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% CALHEX INDUSTRIES LIMITED Rev. No.: 2
ol s
E g 8515-45th Street SE Calgary, Alberta Cust. Ref. # 2244
74 i .
1]0 Customer: EXCELSIOR ENGINEERING Prop. No.: Q-12-2218
212 " Address: Calgary, Alberta Date: September 14, 2012
i1 Plant Location: Husky Oil Operations LTD.: Ansell Gas Plant . Ref. No.: 0-12-2218 £-1028 Caw Rt
450 Service of Unit: Inlet Gas Heat Exchanger (Case 2 Winter) ttem No.: E-1028
5| 0 JTEMA type & Size (in}: NEN 23 x §76 Connected In: 1-serie / 1-parallel
6 | 0 |Surface Area (ft*) -—> Per Unit {(eff.) / Per Shell (gross) ! Per Shell (eff.): 10570.3/4146.9 / 10570.3
7190
8 | O [Fluid Allocation SHELL SIDE TUBE SIDE
5} O |Fluid Name Discharge Gas Inlet Gas
10§ O |Fluid Quantity (Total} Ib/hr 36,880.5 35,555.6
11] 1 | Vapor {in/Out) Yol 36,880.5 36,852.9 35,555.8 35,555.6
121 1 | Liguid b/hr - 276 - -
13} 0 3 Steam tbhr - - - -
14] 0 | Water [[+%a14 - - - -
15] 0 | Nen-Condensables Ib/hr - - - -
16| 1 fTemperature (InfOut} °F 86.0 111 320 81.3
17| 1 |Bensity lhig 11154 VL - 1271 ViL 4193 ] 0.3917 VL - 0.3390 VL -
18§ 1 [Viscosity cP 0.0110 VL - 00110 WL 0306 | 30100 WL - ooz VA -
19] 0 JMolecular Weight, Vapor
20] O [Molecular Weight, Non-Condensables
211 1 |Specific Heat Btuflb-°"F 05271 ViL - 05191 VL 049 |0.4858 VL - 05001 VA -
22| 1 fThermal Conductivity Btu/hr-f-°F | 0.0191 VL - 00176 WIL 0069 | 0.0162 VA - o084 VA -
231 0 JLatent Heat Btulb
24| 1 |inlst Pressure psia 307.50 101.00
25| 1 pVelocity, Average fi/sec 9.59 46.21
26| 1 [Pressure Drop, Allow./Calc. psi 4.35 | 3.51 10.15 | 261
271 0 |Fouling Resistance {min) ft2-hr-"F/Btu 0.0010 0.0010
28] t ]Total Heat Exchanged: 862,314 Btuhr MTD (Corrected): - 6.4 °F
291 1 |Transfer Rate (Btu/ft*-hr-°F) —> Service / Clean: 12.69 / 15.12
30] - Sietch:
31f - Shell Tube
32| 1 [Design/Vac./Test Pressure psig | 400 | FV Code 400 FV Code
33| 2 |Design Temperature (Max/Min) °F 163 / -49 158 / -49 q .
34] 0 |No Passes per Shell 1 1 5 -
35| 0 [Cerrosion Allowance inches 0.0625 0.0625
3810 Connections Inlet: 300# RFWN
37rj o Nom. Size & 300# RFWN
38§ 0 Rating {Inches
391 -
40] 2 |Shell Cylinder / Head  5A-333-6 Stationary Tubesheel(s) SA-516-TON Matl,  sA-179m{5)
41] 0O |Shell Cyl. 1D/ 0D fin) 23.0000 24,0000 [Floating Tubesheet NA Tube No. 440 .
42} 0 |kettie cyl. ID/ 0D {in} wa na Baffle Material G-44W (SA-36) oD (in) 0.750
43] 0 {Shell Girth Flange(s) n/a Baffle Type / Orientation Single-Seg. / Paraliet Thickness {in) 0.083
44| 0 JAux.Shell CylfOD (in) N/A N/A Baffla No. 34 Length (ft) 48.00
45| O |Exp 1 Jt. | Mat. nia nfa Spacing (FrifG-C/Rear} (in} 22562/ 16.000/ 22.562 Pitch (in} 0.9688
46| 2 Ishell Nozz Fig. SA-350-LF2 Baffle Cut (% Dia.} 35.41% Layout Ang. 30 deg
47| 2 Longitudinal Baffle ! Seal n/a na
48] - ek
431 2 Ch. Cylinder SA-333-6 Shell Side Girth: N/A
50] 0 |[Frt.ChCylLID/OD {in)  23.0000 | 240000 |Tube Side Girth: Spiral Wnd T-304SS 'CG" Supphed
511 2 |Rear Ch. Cylinder SA-333-6 Floating head: nfa na
52 0 [Rr.Ch. Cyt. ID/ 0D {in) 23.0800 24.0000 |Shell side nozzles: Spiral Wnd T-31655 "CG" Supptied by customer
53] 2 [Front Ch. G.Fig Cvr. SA-350-LF2 |SA-350-LF2 |Tube side nozzles: Spiral Wnd T-31655 "CG* Supplied by customer
54} O |Rear Ch. G.Fig./Cvr.  NIA N/A Girth Bolting:  $SA-193-B7 i iFloating Hd. Boling: — | §
55| 2 |channel Nozz. Fig. SA-350-LF2 S5 Nozz, Bolting: SA-193-B7 2 |18 Nozz. Bolting: SA-183-B7 z
56] 2 {Channle Nozz. Neck SA-333-6 1- Bare bott and nut, 2- Painted Bolt and nut, 3- Eleciro Galvanized, 4- Hot Dipped Galvarized
57| O Pmpingemant Protection: None - Not Required Tube to Tubasheet Joint: Dbl. Ring Grooved - Rotled Expanded
58] (¢ |Est. Wgts per shell: Wet: 32,719 bs Dry: 24,709 lbs Bundle : Fixed Ibs
59| 0 |Rho-V-Sqrd {Ib/ft-sec’] : Shell InfetOutlet: 936/ B57 Tube Inlet/Cutlet: 2477 [/ 2862
60| - ASME Sec VIil, Div.1
61] 0 Remarks: Themmal Rating By Shell and Tube Software HTRI,
62] 1 1. Design includes 10.99% excess surface area.
g3af 1 2. Case 2 winter datasheet for performance above, Summaer case governs
64| O 3. Sweet service both sides
65] 0 4. Anti-vibration baffles required under shell ngzzles
66| O 5. Lo-finned tubing 15 fins per inch, 16 ga (.065thick) under the fins, 14 ga at bare ends
67} 0 6.
68f 0 7.
69| O B.
70| © 9.
0

-
]




gt

% CALHEX INDUSTRIES LIMITED Rev. No.: 2
= g 9515-48th Street SE Calgary, Alberta Cust. Ref. & 3244
s|¥ :
110 Customer: EXCELSIOR ENGINEERING Prop. No.: Q-12-2218
212 Address: Calgary, Alberta Date: September 14, 2012
31 Plant Location: Husky Oil Operations LTD.: Ansell Gas Plant Ref. No.: 0-12-2218 E-1028 C2W Rt
410 Service of Unit: {nlet Gas Heat Exchanger {Case 2 Winter) ltem No.: E-1028
51 0 |TEMA type & Size {mm): NEN 584 x 14630 Connected In: 1-serie / 1-parallgl
6f0 urface Area (m* Per Unit (eff.} / Per Shell (gross) / Per Shell {eff.): 982/ 385.2 / 982
7|0k
8 | 0 [Fluid Allocation SHELL SIDE TUBE SIDE
9 | 0 |Fluid Name Discharge Gas Inlet Gas
10| 0 |Fluid Quantity (Total) kg/hr 16,729.0 16,128.0
111 1 | Vaper (In/Out) kg/hr 16,729.0 16,7165 16,128.0 16,128.0
121 1 | Liguid kg/hr - 125 - -
13} O | Steam kg/hr - - - -
141 ¢ | Water kg/hr - - - -
15] 0 | _MNen-Condensables kg/hr - - - -
16} 1 |Temperature (In/Out} °C 30.0 50 0.0 27.4
17 1 1Density Kg/m? 17.87 wr - 1950 wva 6716 627 wi - 543 wva -
181 1 jviscosity cP 0.0110  wva - |0.0110 wa 0.306 [0.0100 wvo - [0.0201 v -
19] 0 [Molecular Weight, Vapor - - - ' -
20| O IMolecular Weight, Non-Condensables - - - -
21] 1 |Specific Heat ktfkg-"C 2207 wva - 21473 vn 2.066 ] 2034 wvA - 2094 wvi -
221 1 |Thermal Conductivity Wim-*C 0033 wva - 0030 wva 0.120)0.028 wva - | 0032 wvi --
23} 0 JLatent Heat kJ/kg
24| 1 [inlet Pressure kPa (abs) 21201 696.4
25] 1 |Velocity, Average m/sec 292 14.08
261 1 {Pressure Drop, Aflow./Calc. kPa 30.0 | 242 70.0 [ 18.0
27| 0 [Fouling Resistance (min) m2-"C/wW 0.000176 0.000176
28} 1 |Totzl Heat Exchanged: 252.5 kW MTD (Corrected): 3.6 °C
291 1 2.0 ! Clean: 05
3o0] -
3 -
32| 1 |DesignVac./Test Pressure kPal 2,758 FV Code 27581 Fv |  Code
33] 2 ]Design Temperature (Max/Min) °C 73 ! -45 70 ! -45 i1,
34| 0 [No Passes per Shelt 1 1 '#U-UJJ-UJJ-LUJ-LLLH-LL“MJ-LLUJJ—U*
35] 0 |Corrosien Allowance mm 1.6 1.6 :
36l o Connections 300# RFWN
ajo Nominal Size &
Bl o
a9y -
40] 2 §Shell Cylinder / Head Stationary Tubesheet(s) SA-516-T0N Matl. SA-179 m{5}
41] 0 [Shell Cyl. 1D/ OD {mm) 584.2 609.6  |Floating Tubesheet NA Tube No. 440
42| 0 |Kettle Cyt. 1D/ QD (mm} nfa n/a Baffle Matertal G-44W (SA-36) 0D (mm) 10.05
43 O [shell Girth Flange(s) n/a Baffle Type ! Orientation Single-Seg. / Parallel Thickness (mm}  2.1082
44| 0 |aux.Shell Cyi./OD (mm) wa nfa Baffle No. 34 Length (mm} 14,630
45| 0 JExpansion Jt. / Mat. na Spacing (Fr/C-C/Rear) {(mm) 573 /406 /573 Pitch {mm) 24.61
48| 2 [Shell Nozz. Fig. SA-350-LF2 Baffle Cut (% Dia.) 35.41% Layout Ang. 30 deg
47| 2 SA-333-6 Longitudinal Baffie / Seal n/a n/a
48 -
49| 2 |Front Ch. Cylinder SA-333-6 Shell Side Girth: n'a NIA
50| o [FreCh.Cyl. 1D/OD{mm) 5842 | 609.6 |Tube Side Girth: Spiral Wnd T-3045S "CG" Suppked
51] 2 ]Rear Ch. Cylinder 5A-333-6 Floating head: na n/a
521 0 Rr. Ch. Cyl. 1D/ OD (mm'’ 584.2 609.6 Shell side nozzles: Spiral Wnd T-3168S "CG" Supplied by customer
53| 2 |Front Ch. G.Fig/ Cvr. SA-350-LF2 |SA-350-LF2 |Tube side nozzies: Spiral Wnd T-31655 "CG" Supplied by customer
54} 0 |Rearch. G.FIg/Cvr.  NA M/A Girth Bolting:  SA-193-B7 | % |Floating Hd. Bolting: — 2
551 2 |Channel Nozz. Flg. SA-350-LF2 S5 Nozz. Bolting: SA-193-B7 2 ITS Nozz. Bolting: SA-193-87 2
56| 2 |Channie Nozz. Neck SA-3336 1- Bare bolt and nut, 2- Painted Balt and nut, 3- Elecira Galvanized, 4- Hot Dipped Galvanized
57| 0 [implngement Protection: Nona - Not Required Tube to Tubesheet Joint: Dbl Ring Grooved - Rotled Expanded
58] ¢ [Est. Wgts per ghall: Wet: 14,841 Kg Dry: 11,208 Kg Bundle : Fixed Kg
59| 0 §Rho-V-Sqrd {kg/ M Shell inlet’/Qutlet: 1383 { 1275 Tube Inlet/Cutlet: 3686 /| 42569
60} - ASME Sec Vi, Div.1 : 'R'
611 0 Remarks: Thermal Rating By Shell and Tube Software HTRI.
62| 1 1. Design includes 10.99% excess surface arsa.
63| 1 2. Case 2 winter datasheet for performance abave, Summer case governs
641 0 3. Sweet service both sides
651 0 4. Anti-vibration baffles required under shell nozzles
66] 0 5. Lo-finned tubing 19 fing per inch, 16 ga (.065"thick) under the fins, 14 ga al bare ends
671 0 5.
68| 0 7.
69§ 0O a.
70 0 4.
0 0.

