllllllllllllllllllllll

R,
WELDING 9P er

PROVINCIAL REGISTRATION

Pags 1 of 14

Prapared By Ludwig Assoclates Lid,




QW-482 WELDING PROCEDURE SPECIFICATION (WPS)

Company Name G.LM, INDUSTRIES L.P.
Welding Procedure Specification No. 2-1-129A (Rev.2)  Date August €

Revision(s) __Rev.2: Essential - addition of PQR# 2-1-129-4, delation of PQR# 2-1-129-2.
Rev.2: Nonessential - updated to latest code requirements.

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 & fillet, reference construction drawing for jolnt dstails.
Where iojnt details are not specified, refer to figures 1 to 15 attached
Root Opening ttached typical aroove deslans, see figures 1 to 15 aft
Backing With_or without Retainars Not required
BASE METALS (QW-403)
P-Number P1 Groups 18 2 To P-Number P1Groups 1& 2
Thickness Range:  Groove See cover page for thickness qualified by governing code
Filtet All base metal thicknesses
Pipe Diameter Ranges; Groove All diameters
Fillet All diameters
Deposited Weld Metal (Par Pass) 12.7 mm (0,50 in,) maximum
FILLER METALS (QW-404) SAW
Specification No. (SFA) SFA5.17
AWS No. (Class) F7AZ-EM12IK
F-No. F6
A-No. Al
Size . 5/64 10 3/16 in. inclusive
Supplemental Filler Metal Without

Wire Trade Name & Designation Lincoln Electric L61 wire
Flux Trade Name & Designation Lincoln Efectric 860 fiux
Flux Type Neutral

Recrushed Slag Must be tested and meet ASME Section II, Part C SFA 5.17 requirements
Deposited Weld Metal Thickness Range:

Groove 38.1 mm (1.50 in.) max.

Fillet All fillet sizes

POSITION (QW-405)

Position of Groove Flat & Horizontal Position of Fillet Flat & Horizontal
Weld Progression /A

PREHEAT (QW-406)

Preheat Temperature (Minimum) See altached preheat sheet

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

Preheat Maintenance _See aftached preheat sheet prior to welding. Preheat maintenance

not required if welding is Inferrupted or after the completion of welding -
untess required by the code of construction.

Prepared By Ludwig Associates Ltd.

Page 2 of 14



POST WELD HEAT TREATMENT (QW-407)

WPS NO. __2-1-129A (Rev.2)

Temperature Range NEA Time Range N/A
ELECTRICAL CHARACTERISTICS (QW-409)
Current Direct Polarity Reverse, electrode positiva
Amps See Table #1 Volts See Table #1
Maximum Heat Input
Base Metal Thickness Range SAW

0.188 - 0.374 in. 27,477 J/n.

0.375 - 0.624 in. 33,150 Jfin.

0.825-1.50 in. 46,500 J/in,
TECHNIQUE (QwW-410)
String or Weave String Travel Spsed See Table #1
Contact Tube to Work Distance 12,7 mm (0.50 in.) to 38.1 mm (1.60in.)
Initial & Interpass Cleaning Brushing, chipping or garinding as required
Method of Back Gouging Alr carbon are, back-grind as required
Osclllation N/A
Closed to Out Chamber N/A
Mulfipte or Single Pass Per Side Multiple
Multiple or Single Electrodes Single
Peening Not required
Use of Thermal Process NA

TABLE 1 - WELDING PARAMETERS

Process Filler Metal Diameter] Current Type] Amperage] Voltage Travel Spead

mm (in.} | & Polarity Range Range mm/min (i.p.m.)
SAW F7A2-EM12K | 2.0(5/64)] DCRP 200-450 | 26-32 164 - 750 (6.5 - 30)
SAW F7A2-EM12K | 2.4 (3/32)] DCRP 260-600 | 265-33 206-812 (8.1 - 32)
SAW F7AZ-EM12K | 3.2 (1/8) DCRP 300-600 | 26-34 266 - 800 {(10.1 - 35)
SAW F7A2-EM12K | 4.0 (5/32)] DCRP 400-700 | 26-34 341 - 1015 (13.6 - 40]
SAW F7A2-EM12K | 5.0(3/18) DCRP 500~ 1000} 28-36 459 - 1270 {18.1 - 50

QW-409 above is not exceaded.

Note: Welding parameters shall be adjusted o insure that the maximum heat input value specified in

Heat Input {oules per inch) = {Amperage X Voltage X 60) / Travel Speed (Inches per minute)

Prepared By Ludwig Assaclates Ltd.
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WPS NO. __ 2.1-129A (Rev.2)
TYPICAL JOINT DESIGNS
< 'R < b

— ' | _[__.I —{ |31+ 318 n
l |““3}18 +.-3M8in. — |“_ 14 H- Hd In.

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

TN % N[ % &F [

~] I-*-ams-w- srigin. ~o |- a6 . smein.
Figure 4 Figure 5 Figure 6
Single Vee Butt Single Vee Buit with Backing Strip Double Vee Butt
Fadivs 43 k.

Radiya 4/81n. Radiuss 148 In.
+- /16 n, - 1Hgln. +- 41161,
§0° 44 20° 0% 4220° 50°+. 20°
Typleal
“""I |“F 918 +- 3116 .

- 3118 +/- 318 in.
| b- T s wzion

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

Radius 118 In® Rextive 118 In.
8N, +- 11184, >‘ Radlus 1/8 I
A A 200 v 10 +- 1116 In,
- 4.
20° - 10 20° +- 10°
Typical

Y M SR A\ N S S (R

~em] | ar16 44 311610  JTesesaten | }o-ant6 1. am6 .

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

3 N L N ¢S ) e

~ |=-ane . anoin. ‘I“TF,‘ 318 +- 318 in. | {-ares-anem

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.

Prapared By Ludwig Assacliates Lid. Page 4 of 14



WPS No. ___2-1-129A (Rev.2)

PREHEAT
P-No. 1

1. Woelds joining pressufe parts or attachments 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. if welding Is interrupted, the weld joint and adjacent areas shall be reheated to the minimum
preheat temperature stated in paragraph 5, prior to the start of welding.

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

5. Minlmum preheating temperatures shall be as follows:

NOMINAL WALL THICKNESS MINIMUM PREHEAT TEMPERATURE

0 t0 32 mm (0 to 1.25 in) 10°C (50°F)

Over 32 mm (Over 1.25 in.) 85°C (200°F)
- The preheat zone shall extend at least 76 mm (3.0 in.) bayond each edge of the weld.

Prepared By Ludwig Associates Ltd. Page 6 of 14



QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

_G.LM INDUSTRIES L.P,

Procedure Qualification Record No. 2-1-129-+1 Date
Welding Procedure Specification No. 2-1-128A (Rev.2)

PQR Revision Format update & Editorial update,
WPS No. formerly 2-1-129A (Rev. 1), August 6, 2008

Company Name
August 22 2000

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 36 to SA 518 Type or Grade N/Ato Gr.70

P-No. _P1_Grp.1 To P-No, P1 Grp.2 Thickness 6.32 mm (0.249 in.)
Diameter N/A Other Plate Product Form m/c to 0.248 in.
FILLER METALS (QW-404)

Speclfication No. (SFA) SFAS5.17

AWS No. (Class) E7A2-EM12K

Flller Metal F-No. F6

Filler Metal A-No. Al

Suppiemental Filler Metal Without

Flux Type Neutral

Size of Electrode See altached skelch

Deposited Weld Metal Thickness

6.32 i1 (0.249 in,)

POSITION (OW-4085)

Position of Groove 16 Weld Progression __[N/A

PREHEAT {QW-4086)

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 Ses next page Volts See next page
Heat Input F@: 27 477 Jlin. maximum :
TECHNIQUE (QW-410)

String or Weave

String

Travel Spead _ See next page

Multiple or Single Pass Per Side

Multiple

Sinale

Multiple or Single Electrodes

Prepared By Ludwig Associates Lid,

Page 6 of 14



.,/"""_450""'“*-_.

PQR NO.

2-1-129-1

Voltage

Prepared By Ludwig Associates Ltd,

Pass | Process [ Filler Metal Diameter | Current & | Amperage Travel Speed

mm (in) | Polatity Range Range mm/min {i.p.m.)

All SAW | F7TA2-EM12K | 2.4 (3/32) | DCRP 325 31 559 (22)
Page 7 of 14



PQR NO, 2-1-128-1

CHARPY IMPACT TOUGHNESS

Type of Test Charpy V Notch Orientation : Transy
Test Tomperature __-64° C (-65° F) Specimen Size 10 X 4 mm
Spacimen No, Notch Location Impact Values J ﬁiba)
A2.1 Weld Metal wilhin 1/16 in, of rool 20.3 (15.0)
A2.2 Weld Metal within 1/16 in. of roo! 21.7 (16.0)
A2.3 Weld Metal within 1/16 in, of root 21.7 (16.0)
A3 SA 36 - HAZ ' . 9.5 (7.0)
A32 - SA 38 -HAZ _ 231 (17.0)
A3.3 - SA 36 - HAZ o 19.0 (14.0)
Ad.1 Gr. 70 - HAZ_ 13.3 (9.8)
Ad.2 Gr. 70 - HAZ 13.6 {10.0)
A4.3 @ 70 - HAZ 13.6 (10.0)
OTHER TESTS

__Rockwel] Hardness - ses attached laboratory test report

Welders Name Cliff Debrule Stamp No. cD
id.

Tests Conducted By Ludwig & Assocla
Labbratory Test No. _Eop:BO8.9 .
We hereby recertify that the statements i this record have been revised in accordance with
Paragraph QW-200.2 and that the test welds were prepared, weldad and tesied in accordance

with the requirements of Ssction IX of the' ASME Code,

Manufacturar G.L.M INDUSTRIES L.P.

Date ____©3/19/08

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

Company Name G.LM., INDUSTRIES L.P.
Procedure Qualification Record No. 2-1-122-4 Date August 7, 2008
Welding Procedure Specification No. 2-1-129A (Rev.2)
Welding Process(es) SAW Type(s) Maching
JOINTS (QW-402)
Type Butt joint, single vee groove, see next page
BASE METALS (QW-403)
Material Spec. SA 516 fo SA 516 Typs or Grade Gr.60 to Gr.70
P-No. _P1 Grp.1 To P-No. __P1 _Gip.2 Thickness 9.52 mm (0.375 in.)
Heat Number 297420 - 65196 Carbon Equivalent _0.36 %
Diameter N/A Other Pilate Product Form
FILLER METALS (QW-404)
Specification No. (SFA) SEA 6.17
AWS No. (Class) F7A2-EM12K"
Filler Metal F-No. F6
Filler Metal A-No. Al
Supplemsntat Filler Metat Without
Fiux Type Neutral :
Size of Electrode _Ses attached skefch
Deposited Weld Metal Thickness __9.52 mm (0.375 in.)
Other * Lingoin Electiic L61 Wire
: * Lincoln Electric 860 Flux
POSITION (QW-405)
Position of Groove 16 Wald Progression __IN/A
PREHEAT (QW-406)
Preheat Temperature 10°C (5Q°F) Interpass Temp. (Max.) 200°C (392°F)
POSTWELD HEAT TREATMENT (QW-407)
Temperature N/A Time NIA
ELECTRICAL CHARACTERISTICS (QW-409)
Current Direct Polarity Reverse, electrode positive
Amps Sae next page _ Volts See next page
Heat Input F8: 33,150 Jiin, maxtmum
TECHNIQUE (QW-410)
String or Weave String Travel Speed _Seenextpage =
Multiple or Single Pass Per Side Both
Muitipie or Single Electrodes Single

Preparad By Ludwig Associates Ltd. Page 9 of 14



Prapared By Ludwlg Associates Lid.

PQR NO. 2-1-129-4
0.3751in.
Pass | Process | Flller Metal Diameter | Current & | Amperage | Voltage Travel Speed
mm (in.) | Polarity Range Range | _mrm/min {Il.p.m.}

1* SAW [ F7A2-EM12K | 24 (3/32) DCRP 300 29 523 (20.8)

2* SAW | F7TA2-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 | FTAZ-EM12K | 2.4 (3/32) DCRP. 340 30 469 (18.5)

5* SAW | FTA2-EM12K | 2.4 (3/32) DCRP 340 30 469 (18.5)

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

Page ;10 of 14




PQR NO. 2-1-120-4

CHARPY IMPACT TOUGHNESS

Type of Test Charpy V Notch Orlentation Transverse
Test Temperature __-46°C (:-50°F) ___ Specimen Size 10 X8 mm
Specimen No. Notch Location Impact Values J_(ft. Ibs)
L2.1 , Weld Metal within 1/16 In, of surface 41.,6_(30.6)
1.2,2 Weld Metal within 1/16 In. of surface | . 27.4 (20.2)
12,3 Waeld Metal within 1/16 In. of surface 200 (21.4
137 Gr, 60~ HAZ 93.8 (69.2)
— (3.2 Gr, 60 - HAZ 87.9 (84.8)
L33 Gr, 80 - HAZ 83.8 (81.8)
N Gr. 70 - HAZ 160 (118)
N3.2 Gr. 70 - HAZ >163 (>120)
N3.3 Gr. 70 - HAZ >163 J>129)
OTHER TESTS
ickers 35 - gee allached laboratory test report
Welders Name Merlin Grabia Cotificate File No. /A
Tests Conducted By __ Associates Ltd,
Laboratory TestNo. _____ EQ8-617.2 R
pManufacturer G.LMINDUSTRIES L.P,
Date 8/ 9/&8 Signed S fgebmmmim

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.
Welding Procedure Specification No.

2-1-129-3 Date August 22, 2000

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) Machine
JOINTS (QW-402)
Type Butt 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 Gro.1__- To P-No. P1 Gib.2 Thickness 19,1 mm (0.750.in.)
Diameter NfA " Other Plate Pro orm
FILLER METALS (QW-404) .
Specification No. (SFA) SFA5.17
AWS No, (Class) FTA2-EM12K_
Filler Metal F-No. Fé
Filler Metal A-No. Al
Supptemental Filler Metal Without
Flux Typs Neufral.
Size of Electrode See aitached sketch

Depositad Weld Metal Thickness

POSITION {CiW-405)
Posttion of Groove

19.1 mim (0.750 In.)

16 Weld Progression __N/A

PREHEAT ((QW-408)
Preheat Temperaiure

10°C (50°F)

Interpass Temp. (Max.) 200°C (382°F)

POSTWELD HEAT TREATMENT (QW.-407)

Temperature : N/A

Time MNSA

ELECTRICAL CHARACTERISTICS (QW-409)

Polarity Reverse, electrode positive

Current Direct

Amps See next page Volts See next page
Heat Input F&: 46,500 J/in, maximum

TECHNIQUE (QW-410)

String or Weave

String

Trave! Speed __See hext page

Mullipie or Single Pass Per Side
Multiple or Single Electrodes

Muitiple

Sinale

Prepared By Ludwig Assoclates Lid.
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X

N

118 in.

PGR NO.

2-1-129-3

2 0.750 in.

V4

Pass | Process [ Fliter Metal Diametsr | Current & | Amperage | Voltage Travel Speed
mm {n.) | Polarity [ :Range Range mm/min (Lp.m.}
All _SAW | F7A2-EM12K | 2.4 (3/32) | DCRP 425 3 432 (17)
Prepared By Ludwig Associates Ltd. Page 13 of 14



PQRNO. __ 2-1-129-3

TENSILE TEST (QW-150)
Specimen | WIdth | Thickness | Area Ultimate | Ultimate ~Character &
No. mm{in) | mm{in) | Sq. mm Load Stress Fracture Location
(Sq.in.) | N(bs) | MPa (psi) |
T 9.0 16.0 304 160 200 527 Partial Cup & Cone
(0.748) | (0.630) (0.471) | (36,020) | (76,400) | Parent Melal (SA 616 Gr. 70
T2 18.0 - 16.0 . 304 15 600 526 Pariial Cup & Cone
(0.748) | (0.630) | (0.471) | (35900) ] (76,100) Pareni Metal (SA 36)
GUIDED BEND TEST (QW-160)
Type & Figure No. Result “Type & Figure No. Resuit
QW-462.2, TSB - $1 Pass QW-482.2, TSB - 83 Pass
QW-462.2, TSB - 52 Pass QW-462.2, TSB - 84 Pass

CHARPY IMPACT TOUGHNESS

Type of Test Charpy V Notch Orlentation Transverse_
Test Tempearature __~46° C (-60° F) Specimen Size 10 X 10 mm
Spacimen No. Notch Location Impact Valdaa J (it Ibs)
- G241 Woeld Metal within 1716 In. of root 33.9 (25.0)
C2.2 Weld Metal within 1/16 in. of root 34,2 (25.2)
€23 T"Weld Mefal within 1/18 in. of root 410 (30.2)
C3.1 8A 36 - HAZ . 20.3 (15.0)
3.2 SA 36 - HAZ 38.2 (28.2)
C3.3 8A 36 - HAZ 31.2 (23.0)
C4.1 " Gr, 70 HAZ 165 _(114)
C4.2 Gr. 70 -HAZ 121_(89.0)
Cd.3 Gr. 70 - HAZ 115 (85.0)
OTHER TESTS
Rockwell Hardness - see attached iaboratory test report
Welders'Name Cliff Debrule Stamp No. - CD
Tests Conducted By Ludwig & Assoclates Lid,
Laboratory Test No. EQ0-598.3

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

Manufacturer G.L.M INDUSTRIES L.P,

pate ___ 8[19/08 1T = -~

o
Page 14 of 14
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LUDWIG 8 ASSOCIATES vro.