-




CALHEX INDUSTRIES LTD. Bus: (403) 225 . 4395 (CALHEXS)
Fax: (403) 251 - 2761
9515 - 48TH. STREET S.E., CALGARY, ALBERTA, TIC2R1

NEN CALCULATION VERSION 2.0, JAN. 28, 2011 (NOV. 26, 2001)

CALCULATION COVER SHEET
Page number: 1 of VAN
DESIGN CALCULATIONS INDEX
Calculation Description Applicable Pages Rev.
Yes No Level
Primary Membrane Stress Calcs. (Spread sheet pgm.) v 2-14 0]
Lifting Lug Calculations v 15 0
Horizontal Vessel Saddie Calculations v 16 0
Vertical Vessel skirt Calculations v 0
Other UG-22 Specified Loadings v 0
Vessel Impact Testing Exemption Summary v 1 0

_REVISION LOG

REV.#: 0 Initial issue
1 Radicgraphy

JOB INFORMATION

Job #: 12-0779 Type: NEN 23x576 Size: 10570.3 FT2
Customer: EXCELSIOR ENGINEERING Owner. HUSKY OIL. OPERATIONS
Date: December 13, 2012 By: Jim Gregory

Checked: rtin Sojka

Approved: {7‘% A /Z’ 2

SHELL & TUBE EXCHANGER DESIGN-CONDITIONS

Shell side Tube side
Design Pressure: 400 psi -~ 2758 Kpa 400 psi -~ 2758 Kpa
Vacuum Pressure: 15 psi -~ 103 Kpa 16 psi ~ 103 Kpa
Design Temperature: 163 °F ~ 72.8 °’C 158 °F ~ 70.0 °C
Corrosion Allowance: 0.0625 in ~ - 1.8 mm | 0.0625 in ~ 1.8 mm
Radiography. sopt per UW-11(a)5(b) sopt per UW-11(a)5(b)
Efficiency- LS / CS: 0.85 ! 1.00 N/R S 1.00
Minimum Design Temp.. -49 -49
Post Weld Heat Treat: NO NO

*ALL MATERIAL STRESSES VALUES PER ASME SEC. Il, PART D, 2010 EDITION 2011ADD.*

VESSEL C.LT. NOTES
1)  Vessel C.LT. exemption per UCS-66(a)(c)d)(g), FIG UCS-66 NOTE(e ), UCS-67(a)2

NOTES
1) NOZZLES 2" & UNDER EXEMPT PER UG-36-(c )3(a)
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CALHEX INDUSTRIES LTD.
9575 - 40TH. STREET S8, CALGARY, ALBERTA, T2C 2R1

Bus: (403) 225 - 4385 (CALHEXS}
Fax: (403) 261 - 2761

CYLINDER THICKNESSES

Job number: 12-0779
0 ] Page number: 2

Ravison number:
CODES:
ASME SEC. VIil, DIV. 1 2010ED. 2011ADD. UG-27

Thickness of shell under intemal pressure per .
ASME SEC. VIII, DIV. 1 2010ED. 2011ADD. UG-28

Thickness of shell under external pressure per :
Shell side:

Material : SA-333-6 SorW: S Allow. Amb. Stress: 17100 psi

Pipe~ 1/ Plate~2: - 1 Allow. Design Stress: 17100 psi

Pipe OD: 24 in Is Corrosion Afiowance applicable to material: Y

163 °F | Corrosion Allowance:  0.0625 in

Design Pressure: 400 psi | Design Temp.:
1.00 Thickness Calculation includes 12.5% pipe tolerance
Actual Thickness

Efficiency:
Minimum Thickness (including CA) :
0.3893 IN 0.5000 IN

t = DP * OD/2 +CA=
SE+(DP*0.4)

of 4

MAWP ambient and uncomroded = 632.7 psi
MAWP hot and corroded = 541.1 psi
Tube side:
Material : SA-333-8 S orWw: L3 Allow. Amb. Stress:
Pipe~ 1/ Plate~ 2 : 1 Allow. Design Stress:
Pipe OD: 24 in Is Corrosion Allowance applicable to material:
158 °F Corrosion Allowance: 0.0625

Design Pressure: 400 psi | Design Temp.:
1.00 Thickness Calculation includes 12.5% pipe tolerance
Actual Thickness

Efficiency:
Minimum Thickness {including CA}
0.3893 IN 0.5000 IN

t= DP*OD/2  +CA=
SE~+(DP*04)

17100 psi

17100 psi
Y

in

MAWP ambient and uncomroded = 632.7 psi
MAWP hot and corroded = 541.1 psi

' TJubing:
S Allow. Amb, Stress: 13400 psi
Tube OD: Allow. Design Stress: 13400 psi
Tube Length: 576 in Is Corrosion Allowance appiicable to material: N
Design Temp.: 163 °F ] Corrosion Allowance: 0 in

Design Pressure: 400 psi
Efficiency: 1.00
Minimum Thickness internal Pressure Actual Min. Thickness
IN 0.0830 IN

t = DP * OD/2 +CA=  0.0111
SE +(DP *0.4)

SA-17¢ S orW:

Material :
0.750 - in

Maximum External Pressure for Tube thickness
9.0361 EXTERNAL PRESSURE CHART #: Cs-1
A= 0.01414 Ext.Yield Stress: 27600

50.000
B= 13800 S: 24840

Do/t=
L/Do=

Pat = 21599

Pa=
Pa2 = 4889.5
415.0

2159.9 Existing external Pressure

Maximum Allowable external Pressure :
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CALHEX INDUSTRIES LTD. Bus: (403) 226 - 4395 {CALHEXS)

Faox: (403) 261 - 2781
0515 - 4BTH. STREET S.E, CALGARY, ALBERTA, TIC2RT

TUBESHEET THICKNESS CALCULATION

Job number: 12-0779
Revison number: 0 | Page number: 3 of 2/
CODES:
ASME SEC VIIi, DIV. 1 2010 ED,2011ADD. UHX-13, & FIG UHX-13.1 (a)
DIMENSIONS & PROPERTIES
Tubes Channel Shell Tubesheet
Material : SA-179 SA-333-6 SA-333-8 SA-516-70N
Design Pressure, Py, Ps ! 415 415 see EFF. DP.
Design Temperature T, T, T, T : 163 158 163 83
Mean Oper. Temp.'s, Ty, Tem, Tr: 65.24 - 66.36 83.7
Inlet / Outlet temp. at hotend, T';, T's : - - 813 86 -
Ambient Allowable Stress : 13400 * 17100 17100 20000
Design temp Allowable Stress : 13400 * 17100 17100 20000
Operating temp Allowable stress : 13400 * 17100 20000
Diameters, d,, D, D, . 0.75 23 23 -
Thicknesses , t, §; h: 0.0830 0.5000 0.5000 1.5625
Corrosion Allow., Gy, G5 Cis : - 0.0625 0.0625 0.1250
PoISSON'S ratio vy, v, Vg, V& 0.28 03 0.3 0.3
Elas. Mod @ ds. Temp., E, E., Eg, E: 2.779E+07 2.879E+07 2.879E+07 2 879E+07
Elas. Mod @ op. Temp., E,, Es, E : 2.833E+07 2.930E+07 2.930E+07 2.920E+07
Coett. of Thermal Exp. at op. temp, oy m, Gem &’ : 6.306E-06 6.399E-06 6.451E-06
Coeft. ot Thermal Exp. at Infout. temp, o, o' : 6.444E-06 6.458E-06 -

NOTET PU & Ps are adjusted for vacuum pressure on opposite side when noted on pg 1. if both sides have vacuurn both Ps & Pt
are adjusted at the same lime for a single conservative calculation, rather than running 2 calcs adjusting Ps and Pt individulally.
* Tube stresses are for seamiess tublng per note UHX-11.3 and UHX-13.3

Yube characieristics: N&. oF Tabes, N~ 437 Tub&Cengtn, L, 576
Tube joint Expanded (Y/N): y No. Of Grooves(2/1/0): 2 Expansion length, |, : 1.5625
Tube joint Welded (Y/N): n Weld throat length, a : 1] Tube testing (Y/N): N
Tube Pitch, p : 0.96875 Pattern : 30 Tube Projection” 0.125
Outer tube limit, Do:  22.3902 Tube Jt., Lmax: 1631.39 Pass plate (Y or N): N
Total Area of untubed lanes , A; =Z(Uy"Ly): 0
Unsupported span TS to Baffle: 38.5625 Unsupported span Baff to Baff: 32.000
Tube layout perimeter if required, Cp: - Area enclosed by Cp, if required, Ap: -
Errors: )
EXPANSION JOINT DIMENSIONS AND PROPERTIES
Is an Expansion Joint required ? (¥ or N): N Joint Material :
Axial Rigidity, K; = 0 Joint Inside Diameter, D = 0
_____Is Corrosion applicable to joint Material ? (Y or N): N ) |
IS THE UNIT TO EXPERIENCE CYCLICAL SERVICE OR DYNAMIC LOADING (Y or N) : N
CALCULATIONS
GEOMETRY VALUES
p o= 0.225806452 d” (Load cases 110 3) yew = 0.6426
p New= 1.0000 d (Loadcases 407} yew = 0.6421
p COIT = 1.0000 d™ (Load cases 110 3) corr = 0.6426
p* = 0.9688 d- (Load cases4to7) CORR — 0.6421
hy = 0.0000 p* (Load cases 110 3) yew = 0.3366
a, = 11.1951 p* (Load cases 410 7) yew = 0.3372
hy' (1to 3)new = 0.0000 u* {Load cases 110 3) qorr = 0.3366
hg' {1to 3)comr = 0.0000 p* (Load cases 416 7) qopr = 0.3372

hg' (4 to 7) both

0.0000
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CALHEX INDUSTRIES LTD. Bus: (403) 225 - 4305 ({CALHEXS}

Fax: (403} Z¢1 - 2781
9570 - 49TH. ATREET 5.E, GALGARY, ALBERTA, TIC IR1

TUBE-SHEET THICKNESS CALCULATION cont.'d

Job number: 12-0779
Revison number: 0 | Page number: 4 of 2/
PS nEw = 1.0272 PS CorRR © 1.0328 PC NEw = 1.0272 PC corr = 1.0328
L new = 572.6250 L corr = 572.7500
Xs = 0.5063 Xt = 0.7007
STIFFNESS FACTORS
K new (Case 110 3) = 1855597.0 K, new (Case 110 3) = 8439.1
Ks new (Case 4to 7) = 1888914.6 K new (Case 4to 7) = 8604.4
K; corr (Case 110 3) = 1627610.3 K, corr (Case 1t0 3) = 8437.2
K corg (Case 4to 7) = 1656834 .4 Ki corr (Case 410 7) = 8602.5
Ks i new (Case 110 3) = 0.4997 Ksinew (Case 4to 7) = 0.4989
Kst corr (Case 1t0 3) = 0.4384 K,icorr (Case 4to 7) = 0.4377
J new (Case 110 3) = 1.0000 Juow (Casedto7)= 1.0000
J corr (Case 110 3) = 1.0000 J corr (Case4107) = 1.0000
SHELL COEFFICIENTS
Bsnew = 0.5303 B; corr = 0.5662
k. new (Case 1103) = 340478.4 ks corr (Case 1to3) = 249956.1
konew (Casedto7) = 355753.3 ks comr (Case4to7) = 254444 .1
Asnew (Case 1to 3} = 27459031.1 Ascorn (Case 1t03) = 25044886.0
Asnew (Case4to7) = 27952063.1 Ascorr (Casedto7) = 254945715
8snew (Case 110 3) = 0.00000781 8.corr{Case 1t0 3) = 0.00000902
8snew (Case 4to 7) = 0.00000767 8, corr(Case 410 7) = 0.00000886
CHANNEL COEFFICIENTS
Bonew = 0.5303 B. corr = 0.5662
konew (Case 110 3) = 349478.4 K:corp (Case tto 3} = 249956.1
konew (Casedto7) = 355753.3 kecorr (Case4to7) = 254444.1
Aenew (Case 110 3) = 274590311 Accorr (Case1t03) = 25044886.0
Acnew (Case dto7) = 27952063.1 A;corr (Casedto7) = 25404571.5
5. new (Case 110 3) = 0.00000781 3;corr (Case 110 3) = 0.00000902
S.new (Case 4to 7) = 0.00000767 8.corr (Case dto 7) = 0.00000886
TUBELAYOUT GEOMETRY COEFFICIENTS
hfp NEW = 1613 £YE NEW (Case 1to 3)= 0.3442 E*E CORR (Case 1to 3)= 0.3492
h/p corr = 1.484  EYE pew (Casedto7)= 0.3450 E*E corr (Case 410 7)= 0.3499
v* new (Case 110 3)= 0.3207 v* conr (Case 1to 3)= 0.3167
v new (Case4to7)= 0.3204 V' sorr (Casedto 7)= 0.3165
X, new (Case 110 3= 3.0309 Xa cori (Case 1to3)= 3217
X, new (Cased4to7)= 3.0332 X.corr (Case dto7)= 3.2196
Zynew (1-3)= 0.0538 Zonew (1-3) = 0.1063 Zonew (1-3) = 0.5058
Zd NEW (4 '7) = 0.0537 Zv NEW (4 '7) = 0.1062 Zm NEW (4 '?} = 0.5055
Zicorr (1-3)= 0.0456 Z,corr (1-3)= 0.0966 Zncorm (1-3}= 0.4765
Zicomr (4-7) = 0.0455 Z,corr (4-7)= 0.0965 Zmcorr (4 -7) = 0.4762
Zynew (1-3) = 0.1063 Zycorr {1-3)= 0.0966
Zwnew (4-7) = 0.1062 Zycorr (4-7) = 0.0965
TUBESHEET GEOMETRY COEFFICIENTS
K= 1.0719 F NEW (Case 1to 3) = 3.9023
F NEW (Case 4to 7) = 3.9084
D yew (Case 110 3) = 5.1536 F corr (Case 1to 3} = 3.5414
O ew (Case 4to7) = 5.1606 Feorr (Case 4107} = 3.5469
D corr (Case1t03) = 4.6630

D ~orRR (Case 4 to 7= 4.6694
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Bus: (403) 225 - 4395 {CALHEXS}

CALHEX INDUSTRIES LTD.
Fax: (403) 281 - 2761

85185 - 4BTH. STREET S.E, CALGARY, ALBERTA, T2CIRf

TUBE-SHEET THICKNESS CALCULATION cont.'d

Job number: 12-0779
Revison number: 0 | Page number: 5 2!
TUBESHEET LOADING FACTORS

Qynew (Case 1103} = -0.1443 Qzinew (Case 1to3) = 1.6232
01 NEW (Case 4to 7) = -0.1443 021 NEW (Case 4 ta 7) = 1.6243
Q; corr (Case 1o 3) = -0.1297 Qg1 corr (Case 1to3) = 1.7695
Qi corg (Case dto7) = -0.1296 Qz corr (Case 4to7) = 1.7708
Q 72 NEW (CESE 1to 3) = 1.40446 u NEW (CaSﬂ 1to 3) = 2.80892
sz NEW (Case 4 to 7) = 1.40664 U NEW (Case 4to 7) = 2.81328
Qzscorp (Case 110 3) = 1.86646 Ucorn (Case1t03) = 3.73202
Qzz2corr (Case 4to7) = 1.86930 Ucorr (Casedto?) = 3.73860

THERMAL EXPANSION LOADING FACTORS

vnew (Case 110 3) = 0

Ynew (Casedto7) = -0.004095 Yo = 0
Ycorr (Case1t03) = 0

Yeorr (Casedto7) = . -0.004096

o;new (Case 1to = 2.71913 O NEW (Case 1t03) = 2.711913
o new (Casedto7)= 2.71913 @enew (Case d4to7)= 271913
@ corp (Case 110 3) = 2.39239 @, corp (Case 110 3) = 2.39239
®s CORR (Case 410 7) = 2.39239 s CORR (Case 410 7) = 2.39239
w*, npw (Case 1to 3)= -2.67201 @, new (Case 110 3)= -2.67201
w* new (Casedto7)= -2.67201 wr. ey (Case4to7)= -2.67201
@*5 copr (Case 110 3) = -2.32379 % conp (Case 110 3) = -2.32379
w*; copr (Case 410 7) = -2.32379 w*.corr (Case 410 7) = -2.32379

PRESSURE LOADING DUE TO THERMAL EXPANSION UHX-13.8 {for cyclical

e service onl

Ps* new & corr (Case 110 3) = 0 P.* nuew a corr {Case 110 3) = 0
P.* new (Case 410 7) = 0.0 P.* new (Case 410 7) = 0.0
P.* corr (Case 410 7) = 0.0 P.* corr (Case 4to 7) = 0.0
T = 84.825 T = 82.475
PRESSURE LOADING ON TUBESHEET
P'.uew (Case 1to3) = 804.8 Pcorr (Case 1t03) = 867.5
P new (Casedto7) = 805.6 Pscorr {Case 4to 7} = 868.4
Plt NEW (Case 1to 3) = 1180.8 P‘tOORR (Case 1to 3) = 1306.9
Pincw (Casedto7) = 1192.1 P'corr (Case4to7) = 1308.4
P, new {Case 110 3) = 0.0 P, corr (Case 110 3) = 0.0
P, new (Case 4to 7) = -394 P, corr (Casedto 1) = -39.4
P.new (Case1to3) = 0 Pucorg (Case 110 3) = 0
P,new (Casedto7) = 0 Puwcorr (Case 4to7) = 0
TUBE BUCKLING FACTORS
Tubesheet to Baffle span, |, : 30.85 NEW CORR
Tubesheet to Baffle span, |; : 309 Fy = 129.8188 130.0292
Baffle to Baffle span, |;: 32 Fo = 134.6581 134.6581
n = 0.2376 F (max) = 134.6581 134.6581
Tube Yield stress , Sy,t = 26000 C = 146.7 146.7
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CALHEX INDUSTRIES LTD. Bus: (403} 225 - 4395 (CALHEXS}

0515 - #8TH. STREET S.E, GALGARY, ALBERTA, TIC IR{

Fax: (403) 261 - 2781

Job number:
Revison number:

TUBE-SHEET THICKNESS CALCULATION cont.'d
12-0779
0 | Page number: 6 of 2/

SUMMARY OF LOADS, CO-EFFICIENTS, & STRESSES FOR NEW TUBESHEET

A N N Al e e e e e e e T e e e e e et

Case P Py Y- Ps. Pc. P',
1 4] 415.0 0 0.0 0.0 0
2 415.0 0.00 0 0.0 0.0 804.8
3 415.0 415.0 0 0.0 0.0 804.8
4 ¢] 0 -0.0041 0.0 0.0 0.0
5 ) 415.0 -0.0041 0.0 0.0 0.0
6 415.0 0 -0.0041 0.0 0.0 805.6
7 415.0 415.0 -0.0041 0.0 - 0.0 805.6
Case P P, P, P, Prim P,
1 1190.8 0 0.0 0.0 -24.9 -331.9
2 0.0 0 0.0 0.0 24.9 226.5
3 1190.8 b} 0.0 0.0 0.0 -105.4
4 0 -39.4 0.0 0.0 0.0 -10.7
5 1192.1 -39.4 0.0 0.0 -24.9 -342.6
6 0.0 -394 0.0 0.0 249 2157
7 1192.1 -39.4 0.0 0.0 0.0 -416.2
Case Q, Q, Fn lol Caallowable
1 307.4 -0.1591 0.0795 24157.5 30000
2 -307.4 -0.1660 0.0830 17199.4 30000
3 0.0 -0.1443 0.0722 6958.2 30000
4 0.0 -0.1443 0.0721 707.5 70932
5 307.3 -0.1586 0.0793 24816.7 70832
6 -307.3 -0.1670 0.0835 16455.0 70932
7 0.0 -0.1443 0.0724 7654.2 70932
Case [] Tsallowable F min Fimax
1 5265.8 16000 0.2224 1.5569
2 3593.7 16000 0.2457 1.5261
3 1672.1 16000 01724 1.6232
4 170.4 16000 01711 1.6243
5 5435.8 16000 0.2195 1.5600
6 34226 16000 0.2480 1.6222
7 1842.9 16000 0.4711 1.6243
Case O Ot,2 04, aitowable “ Fs Sy,
1 -1116.2567 1162.7608 13400 2.00
2 794.7648 -697.5403 13400 1.25 11250.8
3 -321.4919 465.2205 13400 2.00
4 9.4520 89.7375 26800 1.25
5 -1109.0706 1254.0275 26800 2.00 '
53 805.7756 -608.5018 26800 1.25 11250.8
7 -312.7471 555.7882 26800 2.00
Wi= 218.1
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CALHEX INDUSTRIES LTD. Bus: (403} 225 - 4395 (CALHEXT)

Fax: (403) 281 - 2761
SE818 - 4ATH. STREET 8.E., CALGARY, ALBERTA, T2C2R7

TUBE-SHEET THICKNESS CALCULATION cont.'d

Job number: 12-0779
Revison number: 0 | Page number: 7 of 2/
Case Osm Osb Os Cem Seb O
1 867.8 -20768.5 21636.3 4573.6 34723.5 392971
2 260561 25019.0 27624.0 0.0 -11990.1 11980.1
3 34729 4250.5 7723.4 4573.6 227334 27307.0
4 -112.1 -787.4 899.5 0.0 847.2 847.2
5 765.9 -21550.8 22306.7 4573.6 35565.5 401392
6 2492.4 24225.0 26717.5 0.0 -11136.1 11136.1
7 3360.5 34616 6822.0 4573.6 23582.3 281559
Case T, Allowable O, Allowable |
1 25650.0 25650.0 *
2 25650.0 * 25650.0
3 25650.0 25650.0 *
4 65384.0 65544.0
5 65384.0 65544.0
6 65384.0 65544.0
7 65384.0 65544.0

Elastic-Plastic calculation at shell to tubesheet junction requires check

Elastic-Plastic calculation at channel to tubesheet junction requires check

ELASTIC - PLASTIC CALCULATION FOR TUBESHEET TO SHELL & / OR CHANNEL (UHX-13.7 if required)

Shell to Tubesheet Channel o Tubesheet
Case: 1 2 3 1 2 3
S5k - 25650.0 - 26650.0 - 25650.0
Fact,, - 1.0000 - 0.858503235 - 1
Ke.c - - - 300028.3 - -
Aec - - - 23573667.0 - -
F - - - 3.6359 - -
@ - - - 48018 - .
Q - - - -0.1409 - -
Q. - - - 1.6385 - -
Q. - - - 1.47735 - -
u - - - 2.95470 - -
P, - - - 0 - -
Pw - - - 0 - -
Frim - - - -26.1 - -
Pe - - - -330.7 - .
Q, - - - 323.4 - -
Q, - - - -0.1565 - -
Frn - - - 0.078249238 - -
|l - - - 23677.4 - -
{ol all . - - 30000 - -

Channel to Tubesheet stress is Okay
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CALHEX INDUSTRIES LTD.

$518 - 49TH. STREET 3.E, CALGARY. ALBERTA, T2C 11

Bus: (403) 225 - 4305 (CALHEXS}
Fax: (403) 261 - 2781

Job number:

Revison number:

12-0779
0

| Page number:

TUBE-SHEET THICKNESS CALCULATION cont.'d

8

of 4

'

SUMMARY OF LOADS, CO-EFFICIENTS, & STRESSES FOR CORRODED TUBESHEET

Case Ps Pl Y Ps, Pc. P‘s
1 0 415.0 0 0.0 0.0 0
2 415.0 0 0 0.0 0.0 867.5
3 415.0 415.0 0 0.0 00 867.5
4 0 0 -0.0041 0.0 0.0 0.0
5 0 415.0 -0.0041 0.0 0.0 0.0
6 4150 0 -0.0041 0.0 0.0 868.4
7 415.0 415.0 -0.0041 0.0 0.0 868.4
Case P P, P, P. Pin P,
1 1306.9 0 0.0 0.0 -28.7 -324.8
2 0 0 0.0 0.0 28.7 218.0
3 1306.9 0 0.0 0.0 0.0 -106.9
4 0 -39.4 0.0 0.0 0.0 " -96
5 1308.4 -394 0.0 0.0 -28.8 -3344
B 0 -39.4 0.0 0.0 28.8 208.4
7 1308.4 -394 0.0 00 0.0 1165
Case Q; Q, Fm loi Gsaliawable
1 299.3 -0.1444 0.0722 25351.2 30000
2 -299.3 -0.1516 0.0758 17860.9 30000
3 0.0 -0.1297 0.0648 7490.3 30000
4 0.0 -0.1296 0.0648 669.1 70932
5 299.2 -0.1439 0.0720 25968.7 70932
6 -299.2 -0.1526 0.0763 17153.0 70932
7 0.0 -0.1296 0.0648 8146.6 70032
Case |T | Trallowable Ft min Fy max
1 5601.8 16000 0.2813 1.4072
2 3759.0 16000 0.3175 1.3556
3 1842.8 16000 0.2073 1.5124
4 164.9 16000 0.0254 1.7708
5 5766.4 16000 0.0773 1.6967
6 3593.3 16000 0.1088 1.6519
7 2008.2 16000 0.0254 1.7708
Case St 1 o2 O1,0 allowable Fs S
1 -1025.9799 855.8073 13400 2.00 e
2 724.9756 -439.2467 13400 1.25 11250.8
3 -301.0043 416.5606 13400 2.00
4 1.2489 87.1401 26800 2.00
5 -1363.0283 1423.1054 26800 2.00 ...
6 964.4835 -689.9777 26800 1.25 11250.8
7 -399.7937 645.9876 26800 i 2.00
Wt= 247.5
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CALHEX INDUSTRIES LTD.

D815 - 48TH. STREET S.E, GALGARY. ALBERTA, TIC 2R

Bus; (403) 225 » 4395 {CALHEXS}
Fax: (403) 261 - 2761

TUBE-SHEET THICKNESS CALCULATION cont.'d

Job number: 12-0779
Revison number: 0 | Page number. g of 2/
Case Osm Gsb Tg Gem Oc,b T
1 1076.2 -25870.4 26946.6 5284.0 41907.9 47191.9
2 2932.3 29925.0 32857.3 0.0 -14879.9 14879.8
3 4008.5 4054.6 8063.0 5284.0 27028.0 32312.0
4 -114.2 -871.1 985.3 0.0 9321 9321
5 962.2 -26735.2 27697 4 5284.0 428336 4B117.6
6 2817.6 28046.0 31863.7 0.0 -13930.6 13939.8
7 3894.0 3181.9 70759 5284.0 27961.9 332459
Case T, Allowable O, Allowable
1 25650.0 * 25650.0 * 0
2 25650.0 * 25650.0 0
3 25650.0 25650.0 * 0
4 65384.0 65544.0 0
5 65384.0 65544.0 0
6 65384.0 65544.0 0
7 65384.0 65544.0 0
0

Elastic-Plastic calculation at shell to tubesheet junction requires check

Elastic-Plastic calculation at channel to tubesheet junction requires check

ELASTIC - PLASTIC CALCULATION FOR TUBESHEET TO SHELL & / OR CHANNEL (UHX-13.7 if required)

Channel to Tubesheet

Shell to Tubesheet

Case: 1 2 3 1 2 3
S 25650.0 25650.0 - 25650.0 - 25650.0
Facty, 0.996562304 0.9333 - 0.746465934 - 0.978510805
ks c 249096.8 233292.3 - 186583.7 . 244584.7
Asc 24958789.3 23375221.2 - 18695164.2 - 24506691.5
F 3.5356 3.4279 - 3.1097 - 3.5049
¢ 4.6553 4.5135 - 4.0945 - 4.6278
Q -0.1296 -0.1280 - -0.1230 - -0.1293
Qzn 1.7699 1.7781 - 1.8042 - 1.7715
Qz; 1.86859 1.90865 - 2.03777 - 1.87621
U 3.73718 3.81730 - 4.07554 - 3.75242
Py 0 0 - 0 - 0
Pw 0 0 - 0 - 0
Piim -28.8 29.4 - -31.4 - 0.0
P, -324.8 217.6 - . -3223 - -106.8
Q, 299.7 -306.1 - 326.8 - 0.0
Q; -0.1443 -0.1505 - -0.1391 - -0.1293
Fin 0.072158408 0.075235219 - 0.06957245 - 0.064648099
| o] 25337.3 17699.0 - 24241.9 - 7464.1
|| all 30000 30000 - 30000 - 30000
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CALHEX INDUSTRIES LTD.