" Materials and Welding Engineering

LABORATORY TEST REPORT
CUSTOMER: GLM Tanks & E_qﬁlpment Laboratory Test No.: E00-598.1
1508 -~ 8 Street Date: August 22, 2000
Nisku, Alberta ,
TOE 786
Attenmtion: l .Wilbgr Davie
PQR Numbear; 2-1-120-1
* Material: SA 36 to SA 516 Gr. 70
Thickness: 6.32 mm (0.249 in.)
Thermal Condition: 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 Notch impact Values
Number Location Joulas {it.lhs)
A2.1 Weld Mestal within 1/16" of susface 20.3 (15.0)
A2.2 Weld Metal within 1/18" of surface 717 (16.0)
A23 Weld Metal within 1/16" of surface 21.7 (16.0)
A3.1 - 8A 36~ HAZ 9.5 (7.0)
A3.2 SA 36 - HAZ 23.1 (17.0)
A3.3 8A 36 - HAZ 19.0 (14.0)
Ad 1 Gr. 70 - HAZ 13.3 (9.8}
A4.2 Gr. 70 - HAZ 13.6 (10.0)
A4.3 ~ Gr.70-HAZ 13.6 (10.0)

We certify the test results in this report and that the specimen(s) were prepared and ftested in accordance with the
requirements of ASME Section VIII, Div. |, UG-84, 1008 edition and latest addenda. The Information regarding
material identification {l.e. size, thickness, heat number, etc.) has been provided by the customer whose name

appears on ihis report,
Laboratory Test Conducted By: W
Karen Koens, C.E.T.

4027 « 14 Street 5.E., CALGARY, ALBERTA T2G K6 PHONE: (403} 262-7072 FAX: (403} 26.6-3 169
7925 Davies Road, EDMONTON, ALBERTA  T6E 4N PHONE: (780) 468-3030 FAX: (7801 468-3032




LUDWIG & ASSOCIATES Lip.
* Materials and Welding:-Engineering

| ABORATORY TEST REPORT

CUSTOMER:  GLM Tanks. & Equipment Laboratory Test No.: E00-598.1
1508 — 8 Sireet Date: August 22, 2000
Nisku, Alberta .
TOE 756
Atiention:  Wilber Davie
PGR Number: 211291
‘Matertal: SA 3610 SA 518 Gr, 70
Thickness: 8.32 mm (0.249 In.}
Thermal Condition; As Welded
HARDNESS TEST
TYPE OF TEST: Rockweil . SCALE: B
INSTRUMENT TYPE: Wilson
N
\ 4 5
\ 2 9/
\ /
\ )
1 ; 6 ( 1
// \
S 10\,

3
7 8
A 36 N SAB18Gr. 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 HRB -

We cerlify the test resulls in this report and that the spacimen(s) were propared and tested in accordance with the
requirements of ASTM E18 - 98. The Information regarding material identification (Le. size, thickness, heat number,

elc.) has bean provided by the customer whose hame appesrs on this report,

Laboratory Test Conducted By:

2
Angela Suitanian/Karen Koens, C.E.T.
4027 + 14 Sireet §.E., CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072  FAX: (403) 266-3169
7925 Davies Road, EDMONTON, ALBERTA rGE 4N1 PHONE: {780} 468-3030 FAX: (780) 468-3032 '



\LUDWIG 8 ASSOCIATES L1p.

atil_sd eldi-g- ngineerin

' LABORATORY TEST REPORT
CUSTOMER:  GLM Tanks.& Equipment Laboratory Test No.: E00-598.2
1508 — 8 Street ' Date: August 22, 2000
Nisku, Alberta _
TOE 7S6
Attention:  Wilber Davie
PQR Number: 2-1-120-2
Materlal: - SA 36 to SA 516 Gr, 70
Thickness: 9.52 mm (0.375 In.)
Thermal Conditlon: As Welded
_ NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-Noich ORIENTATION: Transverse
TEST TEMPERATURE: -50°C (-58°F) © SPECIMEN SIZE: 10 X 7 mm
Spedimen ' Notgh Impact Values
Number Location Joules (ft.hhs)
B2.1 Weld Metal within 1/16" of surface , 47.7 (356.2)
B2.2 Weld Metal within 1/16" of surface 49,1 (36.2)
£32.3 Woeld Metal within 1/16" of suiface 396 (29.2)
B3.1 ' SA36-HAZ 33.9 (25.0)
B3.2 SA 36 - HAZ 16.3 {12.0)
B83.3 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 certify the test results in this report and that the specimen(s) were prepared and teslad In accordance with the
requirements of ASME Section VIlt, Div. I, UG-84, 1988 edition and latest addenda, The information regarding

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

Laboratory Test Conducted By: ﬁwj
) Kareh Koens, C.E.T.

4027 - 14 Sirost $.E, CALGARY; ALBERTA 120 JK6  PHONE: (403) 262-2072  FAX: ¢403) ‘2;66-3f69
7825 Davies Roat, EDMONTON, ALBERTA T6E aNT PHONE! (750) 468-J030 FAX: (780) 468-3032




LUDWIG & ASSOCIATES vip.

* Materials and Welding-Engineering

LABORATORY TEST REPORT

CUSTOMER: GLM Tanks & Equipment Lahoratory Test No.: E00-598.2
1508 ~ 8 Street Date: August 22, 2000
Nisku, Alberta .
TOE 786
Attentlon: ' Wilb@ar Davie
PQR Number: 2-1-129-2
Materlal: SA36t0 SA 816 Gr. 70
Thickness: 9.52 mm (0.375 in.)
Thermal Condition: As Welded
HARDNESS TEST
TYPE QF TEST: Rockwell . SCALE: B
INSTRUMENT TYPE:
i N ,
\
\2 5 6 J1o
\ / ,
\ /
1 P 7 11 ( 13
/ N
y \
4 f e 9 N2\
SA 516 Gr. 70 O ———TE SA 36
1) 80 HRB 6) 80 HRB 11) 84 HRB
2) 88 HRB 7) 88 HRB 12) 85 HRB
3} 980 HRB 8) 80 HRB 13) 73 HRB
4) 89 HRB 9) 86 HRB
5) 90 HRB 10) 85 HRB

d In accordance with the

Woe certily the test resuits In this report and that the specimen(s) were prepared and teste
thickness, heat number,

requirements, of ASTM E18 - 88, The Information regarding matetlal identification (l.e. size,
olc.) has been provided by the custorer whose name appears on this report.

Laboratory Test Conducted By: @z_z_‘?ﬁau,
' 1027 - 14 Street 5.6, CALGARY, ALBERTA rzﬁmﬁ%&”}cﬁm&%@&? }48?)%965-3!%' ET.

7915 Oavies Road, EDMONTON, ALBERTA  T6E ANI  PHONE: (780} 468-3030  FAX; (780) 468-3032




LUDWIG & ASSOCIATES r1v.

o ae!'ff ned ngng s

. LABORATORY TEST REPORT

CUSTOMER: OGLM Tanks & Equipment L.aboratory Test No.: E00-508.3

1508 - 8 Street Date: August 22, 2000

Nisku, Alberta

TOE 756
Attentlon:  Wilber Davie
PAR Number: 2-1129-3
Material: - SA 38 1o SA 516 Gr, 70
Thickness: 19.1 mr (0.750 In.)
Thermal Conditlon: As Welded

TENSILE TEST QW-150

SAMPLE NUMBER | T1 QW-462.1(a) T2 QW-462.1(a)
WIDTH mm (in) 19.0 (0.748) 19,0 (0.748)
THICKNESS mim (in) 160 (0.630) 16.0 (0.630)
AREA sq'mm (gq in) C 304 (0.471) 304 (0.471)
ULTIMATE LOAD N (lbs) 160 200 (36,020) 15 500  (35,800)
UTS MPa (psi) 527 (76,400) 525 (76,100)
FRACTURE TYPE Partial Cup & Cone Pavtial Cup & Cone
FRACTURE LOCATION Parent Metal (SA 616 Gr. 70) Parent Metal (SA 36)

GUIDED-BEND TEST QW-160

SAMPLE WIDTH:  9.52mm  (0.3751n.) 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) 81 82 s3 S4

RESULTS Pass Pass Pass Pass

We cerlify the test results In this report and that the specimen(s) were prepared and lested In accordance with the
requirements of ASME Saction IX - 98, The Informatlon regarding malerial identification (Le. size, thickness, heat
number, stc.) has been provided by the customer.whose name appears on this report, :

Mf"w H; ......

7 KarenKoens, C.E.T.

L.abotatory Test Conducted By:

4027 « 14 Sweet 5.6, CALGARY, ALBERTA 726 K6 PHONE: (403) 262.7072  FAX: (403) 266-3189
7925 Davies Road, EDMONTON, ALBERTA  TEE4NT  PHONE: (7008 468.3030 FAX: (7801 468-3032



ALUDWIG & ASSOCIATES L1,

. Matenalgand Weldmg Engmeermg resemeoeosetsrirenesascesrue

LABORATORY TEST REPORT
CUSTOMER:  GLM Tanks & Eqilpment Laboratory Test No.: E00-598.3
1508 — 8 Streat Date: August 22, 2000
Nisku, Alberta _
TOE 786
Attention:  Wilber Davie
PQR Number: 2-1-129-3
Material: - SA 36 to SA 516 Gr. 70
Thickness: 19.1 mm (0.760 in.)
Thermal Condition: As Welded
NOTCH-TOUGHNESS TEST
TYPE OF TEST. Charpy V-Notch ORIENTATION: Transverse
TEST TEMPERATURE: -46°C (-50°F) © SPECIMEN SIZE: 10 x 10 rm
Spacimen ' Notch impact Values
Number l.ocation Joules (ft.Ibs)
C2.4 Weld Metal within 1/16" of surface 33.9 (25.0)
c2.2 Weld Metal within 1/18" of surface /34,2 (25.2)
C2.3 Weld Metal within 1/46" of surface 41.0 (30.2)
C3.1 " 8A36 - HAZ ' 20.3 (16.0)
c3.2 SA 36 - HAZ 38.2 (28.2)
G3.3 8A 36 - HAZ 3.2 {23.0)
C4.1 ' Gr. 70 - HAZ 186 (114)
c4.2 Gr. 70 - HAZ 121 (89.0)
C4.3 Gr. 70 - HAZ 115 {85.0)

We certify the test results in this report and that the specimen(s) were prepared and tested In accordance with the
requirements of ASME Section Viil, Div, |, UG-84, 1998 edition and latest addenda. The information regarding
malérial identification (i.e. size, thickness, heat number, elc,) has been provided by the customer whase name

appears on this report,

Laboratory Test Conducted By: //4&4@’ /"J/

Karen Koens, C.E.T.

4027 « 14 Street §.€, CALGARY, ALBERTA T2G 3K6 PHONE! (403) 162-7072  RAX: (403} 2;56&!69
7925 Davles Road, EDMONTON, ALBERTA Y6E ANT  PHONE: (780) 468:3030 FAX; (760) 466-3032



LUDWIG & ASSOCIATES vLib.

" Materials and Welding Engineering

LABORATORY TEST REPORT

CUSTOMER: GLM ‘i‘anks&ﬁquipment l.aboratory Test No.: E00-598.3
1508 ~ 8 Sireet Date: August 22, 2000
Nisku, Alberta -
TOE 756
Attontlon: ' Wilbgr Davie
PQR Number: 2-1-129-3
Materlal: SA 36 SABI6 G T0
Thickness: 19.1 mm (0.750 in.)
Thermal Conditlon: As Welded
HARDNESS TEST
TYPE OF TEST: Rockwell . SCALE: B
INSTRUMENT TYPE: Wlison ‘
1 7
/
8 13
14 20
SABI6Gr, 70 . SA 36
1) 82 HRB 8) 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 g9) 89 HRB 14) 84 HRB 19) 93 HRB
8) 89 HRB 10) 86 HRB 15) 89 HRB 20) 82 HRB

Wa cortify the test resulls In this report and that the spacimen(s) were prepared and tested In accordance with the
raquirements of ASTM E18 - 88. The information regarding materlal identification (i.e. size, thickness, heat number,

olc.)-has been provided by the customer whose name appears on this repor.

Laboratory Test Conducted By: @1&4&
: ‘Angela Sultanian/Karen Koens, C.E.T..

4027 - 14 Street $.E, CAUGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169
7925 Davles Road, EDMONTON, ALBERTA  T6E N1 PHONE; (780) 468-303G  FAK: (780) 466-3032




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

QUALIFIED FOR |
Base Metal (Typlcal): P8 1o P8 4 2 Types 304, 304L, 316, 316
Process(es): GMAW (Surface-Tension-Transfer) (GMAW Weld Types: GROOVE & FILLET
Position; ALL POSITIONS Diameter: ALL DIAMETERS
Fliter Metal: GMAW - STT: ER308LSI, ER316LS!

GMAW, ERBXX(L)SH

BASE METAL CONDITIONS & GROOVE THICKNESS RANGE QUALIFIED:

STANDARD APPLICATIONS AS WELDED

BASE METAL THICKNESS RANGE 1.6 t0 9.42 mm (0.062 to 0,3_7] in.} Inclusive
COMBINED DEPOSITED WELD METAL THICKNESS

ASME B31.1 In..

ASME B31.3 .42 mm (0 371 in) maximum

ASME SECT. VIll, DIV.1 ~9.42 mm (0.371 in,) maximum

ALBERTA BOILERS SAFETY ASSOCIATION

PAOVINCE OF ALBERTA
SAFETY CODES ACT

WELDING PHOCEDUHE
Reg. No. WP _
Spee No. ., "'5 "‘tbg(/"i %fv ‘?.)
Wald F‘foces;; C‘&MAW ‘317 Q
Matl, Gt. P NO.wsusesBersrsees 10 P NOws

Eleo, Gr. F No..., ‘i‘ o A Now.. _—
2h, Qual, Eor.. Antl . PWHT e NP

PROVINCIAL REGISTRATION

Prepared By Ludwlg & Assoclates Lid. Page 1of 7



QW-482 WELDING PROCEDURE SPECIFICATION (WPS)

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

Revision __Rev. 2 (Nonessential) Corporate name change (formerly 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)
|LASME groove & fillel, referen nstruction drawlng for joint details,

Joint Design
: Where ioint details are not specified. refer to fiaures 1 to 15 attached
Root Opening A al groove designs o 15 altach

T
Backing With or without Retalners Not reguired

BASE METALS (QW-403)
P-Number
Thickness Range:

To P-Number P8
Groove cover page for thicknes ifled by governing code

Fillet All base metal thicknesses

Pipe Diameter Ranges: Groove All diameters
Fltet . All diameters
Deposited Wald Metal (Per Pass) GMAW (STT): 2.79 mm (0,110 In.) maxlmgm

GMAW: 6.63 mm (0.261 In.) maximum

Fil.LER METALS (QW-404) GMAW (STT) GMAW

Specification No. (SFA) SFA 5,9 SFA 5.9

AWS No. (Class) ER308LSI, ER316L.5i ERGXX&_I(&)*
F-No, Fé Fg
A8

A-No., A8
Slze .030 10 .045 in. inclusive _ 0.030 to 0,045 in. inclusive

Filler Metal Product Form Solid wire Solld wire
Supplemental Filler Matal Without Without

Deposited Weld Metal Thickness Range:
Groove _ N4 10 In.} max.** 0.281 in.) max.**

Fillet All flllet sizes AII fillet slzes
| chemlcal compositi se metal being welded

Other *__Maftch filler meta al position to base metal being
= 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, Div.1

POSITION (QW-405)
Position of Groove
Weld Progression

PREHEAT (QW-406)
Preheat Temperature (Minimum) 10°C (50°F)

Interpass Temperature (Maximum) 177°C (350°F) ,
rior to weldi Preheat maintenance Is not required if welding i

Preheat Maintenance _10°C prior to welding. ance s not reg gis
interrupted or after the completion of welding unless required by the

code of construction.