9815 - 48TH. STREET S.E, CALGARY, ALBERTA, T2C IR1

Bus: (403) 225 - 4395 {CALHEX?)
Fax: (403} 261 - 2781

TUBESHEET WELD SIZING

Job number: 12-0779
Revison number: 0 | Page number: 10 of 2/
CODES:
ASME SEC. VIII, DIV, 1 2010 ED. 2011ADD.. FIG. UW-13.2 (d)
Tube Side Shell Side
Channel and Shell Outside Diameters: 24 24
Channel and Shell Thicknesses: 0.5 0.5
Tube Sheet Facing Thickness: 0.1875 0.1875
Facing Outside Diameters: 22.9375 22.9375
Channel & Shell ID's - Facing OD's: 0.0625 0.0625
Corrosion Allowances: 0.0625 0.0625
Is the tubesheet Supported or Unsupported :
Tube Sheet weld groove angle (°) : 30 | 30
CALCULATIONS
Tube Side Shell Side
Actual corroded thicknesses, t, : 0.4375 0.4375
Facing Edge to Channel & Shell OD, a: 0.53125 0.53125
Minimum dimension b for supported Tubesheet [2t.-a]: 0.34375 0.34375
Minimum dimension b for unsupported Tubesheet [3t;-a): 0.78125 0.78125
Flat Land dimension of groove weld (1/16" of RF in Shell): 0.1250 0.1250
Minimum TS Groove angle, supported Tubesheet (°). 22.4 224
Minimum TS Groove angle, unsupported Tubesheet (°) 51.002 51.00901
Actual b dimension : 0.4317 0.4317
Minimum T, dimension : 0.25 0.25
ACTUAL MINIMUM TUBESHEET THICKNESS
0.4317 + 0.25 = 1.1134

T= 0.4317 +

ACTUAL MINIMUM TUBESHEET THICKNESS INCLUDING CORROSION ALLOWANCE

T.= 1.1134 + 0.125 =
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CALHEX INDUSTRIES LTD.

$515 - 48TH. STREET S.E., CALGARY. ALBERTA, TIC 21

Bltes: (403) 225 - 4395 {CALHEXS)
Fax: (403) 261 - 2701

SHELL ALLOWABLE COMPRESSIVE STRESS

Job number: 12-0779
Revison number: 0 | Page number: 11 of 2/
CODES:
ASME SEC. VilL, DIV. 1 2010 ED., per UG-23 (b)
Shell
Material : SA-333-6 S orWw: S Allow. Amb. Stress: 17100 psi
Pipe~ 1/ Plate~ 2 : 1 Allow. Design Stress: 17100 psi
Shell OD : 24 in Corrosion Allowance : 0.0625 in
Design Pressure : 400 psi Design Temperature : 163 °F
CALCULATIONS
New uncorroded thickness : 0.5 in
Thicknass reduced for pipe tolerance of 12.5% EXTERNAL PRESSURE CHART #: Cs-2
Minimum thickness, t : 0.3750 in
Ouiside radius, Ro : 12 in
Factor A = 0.125 = 0.0039063
(Ro/t)
Maximum Shell Compressive Stress, B (Sgg) = 16744 psi
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2518 - 48TH. STREET S B, CALGARY, ALBERTA, TC IRT

CALHEX INDUSTRIES LTD.

Bus: (40) 225 - 4388 [CALHEXS}
Fax: (403) 261 - 2781

Job number: 12-0779
Revison number: 0

| Page number:

NOZZLE REINFORCEMENT IN SHELL CALG. VERSION 3.0, JAN 08, 2007, (Dec. 21, 2002)

NOZZLE REINFORCEMENT CALCULATION

/e of 27

CODES:
ASME SEC. VIIi, DIV. 1, 2010 ED., 2011 ADD.

UG-36,37,40,41,45 ; UW-15,16; Appedix 1-7

DIMENSIONS & PROPERTIES
Operating Conditions Shell Nozzle
Design Pressure : 400 Material : SA-333-6 SA-106-B
Design Temperature : 163 S eamless or Welded . S S
Corrosion Allowance : 0.0625 Ambient Allowable Stress : 17100 17100
Nozzle nom. Size : 8 Operating Allowable Stress : 17100 17100
Nozzle Rating : 300 # Plpe or PLate PI Pi
Shell or Tube side : 5 Efficiency, E : 1.000 1.000
Repad Qutside Diameter : 24.0000 8.625
Material ; sa-516-70n Thickness : 0.500 0.500
Ambient Allow. Stress : 20000 Radial Reinforcement Limit, D : 0.0000 -
Operating Allow. Stress : 20000 Hillside Offset, L : - 0.0000
Outside Diameter : 12.6250 Inward Nozz. Projection : - 0.0000
Thickness : 0.2500 Nozz. Fillet Weld size, |, fL; : 0.3750 0.0000
Weld size, L, : 0.2500
Is the Nozzle Saddled on {Y or N): N—_-|
CALCULATIONS {(corroded condition)
t 0.27580 fq o 1.000 Parall. : 15.5000
£ 0.37500 fo : 1.000 Norm. : 0.9375 Min. Weld leq sizes Per
tn - 0.09193 fa : 1.000 D,: 12.6250 Ly 0.3571 UW-16
t, : 0.43750 | P 1.000 12.6250 Lg: 0.1786 UW-16
fe : 0.25000 F : 1.000 d: 7.7500 Ls: 0.3571 UwW-16
G 0.00000 0.500 d 7.7500 Minimum Nozz, thickness (UG-45)
d (cire.) : 7.7500 t, min = 0.3383
Longitudinal Rein
AREA REQUIRED, A = dt.F+2t t, F(1-f) = 21375
Area Available in Shell, A1 (use larger value of) : Long.
d*"(Ejt-FL)} 2t{E 1 t-Ft)(1-fy) = 0.7688
2+t) (B t-Ft)-2t,(E t-Ft)(1-fq)= 0.1612 0.7688
Area Available in Nozzie Qutward, A2 (use smaller value of) :
5" (ty-tn) fat= 0.6479
<no-repad> B* {to-tn) fo = 0.7559
<with repad> 2 (- tn) (25, + )}y = 0.9287 0.6479
Area Available in Norzle Inward, A3 (use smaller value of) :
5ttf, = 0 5tyf, = 0
Shify = 0 0.0000
Area Available in outward nozzle weld, A, = 0.1406
Area Available in repad weld, Ay, = 0.0625
Area Available in inward nozzle weld, Ay = 0.0000
Area Available in repad, As = (D, -d -2t} tefu = 1.0000
TOTAL AVAILABLE AREA = 2.6199
Opening is adequately reinforced by : 0.4824
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CALHEX INDUSTRIES LTD. Bus: (403) 225 - 4395 {CALHEX}

Fax: (403) 281 - 2781

9815 - 48TH. STREET S.E, CALGARY, ALBERTA; T2C IRt1

NOZZLE REINFORCEMENT IN SHELL CALC. VERSION 3.0, JAN 08, 2007, (Dec. 21, 2002)

NOZZL.E REINFORCEMENT CALCULATION

Job number: 12-0779
Revison number: 0 | Page number: /3 of 27
CODES;
ASME SEC. VIIl, DIV. |, 2010 ED., 2011 ADD. UG-36,37,40,41,45 ; UW-15,16; Appedix 1-7

DIMENSIONS & PROPERTIES

|Area Avajiable in Nozzle Inward, A3 {use smaller value ofy :

Qperating Conditions Shell Nozzle
Design Pressure : 400 Material : S5A-333-6 SA-106-B
Design Temperature : 158 Seamless or Welded: S S
Corrosion Allowance ; 0.0625 Ambient Allowable Stress : 17100 17100
Nozzle nom. Size : 8 Operating Aliowable Stress : 17100 17100
Nozzle Rating : 300 # Pipe or PLate : Pl Pl
Shell or Tube side : T Efficiency, E : 1.000 1.000
Repad Qutside Diameter : 24.0000 B.625
Material : sa-516-70n Thickness : 0.500 0.500
Ambient Allow. Stress : 20000 Radial Reinforcement Limit, D" : 0.0000 -
Operating Allow. Stress : 20000 Hillside Offset, L : - 0.0000
Qutside Diameter : 12.6250 Inward Nozz. Projection : - 0.0000
Thickness : 0.2500 MNozz. Fillet Weld size, L /L3 : 0.3750 0.0000
Weld size, L, : 0.2500
s the Nozzle Saddled on (¥ or N): N
CALCULATIONS (corroded condition)
o 0.27580 foy : 1.000 Parail. : 15.5000
t: 0.37500 fo : 1.000 Norm. : 0.9375 Min. Weld leq sizes Per
| A 0.09193 fa : 1.000 Dp: 12.6250 Ly 0.3571 UW-16
t, : 0.43750 fq : 1.000 12.6250 Ly: 0.1786 UW-16
te : 0.25000 F: 1.000 d: 7.7500 La: 0.3571 Uw-16
g : 0.00000 0.500 d: 7.7500 Minimum Nozz, thickness {UG-45)
d (elrc.) : 7.7500 tymin= 0.3383
Longitudinal Rein
AREA REQUIRED, A = dtF+2t t F(1-f4) = 2.1375
Area Availabie in Shell, A1 (use larger value of) : Long.
d*(Eqt-Ft) 2 to(Eq t-Ft}(1-fy}= 0.7688
2+t (Et-Ft)-2t(Eqt-Ft)(1-fq)= 0.1612 0.7688
lArea Available in Nozzle Qutward, A2 (use smaller value of) :
5* {ty-tm) fa t= 0.6479
<no-repad> 5 (t-tn) f2 th= 0.7559
<with repad> 2 (-t} (25 + L) fe = 0.9287 0.6479

5ttf, = 0 5tgf, = 0
5htf, = a 0.0000
Area Available in outward nozzle weld, Ay = 0.1406
Area Available in repad weld, A, = 0.0625
Area Available in inward nozzle weld, Ay; = 0.0000
Area Available in repad, As = (D, -d -2 t)tefu = 1.0000
TOTAL AVAILABLE AREA = 2.6199

Opening is adequately reinforced by : 0.4824
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CALHEX INDUSTRIES LTD.

Bus: (403) 225 - 4395 (CALHEXY]
: Fax: (403) 261 - 2751
8515 - #0TH. STREET 5. E, CALQARY, ALBERTA, T2CIR1 -

EXTERNAL PRESSURE ON CYLINDER STRESS CALCULATION
Job number:;

12-0779
Revison number: 0 | Page number: V-4 of 2/
CODES:
ASME SEC. VI, DIV. 1 2010 ED., 2011ADD. per UG-23 (b)
SHELL-CHANNEL-NOZZLE CYLINDER
Material SA-333-6 S orW: S Allow. Ambient Stress: 17100 psi
Pipe~ 1/ Plate~ 2 : 1 Allow. Design Stress: 17100 psi
Description: SHELL Corrosion Allowance : 0.0625 in
External Design Press. : 15 psi Design Temperature : 163 °F
Cylinder OD, Do: 24 in
Cylinder thickness: 05 in
Cylinder Length: 572.75 in
CALCULATIONS
Do/t: 64.0000 EXTERNAL PRESSURE CHART #: CS-2
L/Do: 23.8646
Shell Compressive Stress Factor, B = 4060
Maximum Allowable Extemnal Pressure, Pa: 84.58 PSI

PSI = 0.2413 in
{Excluding C/A)
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CALHEX INDUSTRIES LTD. Bus: (403) 225 - 4395 {CALHEXS}
r . ... ___Jd

Fax: (403) 261 - 2761
9575 - 48TH. STREET S_E, CALGARY, ALBERTA, T2C 2R1

EXTERNAL PRESSURE ON CYLINDER STRESS CALCULATION
Job number: 12-0799

Revison number: 0 l Page number: S5 of &f

CODES:
ASME SEC. VIII, DIV, 1 2010 ED., 2011ADD. per UG-23 (b)

SHELL-CHANNEL-NOZZLE CYLINDER

Material : SA-333-6 S orW: s Allow. Ambient Stress: 17100 psi
Pipe~ 1/ Plate~ 2 ; 1 Allow, Design Stress: 17100 psi
Description: CHANNEL Corrosion Allowance : 0.0625 in
External Design Press. 15 psi Design Temperature : 158 °F
Cylinder OD, Do: 24 in
Cylinder thickness: 0.5 in
Cylinder Length: 17 in
CALCULATIONS
Do/t: 64.0000 EXTERNAL PRESSURE CHART #: CS-2
L/Do: 0.7083
Shell Compressive Stress Factor, B = 16815
Maximum Allowable External Pressure, Pa: 350.31 PSI
Minimum thickness at 15 PSI = 0.0750 in

(Excluding C/A)
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CALHEX INDUSTRIES LTD. Bus: (403) 225 - 4395 {CALHEXZ)

Fax: (403) 261 - 2761
8575 . 48TH. STREET S.E, CALGARY, ALBERTA, T2C IR1

EXTERNAL PRESSURE ON CYLINDER STRESS CALCULATION

Job number;

12-0799
Revison number: 0 | Page number: fE of 2/
CODES:
ASME SEC. VI, DIV. 1 2010 ED., 2011ADD. per UG-23 (b)
SHELL-CHANNEL-NOZZLE CYLINDER
Material : SA-333-8 S orW: S Aliow. Ambient Stress: 17100 psi
Pipe~ 1/ Plate~ 2 : 1 Allow. Design Stress: 17100 psi
Description: 8" NOZZLE SHELL Corrosion Allowance : 0.0625 in
External Design Press. : 15 psi Design Temperature : 163 °F
Cylinder OD, Do: 8.625 in
Cylinder thickness: 0.5 in
Cylinder Length: 12 in
CALCULATIONS
Do/t: 23.0000 EXTERNAL PRESSURE CHART # : Cs-2
L/Do: 1.3913
Shell Compressive Stress Factor, B = 17288
Maximum Allowable Extenal Pressure, Pa: 1002.20 PSI
Minimum thickness at 15 Psi = 0.0346 in
{Excluding G/A)
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Bus: (403) 225 - 4395 {CALHEXS}
Fax: (403) 261 - 2761
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EXTERNAL PRESSURE ON CYLINDER STRESS CALCULATION
Job number: 12-0799
Revison number:

0 | Page number: 77 of 2
CODES:
ASME SEC. VIit, DIV. 1 2010 ED., 2011ADD. per UG-23 (b)
SHELL-CHANNEL-NOZZLE CYLINDER
Material SA-333-6 SorW: S Allow. Ambient Stress: 17100 psi
Pipe~ 1/ Plate~2: 1 Allow. Design Stress: 17100 psi
Description: 8" NOZZLE channel Corrosion Allowance : 0.0625 in
External Design Press. : 15 psi Design Temperature : 158 °F
Cylinder OD, Do: 8.625 in
Cylinder thickness: 0.5 in
Cylinder Length: 12 in
CALCULATIONS
Bo/t: 23.0000 EXTERNAL PRESSURE CHART # : Cs-2
L/Do: 1.3913
Shell Compressive Stress Factor, B = 17288
Maximum Allowable Extemmal Pressure, Pa: 1002.20 PSI
Minimum thickness at 15 PSi = 0.0306 in
{Excluding C/A)
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: CALHEX INDUSTRIES LTD. Bus: (403) 225 - 4395 {CALHEXS}
Fax; (403) 281 - 2761

8515 - 48TH. STREET S.E, CALGARY, ALBERTA, TIC IR1

EXT PRESS NOZZLE REINFORCEMENT IN SHELL CALC. VERSION 1.1, Jan 06,2006 (Sept.30, 2002)

EXTERNAL PRESSURE NOZZLE REINFORCEMENT CALCULATION

Job number: 12-0799
Revison number: 0 | Page number: /2 of 2/
CODES:
ASME SEC. VIil, DIV. |, 2010ed., 2011ADD. UG-28,36,37,40,41,45 ; UW-15,16
DIMENSIONS & PROPERTIES
Operating Conditions Shell Nozzle
Design Pressure : 15 Material : SA3336 | SA-333-6

Design Temperature : 163 S eamless or Welded : S S
Corrosion Allowance : 0.0625 Ambient Allowable Stress : 17100 17100
Nozzle nom. Size : 8 Operating Allowable Stress : 17100 17100

Nozzle Rating : 300 # Plpe or PLate : Pl Pl
Shell or Tube side : ] Efficiency, E: 1.000 1.000
Repad Outside Diameter : 24.0000 8.625
Material : SA-516-70N Thickness : 0.500 0.500

Ambient Allow. Stress : 20000 Radial Reinforcement Limit, d 0.0000 -
Operating Allow. Stress : 20000 Hillside Offset, L : - 0.0000
QOutside Diameter : 12.6250 Inward Nozz. Projection - 0.0000
Thickness : 0.2500 Nozz. Fillet Weld size, L, /L5 : 0.3750 0.0000

Weld size, L, : 0.2500
is the Nozzle Saddled on (Y or N): N |

CALCULATIONS (corroded condition)

L 0.24130 fq : 1.000 Parall. : 15.5000
t: 0.37500 fa : 1.000 Nom. : 0.9375 Min. Weld leg sizes Per
tn @ 0.03460 fa : 1.000 Dp: 12.6250 Ly: 0.3571 Uw-16
t, : 0.43750 T 1.000 12.6250 L: 0.1786 Uw-16
te: 0.25000 F: 1.000 d: 7.7500 Ly: 0.3571 uw-18
t 0.00000 0.500 d - 7.7500 Minjmumn Nozz, thickness (UG-45
d{circ.) : 7.7500 t, Min = 0.3038
Longitudinal Rein
AREA REQUIRED, A = 0.5*dt F+2t tF(1-i,)} = 0.9350
Area Available in Shell, A1 (use larger value of) : Long.
A (Eqt-Ftr24Et-FR(1-fp)= 1.0362
2{t+t) (Eqt-Ft)-2LIE t-Ft){(1-1)= 0.2173 - 1.0382
_Area Available in Nozzle Outward, A2_(use smaller value of} :
5 (t-tn) fo t= 0.7554
<no-repad> 5 {t-tn) fz ta= 0.8813
<with repad> 2* (ty-t) 2.5t + 1) fp = 1.0828 0.7554
Area Available in Nozzle Inward, A3 {use smaller value of} :
5ttf, = ¢ 5ttf, = 0
5htfz = 0 0.0000
Area Available in cutward nozzle weld, Ay = 0.1406
Area Available in repad weld, Ay = 0.0625
Area Available in inward nozzle weld, Ay = (.0000
Area Available in repad, Ag = {0, -d-2t) L. fy = 1.0000
TOTAL AVAILABLE AREA = 2.9947

Opening is adequately reinforced by : 2.0597
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CALHEX INDUSTRIES LTD. : Bus: (403) 228 - 4335 {CALHEX)

Fax: (403) 261 - 2761
#5158 - 40TH. STREET 5.E, CALGARY, ALBERTA, T2C 2Rf

EXT PRESS NOZZLE REINFORCEMENT IN SHELL CALC. VERSION 1.1, Jan 06,2006 (Sept.30, 2002)

EXTERNAL PRESSURE NOZZLE REINFORCEMENT CALCULATION

Job number: 12-0799
Revison number: 0 | Page number: /2 of 2/
CODES:
ASME SEC. VIli, DIV. 1, 2010ed., 2011ADD. UG-28,36,37,40,41,45 ; UW-15,16

DIMENSIONS & PROPERTIES

Operating Conditions Shell Nozzle
Design Pressure : 15 Material : SA-333-6 | SA-333-6
Design Temperature : 158 Seamless or Welded : S 8
Corrosion Allowance : 0.0625 Ambient Allowable Stress : 17100 17100
Nozzle nom. Size : 8 Operating Allowable Stress : 17100 17100
Nozzle Rating : 300 # Plpe or PLate : Pl Pl
Shell or Tube side : T Efficiency, E : 1.000 1.000
Repad Qutside Diameter : 24,0000 8.625
Material : SA-516-TON Thickness : 0.500 0.500
Ambient Allow. Stress : 20000 Radial Reinforcement Limit, d 0.0000 -
Operating Allow. Stress : 20000 Hitlside Offset, L : - 0.0000
Qutside Diameter : 12.6250 Inward Nozz. Projection : - 0.0000
Thickness : 0.2500 MNozz. Fillet Weld size, L, /L5 : 0.5000 0.0000
Weld size, L, : 0.2500
Is the Nozzle Saddled on (¥ or N): N |

CALCULATIONS (corroded condition)

t 0.07500 fq 2 1.000 Parall. : 15.5000
t: 0.37500 f,: 1.000 Norm. : 0.9375 Min. Weld |eg sizes Per
tn 0.03460 fs: 1.000 Dp: 12.6250 Ly: 0.3571 Uw-16
to : 0.43750 fy: 1.000 12.6250 L 0.1786 Uw-16
te : 0.25000 F: 1.000 d: 7.7500 Ls: 0.3571 UW-16
t 0.00000 0.500 d: 7.7500 Minimum Nozz, thickness -45
d {circ.): 7.7500 fymin= 0.1375
Longitudinal Rein
AREAREQUIRED, A = 05*dtLE+ 2t tF(1-f4)) = 0.2006
Area Available in_ Sheil, A1 {use larger value of) . Long.
d* (Eyt-Ftr 2t (Eqt-FL)(1-fy) = 2.3250
20+ t)(Eqt-FL}-2(E t-Ft)(1-fq)= 0.4875 2.3250
Area Available in Nozzle Qutward, A2 {use smaller vglue of) :
5% {ty-tn) fz t= 0.7554
<no-repad> 5% {t,- tm) f2 th= 0.8813
<with repad> 2* (t,-t) (25t +t) fp = 1.0828 0.7554
Area Available in Nozzle Inward, A3 {use smaller value of) :
S5tgfy = 0 5thfy = 0
5hgf, = 0 0.0000
Area Available in outward nozzle weld, Ay = 0.2500
Area Available in repad weld, Ay = 0.0625
Area Available in inward nozzle weld, Ay = 0.0000
Area Avaitable in repad, A5 = (D -d -2 ) L fuy = 1.0000
TOTAL AVAILABLE AREA = 4.3929

Opening is adequately reinforced by : 41023
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Bus: (403) 225 - 4395 {CALHE)T}
Fax: (403 261 - 2761

LIFTING LUG CALCULATION VERSION 2.0 May 27, 2008

LIFTING LUG CALCULATION

Jab number: 12-0799
Revison number: 0 Page number: 2 of 2/
CODES:
ASME SEC. VIII, DIV. |, 2010 ed.,2011ADD.: UG-22
TEMA Ninth Edition, 2007 : RGP-G-7.24
Pressure Vessel Design Manual : Pg. 171-189
LIFTING-LUG GEOMETRY SHELL GEOMETRY':
Lug Material SA-516-70N Shell Material SA-333-6
Allowable Stress 20000 psi Allowable Stress 17100 psi
Design Load 19125 lbs/lug _ Shell Type 0 Pipe
Shackle Pin 1.625 in Shell Thickness 0.5 in
Actual Hole 175 in Corrosion 0.0625 in
Lug Base Length 10 in Inside Diameter 23 in
Lug Thickness 1.5 in Repad Thickness 0.375 in
Fillet Weld Leg 05 in Mill Tolerance 0.875
Insulation Thk. 2 in Effective Shell Thickness 0.5557 in
Lug Height 7 in
Pin offset 4.5 in Shackle clearance 0.43 in
Maximum Load / Lug:
Vertical-Load = 19125 b
Longitudinal Load = 14312 b
Cross Load = 4130 b
Shell Stress: Shell Actual Stresses: Code Allowable Stresses:
Radial slress = 13995 psi 17100 psi (Sa)
Longitudinal stress = 9348 psi 25650 psi combined (1.5 x Sa)
Lifting Details:
Minimum Sling or Chain Rating: | 24000 Ibs {12.0 ton) |
Maximum Off Vertical Angle for LI 36.8 deg (for each Iiﬂing—lugﬂ

NOTE: Jf this angle is less then 30 degree, two crane or a spreader bar shall be used for the lift.




CALHEX INDUSTRIES LTD. Bus: (403) 225 - 4395 {CALHEXT)
9515 - 48TH. STREET 3.E, CALGARY, ALBERTA, T2C 21 Fax: (403) 261-2761

HORIZONTAL SUPPORT SADDLE CALCULATION VERSION 3.0, JAN. 03, 2005 (JAN. 08, 2002)

HORIZONTAL SUPPORT SADDLE STRESSES
Job number: 12-0779

Revison number: | Page number: 2/ of 2/
CODES:
Recommended Good practice : L.P. Zick analysis- Pressure Vessel Handbook latest

DIMENSIONS & PROPERTIES

Tema type unit {ie. NEN): NEN Length between shell seams, (L): 575.75
Total Dry Weight: 25500 Lbs Maximum Seam to Ctr. Of Saddle, (A): 36
Total Wet Weight: 33200 Lbs Saddle Support Width (SSW}): 22
Design Pressure 400 psi Saddle Gusset Width (SGW): 4

Shell Material: SA-333-6 Support and Gusset thickness (tsg): 0.5000

Allow. Stress in Tension: 17100 psi Is a Wear Plate used (Y or N): Y
Allow. Stress in Comp.: 16744 psi Wear Plate Thickness {twp): 0.2500
Shell Pipe or PL ate: Pl Wear Plate Width (WPW): 8
Shell OD; 24.000 IN
Shell Thickness: 0.5000 IN
Corrosion Allowance: 0.0825 IN
Efficiency: ' 1.0000
Tube Sheet Thickness : 1.5625
CALCULATIONS
Waeight of unit full of water: 33200.0 Lbs Contact Angle, 6 : 1278
Load per Saddle, Q: 11066.66667 IN Ky: 0.3749 Ks: 0.3699
Minimum Shell thickness, t.: 0.3750 Ks: 1.0530 Ks: 0.0468
Shell Qutside Radius, R: 12 Ka: 0.3190 K;: 0.7328
Head or TS Length, H: 1.5625 Kq: 0.7543 Kg: 0.6670
Min. Equiv. Head Thickness, t,: 0.375
ALLOWABLE ACTUAL
LONGITUDINAL BENDING STRESSES:
Tension (at the saddles): 17100 7630.0
Compression (at the saddles): 16744 5708.7
Tension (at midspan): 17100 13415.3
Compression (at the midspan): 16744 615.3

TANGENTIAL SHEAR STRESSES
Shell: 13680 1354.6

CIRCUMFERENTIAL STRESS
At Horn of Saddle: 25650 6530.8
At Bottom of Shell 8372 1568.5
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METRIC DIMENSIONS ARE IN BRACKETS
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INSTALLATION, OPERATION AND MAINTENANCE SECTION 4

E-1 PERFORMANCE OF HEAT EXCHANGERS
Satisfactory operation 6f heat exchangers can be obtalned only from unks which are pr designed and
have bult-in quality. Correct installation and preventive malntenance are user respo Itles.
E-1.1 PERFORMANCE FAILURES

The fallure of heat exchanger equipment to perform satisfactorlly may be caused by 0
factors, such as:
{1) Excessive foulfng.

_ (2} Arr or gas binding resulting from Improper piping Instaltation of lack
(3) Operating conditions differing from design conditions.
(4) Maldistribution of fiow in the unit. .
(5) Excessive dearances between the baffles and shell and/or tubes, due to corresion.
(6) Imptoper thermat deslgn. .- . : '
The user's best assurance of satistactory performance lies In dependence Upon manufacturers
competent In the design and fabrication of heat transfer equipment.

E-2 INSTALLATION OF HEAT EXCHANGERS
E-2.1 HEAT EXCHANGER SETTINGS

E-2.11 CLEARANCE FOR DISMANTLING -

For stralght tube exchangers fltted with remavable bundles, provid .
the shell and o adequate
staﬂonaryreaderdtogmiuermvaloftmbwdeﬁs?mﬂ , and/orp;lm:aﬂngheadwm’- _

For fixed tubesheet exchangers, provide sufficlent clearance at ong per :
wreﬁmanaidﬂwnbes.angena?ghspacebeyommeheadatﬂﬁﬁwwm
permit removal of the bonnet or channet cover. . .

ne of more

of suitable vents.

- For U-tube heat O\dﬂesdﬁdentdeazanoeatthestaﬁomryheadeddtopermn
withdrawal of the tube q,proratﬂ-aeopposueaxdtOpennRre:novaldmestel
E-2.12 FOUNDATIONS ' , - , _
Foundations must be. adequate so that exchangers wil not settlo and impose excessive
strains on the exchanger. ation bolts shouid be set to ggl%sfa% ﬂnsﬂ Inaccuracies. la

concrele footings, plpa siesves al feast one size larger than pped over the
bolt and cast In place are best for this purpose, asrtgeery aliow tha boit center 1o be adjusted
after the foundation has set.