All positions Position of Fillet All positions
GMAW (STT). Vertical down GMAW: Vertical up

~ Prapared By Ludwlg & Associates Ltd, Page 26l 7



WPS NO. 3-8-168A (Rev.2)
POST WELD HEAT TREATMENT (QW-407) :
Temperature Range NIA Time Range IN/A
GAS (QwW-408)
Specification No. (SFA) 8FA 6.32 AWS No. (Class) __SG-HeAC-7.5/2.6
inute (20-50 cf

10-25 liters per

Shielding 90% Helium, 7.5% Argon, 2.5% Carbon Di
Not Required

Tralling

Backing Not Required
ELECTRICAL CHARACTERISTICS (QW-409)

Current Direct Polarity Reverse, electrode positive
Amps Sae Table #1 Volts Ses Table #1

GMAW (STT): Short circuiting

Made of Metal Transfer

Mode of Metal Transfer GMAW: Pulsating Arc £ sPRay )

TECHNIQUE (QwW-410)
String or Weave

Travel Speed See Table #1

Eithet
0.375 In.) to 19.1 mm (0.750 in.)

Brushing, Cb. loping or grinding as required with equipment

Orifice or Gas Cup Size
Initial & Interpass Cleaning

that will not contaminate
Alr carbon arc, back-grind as required with equipment

Method of Back Gouging
that will not contaminate
Oscillation N/A
Contact Tube to Work Distance MA . 6.35 to 19.1 mm (0.750 in.}
Contact Tube fo Work Distance : mm {0.500 in.) t 4 mm (1,00 n.
Multiple or Single Pass Per Side GMAW (S8TT): Single, root pass only GMAW: Either
Multiple or Single Electrodes Single
Electrode Spacing N/A
Peening Not permitted
TABLE 1 - WELDING PARAMETERS
Current '
Diameler Amperage | Vollage Travel Spead
Procaess Filler Metal mm (in.) 3 ;gfaerlty Range Range mm/min. {.p.m.)
GMAW - STT ERJ08LSI 0.8 (0.030) DCRP 70- 130 12 - 21 38 - 250 (1.56-10)
GMAW - 8TT or 0.9 (0.035) DCRP 80- 200 1322 50 - 600 (2.0 - 25)
GMAW - STT ER316LS! 1.1{0.045) DCRP 100 - 250 14 - 23 75 - 900 (3.0 - 35)
GMAW ER3XX(L)(SI) 0.8 (0.030) DCRP 80 - 130 14 - 29 38 -260 (1.5-10)
GMAW ER3XX(L)(Si) | 0.9 {0.035) DCRP 70-200 15 - 30 80 - 600 (2.0 - 25)
GMAW ER3IXX(L.)(S) 1.1 (0.045) DCRP 70 - 250 16~ 30 75 -900 {3.0 - 35)
Note: Size of electrods, filer metal, number of passes, voliage, amperage, and travei speed will vary with
position, joint thickness, joint type etc. Match filler metal chamical composition to base metal being
welded,

Page 3of 7
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WPS NO. ___3:8:168A (Rev.2)
TYPICAL JOINT DESIGNS

\ — \
S P PO s

-a.f |-- 8018 +1- 316 |, . ——l F'— 14 41- 4 n. e "“ 3164316 In.

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

ST VAR SR S VAR S C_%

'-""I I"‘— IHE +43M6In —':I—FI- 316 v M8 10,

Figure 4 Figure & Figure 6
Single Vee Buit Single Vee Butt with Backing Strip Double Vee Butt

Radis 1815, Radius ¥gin. Redus i,
+/ 1116, - 11gIn. e 116,
50° +-20° £0° e 20° 5%y 20
Typical
- 3416 +/- 318 In,
l ,"l— 8 n -Plﬁ- 816+ W8I, ™

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

Radlus 1/8 i Radtus 108 in. !
- 11gin. #1116 n, Ii:}dw; ga}g in.
041 10° °.hr_1 a . ' .
207010 20 20° 4110
? \. % ? \. I? =
Ll < ) e

] 3116 41 3116 m. o] o~ wis o et ~o| |- 3116 o-ar181n.

l"- Y16+ Y1k,

Figure 10 Figure 'i‘l Figure 12
Single J Butt Single J Butt with Backing Strip Double J Butt

N N S I 20 S 2

=] = arts +1. at56n. | | zg o 3t6in | f-ane e aem.
Figure 13 Figure 14 Figure 16
Single Bevel Butt Single Bevel Butlt with Backing Strip Double Bevel Butt

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

Prepared By Ludwig & Assoclates Lid, Page 4 of 7



QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

G.L.M. Indusires L.P,

Procedure Qualification Record No. 3-8-168 Date _December 9, .2993

PQR Revision Corporate name change (formerly GLM Tanks & Equipment Lid.).
September 26, 2006

Welding Procedure Spacification No. 3-B-168A (Rey.2)

WeldIng Process(es) GMAW - STT / GMAW Type(s) Seml-automatic

JOINTS (QW-402)

Type Bult joint, sinale vee groove, see next page

BASE METALS (QW-403)

Materlal Spec. SA 312 Type or Grade Type 304L

P-No. P8 ToP-No. __P8 Thickness 8.66 mm (0.337 in.)

Diameter 114.3.mm (4.50 in,) O.D. Cther Schedule 80

FILLER METALS (QW-404) GMAW - STT GMAW

Specification No. (SFA) SFA 5.9 SEAS.9

AWS No. (Class) ER308LSH ER308LSI

Filler Metal F-No. F6 F6

Filler Metal A-No, A8 A8

Size of Electrode See attached sketch

Deposited Wald Metal Thickness 2.54 mm (0.100 In.} 6.02 mm {0.237 In.)

POSITION (QW-405)

Pasition of Groove 5G

Weld Progression GMAW - STT: Vertical down GMAW: Vertical up

PREHEAT (QW-406)

Preheat Temperature 10°C (60°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) SFA 5.32 AWS No. (Class) __ SG-HeAC-7.6/2.5

Shielding 90% Helium, 7.5% Argon, 2.5% Carbon Dioxide, 17.5 lilers per minut fph

Backing N/A

ELECTRICAL CHARACTERISTICS (QW-409)

Current Direct Polarity ____Reverse electrode positive

Amps See next page Voils See next page

Mode of Metal Transfer GMAW - STT: Short circuiting arc
Mode of Metal Transfer GMAW: Pulsating Arc

TECHNIQUE (QW-410)

8iring or Weave GMAW - STT: Weave GMAW: Weave
Travel Speed See next page
Multiple or Single Pass Per Side __ GMAW - STT: Single GMAW: Multiple
Multiple or Single Electrodes Single
PageS5of 7
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60°

PQR NO. _3-8-168

0.337 in.

|

332 in,
Diameter Current& | Amperage | Voltage | Travel Speed
Pass | Process | Fillar Metal mm (in.) Polarity Range Range mm/min. (i.p.m.)
1 GMAW | ER3CALSI { 1.1 (0.045) DCRP 85 - 100 1618 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 Ludwig & Associates Lid.

Page 6 of 7



PQR No» 3‘8" 68
TENSILE TEST (QwW-150)
Spacimen Width Thickness Area Ultimate Ultimate Character &
No. mm {In.} { mm(n.) $q. mm Load Stress Fracture Location
{8Sq,in.} N {ibs.) MPa (psh
T 18.7 7.16 134 72 800 544 Parltal Cup & Cone
(0.736) (0.281) {0.207) (16,400} {79,000) Parent Metal
T2 18.9 6.69 128 68 000 b33 Parilal Cup & Cone
{0.744) (0,263} (0.196) (15,300) {78,000) Parent Metal
GUIDED BEND TEST (QW-1 60}

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

OTHER TESTS
Vickers Hardness - see altached laboratory test report
Welders Name Dwayne Huber Certificate File No. W-17511

Tests Conducted By Ludwig & Assoclates Ltd.
Laboratory Test No. EQ3-1087 .1

We héreby racertify that the statements In thls 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.L.M. INDUSTRIES L.P.

Date Signed

C’Mg/aé

Prepared By Ludwlg & Associates Lid. Page 7 of 7



Materials and Welding Engineering

&

LABORATORY TEST REPORT
CUSTOMER:  GLM Tanks & Equipment Lid, Laboratory Test No.: E03-1087.1
1508 - 8 Street Date: December 11, 2003
Nisku, AB
TOE 756
Attention: Witber Davie
PQR No. 3-8-168
iaterial: SA 312 Type 304L

114.3 mm (4.50 In.) O.D. x 8.56 mm (0.337 in.) w.t.

Size:
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 (0.263)
AREA sq. mm (sq. In.) 134 (0.207) 126 (0.196)
ULTIMATE LOAD N (ibs) 72800  (16,400) 68 000  (15,300)
LUTS MPa (psi) 544 (79,000) 538 (78,600)
FRACTURE TYPE Partial Cup & Cone Partial Cup & Cone
FRACTURE LOCATION Parent Metal Parent Metal

GUIDED-BEND TEST QW-160
SAMPLE WIDTH: 191 mm  (0.750in.) SAMPLE THICKNESS: 8.56 mm (0,337 in.)
PLUNGER SIZE: 31.8mm (1.25in.) YOKE SIZE: 545 mm (2.15in.)
QW-462.3 (a) Face Bend Root Bend Face Bend Raot Bend
SAMPLE NUMBER(S) F1 R1 F2 R2
RESULTS Pass Pass Pass Pass

We certify the test results in this report and that the specimen(s) were prepared and fested in accordance with the
requirements of ASME Section 1X, 2001 edition and lalest addends, The information regarding material ldentification

(i.e. size, thickness, heat number, etc.) has been provided by the cu, ﬂe name appears on this report,

Laboratory Test Conducted By: :
Natashua Colller, C.E.T.

4027 . 14 Sweeet S.E, CALGARY, ALBERTA T2G IK6 PHONE: (403) 262-7072  FAX: (403} 266-3169 Page 10l 1

7925 Davies Roadl, EDMONTON, ALBERTA  T6E dN! PHONE: (780} 465.3030  FAX: (780) 468-3032



&

LABORATORY TEST REPORT

‘Materials and Welding Engineering

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

CUSTOMER:  GLM Tanks & Equipment Ltd.
1508 - 8 Street
Nisku, AB
T9E 756

Attention; Wilber Davie

PQR No.; 3-3-168

Materlal: SA 312 Type 304L

Size:

Thermal Condition: As Welded

114.3 mm (4.501in,) 0.0, x 8.56 mm (0.337 In.) w.t.

TYPE OF TEST: Vickers

INSTRUMENT TYPE: Leco V-100-C1

Tmm

Typ.
1) 189 HV
2) 173 HV
3) 186 HV
4) 192 HV

5 213 KV

HARDNESS TEST

LOAD: 500y

' 1 g

. 10 18+
8) 202 HV 11) 212 MV 16) 210 RV
7) 208 HV  12) 184 HV 17) 203 HY
8 203 HY 13) 215 HV 18) 174 HV
9) 187 MV 14) 202 Hv

100 204 HY  15) 207 HV

We certify the test resufls in this report and that the specimen(s) were prepared and reéted In accordance with the
requirements of ASTM E384 — 99. The information ragarding material identification (i.e. size, thickness, heat number,

efc.} has been provided by the customer whose name appears off¥his geport.

Laboratory Test Canducted By:

4027 . 14 Steet 5.E, CALGARY, ALBERYA T2G 3K6  PHONE: (403) 262-7072  FAX: (403) 266-3169

[

i

Natashua Collier, C.E.T.

Page 1 of 1

7925 Dovies Kowed EDMONTON, ALBERTA  TEE NI PHONE: (780) 468.3000¢  FAX: (780) 46810112



WELDING PROCEDURE SPECIFICATION NO.: 31-1-086A (Rov.4)

WELDING PROCEDURE QUALIFICATION RECORD NO.(S): 31-1-066-1, 31:1-86-2,

31-1-066-3
QUALIFIED FOR
Base Metal (Typical): P1 Groups 1 & 2 to P1 Groups 1 & 2
(SA 333 Gr.6, SA 350 Gr.LF2, SA 420 WPLS, SA 516 Gr.70, efc.)
Process(es): GMAW / SMAW Weld Types: GRQOVE & FILLET
Position: ALL POSITIONS Diameter: ALL DIAMETERS
Filler Metal: ER708-6, E7018-1

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

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

ASME B31.1 19.1 mm (0.750 in.) maximum

ASME B31.3 19.1 mm {0,750 in.) maximum

ASME SECTION VIll, DIVISION 1 23.1 mm (0,910 in,) maximum

SAFETY CODES ACT -~ PROVINCE OF ALBERTA
WELDING PROCEDUHE

Heg. NO.WP L ooniogenen Ro Bl ftgionnanmnnage e
 Spec., N wcrren bt .Q.(mﬂ?A CK%V "ﬁhj
WeldProcaas....................G:..mﬁ..."\dz ...... M’ﬁ‘l‘k’..:z .....

el Gr. PNo, L GE 2. topNo. b B b
El60, Gr. FND.,...0,. (; ................. VG2 S —
f ™h Quet. Fm?r?rt-qgs q{\“"PWyT " (:1’. s
uu¥ ------------------------------------- |.nu|li-'n ----------------- T T
.......... EK'?O‘;"L’
YO8 00T 00y 2B SI000 e rener o |~

WELDING SPECIA

PROVINCIAL REGISTRATION

Prepared By Ludwig Assoclates Lid, Page 1 of 13



QW-482 WELDING PROCEDURE SPECIFICATION (WPS)

-~ GompanyName

e GLMUINDUSTRIES L P,

Welding Procedureﬁ épeciﬂcation No.

Rev.4; Essenttal - addition of PQR# 31-1-066-3,
WPS No. formerly 31-066A (Rev.3)

Reyislon(s)

Date Julv 7. 2008 _

31-1066A (Rev. 4)

Supporting PQR No.(s}

31-1-066-1, 31-1-066-2, 31-1-066-3

GMAW / SMAW

Type(s) Semi-autornatic / Manual

Walding Process(es)

JOINTS (QW-402)
Joint Design

All ASME groove & fillet, referance constructi

Where joint delalls are not specified, refer to figures 1 10 15 attached

rawing for [oint details.

| aroove designs, see figures 1 to 16 aftached
Retainers Not required

Root Opening As per attached t
Backing With or without
BASE METALS (QW-403)
P-Number P1.Groups 18 2

To P-Number P1 Groups 1 &2

Thickness Range: Groove

See cover page for thickness qualified by governing code

Flllet All base metal thicknesses

Pipe Diameter Ranges: Groove All diameters__

Flllet Al diameters
Deposited Weld Matal (Per Pass) __12.7ram (0,50 in) maximum,
FILLER METALS (QW-404) GMAW SMAW
Speclfication No, (SFA) SFA.5.18 SFA5.1
AWS No. (Class) ER70S-8 E7018-1
F-No. Fé F4
A-No. * A1
Size " 0.030 to 0.045 in. Inclusive 3/32 to 1/4 in. inclusive
Filler Metal Product Form Solld_wire NIA
Supplemental Filler Metal __ Without N/A
Deposited Weld Metal Thickness Range:
Groove 2.8 mm {0,110 in.) max.**___ 20.3 mm (0.80 in.) max.**
Fillet ___ N All fillet sizes All fillet sizes
Other *Chemical composiiion shall meet the requirements of ASME Section Il, Part €
SFA 5.18 for ER70S-6

** Combined deposited weld

- for ASME B31.18B31.3and23.1m

POSITION (QW-405)
Posltion. of Groove

Flat & Horizontal

metal thickness shall not excead 19.1 mm (0.750 In.)
910 in.) for ASME Section Vill, Div.1

Position of Fillet Flat & Horizontat

N/A

Weld Progression

PREHEAT (QW-406)

10 °C _(50°F)

Preheat Temperature (Minimum)

260°C (600°F)

interpass Temperature (Maximum)

Preheat Maintenance _10 °C_{50°F) prior to welding.