E.2.13 FOUNDATION BOLTS :
Foundation bolts shoukd be loosened at one end of the untt to aliow free expansion of shells.
Slotted holes kn supports are provided for this purpose.

E-2.14 LEVELING
Exchangers must be set level and squdre so that plpe connectlons
forcing. .

E-2.2 CLEANLINESS PROVISIONS

E-2.21 CONNECTION PROTECTORS
ign material. Protective plugs and covers

All exchanger openings should be inspected for fore
should not be removed untl fust prior to instaliation.

E-2.22 DIRT REMOVAL '
The entire system should be clean before starting operation. Under soms conditions, the use
of stralners in the piping may be required. ‘

may be made without

Standards Of The Tubular Exchanger Manufacturers J:b.ssoclation



SECTION 4 INSTALLATION, OPERATION ARD MAINTENANCE

E-2.23 CLEANING FACILITIES
Convenient means should be provided for cleaning the unlt as suggested under *Malntenance
of Heat Exchangers,” Paragragh E-4.

E-2.3 FITTINGS AND PIPING

E-2.31 BY-PASS VALVES .
it may be deslrable for purchaser to provide valves and by-passes in the piping system10
pe.rrn{ Inspection and repairs. .

E-2.32 TEST CONNECTIONS

When oo liteqral with the exchangar nozzles, thermomster well and pressus gage
connections & be installed c‘}gggto the exchanger In the infet and outlet PFJHQ-

E-2.33 VENTS , . .
Vent valves shotid be ed by purchaser so units can be pu ed to prevent vapor oF gas
binfing. Specia eration m‘t(lst be givento discharge ofﬁagrdous or toxic fluids.,

E-2.34 DRAINS .
Drains may discharge to atmosphere, ¥ permissible,
should not be piped to a common closed manifold.

E-2.35 PULSATION AND VIBRATION

. '  inall installations, care should be taken to eliminate or minimize
co pdsaﬁmandmedlaricalvibraﬂonstomehea!e:Hnnge[s.

or Into a vessel at lower pressire. They

transmission of fuld”

E-2.36 SAFETY RELIEF DEVICES
TheASME%%dedeﬁnesmeregj:mmﬁmsamﬂieLd then d'
rchaser, the manufacturer will provide @ necessary connections safety
guwbes. The slzemofﬂmimd comecﬁonsmbespedﬁedbyﬁepuw-
- The purchaser will o and the required relief devices. :

E3 OPERATION OF HEAT EXCHANGERS

£.3.1 DESIGN AND OPERATING CONDITIONS
Equlpmerltmusgngtbeopemtedatcondiﬁonswliohméceed

£-3.2 OPERATING PROCEDURES _ . _
Before placing any exchanger in operation, reference shoud ba made tathe exchanger drawings,
plt?on sheet(s) and name plate{s) for any special Instructions. Local safety an health
Uations must be considered. improper start-p or shut-cown sequences, partioularty of fived
T Basheet Units, may cause leaking of tube-to-tubesheet and /o bolted flanged joints.

E-3.21 "START-UP OPERATION ’ o
) - Most exchangers with removabla tube bundies may be placed In service by first establishing
circuation of the cold medium, followed by the mr?&ua! E-ntmdu:;uqn of the hot medium. .
During start-up af vent valves shouid be o and feft open until all passages hiave been
ggrged ol and are completely filed with fuld, For foxed tubesheet exchangers; fiids must
e tiaed In a manner to minimize differential expansion between the shell and tubes.

E-3.22 SHUT-DOWN OPERATION
) For exchangers with removable bundies, the units ma  be shut down by first graduall
-l stopping the flow of the hot medium and then stopping the flow of tha cold medium. Yf itls

necessary to %t&p the fiow of cold medium, the circistation of hot medium through the
exohanger should also be stopped. For fixed tubesheet exchangers, the unit must be shut
down in a manner to minimize differential sion between shell and tubes. When shutting
down the system, all units should be drain:g comp!etelkwhen there is tha possibiity of
freazing or cofroslon damage. To guard agalnst wates mmer, condensate shoutd be

those specified on the name plate(s).

Standards Of The Tubular Exchanger Manufacturers Association
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INSTALLATION, OPERATION AND MAINTENANCE SECTION 4

drained from steam heaters and simiiar tus during start-up or shut-down, Torduce
ww%a;[ retention after dralnage, the tube side of water cooled hgers should betiown out
t. a

E-3.23 TEMPERATURE SHOCKS i
Exchangers normall should not ba subjected to abru tenperaweﬂumﬂons. uid
muist not be sudden!‘;r introduced v.he'ﬂhe unit is ooldF.nnor cold fiuld suddenly ntreduced

whenthe unlt Is hot.
E-3.22 BOLTED JOINTS o
tested before leaving the manufaciurer's shop In accouance
with ASME Code requirements. However, nama!ngela:dng of the gaskatedﬂjwomts may ocour In
the Interval between tasting In the manufacturer’s Shtl':r and Instaflation at énd'ob_s%&
-Therstore, all extemnal bolted jolnts may require ret:? ening after installation
necessary, after the exchanger has operating temperaturs.

£.3.25 RECOMMENDED BOLY TIGHTENING PROCEDURE _
' and in & diametrically staggered

It Is Important that all bolted joints be htened unifo )
as fustrated In Flgu!e E«a.zsﬂgcce for sp high pressurs dlosuras when the
nstructions of the manufacturer should be foflowed. .

) FIGURE E-3.25

START
. .

=5

E-4 MAINTENANCE OF HEAT EXCHANGERS

E-4.1 INSPECTION OF UNIT oudd bomade of the
At regular Intervals and as frequently as experience Indicates, an examination sho made
i U Mo o oo e o

oopage of flow through some cause & , 2
or stmgwrd damage to other components. Sacrificial anodes, when provided, shoukd be lnspected
to determine whether they should be cleaned or replacel.

E-4.11 INDICATIONS OF FOULING q
Exchangers subject to fouling or staling should be cleaned perlodically. Alight sudge ar
scale coating Otl"ll the tube greatly redul;gs its efficiency. A marked lncreasgl_ hln pfgﬁsli!{ggéom
and/or reduction[ in performance usually Indicates %eérlﬁngoits&wc%ﬁ:g& m"e l:edlfcﬁorl N
ba checked for alr or vapot binding to confirm that S nidly T the scale thickness o

performance. Since the difficulty of cleaning increases
deposit increases, the Intervalsgeuvem deganlngs should not be excessive.

standards Of The Tubular Exchanger Manufacturers Assoclation



SECTION 4 INSTALLATION, OPERATION AND MAINTENANGE

E<4.12 DISASSEMBLY FOR INSPECTION OR CLEANING )
assure himself that the unlt has been depressurized,

Befora disass;jmnglg. the user must
vented and d " neutralized and/or purged of hazardous material.
To Inspect the Inside of the tubes and alsa make them accessile for cleaning, the foflowing
procedures should be used: - ' _
(4) Stationary Head End

(a) Type A, C, D & N, remove cover only

{t) Type B, remove bonnet ‘
(2) RearHead End }

(&) Type L. N & P, remove cover only

(t) Type M, remove bonnet )

(c) Type § & T, remove sheil cover and floating head cover

{d) - oW, remove channel cover of bonnet

E-4,13 LOCATING 1UBE LEAKS | :
-3 - (1)3%132 ;ﬂ?& l’ei'ndi‘:lanblte channel cover: Remove channel cover and apply hydraulic presstre
where tubesheets are an integra

{2) Unkts with bonnet type head: For fixed tubeshest unlts
of the shell, remove bonnet and pmstﬂ'ﬂhﬂ'leshdl. For foced
ﬁmmmm D T oar ofﬂ'nesheilandformnsmm

. are not
ranoxablebudes,removebomet;re—bo%tn to shell or Install test fla @ or gland,
whichever Is applicable, and apply hydraulic pressure in the shell. Sea Figure -4.13-1 for
 typleal test flange and test .
FIGURE E-4.13-1
_.e.: N - —=F-
= R— - )
HANGE . -y __ oLand
— =S B et
— = ' e
1
]

(3) Units with Type S or T floating head: Remove channel ; :

fioating head cover. [nstall test ring and bot In place with gasket and packing. Apply :

hydraufic pressure in the shell A typical test ring Is shown in Figure E-4.13-2. when ?hgst
ring is notavallable it Is possible to focate leaks.In the fioating head end by ra=.-mc>\.rlg1gen ?
shal cover and applying hydraulic pressure In the tubes. Lealing tube jomts may iaﬂe
located by sighting the tuba lanes. Care must be exerc]sed when testlng |:n=.lr'£f y
assembled exchangers to prevent over extension of expansion jolnts o overloading O
tubes and/or tube-to-tubesheet joints. : :

(4) Hydrostatic test should be performex so that the temperature of the metal ls over 60°F

transition temperalire.

{(16° C) unless the materials of construction have a lowet nil-ductitity

Standards Of The Tubular Exchanger Maﬁiqfacturers Assoclation



INSTALLATION, OPERATION AND MAINTENANCE SECTIONG

FIGURE E-4.13-2

TEST RING

FLOATING TI.BES}EET—\ SHELL FLANGE- REAR HEAD END

t;ACKIHG —\ ::'.":.'.' . : ':'

PACKING sum—/ : GASKEY

E-4.2 TUBE BUNDLE REMOVYAL AND HANDLING
To avold possible dama during removel-of a tube bundle from a shell, a ulting device
toe scr%?vedmmembemeet ummbmadoesmgmmpped hg‘eesfgg
mbqhs. rodsorcableslnsenedﬂ)mughwbesarﬂattamedtobeazﬁ\gplalesmav used.
T bundla shouid be supported on the tube baffles, supportsortubeshaetstOprewrtdamagem
Gasket and packing conlact surfaces should be protected. ' '

E-4.3 CLEANING TUBE BUNDLES

E-4.31 CLEANING METHODS ;
The heat transfer surfaces of heat exchangers should be kept raasonably clean to assuce
satisfactory performance. Convenlent means for cleaning should ba made avaflable.

Heat exchangers may be cleaned by elther chemical of mechanical methods. The method
selected must be the{:hoioe of the gperator of the-plant and will depend on the type of at

depostt and the facllities avalabie in the plant. Following are several cleaning procedures t

may be considered: .
- (1) Clroutating hot wash ol or fight distiliate through tubes o shell at high veloclty may
effectively remove sludge or simiiar soft depo '
reulating bot fresh watef.

{2) Some salt deposits may be washed out by ¢i
%esor scala provided hot

(3) Commerclal cleaning nds are avaflable for removing sl
wash oll or water Is not avallable or does not give satisfactory resu

{4) High pressure water jet cleaning. : :
(5) Scrapers, rotating wire brushes, and other mechanical means for removing hard scale,
coke, or other depostts. : . : : .
Standards Of The Tubular Exchanger Manufacturers Assotlation s
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eaning services. These
overc‘l? furnish proper solvents

nizations will check the nature i rem
e of the deposits to be and parsonnel for &

ga
and/or ackd solutions containing inhibltors, and provide equipment
complete cleantng Job. _

E-4.32 CLEANING PRECAUTIONS
Individual tubes since this heats

(1) Tubes should niot be cleaned by blowing steam through ;
the tube and may resust h’sever); expanngion strain, dle'?Drmaﬁon of the tube, or loosening

of tha tube-t et jolnt.
(Z)mﬁn;uben;echarmany cleaning a tube bundle, care should be exercised to avold damaging

(3) Cleaning compounds must be compatible with the metaliurgy of the exchanger.-

(6) Employ services of a lifed organization that provides
O

E-4.4 TUBE EXPANDING -
A sutable tube expander should be used to tighten a teaking tube
ensure that tubes are not over expanded.

E-4.5 GASKET REPLACEMENT '
Gaskets and gasket surfaces shouid be deariedandshowdbefreeoiscraxchesmd
other dafects. Gaskets should be pmpeﬁ% Defore attempting to retighten bolts. ltis
recommended that when a heat ex bdhmﬂdfamymme,t%r%mgﬁ

=. This vl tend 1o preveat future leaks and ot damaga 10 the gasket

ot : Canpds?ﬂongasketsbeommdr{edmtangdabrﬁﬂesoﬁatmevdond%
chvldem seal when reused. Metal or metal jacketed when compressed lnitialty,
ow enedarﬂ.freuaed.n:ayprow(IdB_

- ﬂ‘l )
oing ayarem\'{:tk 0 s of the

jolnt. Gare should betakento

w to maich thelr contact suxfaces. Insod
an imperfoct seal of result in deformation and damage to

Bolted joints and flanges are designed for use with the particular of gasket specitied.
Substit{ﬁondagasketafdiﬁmmudlonuhm dtmgn'gonsrna result in leakage and
damage to gasket surfaces. Therefore, any gasket su s should be of compatitie design.
Anylealageaxagaslcemdgoims:maberectﬁedandmtpermmedto,perststastmavmulﬂn

_damage to the gasket surfaces.

Metal Jacketed type gaskets are widel used;Whenthe:;eareused\ﬂfithamngueands:;roovelo*ﬂt
w:otl:ambbtnﬂﬁgasketshodd btyalnslaltedso:hatthetonguebearsonmemniessside.dﬂn
gasket Jacket. When_ahubblnlsused.themanshmfd‘bearon the seamless side- :

E-4.6 SPARE AND REPLACEMENT PARTS : :
The procurement of spare of cement parts from the manufacturer wil be facilitated if the comed
namleJ for the part, as s?!?chWn ixzﬁﬂon 1, Table N-2, of these Standards Is given. together with 'hge
seiial number, type, size[ nd oiher information from the name plate. Replacement parts shoud

. purchased from the ofiginal manufacturer. :
E-4.7 PLUGGING OF TUBES
n, It may not be feasible to remove

In U-tube heat exchangers, and other exchangers of speckl desi
and r defective tubes. Defective tubes may be plugged us commercially avaliable tapered
may be Plugg not bangeal welded. essive tube -

. eplace
plugs with ferrules or tapered only piugs which may or ma
plugging may result In red uced me[fﬁmaf peiformance, highg pressuse droghandloﬂ
damage. It Is the user's responsbiity to remove plugs and heutralize the bundie prior to sending t

to & shop for repalrs.
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CALHEX INDUSTRIES LTD.

Bus: (403) 225-4395  {CALHEXS )
9515 - 48" Street S.E., Caigary, Alberta, T2C 2R1 Fax: (403) 261 - 2761
MATERIAL CONTROL SHEET
Job#:_ 17-0f73
kem#: £ 1028
Part Material Material Tracking #/ Part Material Material Tracking # /
Description Specification Heat ¥ - Plate identifier Description Specification Heat # - Plate Identifier
TOBES SMT9 113\00 Nozzie EFN;J SAZSH-LFZ L.} {17 /Boon)
: : 213254
flozzie PE |SA33Z~L, B2 (268216 )
T SHETS  |SADL 7ol B3 (HbSS-308 )
loz2iE Repady SASIL-Fond B (WIHSDS- Do)
CHew, OHUNSERS | Sp323- L BIs (MAZ5FH)
e Zrum (SRS CL| [Homz (3
(gL CHLINOEES| SAZZ3-L RI5T (M)
(et (i [speylF2 L.t [ 198S®
CUPRer WEAR RS [SSTb- For 8747 (SHM-01S )
ber Loy PePADS | gpcib-Foul EHT (Sldm - OWS )

Above materials meet the requirements of ASME Section Il Part A

Quality Control Signature'(—}&a\’

Date:  DEC 12 012
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RONCONI SpA = “RTFICATOPROVE MATERIALI | REPARTO um. Cert. 11893 Foglio 1/1

COLD DRAWN STEEL TUBES Mod. MOcao1 BY | COLLAUDO of ~ Sheet-Blat
20096 OPERA (MJ) - Via Lambro,9-ITALY Test Cartificate-abnahmeprlifzeugnis I.:;pei:]tioneblt)qrt - Data 05/06/2012
nahmeabteilung

www.roncani.com - qualify@ronconi.com EN 10204 31 Date - Dalum
Ciiente HEAT TRANSFER TUBULAR PRODUCTS LLC
Cuslomer - Kunde
Ordine num. PST 221 Data 23/04/2012 Ns. Commessa 3213 12 405/2 Data 21/05/2012
Order - Bestellung _ Date - Datum Our arder - Unsere Bastellung Date - Dalum
Descrizione COLD DRAWN SEAMLESS TUBES Trattamento temico  Normalized
Description - Beschrelbung Heat treatment - Yarmetehandiung .
L. i
Norma e Acciaio ASME SA179 In accordo 2 YOUR REF. §T221
Narm and Steel Grade - Norm und Stahigite Acc.to - Germéss i ?
Pezzi 200+500+520 Peso kg. 18865
Quantity - Anzahl Waeight - Gewicht
Dimensioni 19,05 x 2,11MW x 12217/13437/14656 mm
Sizes - Abmessungen
Valori Rs Rm A, A HRB ——
richiesti . . . . i i .
Requiramests min min max min min min | max min med min
Anforderungen 72
Provino Snervamento Rotiura Allungamento Durezza Resilienza Prova a calde
Specimen Yiexd point Tensile strength Elongation Hardness Notch impact Hat {est
Probestab Streckgrenze Zugfestigkeit Bruchdehnung Haerle Kerbschlagarbeit Waermepruetung
N Sez Lo Risultati oftenuti (Results - Ergebnisse)
mmZ | mm N/mm2 N/mm2 % % J J N/mim2
1 65 V'
2 66 /
3 66 v
4 67
8| prova di Schiacciamento eseguita con esito pesitivo - Flattening test saifactory - Aufweitversuch zufriedenstellend durchgefihrt 0K
6| prova di Allargamento eseguita con esito positiva - Flagsing test satisfactory - Ringfaliversuch zufriedensiellend durchgefihrt QK
7
8
o MATERIAL CHECKED TO
10 ASMI: SECTION 1L HY
" CALUEX INDUYTRIESETD — —— .
12 = W fia I CONFGRMS TO 2010 EDITION: _I_LADDEYDA I
13 DATE, WEG YT+
14 SHONATHRE: 4/\&'-/"
15 ’ TN
16 ML THR:
17
18
0,
Si certifica che & stato eseguito con esito positive it Controllo (100%) Eddy curr.ent seco?do norma ASME SA450 24.8.2.1
We here by certify thal we succestully un: Eddy current test {100%) acc.to - Wirbelstromprixfung {100%) gemiss
Wir garantieren, dass foigenden Pn‘.tfungén zuffiedenstellend | Controflo (100%) Ultrasuoni secando nofma
gurchgefuhrt wurdan: Ultrasonic test (100%) acc.to - Ultraschaliprisfung {100%) geméss

Contralio PMI (100%)
PMI test (100%) - PMI {100%)

Il controlle visivo e dimensionale dei tubl & stalo eseguito con esito positivo

The visuat and_dimensional fest has been performed with satisfactory result - Die visuellen und dimensianaten Kontroilen wurden mit zufriedenstefienden Ergebnissen durchgefuhrt
Analisi chimica Acciaio calmato ed elaborato al forno elettrico, degasato a vuoto

Chemical analysis - Chemische Analyse Steel elaborated In electric furnace, fully killed and vacuum degassed - Beruhigter Elekiro Vakuum entgaBt Stahl
Colata N. c Si Mn P s Cr Mo N Cu v Nb Al N sn T A3 5b
Heat No -Schmelze Nr % % % L, % % % % % % % % % % % % % %
193106 0,100, 0,46 ¥,0,009 { 0,003" /
213254 0,0957 0,46 *| 0,007+ 0,0029 ’

Marcatura (Marking - Markisrung) RONCONI/ITALY/SA179/HEATNO/19,05X2 11/MW
Note Notes - Anmerkungen il Capo reparte Ente collaudatore
ORIGIN OF RAW MATERIAL: GERMANY Chief of Dept. - Abteilungschef . Inspected by - Abnahmebearmter
MANUFACTURER: RONCON! SPA - ITALY Cﬁ3 It Lev. ET-UT Cert. n. FG1746

Tests n° 1-2-5-6 heat n° 193106: 1020 tubes GONI
Tests n° 3-4-5-6 heat n® 213254: 500 tubes INT Lo .
. UALITY CONTROL




QCCo11 {01-15-2009) R.O

(Co) " CERTIFICATE OF COMPLIANCE

edmonton exchanger
& manufacturing id.

5545-89 Street Edmonton, Alberta Canada T6E 5W8 www.ecinontonexcl‘nanger‘.cm fel 780.468.6722 « QC 1ax 780.466.4668 » sales fax 780.466.5155

customer CALHEX INDUSTRIES LTD. pOCX-07737 Work Order 89057 Date2011/04/18 coic2 24156  Pagediol
Remé Doseription Oty Heat¥
r53905'?--1 PLATE({S) - 2.0000" MOM X 121 X 72" 1)350925-23140
({Material Spec: SA 516-70 Normalired)
Conforms to HACE MRO175 / IS0 15156-2 2009 Annex A
P8IN5ST-2 PLATE(S) - 1.7500* NOM X 121~ X 72" 1] 344655-30841
{Material Spec: S$A 516-70 Normalized)
Confoxms to MACE MRO17S / IS0 1%5156-2 2009 Annex A . —%%5
PE057-3 PLATE(S) - 1.5000* NOM X 121" X 72 1]350924-23519
(Material Spec: SaA 516-70 Normalized)
Conforms to NACE MRO17S / ISO 15156-2 2009 Axnex A
PBI057 -4 PLATE{5) - 1.0000" NOoM X 121" X 60" 11G7492-879270449
{Material Spec: SA 516-70 Normalized)
Conforms o MACE MROLYS / ISO 15156-2 2009 Annex A

Erinell Equipment: Newage Calibrated Pin
Brinell Hardness Tester

Materlaf being supplied conforms to the katest ASME Code Section R, Part A, 2010 Edition. All weiders and procedures are qualified to ASME Code
Section X, .

Supplementary Examination - tems
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X-00676 I|tem#¥ 1
Number: HO742/3 24" CL 3060 W/N FLANGE RF XH
Am Piping Products Ltd - Rev'd By: SB BORE A350-LF2 CL 1
ent/Seq #: S 12 - 1760 1
12-071 L R vLANaES

<> BEBITZ

EN 1SO 9001 : 2008 Berelch Flansche / Flange Division

Zerlifikat-Registier-Nr.  Flanschenwerk Bebitz GmbH - Lebendorfer Str, 1 - 06420 Bebitz/ GERMANY (AQ1)

44100 071288 Tel. +49 34691 40 0 - Fax +49 3469140 329 - Email: fianges@bebitz.de

Abnahmepriifzeugnis 3.1 / Inspection certificate 3.1 / Certificat de reception 3.1
nach (A02)/ acc. DIN EN 10204 : 2005 Nr. (A03) / No.12-18377 Datum (Z02) / Date 21.08.2012

Zeichen des Hersteilers {AD4) [{Bh Stempel des Abnehmers (Z03) @

Manufacturer's brand Stamp of the testing engineer

Oberprift als Hersteller nach AD-Merkblatt WO / TRD100 und VdTUV Werkstoffblatter 35043, 354, 399. / Approved as manufaciurer
acc. AD-Merkblatt W0 / TRD100 and VAdTUV Material Sheets 350/3, 354, 389,

Zertifiziert nach DGR 97/23/EG durch TUV CERT Zertifzierungsst. fir Druckgerate der TOV NORD GmbH Co KG, Benannte Stelle
Nr. 0045. / Certified acc. to PED G7/23/EC, certifying body for pressure equipment TUV NORD GmbH Co KG, registration no. 0045,

Besteller TRANS AM Piping Products Ltd. ml-l:;:;l;r)of |'doerder-mto. ;:;.21 Ozéggz
) u r
B stomer 3338 Endeavor Drive S.E. Lieferschein / Delivery No. 3233736
CALGARY, ALBERTA T3S 0A1 _ Position (B07.1} / tem 6
Stck (B08) Bezeichnung (B01; B09 - B11) Schmelze/Priiflos (B07)
Quantity Product Heat noJTest no.
5 24 inch Welding Neck Flange 300 |bs XS raised face HO742/3

Material LF2 Class 1 - ASTM A 350M-07 / ASME SA-350M
(B02; BOS) forged 1050 - 1150°C / normalized 898 - 825°C, still air

Anford. ASME B 16.5-2009
(BO3)  NACE MR0175-2011/ MR0103-2010 - DIN EN JSO 15156-2 : 2009
Require- 5011a ASME Boiler & Pressure Vessel Code - Section Il Part A

ments
Schmelzenanalyse (C71 - CSZ) { Ladle analysis Erschmelzung (C70) / Melting process E 2632 -
c [ sifmn] P s, ] Ni_J] Ti [ Mo ] No ] V.| N |[Cy| Al [CEV| ZV-®
0,18’0 0,23 | 1,12 [0,010{0,004| 0,15 | 0,08 {0,001 | 0,02 [0,003)0,015 0,11 [0,024| 0,42
cEvecs MM, V+MotCr NitCu  PREN=Cr+33xMo+16xN

Mechanische Prilfungen / Mechanical tests & 5 15

Probenlage (C02): g/t / Position of Specimen: gt b= 4ds KBV / Charpy impact Test Harte (C32)
Zugversuch / Tensile Test - ASTM A 370 DIN EN ISO 148-1 Hardness
Temp| Streckgr. (C11) 7 Yiek strength|Zuglestigk. (C12)]Denng. (C13)] Einschnirg. | Temp. [ Einzebwerte (C42) | MW (C43) ISO 6506-1
{C03) 0,2% 1.0% Tansile strength | Elongation | Red. of area | {CO3) Single values Average HBW

“C | MPa (Nimm? MPa (Nmm® | MPa (N/mm?) % % Te J d 2,5187,5

min 250 485 22,0 30 20 27 137

20 | max 855 46 187

20 326 509 v 33 73/‘ -50] '140'/121/ 11 123,7‘/ 153

20| 3237 507 ¥ | 3427 | 744 1507, MARIAS 2B ERAG 150

ASMTE SECTION T BY
ALHEX INDUSTRIES LTE.
P pate: DBC12
rCONFORMS TO 2010 ERITION: ZQHVADDENDA I SIGNATURE: 3% _—
MIN. THEK.:

Besichtigung und Ausmessung ohne Beanstandungen. {D01}/ Res NSP n and dimension without objections.

Die gesteliten Anforderungen sind erfullt. (Z01) / The product meets the requirements.
APZ wurde mit EDV erstellt und ist ohne Unterschrift gGltig. /
R. Sparing, This MTR was electronically generated and is valid without a signature.

Abnahmebeauftragter des Herstellers {Z02) Angaben in Klammem entsprechen den Vorgaben der DIN EN 10168 /
inspection Representative of the Manufacturer Data in parentheses refer to EN 10188.
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Auestrafle 25, 52249 Eschweiler
Telefon 02403/7 82-181 Verkauf -275 Quakialssielle
Telatax 024 03/7 952180 Verkauf -270 Cuafitilssielle

E S W Réhrenwerke GmbH

Abnahmeprifzeugnis 3.1
Inspection certificate 3.1

%

BusteRanPurehaserAchsisur: Certificat de receptiOn 3-1
nach EN 10204 -

FIRMA .