Preheat malntenance is not required if

welding is intercupted or after the completion
by the gode of construction. ,

of welding unless required

Prepared By Ludwig Associates Ltd,

Page 2 of 13



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

POST WELD HEAT TREATMENT (QW-407)

Temperature Range . _.N/A e oo Time Range. L NIA

GAS (QW-408)

Specification No. (SFA} SFA 5.32 AWS No. (Class) __SG-AC-25
Shielding 75% Ardon, 25% COz2, 10 - 25 liters per minute (20 - 50 ft3/hr)

Backing Not Required Trailing Not Requlrad
ELECTRICAL CHARACTERISTICS (QW-409)

Current Rirect Polarity Reverse, electrade positive
Amps See Table #1 Volts See Table #1

Mode of Metal Transfer GMAW: Short cirguiting arc _
Maximum Heat input ,
Base Metal Thickness Range GMAW SMAW

0.125 - 0.499 in, 21,700 J/in. 40,650 Jfin,
0.50 -1.0 In. 27,440 J/in, 46,190 Jin,
TECHNIQUE (QW-410)
String or Weave ‘ Either . Travel Speed See Table #1
Orifice or Gas Cup Size 9.52 mm (0.375 in.} 10 19.1 mm (0.750 in.)
Initial & Interpass Cleaning Brushing, chipping or grinding as required
Method of Back Gouging Alr carbon are, back-grind as required
Contact Tube to Work Distance 6.35 mm_(0.260 in.) to 19.1 mm (0.750 In.)
Multiple or Single Pass Per Side GMAW: mgle root pass only §MAW Multipte
Multiple or Single Electrodes Single
Peening Not permitted
Use of Thermal Process N/A ‘

TABLE 1 - WELDING PARAMETERS

Diameter | Current Type | Amperage | Vollage Travel Speed
Process | FillerMstal | ‘mn) | & Polarily Range Range mm/min, Gom)
GMAW ER70S- 6 0.8 (0.030) DCRP 70 - 130 14 - 20 54 - 250 (2.1 10)
GMAW ER70S- 6 0.9.(0.035) DCRP 80 - 180 15 - 22 67 - 600 (2.6 - 25)
GMAW ER70S-8 1.1(0.046) DCRP 100 ~ 225 16 - 23 89 -900 (3.6 -35)
SMAW E£70181 2.4 (3/32) DCRP 60 - 110 18 - 24 36-300(1.4-12)
SMAW E7018-1 3.2 (1/8) DCRP a0 - 160 18 -26 §3 - 350 (2.1 - 14)
SMAW E7018-1 - 4.0 (6/32) DCRP 110 - 220 19~ 28 69 - 400 (2.7 - 16)
SMAW E7018-1 5.0 (3/16) DCRP 160 - 300 20-30 106 - 500 (4.2 - 20)
“SMAW E70181 | 5.5(7/32) DCRP 240 - 340 20+ 32 158 - 550 (6.2 - 22)
SMAW E7018-1 8.4 (1/4) DCRP 276 - 360 21 - 32 191 - 850 (7.5 - 22)
Note: Welding parameters shall be adjusted to Insure that the maxlmum heat input value specified in
QW-409 above is not exceeded. -
Heat Input (joules per Inch) = (Amperage X Voitage X 60)/ Travel Speed (inchas per minute)

Prapared By Ludwig Associates 1.id, Page 3 of 13



WPS NO. ___ 31-1066A (Rev. 4)
TYPICAL JOINT DESIGNS

S 59 e 3 e

| [ s atem. *-—i' 144 +1- 114 In, ~o] }= a6 41316 .

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

804 159 60%4/-15°
\ ) 60%+/. 15°

? - \ / % § \ / % g\ Typlcal < %
'""'I I“‘ 3/16 +/- 316 In. """l l‘- 318 +- 316 In. - a l—- 3/16 +- 3/16 In.
Figure 4 Figure 5 Figure 6
Singte Vee Buit Single Vee Butt with Backing Sirip Double Vee Butt

Redius 18 In. Radius 1181n, Raodius 181n.
4418 In. _ A-1716in. - 118l -
50°4.20° 60”4/ 20° B0 20°
Typlcal

| b= a5 o arton. -‘:ﬂi W16 4 H18In. --I Lsns +-3181n,

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

Radius 1/8 In* Radlus 178 In,
S 1Hie I, RAHEIn. R 418 1
o 0 L 10° '
20°+ 10 207 +-10 20° +)- 10°
< \ 5> 9 | \ e =
Sl < p be

= 316 +/-316 In. T arte a0, o |- 31164 3rt61n.

Iy

e

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

wiw wint Y HE )
9 FQER SN cv ) ¢

wo] [~ an6 131610 -] f-tenaem

L/

~ |3t 4t 3nein,

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

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

Prepared By Ludwig Assoclates Lid. Page 4 of 13



QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

G.L.M. INDUSTRIES L.P,
Procedure Qualification Record No. ~ 31-1-066-1 Date

Welding Procedure Specification No. ... .31:1-080A (Rev.4) R B—
Format update, WPS No. formetly 31-1-086A {Rev.3), July 7, 2008 ~

Company Name
May 3, 1993

PQR Revision

Waelding Process(es) GCMAW / 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 10 SA 616 Type or Grade Gr, 6 to Gr. 70
P-No. _P1_Gm.1 To P-No. P1 Gmp.2 Thickness 6.32 mm {0,249 in}
FILLER METALS (QW-404) GMAW SMAW
Specification No. (SFA) SFA 5.18 SFA 5.1

AWS No. (Class) ER70S8:6 E7018-1

Filler Metal F-No. F6 F4

Filler Matal A-No. * Al

Filler Metal Product Form Solid wire N/A

Suplemental Filler Metal Without N/A

Size of Electrode See altached sketch

Deposited Weld Metal Thickness 2.54 mm (0.10 in,) 3.78 mm {0,149 in.)

Other _* Chemical composition meets the reguirements of ASME Section Il, Pait G
SFA 5.18 for ER70S-6 S ' ' '

POSITION (QW-405)

Posltion of Groove 16

Weld Progression N/A

PREHEAT (QW-406)

Preheat Temperature 21°C (70°F) Interpass Temp. (Max.) 204°C (400°F)

POSTWELD HEAT TREATMENT (QW-407)

Temperature N{A Time N /A

GAS (QW-408)

Specification No. {SFA) SFA 5.32 AWS No. (Class) __SG-AC-25

Shielding 75% Argon, 25% CQz, 10 liters per minute (20 ft*/hr)

Backing Without Tralling Without

ELECTRICAL CHARACTERISTICS (QW-409)

Current Rirect ' Polarity Reverse, electrode positive

Amps See next page Voits Ses next page

F4: 40,650 J/in. maximum

Heat Input F8; _21.700.J/In, maximum
Mode of Metat Transfer Short circuiting arc

- TECHNIQUE (QW-410)
String or Weave

Weave

" Travel Speed _See next page

Multiple or Single Pass Per Side
Multipte or Single Electrodes

GMAW:_Single

SMAW: Multiple

Single

Prepared By Ludwlg Assoclates Lid,

Page 5 of 13



PQR NO. 31-1-066-1
% 0249 n.
Diameter Current & Amberage Voltage Trave) Speed
Pass Proc_ess ,F'"e’ Metal mun (in.) Polarity Range Range mm/min. {l.p.m.)
1 GMAW | ER70S-6 0.9(0,035) | DCRP 70 -85 15 - 17 93 (3.7)
2 SMAW E7018-1 3.2 (1/8) DCRP 116-125 | 21-23 107 (4.5)
3&4 [ SMAW E7018-1 - | 4,0(6/32) -~ DCRP 175 - 186 22~ 24 180 - 208 (6.0 - 8.2)

Preparad By Ludwig Assoclates Ltd.

Page 6 of 13



CHARPY IMPACT TOUGHNESS
Typs of Test __ Charpy V Notgh -~~~ Orlantation

Test Temperature __-46° C (-50° F)

PQR NO. __31-1-066-1

~_ Transverse:

Specimen Size

10 X 6 mm

Spacimen No. Noich Location impact Values J (ft. lhs)
B2.1 Weld Meta! 34.6 (25.5)
B2.2 Weld Matal 42.0 (31.0)
B2.3 Weld Metal 59.6 {44.0)
B3] P1 Grp.1- HAZ 75.2 (555
83.2 P1 Grp.1 « HAZ 98.9 (73.0)
B33 P1 Gip.1 - HAZ 56,6 (41.0)
B4.1 R1 Grp.2 - HAZ 23.7 (17.5)
B4.2 P1 Grp.2 - HAZ 12.2 (9.0)

_B43 1 Grp.2 - HAZ 33,0 (25.0)
OTHER TESTS
Welders Namse Brad: Ludwig Cerlficate File No. N/A

Tests Conducted By Ludwig & Associates Lid.

Laboratory Test No. E93-146.2

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.LM. INDUSTRIES L.P.

Date é)«w/u\/ /f;f,/.zérd &

Prapared By Ludwlg Assoclates Ltd.

Signed ATy TR

Page 7 of 13 ' _



A LUDWIG & ASSOCIATES wm.
- | Weldmg Consultmg and gngmeermg

LABORATORY TEST REPORT

GLM TANKS & EQUIPMENT LTD. Laboratory Test No.: E93-146.2

CUSTOMER:
‘ PO -Box 24 Date: May 4, 1993
Nisku, AB : _
TOC 2G0
Attention; © o Mr. Wiber Davie

PQR No.:. 31-1-066-1
Size: 323.9 mm (12. 75 in. )
Process GMAW!SMAW

Matsrial;: SA 333 Gr. 6 to SA 516-70
Thickness: 6.35 mm (0.249 in.)
Thermal! Condition: As Welded,

- TOUGHNESS TEST
Type of Test  Chaspy V-Notch Test Te.mperature -46°C (-50°F)
Orientation Transverse Specimen Size 10mm x 6mm
- B o IMPACT
SPECIMEN NOTCH - VALUES SHEAR

NQO. LOCATION J (ft.Ibs.) Y%

B2.1 Wald 34.6 (25.5) 19

B2.2 : Weld 42.0 (31.0) 26

B2.3 Weld - 59.86 (44.0) 38

B3.1 Gip.1 HAZ 75.2 (55.5) 54

B3.2 Grp.1 HAZ 98.9 (73.0) 88

B3.3 - Gip HAZ §5.6 (41.0)- 438

B4.9 Grp.2 HAZ 23.7 (17.8) 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 fi. Ib.)

We certify the test resulfs in this report and that the specimen(s) were prepared and tested in
accordance with the requirements of _ASME_Section Vi, Div.l, UG-84 - 1992 edition and
latest addenda. The information regarding material identification (j.e. size, thickness, heat
number, efc.) has been provided by the Customeg whose name appears on this report.

. ” o
Laboratory Test Conducted By %4 p%{_. 7(%’

GEORGE TAILLEUR, C.E.T.

4027 - 4 Street 5.6, CALGARY, ALBERTA T2G 3K6 PHONE: (403} 262-7072 FAX: 1403) 2663169
7925 Davies Road, EDMONTON, ALBERTA T6E ANT PHONE: (403) 468-1010  FAX: (403) 460-3032



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
Welding Procedure Specification No, .31:1:066A (Rev,4) .

PQR Revision Format update, WPS No, formerly 31-1-0664 (Rev.3), July 7, 2008,
Welding Process(es) GMAW / SMAW Type(s) Semi-automatic / Manual
JOINTS (QW-402)

Type Buft joint, sinale vee groove, see next page

BASE METALS (QW-403)

Matarial Spec. SA 516 to SA 516 Type or Grade Gr. 70

P-No. _P1 ToP-No. __P1 Thickness 9.52'mm (0.375 in.)
FILLER METALS (QW-404) GMAW SMAW
Specification No, (SFA) SFA 5.18 SFA 5.1

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

Fillar Metal F-No. E6- F4

Filler Metal A-No, * Al

Flller Metal Product Form _ Solid wire N/A

Suplemental Filler Metal Without N/A

Size of Electrode See altached sketch

Deposited Weld Metal Thickness 2.54 mm.(0.10 in.) : 6.98 mm (0.275 in.)
Other * Chemical composition meets the regylrements of ASME Secti on 1, 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 (79°F) Interpass Temp. (Max.) 204°C (400°F)
POSTWELD HEAT TREATMENT (QW-407)
Temperature N/A ‘ Time NfA
GAS (QW-408)
Specification No. (SFA) SFA 5,32 AWS No. (Class) __SG-AC-25
Shielding 75% Argon, 25% COz2, 10 liters per minute (20 ft2/hr)
Backing Without Tralling Without
ELECTRICAL CHARACTERISTICS (QW.409)
Current Direct Polarity Reverse, elecirode positive
Amps ___ See next page - Volts See next page
Mode of Metai Transfer Short circuiting arc '
TECHNIQUE (QW-410)
String or Weave Weave Travel Spsed _See next page
Multiple or Single Pass Per Side ___GMAW: Single SMAW: Multiple
Multiple or Single Electrodes Sirigle . =
Page 8 of 13

Prepared By Ludwig Assoclates Lid.



<7

PQR NO.

31-1-066-2

C0.375 in.

. Diameter Current & | Amperage | Voltage Travel Speed
Pass | Process | FillerMetal | v gn)- | Polarlty Range Ra.ngge mmmin, (Lpam.)
7| GMAW | ER705-6 | 0.9(0,035) DCRP 70-86 | 15-17 80 (3.5)
2| SMAW | E7018- 3.2 (1/8) DCRP 116-126 | 21-28 100 (4.0)
384 | SMAW | E7018-1 50(5/16) | DCRP | 210-225 | 20-24 | 126-100(5.0-7.5)

Prepared By Ludwlg Assoclates Ltd.

Page 9 of 13



PQR NO. 31~1-Q$6-2
TENS!LE TEST (QW-150)
Specimen |  Width | Thickness }  Area | Ultimate | Ultimate Character &
1 W | mim s | (iR) ] Sgomn | T Lold | "Stress | - Fracture Location
, (8q.In) | N{bs.) ] MPa (psi)
T1 18.9 8.43 169 76,900 483 Partial Cup & Cone
(0.744) (0,332) {0.247) (17,300} | (69,990) Parent Metal
T2 19,0 8.37 1589 78,600 482 Partial Cup & Cone
(0.748) {0.330) (0.247) (17,240) | (69,840) Pareni Metal
GUIDED BEND TEST (QW-160)

Type & Flgure No. Resuit Type & Flgure No. Rosult
QW-462.2, TSB - 81 Pass - QW-4682.2, TSB - 53 Easé
QW-462.2, TSB - S2 Pass - QW-462.2, TSB - 54 Pass

OTHER TESTS
Vickers Hardness - see attached laboratory test report
Welders Name Brad Ludwig Certificate File No. N/A

Tests Conducted By Ludwlg & Associates Lid.
L.aboratory 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 Section IX of the ASME Code.

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

Date M\/ Hf2008

Signed _ _BEtS s,

Prepared By Ludwlg Assoolates Ltd. Page 10 of 13



) LUDWIG & ASSOCIATES wm,

- Welding Consulting and Engineering
LABORATORY TEST REPORT

GLM Tanks & Equipment Ltd. Laboratory Test No.: E94-49¢

CUSTOMER:
" P.O.Box24 Date: December 13, 1994
Nisku, AB .
TOC 2G0
Attention: Wilber Davié
PQR No.: 31-1-066-2

Material: SA 516 Gr.70
Process: GMAW / SMAW
Thermal Condition; As Welded

TENSILE TEST (QW-150)

Thickness: 9.53mm (0.375 in.)

" SAMPLE NUMBER Ti T2
WIDTH mm (in) 18.9  (0.744) 19.0 (0.748)
THICKNESS mm (in) 8.43 - (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) 76600  (17,240)
483 (69,990) 482 (69,840)

UTS MPa (psi) .

Partial Cup & Cone

Partial Cup & Cone

FRACTURE TYPE

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

SAMPLE WIDTH 9.53 mm {0.375in.)

SAMPLE THICKNESS 9.3 mm (0.375 In.)

PLUNGER SIZE 38.1 mm . (1.5010n.)

YOKE SIZE 60.3 mm (2.3751n.)

SAMPLE TYPE Side Bend Side Bend Side Bend Side Bend

SAMPLE NUMBER(S) 51 82 33 84

RESULTS Pass  Pass ~ Pass Pass

We certify the test resulls 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
bean provided by the Customer whose name appears on this report.

- %

Kelly Froy, CE.T.
Y P Y /

e

L.aboratory Test Conducted By

4027 - M Street 5.E. CALGARY, ALBERTA TG 3K6 PHONE: (403} 262-7072 FAX: (403) 266-3169
7098 Navies Rrard FOMONTON ATLARRTA VAR dNT  PHOANE- AW AR FAY: 24N JAR.TINT?



A LUDWIG & ASSOCTATIES

. Welding Consulting and Engincering
LABORATORY TEST REPORT

GLM Tanks & Equnpment Ltd.

CUSTOMER:
. P.O. Box 24
Nisku, AB TOC 2G0
Attention: Wilber Davie

Laboratory Tes‘t No.: E94-49
Date: December 12, 1994

Material: SA 516 Gr.

70

Process: GMAW / SMAW
Thermal Condition: As Wealded

PQR No.: 31-1-066-2

Thrckness 9. 53mm (0.375 in.)

Test Method: Vickers

HARDNESS TEST

Load: 500 g. ,
Machine Type: Buehler Micromst
o
Typ.
Midwall,.| . 34 35 .
1) 173 HV 10) 199 HV 19) 181 HV: 28) 169 HV
2) 170 HV 11 191 HV 20) 174 HV 29) 174 RV
3) 186 HV 12) 182 RV 21) 173 HV 30) 169 HV
4 180 HV 13) 178 HV 22) . 191 HV 31) 182 HV
5) 1968 HV C14) 168 HV 23) 192 HV 32) 181 Hv
)] 191 HV 18y 177 HV 24) 189 HV 33) 177 HV
7 181 HV 16) 181 HV 25) 158 HV 34) 174 HV
8) 187 HV 17} 187 HV 26) 173 HY 35) 183 HV
9) 190 HV 18) 182 MV 27 158 HV

We cerlify the i‘esf 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, etc.) has been

provided by the Customer whose name appears on th/mpoﬂ

Laboratory Test Conducted By

4027 - 14 Street S.E. CALGARY, ALBERTA T2G 3K6 PHONE: (403) 2627072 FAX: (dD3) 265-376.9

Fav. 2untl 4rf0 saas

7 /
A Y s
Keily Frey,/C ET" 4

7428 Navias Rnard FOWAAOINTOIN ALRFRTA  TRE AN OIS, JARIL 420 0D



QW-483 PROCEDURE QUALIFICATION RECORD (PQR})
Company Name G.L.M, IN_DQSTRIES 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) Semi-autornatic /. Manua
JOINTS (QW-402)
Type Butt Joint, sinale vee groove, see next page
BASE METALS (QW-403)

- Material Spec. SA 516 to SA 516 Type or Grade - Gr. 6010 Gr. 70
P-No. _P1 Grp.1 To P-No. __P1 Gm.2 Thickness 12.7 mm {0.50 in.}
Heat Number 288533-09787 Carbon Equivalent _0.39
Diameter /A Other Plate Product Form
FILLER METALS (QW-404) GMAW SMAW
Specification No, (SFA) SFA5.18 SFA 5.1
AWS No. {Class) ER708-6 E7018-1
Filler Metal F-No. F6 F4
Filler Metal A-No. W Al
Filler Metal Product Form Solid wire N/A
Suplemental Filler Metal Without N/A
Size of Eleclrode See allached sketch
Deposited Weld Metal Thickness 25.4 mm (0.10 In.) 10.2 mm (0.40 in.}

Other * Chemical composition mests the requirements of ASME Section Il Part C
SFA 5.18 for ER70S-6

POSITION (QW-405)
Position 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 (800°F)
POSTWELD HEAT TREATMENT (QW-407)
Temperature N/A Time N/A
GAS (QW-408)
Speciftcation No. (SFA)} SFA 5.32 _ AWS No. (Class) __8G-AC-25
Shielding 75% Argon, 26% GOz, 13 liters per minute (28 ft/hr)
Backing Without Trailing Without
ELECTRICAL CHARACTERISTICS (QW-409)
Current Direct Polarity Reverse, elactrode positive
Amps Seea next page ' Volts See next page
Heat Input _F6: 27,440 Jiin. maximum___ F4. 46,190 J/in. maximum
Mode of Metal Transfer Short circuiting arc
TECHNIQUE (QW-410)
String or Weave Weave Travel Speed __See next page
Multiple or Single Pass Per Side GMAW: Single SMAW: Muitiple ,
Multiple or Single Electrodes Single ,

Page 11 of 13

Propared By Ludwlg Associates Ltd.



PQR NO. __ 31-1-066-3
- 60° -
2 8 0.50 in.
| * Diameter Curren:t & ] Amperage | Voitage Travel Speed

Pass Pr(?c_;ess F‘"‘*FM*’@' 4 mm@n.) Folarlty Rang'e Range mim/imin. (I._p..'m.)

9 GMAW ER705-6 1.1 (0:045) DCRP ‘16?_~1‘69 1718 163.(6.4)

2 SMAW 270181 2.4 {3/32) DCRP 98-100 22:23 133 {6.3).

3 SMAW E7018-1 2.4 (3/32) - DCRP 103-104 22-23 129'(6,1)

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

5 SMAW | E7018-1 2.4(3/32) DCRE 102103 . 22.23 120 {4.7)

B SMaw E7018-1 2.4 (3/32) DCRP 97-98 22.23 89 (3.6)

Prepared By Ludwlg Assoclates Ltd.

Page 12 of 13



PQR NO. _31-1-066-3

TENSILE TEST (QW-150)
Specimen Width Thickness Area Ultimate | Ultimate Character &
A No. o | mimng p mrring | Sq:mimf Load: | -Stiess | - Fraoture Location
(Sq.in.} § N(bs.} | MPa (psi)

T1 10.0 11.3 215 112 020 622 Partial Cup & Cone
(0.748) (0.445) (0.333) | (25,200) | (75,700) | Parent Metal (SA 516 Gr. 60)

T2 19.1 11.5 220 113 618 529 Partial Cup & Cone
(0.752) (0.453) (0.340) | (25,500) | (76,800) | Parent Metal (SA 616 Gr. 70)

GUIDED BEND TEST (QW-160)

Type & Figure No. Result Type & Figure No. ‘Result
QW-462.2, TSB - 81 Pass QW-462.2, TSB - S3 Pass
QW-462.2, TSB - $2 ___Pass_ QW-4622, TSB-S4 - Pass

CHARPY IMPACT TOUGHNESS

Type of Test Charpy V Nofch Qrientation Transverse
Test Temperature __ -46° C (-50° F) Specimen Size 10 X 10.mim
Spacimen No, Notoh Logation Impact Values J (ft. Ibs)
B2.1 Weld Metal 131 (96.4)
B2.2 Weld Metal >163_(>120)
B2.3 ~ Wald Metal ' 118 (86.8)
B3.1 P1Grp.1 - HAZ 5163 (>120)
B3.2 P1 Grp.1 - HAZ 145 (107)
83.3 P1 Grp.t - HAZ 114 {84.4)
B4.1 , P1Grp.2 - HAZ ~ 5163 (>120)
B4.2 P11 Grp.2 - HAZ 122 (89.8)
B4.3 _ P1 Grp.2 - HAZ 113 (83.0)
OTHER TESTS
Vickers Hardness - see attached laboratory test report
Welders Name John Langoz Certificate File No. W-23997
Tests Conducted By Ludwig Associates Lid.
Laboratory 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.M INDUSTRIES L.P.
Date yﬂ‘fvé/ /{//’/ZZLY)ﬁ. Signell~— 77558

Praparaed By Ludwig Associates Lid. Page 13 of 13



LUDWIG ASSOCIATESLTD

ater:als and Weldmg Consultm

LLABORATORY TEST REPORT

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

1508 - 8 Street Date: June 19, 2008

Nisku, AB

T9E 756
Attention: Wiiber Davie
PGR No.: 31-1-066-3 Heat No.: 288533-99787
Material: SA 516 Gr. 60 to 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 (0.4485) 11.5 {0.453)
AREA sq. mm (sq. in.) 215 (0.333) 220 (0.340)
ULTIMATE LOAD N (Ibs) 112 020 (25,200) 113618 (25,500)
UTS MPa (psi) 522 (75,700) 529 (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: 2.62 mm (0.375in.) SAMPLE THICKNESS: 127 mm  (0.500 in.)
PLUNGER SIZE: 38.1 mm (1.50in.) YOKE SIZE: 60.3mm (2.3751in.)
QwW-462.2 Side Bend Side Bend Side Bend Side Bend
SAMPLE NUMBER(S) S1 sz - 83 54
RESULTS Pass Pass Pass Pass

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

Customer whose hame appears on this report.
Samples assoclated with this regfort will ba discarded in 30 days.

Laboratory Test Condugted By: / {;\‘—/\——/ /4%\4\

/' Eric Dacyk, T.T./ Karen Koens, R.E.T.

4027 - 14 Street, 5.F., CALGARY, ALBLRTA T2C 3K6 PHONE: (403) 2627072  FAX: (403} 266-3169
7925 Davies Road, EDMONTON, ALBERTA T6E 4N1 PHONE; (780} 468-3030  FAX: (780) 468-3032

Page 1of t



LUDWIG ASSOCIA TES LTD.

Mter!als and Weld:ngConsultmg
LABORATORY TEST REPORT

Laboratory Test No.: £08-522.1

| Customer: G.L.M. Industries L.P.
DRate: June 19, 2008

15608 ~ 8 Street

Nisku, AB
TOE 756
Attention: Wilber Davie |
PQR No.: 31-1-066-3 Heat No.: 288533-99787
Material: SA 516 Gr. 60 to SA 516 Gr, 70
Thickness: 12.7 mm (0.500 in.)

Thermal Condition: As Weldad

NOTCH-TOUGHNESS TEST

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

Number Location Joules (ft.ibs)

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

B2.2 Weld Metal within 1/16” of root >163 (>120)

B2.3 Waeld Metal within 1/16" of root 118 (86.8)

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

B3.2 " @r. 60 HAZ 145 (107)

B3.3 Gr. 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 13 (83.0)

We certify the test results in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section Vill, Div, |, UG-84 - 2007 edition and iatest addenda. Material information has been

provided by the Customer whose name appears on this report.
Samples assoclated with this report will be discarded In 30 days.

L.aboratory Test Conducted By: - / /
o/ El‘IC Dacyk, 1.7 ] Karen Koens, R.E.T.

Page 1of 1
4027 - 14 Street, S.E., CALGARY, ALBERTA T2G 3K6 PHONE: (403; 262-7072  FAX: (403) 266-3169 9 '

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



DWIG ASSOCIATES

[yl S SO

Materials and Welding Consulting ..

LABORATORY TEST REPORT
Customer: G.L.M. Industries L.P. Laboratory Test No.: E08-522.1
1508 - 8 Street Date; July 4, 2008
Nisku, AB
TYE 756
Attentiron: Wilber Davie -
PQR No.: 31-1-066-3 Heat No.; 288533-99787
Material: SA 516 Gr. 60 to SA 516 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
e Y AT
JLLLENN N !
/
Midwall—  —
:% ‘: .2y

O S
203 27 162
180 28} 156 °

R R
Ik f‘i"aﬁ?‘@ggﬁ?ﬁﬁiﬁdm

We cortlfy 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 2003). Materlal information has beeh provided by the Gustomer whose name appears on this report,

Samples assoclated with this repdrt will be discarded in 30 days
Laboratory Test Conducted By: / / ‘C'—’»—ﬂ-

"“Eric Dacyk, T.T. / Karen Koens, R.E.T.

4027 - 14 Street, 5.E, CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-7072 FAX: (403) 266-3169
7925 Pavles Road, EDMONTON, ALBERTA T6E 4NT PHONE: (780} 468-3030  FAX: (780} 488-3032

Page 1 of 1



WELDING PROCEDURE SPECIFICATION NO.: 41-1-144A (Rev.2)

WELDING PROCEDURE QUALIFICATION RECORD NO.(S): 41-1:134,41-1-134-2

QUALIFIED FOR
Base Metal (Typical): P1Groups 1 & 2to P1 Groups 1 &2
A 333 Gr.6, SA 350 Gr.LF2 SA 420 WPL6. SA 516 Gr,.70, efc,
Process(es): GTAW / SMAW Weld Types: GROOVE & FILLET
Position: ALL POSITIONS Diameter: ___ALL DIAMETERS
Filler Metal: ER70S8-2, E7018-1

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

BASE METAL THICKNﬁSS RANGE 3210254 mm (0.125 to 1.00In.) inclusive
COMBINED DEPOSITED WELD METAL THICKNESS

ASME B31.1 19.1 mm {0.750 In.) maximum

ASME B31.3 19,1 mm (0.750 in.) maximum

ASME SECT. VIlII, DIV.1 254 mm {1.00in,) maximum

-

| XLBERTAh BOLERS BAFETY ResoamaH

PROVINCE OF ALBERTA
SAFETY CODES ACT
WELDING PROCEOURE

Reg. No. WP, 3.2
Spa o, Lo o L S (R VY

Weld Process ... GPTAW /—g MAW.........
Metl. Gr. P No.L@Y 142 10 p Now b Z1 LT
El00. Gt F Nowo @5 T A oo,
Th, Qual, For.?.e.?.ﬁﬂ.%&‘lmﬂ’b\ng.........N.Q..
RO 74 "ot YO8

ar "un.n LITIT) LXIXIRTY IR

MD.O‘{ Y

(R T TTE

PROVINCIAL REGISTRATION

Prepared By | udwig & Associates Lid. Page 1 of 11



QW-482 WELDING PROCEDURE SPECIFICATION (WPS)

G.L.M. Industries L.P.
Welding Procedure Spedfication No. 41-1-144A (Rev.2)  Date September 12,2008

Revision Rev, 2 {Nonessential) Corporafe name change {formerly GLM Tanks &
Equipment Ltd .} WPS No. formerly 41-1-144A (Rav.1)
41-1-134,41-1-134-2

Supporting PQR No.(s)

Welding Process(es) GTAW 7 SMAW Type(s) Manuat

JOINTS (QW-402)

Joint Design Al ASME aroove & fillet, reference construction drawin for foint details
Where jaint details are not specified, refer to figures 1 to 5 attached

Root Opening s per aftached typical groove desi e fiqures 1 fo 15 altached

Backing With or without Retainers Not required

BASE METALS (QW-403)

P-Number P1Groups 1 &2 To P-Number Pt Groups 1 & 2

Thickness Range:  Groove See cover page for thickness auglified by governing code
Fillet - il base metal thicknesses

Pipe Diameter Ranges: Groove All diameters

Fillet All diameters

GTAW: 4.78 mm (0.188 in.) maximum

Deposited Weid Metal (Per Pass)
SMAW: 12.7 mm (0,500 in.) maximum

FILLER METALS (QW-404) GTAW SMAW
Spacification No. (SFA) SEAS.18 SFA 5.1

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

F-No. ' ) £4

A-No. Al Al

Size 1/16 to 6/32 in. inclusive 3132 {0 1/4 in. inclusive
Consumable Inserts Not requjred N/A

Filler Metal Product Form Solid wire N/A

Flux Without the addition of flux__ N/A

Deposited Weld Metal Thickness Range: -
Groove 478 mm (0.188 in.) max.* _ 20.6 mm {0.812 in.} max.*
Filiet All fillet sizes All fillet sizes

Other __*Combined deposited weld meta thickness shall not exceed 19.1 mm (0.750 in.
for ASME B31.1 & B31.3 and 25.4 mm (1.00 in.) for ASME Saction Viil_ 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 sheef prior to welding. Preheat maintenance is
_ -not required if welding is interrupted or after the completion of welding
uniess required by the code of construction.

Prepared By Ludwig & Associates Ltd, Page 2 of 11



WPS NQ. _ 41-1-144A (Rev, 2)

POST WELD HEAT TREATMENT (QW-407)

Temperature Range NIA Time Range N/A

GAS (QW-408) |

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

Backing Not required Trailing Not required

ELECTRICAL CHARACTERISTICS (QW-409)

Current Rirect Polarity GTAW: Straight SMAW: Reverse

Amps See Table #1 Volts See Table #1
Maximum Heat Input .
Base Melal Thickness Range _ GTAW SMAW
0.125 - 0.499 in, 30,000 Jiin. 30,130 J/in.
0.600 - 1.0 in, 52,570 J/in. 69,890 J/in.
Pulsing Current GTAWY, With or without
Tungsten Electrode 1/16 to 5/32 inch diameter
Tungsten Classification EWTh-1, EWTh-2, EWCe-2, EWLa-1, EWLa-1.5 EWLa-2
TECHNIQUE (QW-410)
String or Weave Either Travel Speed See Table #1
Orifice or Gas Cup Size : 9.52 to 19.1 mm (0,375 to 0.750 In.)
Initial & Interpass Cieaning rushing, chipping or grinding as required
Method of Back Gouging Alr carbon are, back-grind as required
Oscillation N/A
Closed or Qut of Chamber N/A
Multiple or Single Pass Per Side GTAW. Either SMAW: _Multiple
Multiple or Single Electrodes Single
Electrode Spacing _ N/A
Peening Not permitted

TABLE 1 - WELDING PARAMETERS

Prepared By Ludwig & Associates Lid.

; Diameter Current Type | Amperage | Voltage Travel Speed

Process Filler Metal mm (in,) 8 Polarl{f Rgngeg Range mm/min. (i.p.m.)
GCTAW ER70S-2 1.6 (116) pCcse 50 - 140 6-14 9-300 (0.4-12)
STAW _ER708-2 2.4 (3/32) DCSP 70-200 8-18 17- 350 (0.7 - 14)
GTAW ER705-2 3.2 {1/8) DCSP 100 - 285 9-20 27-400 (1.1 - 16)
GTAW ER708-2 4.0 (5/32) DCSP 120 - 350 10 - 21 35-450 (14-18)
SMAW E7018-1 2.4 (3/32) DCRP 60- 110 18-24 24-300 (1.0-12)
SMAW E7018-1 3.2 (1/9) DCRP 80 - 160 18 -26 36-350 {14-14)
SMAW E7018-1 4.0 {5/32) 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 5.5 (7/32) DCRP 240-340 | 20-32 105 - 650 (4.2 - 22)
SMAW E7018-1 6.4 (1/4) DCRP 275-360 | 21-32 126 - 550 (5.0 - 22)

Note: Welding parameters shall be adjusted to insure that the maximum heat input vafue specified in

QW-409 above js not exceaded. Heat Input {J/in.) = Volts X_Amps X 60
Travel Speed (ipm)

Page Jof 11



WPS NO. __41-1-144A (Rev. 2)
TYPICAL JOINT DESIGNS

TN\ \ ™\
9 R T | B S ¢

- | aigar w16in ) = v tain, ""“l I"‘ 16 +- 3H6 In.

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

TN SN D+

"...| |~ 3116 +1. 3116 1.

_....l ]-* 5118 +- 216 in,

Figure 4 Figure 5 Figure 6
Single Vee Butt Single Vee Bultt with Backing Strip Double Vee Butt

Redius 1/8in. Redws ¥gin, Radius 18 b,
DRI - 1161n. NS In,
0% 4. 20° 4 20° 50% 4. 20°
Typleal
- - A i
, I" 316G +- W1din. ,,_I I: 16+ 3B —-—l L‘Bﬂ&*!-:lﬂ&ln.

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

Radius 1/8 in! Radius /8 in.
+- tH6 in. +- 1181, Radivs 1/8in.
9 41, 10° 20 41, 10° e wndin
207 ¥/ 10 " 209 44, ‘00
? Typleal

\ L T\ I I

¢

_—-' [ 36+ A6 In, _'?rl 3118 +- 3716 In. ......I '..- 3116 +~ /16 in,
Figure 10 Figure 11 Figure 12
Single J Butt Single J Butt with Backing Strip Double J Butt

ot v = )
N S N[ 3

~w| |=- 316 +1. 3116 1n. T |} 3116 4 1181n,

= 3H6 +-~ 3/16 b,

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

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

Prepared By Ludwig & Assogiales Lid. Page 4 of 11



WPS NO. __41-1-144A (Rev. 2)

PREHEAT
P-No. 1

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

2. The preheat temperature shail be maintained during welding.

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

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

5. Miimum preheating temperatures shail 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)
[ Qver 32 mm (Over 1.25in.) - 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 temperaiures below 0°C (32°F).
- The preheat zone shall extend at least 50 mm (2.0 in.) beyond each edge of the weld.

PROCESS PIPING IN ACCORDANCE WITH ASME B31.3

NOMINAL WALL THICKNESS MINIMUM SPECIFIED BASE MINIMUM PREHEAT
METAL TENSILE STRENGTH TEMPERATURE

<25mm (1.0in.) < 490 MPa (71 ksi) 10°C_(50°F)
> 25 mm (1.0in.) All 79°C (175°F)
All > 490 MPa (71 ksi) 79°C (175°F)

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

POWER PIPING IN ACCORDANCE WITH ASME B31.1

NOMINAL WALL THICKNESS MINIMUM PREHEAT TEMPERATURE
Over 25 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 & Associales Lid. Page 5of 11



QW-483 PROCEDURE QUALIFICATION RECORD (PQR)

G.L.M. Industries L.P,
Procedure Qualification Recard No. 41-1-134 Date __Aprii 23, 2001
PQR Revision Corporate name change {formerly GLM Tanks & Equipment Lid.),
September 12, 2006 :
Welding Procedure Spedification No. 41-1-144A (Rev.2)
Welding Process{es) GTAW / SMAW Type(s) Manuai
JOINTS (QW-402
Type : Butt joint, single vee groove see next page
BASE METALS (QW-403)
Material Spec. SA 333 to SA 350 Type or Grade Gr.6toGr LF2
P-No. _P1_Grp.1 To P-No. ___P1 Grp.2 Thickness 6.32 mm (0,249 in)
Diameter 114.3 mm (4.50.in.) O.D, Other Schedule 80 mvc to 0.249 in.
FILLER METALS (QW-404) GTAW SMAW
Specification No. (SFA) SFA5.18 SFA 5.1
AWS No. (Class) ER70S-2_ E7018-1
Filler Metal F-No. F& F4
Filler Metal A-No. Al A1l
Size of Electrode .. See aftached sketch
Deposited Weld Metal Thickness 2.38 mm (0.094 In.) 3.94 mm (0.155 in.)
POSITION (QwW-405)
Position of Groove 5G
Weld Progression Vertical up
PREHEAT (QW-406)
Preheat Tomperature 10°C (50°F) Interpass Temp. (Max.) __ 232°C (450°F)
POSTWELD HEAT TREATMENT (QW-407)
Temperature IN/A : Time NIA
GAS (QW-408)
Specification No. (SFA) SFA 5.32 AWS No, (Class) __SG-A
Shielding 100% Argon 13 liters per minute (27 ¢fph)
Backing Without Trailing Without
ELECTRICAL CHARACTERISTICS (QW-409)
Current Direct Polarity GTAW; Straight SMAW; Reverse
Amps See next page Volis See next page

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

TECHNIQUE (QW-410)

String or Weave Both Travel Speed See next page
Multipie or Single Pass Per Side __ GTAW: Single SMAW: Multiple
Multipte or Single Electrodes Single

Prepared By Ludwig & Associates Lid. Page 6 of 11



PQR NO.

41-1-134

0.249 In.

Diameter Current & | Amperage | Voltage Travet Speed
Pass | Process | Filler Metal mm (in.) Polarity Range Range mm/min (i.o.m.)
1 GTAW ER70S-2 2.4 (3/32) DCspP 100 - 110 9-10 56 (2.2
2-3 SMAW | E7018-1 2.4 (3/32) DCRP 72-75 20 §3.127 (2.1 -5.0)

Prepared By Ludwig & Assoclates Lig,

Page 7 of 11



PQR NO. 41-1-134

TENSILE TEST (QW-150)

Specimen Width Thickness Area Ultimate Uttimate Character &
No. mm (in.) mm{in) [ Sq.mm Load Stress Fracture Location
' {Sg9.in} | N(bs.) MPa (psi
T1 18.0 4,06 77.1 40 000 519 Partial Cup & Cone
(0.748) (0,160) (0.120) | (8.890) (76,200) | Parent Metal (SA 333 Gr. 6)
T2 19,2 4,15 797 40 900 513 Partial Cup & Cone
{0.756) (0.163} {0.123) {9,190) (74.400) | Parent Metal (SA 333 Gr. 6)

GUIDED BEND TEST (QW-160)

Type 8 Flgure No. Resuit Type & Figure No. Result
QW-462.3a, TRB - R1 Pass QW-462.3a, TFB - F1 Pass
_QW-462 3a, TRB - R2 Pass QW-462.3a, TFB - F2 Pass
CHARPY IMPACT TOUGHNESS
Type of Test Charpy V Notch Orientation Transverse
Test Temperature ___-48°C (-55°) Specimen Size 10 x § mm
Specimen No. Notch Logation Impact Values J (L. ibs)

A2.1 Weld Metal with 1/18" of root 315 (23.2)

A2.2 Weld Metal with 1/16" of root 39.3 (29.0)

AZ.3 Weld Matal with 1/18" of root 41.0 {30.2)

A3.1 P1Grp.t - HAZ 55,6 (41.0)

A3.2 P1Grp.1-HAZ 96.5 (71.2)

Al3 P1Grp.1 - HAZ 83,3 (B1.4)

A P1 G2 - AAZ 447 (33.0)

Ad.2 P1 Grp.2 - HAZ 25.8 (19.0)

Ad.3 P1Grp,2 - HAZ 50.2 (37.0)

OTHER TESTS

Vickers Hardness - see attached Jaboratory test report

Welders Name Robeit Gotischlich  Certificate File No. W-13480
Tests Conducted By Ludwig & Associates Ltd.
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 I1X of the ASME Code. :

Manufacturer G.LM. INDUSTRIES L.P. a

Date .5-(;:9! /f;/Lé

Prepared By Ludwig & 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 Ltd.),
September 12, 2008

Welding Procedure Spedfication No. 41-1-144A (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 333 to SA 350 Type or Grade Gr.6toGr. LF2

Heat No. 81042 to 38493 . CE. 02710 0.39

P-No. _P1 Grp.1 ToP-No. __Pt Gip.2 Thickness 2.7 mm (0.500 in.)

Diameter 219.1 mm (8.625 in.) Q.D. Other NIA

FILLER METALS (QW-404) GTAW SMAW

Specification No. (SFA) SFA 5.18 SFA 6.1

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

Filler Metal F-No. F6 Fa

Filler Metal A-No. : Al A1l

Size of Electrode See attached sketch

Deposited Weld Metal Thickness 2,38 mm {(0.094 in.) 10.3mm (0406 in.)

*Lincoln Electric Co.: Lincoln ER70S-2

Other
: **Lincoln Electric Co.: Excalibur E7018-1

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 NIA Time N/A
GAS (QW-408)
Specification No. (SFA) SFA §.32 . AWS No, (Class) __SG-A
Shielding 100% Argon 13 liters per minute (27 cfph)
Backing Without Trailing Without
ELECTRICAL CHARACTERISTICS (QW-409)
Current Direct Polarity GTAW: Straight SMAW: Reverse
Amps See next page Volts See next page
Heat Input F8. 63,820 Jiin. maximum F4; 69,990 J/in, 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
Multipte or Single Electrodes Single
Page @ of 11
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PQR NO. 41-1-134-2
et " 600 e T
\<,,~-v e/
P T
N\ ° /) T
‘..R"“--_‘__ﬁ__*w__.-«f'f' 3/
Q\\ 4 / L
(N 0.500 in.
.3
/) l
v S ] -
. Diameter Current & | Amperage | Voitage Travel Speed
Pass | Process | Filler Metal mm {in.) Polarity l‘@!gngeg Ran;e mmimin (f}.)p.m.)
1 GTAW ER708-2 2.4 (3/32) 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 46-74(1.9-2.9)

Prepared By L.udwig & Associates Ltd.

Page 10 of 11



PQR NO. 41-1-134-2
TENSILE TEST (QW-150)
Spacimen Width Thicknass Aren Ultimate Ultimate Character &
No. mm (In.) mm (in.) { Sg. mm Load Stress Fracture Location
(8q. in.) N (Ibs.) MPa (psi)
T1 18.9 11.6 219 94 400 431 Partial Cup & Cone
{0.744) (0.457) {0,340} | (21,200) (62,400) | Parent Metal (SA 333 Gr. 6)
T2 19,0 9.82 i87 81 200 435 Partial Cup & Cone
{0,748) {0.387) {0.289) (18,300) (63,100) | Parent Melaf (SA 333 Gr. 8)
GUIDED BEND TEST (QW-160)

Type & Figure No, Reasult Type & Figure No. Result
QW-462 2 TSB - §1 Pass QW-462.2 TSB - 83 Pass
QW-462.2 TSB - 82 Pass QW-462.2 TSB - 54 Pass

CHARPY IMPACT TOUGHNESS
Type of Test Charpy V Notch Orientation Transverse
Test Temperature __-46°C (-50°F) Specimen Size 10 x 10 mm

Specimen No. - Noteh Location Impact Values J (ft. Ibs)
R2.1 Weld Metal within 1/16" of root 124 (91.2)
R2.2 Weld Metal within 1/16" of root 129 (95.4)
R2.3 Weld Metal within 1/18" of root 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)
R4.1 P1 Grp.2 - HAZ 40.1 (28.6)
R4.2 P1 Grp.2 - HAZ 44.5 (32.8)
R4.3 P1 Grp.2 - HAZ 41.2 (30.4)

OTHER TESTS
Rockwell Hardness - see attached laboratory test report
Yickers Hardness - see attached laboratory test report
Brinell Hardness - see aftached laboratory test report
Welders Name Don Johnson Ceitificate File No. N/A

Tests Conducted By Ludwig & Associates Ltd.

Laboratory Test No.

E02-150.15

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

G.L.M, INDUSTRIES L.P,

Manufacturer

Signed

Date Se QL/ 4§ /66

Preparad By Ludwig & Assaociates Lid.
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LUDWIG & ASSOCIATES L1p.

Materials and Welding Engineering

=

LABORATORY TEST REPORT

Laboratory Test No.: E01-283.1

CUSTOMER: GLM Tanks & Equipment Ltd,
Date: April 23, 2001

1508 - 8 Street

Nisku, AB

T9E 7586
Attention: Wilber Davie
PQR No.: 41-1-134
Material: SA 333Gr.6to SA3500r LF2
Size: 114.3 mm (4.50in.) O.D. x .32 mm (0.249 in.) w.t,
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) 4.06 (0.160) 4,15 {0.163)
AREA sq mm (sq in) 774 (0.120) 79.7 (0.123)
ULTIMATE LOAD N (lbs) 40 000 (8,990) 40 800 (9,190)
UTS MPa (psi) 519 {75,200) 513 (74,400)
FRACTURE TYPE Partial Cup & Cone Partial Cup & Cone

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

GUIDED-BEND TEST QW-160

SAMPLE THICKNESS: 6.32mm (0.249in.)

SAMPLE WIDTH:  19.1mm  (0.750 In.)
YOKE SIZE:  41.1mm (1.6191n.)

PLUNGER SIZE: 22.2mm (0.875in.}

QW-462.3(a) Face Bend Root Bend Face Bend Root Bend
SAMPLE NUMBER(S) F1 R1 F2 R2
RESULTS Pass Pass Pass Pass

We cortify the test results in this report and thal the specimen(s) ware prepared and fested in accordance with the
requirements of ASME Seclion X, 1998 sdition and lalest addenda. The information regarding material identification
(l.e. size, thickness, haat number, elc.) has baen provided by the customer whose name appears on this report.

,,,,, ; "-:{. /4:’
Laboratory Test Conducted By: ‘%m

Andrew Elash / Ron Peters, C.E.T.

A027 - 14 Steeet 5.5, CALGARY, ALBERTA T2G 3K6 PHONE: (40} 262-7072  FAX: (4031 266-3169
7925 Davivs Read, EDMONTGN, ALBERTA T6E AN PHONE: (780) 468-3030 FAX: {780} 4603032




AR LUDWIG & ASSOCIATES Lrrp.

Materials and Welding Engineering

LABORATORY TEST REPORT
CUSTOMER:  GLM Tanks & Equipment Ltd. Laboratory Test No.: E01-283.1
1508 — 8 Street Data:; 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.D. 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 (-55°F) SPECIMEN SIZE: 10x 8 mm
Specimen Notch impact Values

Nurnbsr Location Joules (ft.dbs)

A2.1 Weld Metal within 1/16" of root 31.5 (23.2)

A2.2 Weld Metal within 1/16" of root 39.9 (29.0)

A2.3 Weld Metal within 1/18" of root 41.0 (30.2)

A3.1 Gr.6-HAZ 55.6 {41.0)

A3.2 Gr.6- HAZ g6.5 (71.2)

A3.3 Gr.6 - HAZ 83.3 (61.4)

A4.1 Gr. LF2 - HAZ . 447 . (33.0)

Ad.2 Gr, LF2 - HAZ 25.8 (19.0)

Ad4.3 ' Gr. LF2 - HAZ 50.2 (37.0)

We certify the test resuits In this report and that the specimen(s) were preparad and tested in accordance with the
requirements of ASME Seclion VI, Div. |, UG-84, 1998 edition and latest addenda. The information ragarding
material identification (ie. size, thickness, heat number, elc.) has been provided by the customer whose name

appears on this repon.
’ ’ -
L'-o-‘ i b -&.",z
Laboratory Test Conducted By: /‘f;ﬁj L

“Andrew Elash / Ron Peters, C.E.T.

4027 - 14 Streel 5.E., CALGARY, ALBERTA T2G 3K6 PHONE: (403} 262-7072  FAX: (4N3) 266:3 169
038 Dovlos Hoad, EDMONTON, ALBERTA  TGE 4Nt PHONE: (760) 466, 3010 FAX: (780) 4687042




4 LUDWIG 8 ASSOCIATES L.
s ma———— e ——————t iy

Materials and Welding Engineering

LABORATORY TEST REPORT
CUSTOMER: GLM Tanks & Equipment Ltd, Laboratory Test No.: E01-283.1
1608 -- § Stree! Date: April 23, 2001
Nisku, AB
TIE 7S6
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 n.) w.t.
Thermal Condition: As Welded
HARDNESS TEST
TYPE OF TEST: Vickers LOAD: 500 ¢
INSTRUMENT TYPE: Leco V-100-C1
Tmm ) T 8
o 1 2 )
10 18 .
5A 333 Gr. 6 SA 350 Gr, LF2

1) 144 HY  B) 185 HV  11) 185 MV 16) 189 HV
2) 173 HV 7)) 180 HV  12) 183 HV  17) 182 HV
3 185 HV  8) 7T HV  13) 155 HV  18) 150 HV
4) 205 HVY  9) 147 HV  14) 164 HV
§) 193 HV  10) 150 MV  15) 157 MV

We cerlify the test resuils in this repont and that the specimen(s) were prepared and lesled in accordance with the
requirements of ASTM E384 - 99. The information regarding material identification (i.e. size, thickness, heat numbar,
elc.) has been provided by the cuslomer whose name appears on this rapart” =
Bl = ‘. '/:.."
Laboratory Test Conducted By, .zl ,-/:‘:/ e
Andrew Efash / Ron Peters, C.E.T.

4027 - 14 Sireel S.E, CALGARY, ALBERTA T2G IK6 PHONE: (403) 262.7072 FAX: {403) 266.3169
7928 Davies Rond, EDMONTON, ALBERTA  T6E 4NT  PRONE; {780] 466-3030  FAK: (780) 468.1032




LUDWIG & ASSOCIATES Lro.
M

Materials and Welding Engineering

LABORATORY TEST REPORT

CUSTOMER: GLM Tanks & Equipment Ltd. Laboratory Test No.: £02-150.15

1508 — 8 Strest Date; March 1, 2002

Nisku, AB

TOE 7586
Attention; Wilber Davie
PQR No.: 41-1.134-2
Material: SA 333 Gr. 6 1o SA 350 Gr. LF?
Size: 219.1 mm (8.626in.) O.D. x 12.7 mm (0.500 in)yw.l
Thermal Condition: As Welded

TENSILE TEST QW-150
SAMPLE NUMBER T1 QW-462.1(b) T2 QW-4862,1(h)
WIDTH mm (in) 18.9 (0.744) 19.0 {0.748)
THICKNESS mm (in) 1.6 {0.457) 9.82 (0.387)
AREA sq mm {sq in) 219 (0.340) 187 (0.289)
ULT. LOAD N (tbs) 94 400  (21,200) 81200  (18,300)
UTS MPa (psi) 431 (62,400) 435 {63,100)
FRACTURE TYPE Partial Cup & Cone Partial Cup & Cone
FRACTURE LOCATION Parent Metal (SA 333 Gr. 6) Farent Metal (SA 333 Gr.6)
GUIDED-BEND TEST QW-160

SAMPLE WIDTH: 9.62mm (0.375in.) SAMPLE THICKNESS: 12,7 mm (0.500 in.)
PLUNGER SIZE: 38.1mm (1,50 in.) YOKE SIZE: 60.3mm (2.375in.)
QwW-462,2 Side Bend Side Bend Side Bend Side Bend
SAMPLE NUMBER(S) 51 82 S3 84
RESULTS Pass Pass Pass Pass

We certify the test results in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section 1X, 2001 edition and latest addenda. The information regarading materlal identification
(i.e. size, thickness, heat number, etc.) has been provided by the customer whose name appears on this repor.

(...

Chris Lachuk / Karen Koens, C.E.T.

Laboratory Test Conducted By:

4027 - 14 Sireer 5.E, CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262.7072 FAX: 403) 2663169
7825 Navles Roard, KOMONTON, ALBERTA  T6E 4NT  PHONE: (780} 466-3030 FAK: (760) 168-3032




AR LUDWIG & ASSOCIATES L1o.

Materials and Welding Engineering

LABORATORY TEST REPORT
CUSTOMER:  GLM Tanks & Equipment Ltd. L.ahoratory Test No.: E02-150,15
1508 — B Street Date: March 1, 2002
Nisku, AB
TOE 756
Attention: Wiiber Davie
PQR No.: 41-1-134.2
Material: SA 333 Gr. 6 to SA 350 Gr. LF2
Size: 219.1 mm (8.625 in.) 0.0. x 12.7 mm (0.500 in.) w.t,
Thermal Condition: As Welded
NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-Nolch ORIENTATION: Transverse
TEST TEMPERATURE: -46°C (-50°F) SPECIMEN SIZE: 10 x 10 mm
Specimen Nolch Impact Values
Number Location Joules {fi.ibs)
R2.1 Weld Metal within 1/18" of root 124 {91.2)
R2.2 Weld Metal within 1/16" of root 129 (95.4)
R2.3 Weld Metal within 1/18" of root 67.8 (60.0)
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 445 (32.8)
R4.3 Gr, LF2 - HAZ 41.2 {30.4)

We certify the test resufts in this report and that the specimen(s) were prepared and tested in accordance with the
requirements of ASME Section VIIl, Div, |, UG-84, 2001 edition and latest addenda. The informalion regarding
malerial identification (i.e. size, thicknass, heat number, elc.) has been provided by the customer whose name

appears on this report,

29 ”
Laboratory Test Conducted By: / vtz s S aznie
Chris Lachuk /Karen Koens, C.E.T.

4027 . 14 Streel 5.€, CALGARY, ALBERTA Y2G K6 PHONE: (403) 262-7072 FAX: (403) 266-3169
7925 Daviex Reael ENMONTON, ALBERTA T6E ONT  PHONE: (7800 468-30)0 FAX: (780) 468.3032




AW LUDWIG & ASSOCIATES L.

Materials and Welding Engineering

LABORATORY TEST REPORT

Laboratory Test Na.: £02-150.15

CUSTOMER: GLM Tanks & Equipment Ltd,
' Date: March t, 2002

1508 - B Street

Nisku, AB

T9E 786
Attehtlon: Wilber Davie
PAR No.: 41-1-134-2

SA 333 Gr, B to SA 350 Gr. LF2

Material:
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; Rockwel!
INSTRUMENT TYPE: NewAge Digital Versitron

p—— \
‘_‘ 2\ 5
1 3 7 12
\ 4 a
T M
SA 350 Gr. LF2 SA 333 Gr. §
1) 78 HRB 5) 90 HRB 9) 84 HRB
2) 87 HRB 6) 89 HRB 10) 79 HRB
3) 88 HRB 7) 84 HRB 11) 79 HRB

4) 86 HRB 8) 78 HRB 12) 71 HRB

We certily the test resulls in this report and that the spacimen(s) were propared and tested in accordance with the
requirements of ASTM E18B - 98. The information regarding material identification (f.e. size, thickness, heat number,

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

Laboratory Test Conducled By: / »2 —
Chris Lachuk’/ Karen Koens, C.E.T.

4027 « 14 Street 5., CALGARY ALBERTA T2G 3K6 PHONE: (403) 262-7072  FAX: (403} 266-2169
2925 Davies Roacd COMONTON, ALBERTA TEE NI PHUNE: (780} 4583030 FAX: (7801 4681132




AR LUDWIG & ASSOCIATES L.
e a————— e ————————

Materials and Welding Engineering

LABORATORY TEST REPORT

CUSTOMER:  GLM Tanks & Equipment Ltd. Laboratory Test No,: £02-150,15

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.) 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
T — v i 0.5mm beginging al \‘ushl.olr.\llna
: i\ 5 5 on o
1218 ; 2
C o
SA333Gr. 6 8A 350 Gr. LF2

1) 136 HvV 6) 177 HV 1) 167 HV 16} 138 HV
2) 143 HV 7) 185 HV 12) 143 HV 17y 159 RV
3) 146 HV 8) 196 HV 13) 148 HV 18) 174 HY
4) 147 HV 9) 180 HV 14) 150 HV 19) 169 HV

5) 172 HV  10) 174 WV 15) 154 HV  20) 167 HV
| 21) 160 HY

We certily the test results in this report and that the specimen(s) were prepared and tested in accordance wilth the
requirements of ASTM E92-82 (Reapproved 1987). The information regarding material ldentification {ie. size,
thickness, heat number, etc.) has been provided by the customer whose name appears on this repor.

.
Laboratory Test Conducted By; ,./ :1_74 Accacd éﬁa&
Chris Lachuk / Karen Koens, C.E.T.

4027 - 14 Streel 5.E., CALGARY, ALBERTA T2G K6 PHONE: 403) 262.7072 FAX: (403} 266-31069
7928 Davles Roacl EDMONTON, ALBERTA T6F aNI PHONE: {780) 468-3030 FAX: (780) 468.3032




4 LUDWIG & ASSOCIATES Lp.
e ————— R S

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: 8A 333 Gr. 6 to SA 350 Gr. LF2

Size: 218.1 mm (8.625 In.) 0.D. x 12.7 mm {0.500 in.) w.t.
Thermal Condition; As Welded

HARDNESS TEST
TYPE OF TEST: Brinell LOAb: 3000kg., 10 mm ball
!NSTRVUMENT TYPE: Brown Bayley

WELD CAP HARDNESS

| 17a8HN ]

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

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

/

_ o )
Laboratory Test Conducted By: /
Chris Lachuk / Karen Koens, C.E.T.

4027 - 14 Street 5.6, CALGARY, ALBERTA T20 3K6 PHONE: (403} 262-7072  FAX: (d03) 266-3169
7925 Davies Road, EDMOUNTON, ALBERTA  T6E 4N PHONE: 1780) 468-3030 FAX: (7600 468-3002




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 (Typical): P1 Groups 1.8 2 to P8 Group 1
333 Gr.6, SA 350 Gr.LF2, 8A 42 6, SA 61 70, ete. to

SA 182, SA 2 312 Type 4L, 31 L, 321, efc,
Process(es): GTAW /| SMAW Weld Types: GROOVE & FILLET
Position: ALL POSITIONS Diameter: ___ALL DIAMETERS
Filler Metal: ER300L,, E309L.-15/16/17

BASE METAL CONDITIONS & GROOVE THICKNESS RANGE QUALIFIED:

NOTCH TOUGHNESS APPLICATIONS TO -46°C AS WELDED
BASE METAL THICKNESS RANGE 3.210.12.7 mm {0,128 to 0.500 in.) inclusive

COMBINED DEPOSITED WELD METAL THICKNESS

ASME B31.1 12.7 mm (0 600 j in. ) maximum
ASME B31.3 2.7 ximum
ASME SECT. VIit, DIV.1 12.7 m_m_(O 500 In.} maximum

" - N R
ALBERTA BOILERS GAFETY ASSOCIATION '

PROVINGE OF ALBERTA
SAFETY CODES ACT

WELDING PROCEDURE
Rog. No. WP,

Spac No, , "'H o ﬁ ﬁf"‘“ﬂﬁﬁ (REHZ)
Wald Procoss . Q’TAW / SHTAW....
Mat, G, P Noul.f l‘“‘ztoPNo ﬁ’(:'ar Lo,
Elo. Gt F Mo...81.5..... A No... —
Th. Qual, For 3 ZEAIZTAONHT. o O

CVP"H#‘- .............................
Yr..a.ge Mo .(Q Day??. SIgned ................................
R. ROSEBRRG, PENG.
WELDSHE SPECIALIST

PROVINCIAL REGISTRATION

Prepared By Ludwig & Associates Ltd, Page 1017



QW-482 WELDING PROCEDURE SPECIFICATION (WPS)

G.L.M. Industries L.P.

Welding Procedure Spacification No. 41-8 / 1-163A (Rev.2) Date _September 26, 2006
Revision __Rev, 2 (Nonessential} Corporate name change (formetly GLM Tanks &

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 joint details,
Whera [oint details arg not specifted, refer to figures 1 to 15 attached

Root Opening ached typlcal groove desian figures 1 to 15 attached
Backing With or without Retainars Not required
BASE METALS (QW-403)

P-Number P1Groups 1& 2 To P-Number P& Group 1

Thickness Range:  Groove See cover paqge for thickness qualified by governing code

Fillet All base metal thicknesses

Pipe Dlameter Ranges: Groove All dlameters
Fillet Alf diameters
Deposited Weld Metal (Per Pass) GTAW: 4.78 mm (0.188 in.) maximum
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) ER300L 309L-15/16/17
F-No. F6 F5
A-No. A8 AB
Size _ ' 1/16 to 6/32 In. inclusive 3/32 10 3/16 in. inclusive
Consumable Inserts Not Required N/A
Filler Metal Product Form Solid wire N/A
Flux Witho dition of flux_ N/A
Deposited Weld Metal Thickness Range:
Groove 4,78 mm (0.188 in.) max.* _7.92 mm (0,312 In.) max.*
All fillet sizes All fillet sizes

Fillet
Other _* CGomblned deposited weld metal thickness shall not excesd 12.7 mm (0,500 in, )
for ASME B31.1 & B31,3 and for ASME Section Vill. Div.4

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) 10°C (80°F)
Interpass Temperature (Maximum) 177°C (360°F)
nance is nof required if weldin

Preheat Mainlenance 10°C prior to welding. Preh

interrupted or after the completion of welding unless required by the

code of construction.

Prepared By Ludwig & Associates Lid. Page 2 of 7



WPS NO. _ 41-8/1-163A (Rev.2)

POST WELD HEAT TREATMENT (QW-407)

Temperature Range N/A Time Range N/A
GAS (Qw-408)
Spacification No. (SFA) SEA 5.32 AWS No. (Class) __SG-A
Shielding 100% Argon, 5 - 20 liters per minute (10 - 40 cfph)
Backing 100% Argon, 3 - 10 liters per minute (6 - 20 cfph)
Tralling Not Requirad
ELECTRICAL CHARACTERISTICS (QW-409)
Current Direct Polarity GTAW: Siralght SMAW: Reverse
Amps See Table #1 Volts See Table #1
Maximum Heat Input
Base Metal Thickness Range GTAW SMAW
0.125 - 0.500 in., 51,830 J/in. 21,920 Jfin.
Pulsing Current GTAW: With or without
Tungsten Electrode 1116 to 5/32 inch diameter

Tungsten Classification EWTh-1, EWTh-2, EWCe-2, EWLa-1, EWla-1.5 EWLg-2

TECHNIQUE (QW-410)

String or Weave Either Travel Speed See Tabie #1

Orlfice or Gas Cup Size 9.5210 19.1 mm (0,375 t0 0,750 in.)

Initial & Interpass Cleaning rushing, chi rinding as required_

Method of Back Gouging Ajr carbon are, back-grind as required

Oscillation N/A

Closed or Out of Chamber N/A

Multiple or Single Pass Per Side __GTAW: Either SMAWY: Multiple

Muttiple or Single Electrodes Single

Electrode Spacing N/A

Peening Not permitted

TABLE 1 - WELDING PARAMETERS
Diameter | Current Type] Amperage] Vollage Travel Speed

Process|  FllerMetal | 1 'iny| & Potari%’; Rznag Ranggi_a mm/min, (fp.m.)
GTAW ER300L 1.6 (1/16) DCsP 60 - 140 6-14 9-300 (0.4-12)
GTAW ER309L 2.4 (3/32 pese 70-200 8-18 17 - 350 (0.7 - 14)
GTAW ER309L 3.2 (1/8) DCSP 100 - 286 9-20 27 -400 (1.1 - 18)
GTAW ER308L 4.0 (6/32) DCSP 120 - 350 10« 21 36 -450 (1.4 - 18)

SMAW | E309L-16M6/17 | 2.4 (3/32) DCRP 50 - 80 16 - 27 §6 - 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-15/16/17 | 4.0 (5/32) DCRP | 100-170 18-29 126 - 400 (5.0 - 16)
SMAW | E300L-15/16/17 | 6.0 {3/16) DCRP 140 - 220 20 - 30 195 - 500 (7.7 - 20}

Note: Welding parameters shall be adjusted to insure that the maximum heat Input value specified in
QW-409 abave is not exceeded, Heat [nput (J/in.) =

5
Travel Speed (ipm)

Prepared By Ludwig 8 Assoclates Ltd. Page 3 of 7



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

TYPICAL JOINT DESIGNS

S ] 5 ¢ 3 5

""'l }“ 316 44 15, "":I—FI' 144 #4141, e f"“ 316 +- 316 In,

Figure 1 Figure 2 Figure 3
Singie Square Butt Single Square Butt with Backing Strip  Double Square Butt
ogw. 5%\ ﬁogq. 1B\
eoéw- 15° \
? \ / ? ? \ / % i Typlcal < % :
q ,‘“3!16 +. 316 In, —G':l_ﬁ-:ma +- 318 In, j L-snw-ans in

Figure 4 Figure § Figure 6

Single Vee Butt Single Vee Butt with Backing Strlp Double Vee Butt

Rodiua 18in, Radlus 1/gn, Rediys 18 n,
A8 In, - AitG. + 115G In,
60° 4 20° 0% 4200 60° o.20°
Typlea!
--u- q-
A6 <k Y1 n. -] I:'- ¥1B o8l ""'" L Vo v Vg h.

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

Rad{utss 18 Rﬂdiﬂﬂ W in, Radiua 1/8 In®
N ‘ oot +e 1146 I,
209 44 907
Typhel

S Y I R S N A S S

—— S atad o
| = a6 +- a6 S | o310 42301610

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

40%4/- 20° ; 40P+ 20° > OSJ" ° )
TN RN s O3

| |- 3116 4. 313 . ""l f"'-ans e | 3716 47- 3416 n.

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

Or as per the joint design on the approved construction drawing.
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QW-433 WELDING PROCEDURE RECORD (PQR)

G.L.M. Industrles L.P.
June 11,2002

Procedure Qualification Record No, 41-1/8-163-1 _ Date

PQR Revision Corporate name ghange (formerly GLM Tanks & Equipment Ltd.),
September 26, 2006

Waelding Procedure Specification No, 41-8 { 1-163A_(Rev.2)

Woelding 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 to Type 304L
P-No. __P1Gmp.1/2 ToP-No. __P8Grp.1 Thickness 6,32 mm (0.249 in,}
Diameter IN/A Other Plate Product Form
" FILLER METALS {QW-404) GTAW SMAW
Specification No. (SFA} SFA 5.9 SFA 54
AWS No, (Class) ER300L* E309L-17*
Filler Metal F-No. _F6 : ES
Filler Matal A-No. A8 A8
Size of Elecirode See aftached gketch
Deposited Weld Metal Thickness 2.38 mm (0,094 in.) 3.4 mm (0.155 in.)__
Other *Avesta Welding Products: ta 309L
*Avesta Welding Products: Avesta 3001 .17
POSITION (QW-405)
Position of Groove 3G
Weld Progresslon Vertical Up
PREHEAT (QW-4086)
Preheat Temperature 10°C (50°F) Interpass Temp. {(Max.) 172°C (360°F)
POSTWELD HEAT TREATMENT (QW-407)
Temperature None Time N/A
GAS (QW-408)
Specification No. (SFA) SFA 5.32 AWS No. (Class) __SG-A
Shielding 100% Argon, 12.5 liters per minute (25 cfph)
Backing 100% Argon, 7.5 liters per minute (15 ¢fph)
Trailing Without
ELECTRICAL CHARACTERISTICS (QW-409)
Current Direct Polarity GTAW; Stralght SMAW: Reverse
Amps Sge next page Volts See next page .
Heat Input F6: 51,830 J/in. maximum ES: 21,920 J/in. maximum___
Other 1/8 in. diameter 2% thorlated tungsten electrode, EWTh-2
TECHNIQUE (QW-410)
String or Weave Weave Travel Speed See next page
Multiple or Single Pass Per Side GTAW; Single SMAW: Multiple
Multiple or Single Electrodes Single

Preparad By Ludwlg & Associates Lid. Pagebof 7
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PQR NO.

41-1/8-163-1

0.249 In,

Diameter Current & | Amperage | Voltage Travel Speed

Pass | Process | Filler Metal mm (in.) Polarity Range Rangge mm/min (fp.m.)
1 GTAW | ER300L 2.4 (3/32) DCSP 80 10 24 (0.9)
2 SMAW E308L-17 | - 2.4 (3/32) DCRP 50 22 76 (3.0)
3 SMAW E308L-17 2.4 (3/32) DCRP 50 22 79 (3.1)

Prepared By Ludwip & Associates [id,
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PQR NO. 41-1/8-163-1

TENSILE TEST (QW-150)

Specimen | Width | Thickness Area Uitimate | Ultimate Character &
No. mm(In.) | mm (in.) 5q. mm Load Stress Fracture Location
(Sa.0n) | N(bs.) | MPa (psi)
Tt 19.1 4.90 93.6 51 500 650 Partial Cup & Cone
{0.752) {0.193) (0.145) | (11,600) | (79,800) [ Pareni Metal (SA 616 Gr. 60/70)
T2 19.0 A.77 90.6 49 800 581 Partial Cup & Cone
- (0.748) (0.188) (0.140) [ (11,200) | (79,900) [ Parent Metal (SA 516 Gr. 60/70)

GUIDED BEND TEST (QW-160)

Typa & Figure No. Result Type & Figure No. Résult
QW-462.3a, TRB - R1 Pass (AW-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 (-65°F) Speclmen 8ize 10 x5 mm
Specimen No. Notch Location Impact Values J (ft. lbs) Lateral Expansion (inches)
B2.1 Weld Melal 38.2 (28.2) ' 0.042
B2.2 Weld Metal 36,6 (27.0) - 0.040
B82.3 Weld Metal 46.1 (34.0) 0.043
B3.1 Pt Grp.1/2 - HAZ 98.3 (73.2) N/A
B3.2 P1Gip.1/2-HAZ 64.3 (47.4) NIA
B3.3 Pt Grp.1/2- HAZ 94.9 (70.0) MN/A
OTHER TESTS
Rockwell Hardn - attached lahor test rapori
Vickers Hardness - see attac ratory test repo
Brinell Hardness - seg allached taboratory test report
Welders Name Don Johnson Cartificate File No. N/A

Tests Conducted By Ludwig & Assoclates Lid.
Laboratory Test No. E02-552.2

We hereby recertify that the statements in this racord have bsen 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 (?/o,@[ 5{ A ¢ Signed it
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‘and Welding 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
Attentlon; Wilber Davie
PQR No.: 41-1/8-163-1
Material: SA 516 Gr. 80/70 to SA 240 Type 3041,
Thickness: 6.32 mm (0.249 in.}
Thermal Condition: As Welded
TENSILE TEST QW-150
SAMPLE NUMBER T QW-462.1(a) T2 QW-462,1(a)
WIDTH mm (In) 19.1 (0.752) 18.0 (0.748)
THICKNESS mm (in) 4,90 {0.193) 4.77 (0.188)
AREA sq mm (sq in) 93.6 (0.145) 90.6 (0.140)
ULT. LOAD N (lbs) 51 500 (11,600} 40 600 (11,200)
UTS MPa (psi) 550 (79,800) 851 "(79,900)
FRACTURE TYPE Partial Cup & Cone Partigl Cup & Cone
FRACTURE LOCATION Parent Metal (SA 516 Gr, 60/70)  Parent Metai (SA 516 Gr. 60/70)
- GUIDED-BEND TEST QW-160
SAMPLE WIDTH: 381 mm (1.501n.) SAMPLE THICKNESS: 6.32 mm (0.2491in))
PLUNGER SIZE: 222mm (0.875In.) YOKE SIZE:  41.1mm (1.621In.)
QwW-462.3 (a) Face Bend Root Bend Face Band Root Bend
SAMPLE NUMBER(S)  F1 Rt F2 A2
RESULTS Pass Pass Pass Pass

We centify the test results in this report and that tha specimen(s) were preparad and lasted in accordance with the
requirements of ASME Sectlon iX, 2001 edition and latest addenda. The information regarding material identitication

(.. size, thickness, heat numbaer, elc,) has been providad bylthe cy;(orner whosa name appears on this rapodt,
LS

Laboratory Test Conducted By:

Natashua Collier, C.E.T.

4027 - 14 Streel 5.5, CALGARY, ALBERTA T2G JK6 PHONE: (403) 262-7072  FAX: (4031 266-3169
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elding Engineering

LABORATORY TEST REPORT

CUSTOMER:  GLM Tanks & Equipment Ltd. lLaboratory Test No.: E02-552.2

1508 - 8 Street Date: June 20, 2002

Nisku, AB

T9E 786
Attention: Wiiber 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

NOTCH-TOUGHNESS TEST
TYPE OF TEST: Charpy V-Notch ORIENTATION: Transverse
SPECIMEN SIZE: 10 x 5 mm

TEST TEMPERATURE: -48°C (-55°F)

Specimen Notch Impact Values Lateral Expansion
Number Location Joules (it.lbs) In,
B2.1 Woeid Metal within /16" of root 38.2 (28.2) 0.042
B2.2 Weld Metal within 1/18" of root 36.6 (27.0) 0.040
B2.3 Woeld Metal within 1/16" of root 456.1 (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 949 {70.0)

We cortify the ltest results In this report and that the specimen(s) were prepared and tested in accordance with the
requiramants of ASME Section VINl, Div. I, UG-84 - 2001. The information regarding material identification (i.e. size,

thickness, heat number, etc.) has been provided by the customer whose name appears on this raport.

/
Laboratory Test Conducted By: W (adﬂ\

Natashua Collier, C.E.T.

J027 - 14 Steeet S.E, CALGARY, ALBERTA T2G 3K6 PHONE: (403} 262.2072  FAX: (403) 266-3169
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CUSTOMER: GLM Tanks & Equipment Ltd.

1508 - 8 Strest

LABORATORY TEST REPORT

Materials and Welding Engineering

Laboratory Test No.: E02-552.2
Date: June 24, 2002

Nisku, AB
TOE 786
Attention: Wilber Davie
PQAR 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 Condlition: As Welded

HARDNESS TEST

TYPE OF TEST: Viokers LOAD:  10kg
INSTRUMENT TYPE: Leco V-100-Ct
26 mm | .1 .8 9,
28 .Em: 10 18 .
SA 518 Gr. 60/70 SA 240 Type 304L
1) 164 HV 6 197 HV 11) 206 HY 16) 179 KV
2) 186 HV  7) 186 HV 12) 223 HV  17) 184 MV
3) 198.HV 8 187 HV 13) 177 HV  18) 164 HV
4) 197 HV 8 171 HV  14) 165 HV
5) 194 HV  10) 167 HV  15) 188 HV

We certify the test results in this report and that the spscimen(s) were prepared and tested In accordance with the
requirernents of ASTM E92 - 82 {Reapproved 1997).

thickness, heat number, etc.) has been providaed by the cus

Laboratory Test Conducted By:

-

The information regarding material identification (i.e. size,
or whose nama appears on this report.

el ™"

Natashua Colller, C.E.T.

027 < 14 Strect .6, CALGARY, ALBERTA T2G JK6 PHONE: (402) 2627072 FAX: (4003) 266:3169
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F JALUDWIG & ASSOCIATES vro.
v ' Materials and Welding Engineering .

LABORATORY TEST REPORT
CUSTOMER: GLM Tanks & Equipment Ltd, Laboratory Test No.: E02-552.2
1508 - 8 Street Date: June 24, 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 304L
Thickness: 6.32 mm (0,249 in.)
Thermal Condition: As Welded
HARDNESS TEST
TYPE OF TEST: Rockweli SCALE: B
INSTRUMENT TYPE;  Wilson B
\ /
1 \\ 7
SA 240 Type 304L SA 516 Gr, 60/70
1) 81 HRB 4) 88 HRB 7) 84 HRB

2) 90 HRB 5) 84 HRB
3) 90 HRB 8) 92 HRB

We certify tha test results in this report and that the spacimen(s) were prepared and tested In accordance with the
requiroments of ASTM £18 - 98. The information ragarding material [dentftication (i.e, size, thickness, heat number,

olc.) has haen provided by the customer whose hame appears on this repon.

Pl

Laboratory Tast Conducted By: y -
Natashua Collier, C.E.T,

4027 - 14 Street S8 CALCARY, ALBERTA T2G 3K& PHONE: (403) 262-7072  FAX: (403} 266-3163
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LUDWI ASSOCIATES LTD

=

Matenals and Weldmg Engmeenng

LABORATORY TEST REPORT
CUSTOMER: GLM Tanks & Equipment Ltd. Laboratory Test No.: E02-552.2
1508 - B Streat Date: June 24, 2002
Nisku, AB
TOE 756
Attention: Wilber Davie
PQR No.: 41-1/8-163-1
Matorial: SA §16 Gr. 60/70 to SA 240 Type 304L
Thickness: 6.392 mim (0.249 in.)
Thermal Condition: As Welded
HARDNESS TEST
- TYPE OF TEST: Brinsll LOAD: 3000 kg., 10 mm ball
INSTRUMENT TYPE: King
Location Brinell Hardness (BHN)
Suriace of Weld Cap 166
Surface of Weld Cap 170
Surface of Weld Cap 159

Average Brinell Hardness 1685 BHN

We certify the test rasults in this report and that the specimen(s) were prepared and tested in accordance with the
requiremsnts of ASTM E10-00. The information ragarding matenial ldentification (l.e. size, thickness, heat number,

atc.) has bean provived by the customer whose nama appears on this repon.

fleodi

Laboratory Test Conducted By: :
Natashua Coller, C.E.T,

4027 - 14 Steeet S.E., CALGARY, ALBERTA T2G 3K6 PHONE: (403) 262-2072  FAX: (403) 266-3109
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G.L.M. INDUSTRIES L.P.

SECTION 5

WUALITY
CONTROL/INSPECTION
DATA
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Head Office &
Manufacturing

1508 - 8" Streat
Nisku AB T9E 756
P: (780) 955-2233
"F: (780) 955-2241
TF: (800) 661-9828

Calgary '
Sales

#900, 706 - 7 Avenue SW

Calgary AB T2P 0Z1

P: (403) 231-2730

F: (403) 234-8274

TF: (800) 661-9446

G.L.M.-. INDL-I‘STRIES L.P. -

Grande Prairle Facility

9101 - 150" Avenue
Grande Prairie AB T8X 0B1
P: (780) 830-1474

F: (780) 830-1478

TF: (888) 830-1474

Saskatchewan
Facility -

14" Street & 5" Avenue
PO Box 1229
Battleford SK S0M 0EQ
-P: (308) 937-7785

F: (306) 937-7788

TF: (800} 663-77856

5 O O

GLM Job#: (0-797-2-
Date Tested : M.ar 2?/ ] |

Customer :

Your Reference: | Tag#: |

 REGORD OF VAcUUM Box TEST ~

This is to certify that the above project has been combleted in combliance 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 API Standards: :

-Floor seams @ 3.0psig

Area Tested;
Soap Film Solution _ -

- ‘Testing Medium: _

Ambient Temperature: | 40 Deg: F minimun
Light Source Used.; ' Flashlight '
Approximate Light Intensity: N/A

Number of Defects Identified: 0

Retest Completed & Satisfactory: yes

mf?rjm Qr@él‘& QM\AM

*Completed by (Print & Sign):

Above document complies with BS EN 10204:1991 Section 3.1.B
: Page 1 of 1

Q-895.01



CONSUMPTION (GALLONS)
COATING NAME:

RS

GRS @ U4 N, L

L PEN 3 WL
el A L £ iy

THICKNESS: S
TEMPERATURE: L0+

SUBSTRATE TEMP: 20 gf »

RELATIVE HUMIDITY: il /; J

DEWPOINT: o £

‘ 23—

INSVULATION PRODUCT NAME: f.’t /52 S /7; 'PRICE: $

RESIN NUMBER: | £.2%7 /:3 '

COUNTER READINGS: START (_‘Q a :-'l.": " FINISH %’/’/

LOT NUMBER: 2R LY 7

ISO NUMBER: GO A "

COUNTER READINGS: START | O FINISH _*7 & “/

Lot NUMBER: ‘ 20 BYE OGN |

SEALER: é?ﬁ‘-:@m as PRICE;' s

COATING NUMBER;
LOT NUMBER: LD ASDZ - -
HIEAT TAPE LOCATION: S 4;:.
SURFACE PREP:- < 1%{3, AR Wl
A

GLM ACCEPTANCE:
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s
b SR PTHERIIERI ‘
N | - . FINAL FIT-OUT TRAVEL SHEET

DATE WRITTEN: A{)ﬁ\ Qk/ i1 T ReauReD By:
CUSTOMER: i ey A %M’.I%( 5 b
DESCRIPTION: OO TR L j
JoB NUMBER / SERIAL NUMBER: 1 - ":tCDfT{ - £
WAREHOUSE ITEMS PULLED BY: DaTE:
FIT-OUT VERIFIED ITEMS RECEIVED _
DaTE:

FROM SHIPPING/RECEIVING:

Check for latest drawing revisions
Check all internals/lengths, gaskets, bolts, studs
Check internals for Teflon/nylon washers on coated flanges
S | | Check external hardware (cages/ladders/hoops, gaskets, bolting, tape / dope & wired)
O |7 Check all openings are covered if required ﬁ s
'_L E | Check gauge system & decals E ;
i M I"Check blind flangesfinstalled/painted, and external hardware painted etc.
Visual inspection for cleanliness prior to installing manway cover
2 copies of Nameplate attached ~ forward to QC . ‘
Correct nameplalte instalied AT
FiT-OuT COMMENTS: FINAL FIT-OUT RETURNED ITEMS TO SHIP:LOOSE:”
QTy: DESCRIPTION: :
GLM Finai Fit-Out Inspect Complete: Form recejved by QC. | Nameplate photo copies received by QC
Initial: Date: iiah Dale: Initiat; : Date:
’/’Ji’*?/{ - N .._sf_d/g?d// p&hﬂi’,/?/{ Donse bl 20
[0 Released for loading, 3" party inspector% witness [0 Ship loosd items 3" par’(yf}spection required , 24 hours
joading & tie'down, 24 hours notice required notice required '
. : ' ; Initial & Date; -
[E-Released for loading, 3" party inspect after tie Form received from QC by S & R _
down, 24 hours nolice required Above items included for transport; | M-
. o bnitial:
[0 Released for loading & shipping 3" party inspection | Accessories ready for shipping:
not required Date:
TRANSPORTATION TO CONFIRM CORRECT NAMEPLATE IS iNSTALLED:
SIN: Transportation: Date:
T Transportation: Dale:
RANSPORTATION TO REVIEW PRODUCT LOAD FOR TIE-DOWN:
PiCTURE! YES

Q-856.05 Upon complelion this form is to be returned to the QC Office for filing.



G.L.M. INDUSTRIES L.P.

SECTION 6

NAMEPLATE FACSIMILE
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