SEAMLESS STEEL PIPE LTD. Yoo A [T A

6771 84 STREET S8.E. 354721 002 0 01 Grade290:CATIL/Gr.q UL\

Bestel-Ne./Ordes-Ne.fiv* Coe Acheleur: H.-2eichen C b

CDN CALGARY, AB T2C 476 1143037 KN:06-5618/F-6078

GegenstanaiProducdProcuil: p

JEAMLESS, HOT ROLLED STEEL TUBES .'.-q

PiSMadi = Limkbedingungol VTerms of BelveryCondituns o Evakon: 3

ASTM A/ASME SA 333,’999 HF D4+ASME Sect.iI Pt.A4 sge technical requirements

04 ADD 05+CSA 2245.1-02 Cat.II+NACE MR 0175/03 + ASME B 36.10M/04

E.SW ASTM A/ASME SA 333 Grade 290 Cat II/Gr.6 268216 M 45 C 8 HN 87 NPS x I: p.,

ched 80 A5 U8 Germanv P.CG. 1-6078 WAl

Pos Foguliek/ouaniy Abmessungon/Dkmensions KKK MesseWuigtaarse | Meyuemminet | FritiecyTed v
“=¢"] 8" NPS x Sched 80 WK 1bS o
Z i8 8,626 X 00,5007 18 FT - 22 FT 15565 350.03 207 I
Schmelieis | EnchnArtMods | Schmetzenanslyseitant Analysisfanafise sur coulée = 1
W couide L
268216 v CONFORMS TO 2007 EDITION: J02f  ADDENDA [ )
{
% C % S1 % MN % P % S % CU % CR % NI % MO %V
0,1605}/0,240 G,850 /0,029_SV0,002) 00,0200 Or. 0500 0, 03004 a0 ”“ﬁi‘ﬁ"‘__— 6‘4‘
MATERTAT CTIEUR LI TU
% CAR % N % AL % NB % AS % 5N TI ASML MO TN | BY

0,320 00,0049 O, 0281# 00,0018 0,002( 0,0010J 0L 0050 AL ;Il-‘&' ISUSTRIES LTD. |

Uiiragchal-Prdlung gam Aftrasoak Tas! ace, lfConliole par ulirasons suivknt D .‘T'
DATE: Maw 1§, 200 3
Beizgchehi

gee, to ASTM E 213 o.k a '

° SIGNATURE B i
T S T S I k3 TG 0,627 o
N'm; mm'nm-; s ins produits Trtds Slavent varilds oL sonl 1 aux " e la o &
Dia gestemen Ankordecrus £ S
Le3 concRibng 1BQUises 5t ,?' R [
?:.;mm;am:mm /1:,_‘_5\;{_,:“ Irzien Durchgang. At
Tous ummsmpﬁ - 4 W el | W étanch JOB# |0—0513 68 e
“r:;'j‘;‘::;‘;';mfutﬂ;i CONFORME 10 2610 %01 10 208 apnesna ] HEAT CODE # B3 T
Las nmmuma.rhnsmuu.._ TRAST R WP, 1L AT VA e L 1 11 e
Dic Hohre bafinden sich 0bur ihre ganze Liknga m Kachgemafem Wirnahehandhngszusind l&gl 16
rheunes!pwsmmuemmmumnd:mﬂw&xmhnww luwbccmms.nbm dtat snanndauwe, e
Lieter zustand Cordilion of DalveryEtat de & : o - verg
Do ¥ . Caeddl popetorV
;-”;-;f aul Wi m-,-lm-m de an aken Rohy kbt Eun B M‘“'Dz,.. OO +,0% 024 0 2 '-”% ZVHC?IGHYEFKE GmbH

e Fu e O hedpy
\'&nlncu:r?uulamam[chwmwr a0 aken Rohysn urchg pRen e ol Esthwefler .é

ESCHWEILER, DEN 20.10.2006 ﬂdd-s ﬂﬂC‘*ﬂWT"’F

ZERTIFIZIERTER WERKSTOFFHERSTELLER GEM. DGRL/PED 97/23/EG,

ANHANG 1, ABSCHNITT 4.3, TUEV-ANLAGENTECHNIK GMBH, GEZ. DOREXLER

1 avbgeriEnckswelsiameniy KENN-NR. 0035, Der Abnahmebeaufiragle

DILSEB ZEUGNIS IST MASCHINELL ERSTELLT UND WIRD NICHT UNTERSCI“PT;;E%;?

Bankkama: Geschafstihrer: Web: www.esw-rohre.de
Sparkapse Aachen. OiA.-Botriadewir| Harbar Lonzen, Mail: info@esw-rohre.de
m";g’g&:gg“ ,;“:';‘;“d‘[‘;:"'“‘m" verlrieb @esw-rohre.de

USLldrt; DE 121732 265 Amiggsrichl Aachen HAB 11392 qualllaet @esw-rohre. de




AuestralBe 25, 52249 Eschweiler
Telefon 024 03/792-18% Verkaul -275 Qualilatsstelle
Telgfax 0240377 92-180 Verkaul -270 Cualitiissielie

Anlage/Enclosure/Annexe N°: 1
Waerks-Nr./Our Order No./
Prirfergebnis/Test results/Résultat des essais N° Cde Usine:

354721 002 0 01

Besichtiqung und Ausmessung/

chiung ond
B e ey ement 0. B./OK/SATISFAISANT

Aingavidoraversuch/Ring expanding lest
Essai d'anneau {traction): .

Ringzugversuch/Ring tensife test/
Essai d'anneau (évasement):

Ringlan Flatteni testf
Essui dapratissement | 0.B. /OK/SATISFAISANT

Aufweilversuch/Flaring test/
Essai d'évasement:

Drilitest:/Drifliest:/Contrdle de Mandrin:

Schmefranies Rohr-Hr, Strackgranzal Zugtwstigret/ Brucn- Kerpscilagarbeilimpact Vahe!
Cast-ho, Test-No. Yield stress) Tensie dahnung’ E330i do Nexion par chack.
Y Coules N* Limil strengiy Eungation/ Joxsle
dassai q s g 1 Mittel!
Ry Ry x2! vevat. . avesaqe! | ProbeTypel
rismni’ J Nimm' % i 1. 2. a ayan Type:
]
290-| 415- MIN. -45 27 Is0-¥
395 625 30
/ rd
268218 302,// a4 s 3¢~ a5t 147 13:9// 154 147
307 44°H 36/] - a5 140/ 148 15;/ 199

Technical reguirements: * + IS0 15156-1/03 + IS0 15156-2/03%. The material
conforms with NACE MR 0103. Hardness acc. to NACE MR 0175/03 max. 22 HRC.

Test Pressure 207 bar is dguivalent to 20,7 mpa.

ESW Rohrenwerke GmbH

Eschweiler

ESCHWEILER, DEN 20.10.2006
Eachweler, den GEZ. DREXLER
DIESES ZEUGNIS IST MASCHINELL ERSTELLT UND WIRD NICHT UNTERSCHRIEBEN

Der Abnahmebeaufiragte
Waork's Inspector
L'expein dusing

Bankkomo; Geaschatistohrer: Weab: www.gsw-rehre.de
Sparkasse Aachen, z:lﬂ.&lr‘ubavin He-fbd:rl Lenzen, mall: into@esw-rohre.de
Kougr N 310064 sichtamis oz emden "

31T 30050000 Manliad Leizs vertrieb@esw-rohre.de

USUSdNe DE 123732268 Amtsgerichl Aachen HAB 11392 qualitaet @esw-rohre.de
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SEAMLESS STEEL PIPELTR
CERTIEICATE OF COMPLIANCE
BRINNEL HARDNESS TEST RESULTS
PIN BRINNEL TESTER TO NACE MRO175
Heat | scription BHN
268216 8" S/80 (.500™  SMLS ASTM /ASME A/SA-333 125

GR 6

Operator RALPA GPETZ (2
Date: November 18, 2008

6771 - 84 STREET S.E,
CALGARY, ALBERTA T2C 476
TEL 403-236-9305

FAX 403-236-8879
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SPECTRUMN.D.T.LTD

MAGNETIC PARTICLE TEST REFORT

I
Client Job # 12-0779 Report # 150340
CALHEX INDUSTRIES Req#orPO # Woark Sheet# 47139
Address Requested by Demo # 1013
CALGARY, ALBERTA MR. ANDREW BENNS Procedure # MP2 REV4
Work Description Material Surface
INSPECTION OF TUBE SHEET BEVELED EDGES BEFORE CARBON STEEL EXTERNAL
WELDING
Code Acceptance Criteria Ambient Temp Background / Batch
ASMEV ART.7 ASME Vil DIV. 1 APP.6 216°C WCP 2/ 11B12K /01879
Technigue Equipment/Serial # Power Lifting Capability Check
CONTINUOUS MAGNETISM B300 YOKE / 50860 AC 110V 10 LBS OK
Particle type Batch # Particle Size Particle Manufacture
RED 16595 20 Um AVG. CIRCLE SYSTEMS
INCORPORATED
Light Source Light intensity Inspection surface Inspector
GE 12V BULB 1100 LUX GOQOD D ULMER
IDENTIFICATION DESCRIPTION COMMENTS
VESSLE ID# TUBESHEET "A" BEVELED NQ REJECTABLE INDICATIONS NOTED
12-0779 EDGES BEFOREWELDING ~ACCEPTABLE~
VESSLE ID# TUBESHEET "B" BEVELED NO REJECTABLE INDICATIONS NOTED
12-0779 EDGES BEFOREWELDING ~ACCEPTABLE~
Ind No Position Length Remarks
Reg Hrs: 1.0 | OT1 Hrs: | OT2 Hrs Consumables ()

CHANGES [MODIFICATIONS, ALTERATIONS OR ADDITIONAL WELDING WITHOUT RE-INSPECTION VOIDS REPORT.

CLIENT

INSPECTOR

-z -

LEVEL
CGSB LEVEL il # 16069
SNT LEVEL |l

DATE
NOVEMBER 30, 2011

U \




SPECTRUM N.D.T. LTD

MAGNETIC PARTICLE TEST REPORT

N —4
E—

Client Job # 120779 Report # 150367
CALHEX INDUSTRIES Req# or PO # Work Sheet # 47151
Address Requested by Demo # 1014
CALGARY, ALBERTA MR. ANDREW BENNS Procedure # MP2 REV4
Work Description Material Surface
INSPECTION OF VARIOUS VESSEL WELDMENTS CARBON STEEL EXTERNAL
Code Acceptance Criteria Ambient Temp Background / Batch
ASME V ART. 7 ASME VIii DIV. 1 APP.6 z216°C EXTERNAL SURFACE
WCP 2 /11B12K/ 01874
Technique Equipment/Serial # Power ’ Lifting Capability Check
CONTINUOUS MAGNETISM B300 YOKE /50860 AC110V 10 LBS OK
Particle type Batch # Particle Size Particle Manufacture
7C 08G091 < 20 Um AVG. MAGNAFLUX
Light Source Light intensity Inspection surface Inspector
GE 12V BULB 1100 LUX AS WELDED D ULMER
IDENTIFICATION DESCRIPTION COMMENTS
SHELL SIDE
VESSLE ID# EXPOSED EDGES OF TUBESHEET NO REJECTABLE INDICATIONS NOTED
12-0779 “A” AFTER WELDING ~ACCEPTABLE~
VESSLE ID# EXPOSED EDGES OF TUBESHEET NO REJECTABLE INDICATIONS NOTED
12-0779 “B” AFTER WELDING ~ACCEPTABLE~
VESSLE ID# ALL ATTACHMENT WELDS TO NOC REJECTABLE INDICATIONS NOTED
12-0779 SHELL ~ACCEPTABLE~
VESSLE ID¥# TEMPORARY ATTACHMENT NO REJECTABLE INDICATIONS NOTED
12-0779 LOCATIONS ON SHELL ~ACCEPTABLE~
VESSLE ID# LIFT LUG TQ REPAD! REPAD TO NO REJECTABLE INDICATIONS NOTED
12-0779 SHELL FILLET WELDS (X2) ~ACCEPTABLE~
VESSLE ID# SADDLE TO SHELL FILLET WELDS NO REJECTABLE INDICATIONS NOTED
12-0779 (X3) ~ACCEPTABLE~
VESSLE ID# CAT D" NOZZLES NO REJECTABLE INDICATIONS NOTED
12-0779 {N1, N2) ~ACCEFPTABLE~
VESSLE ID# NAMEPLATE BRACKET FILLET NO REJECTABLE INDICATIONS NOTED
12-0779 WELDS ~ACCEPTABLE~
JUBE SIDE
VESSLE ID# NO REJECTABLE INDICATIONS NOTED
12-0779 ALL ATTACHMENT WELDS ~ACCEPTABLE~
VESSLE 1D TEMPORARY ATTACHMENT NQ REJECTABLE INDICATIONS NOTED
12-0779 LOCATIONS ON SHELL ~ACCEPTABLE~
VESSLE ID# CAT "D" NOZZLES NO REJECTABLE INDICATIONS NOTED
12-0779 (N3, N4, C3a, C3b) ~ACCEPTABLE~
VESSLE Dt DAVIT ARM POCKET TO FLANGE NO REJECTABLE INDICATIONS NOTED
12-0779 FILLET WELDS {X2) ~ACCEPTABLE~
VESSLE D CHANNEL COVER LIFT LUG NO REJECTABLE INDICATIONS NCTED
12-0779 FILLET WELDS (X2) ~ACCEPTABLE~
Ind No Position Length Remarks
Reg Hrs: 1.5 | OT1 Hrs: l OT2 Hrs: | Consumables (1.0 can)
CHANGES, MODIFICATIONS, ALTERATIONS OR ADDITIONAL WELDING WITHOUT RE-INSPECTION VvQIDS REPORT.
CLIENT INSPECTOR LEVEL DATE
® s = CGSB LEVEL Il # 16069 DECEMBER 10, 2012
SNT LEVEL It

=
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SPECTRUM N.D.T.LTD

I ULTRASONIC TEST REPORT
Client JOB# 12-0779 Report # 140469
CALHEX Industries SER # N/A Work Sheet # 31434
Address Requested by Demo # 1018
Calgary, Alberta Mr. A  Benns Procedure# UP4 Rev. 1
Work Description Code Acceptance criteria
inspection of Repad Splices weldments ASME V At 4 ASME VIl Div.1, App.12
Material / Thickness Surface Condition Temperature Surface Preparation
Carbon Steel, 1/4” Thk. As Ground 18 °C Grinding
Instrument Model Serial # Calibration Std
GE USN 58L Q20L7T lIW Block-A14827
Sensitivity Couplant Inspector
3/32” Diameter SDH set at 80% FSH DAC UT-X K. Han
Search Unit Serial Number Size Ref Sensilivity Scan Sensitivity
0 Deg. 2.25 Mhz GAMMA 022877 1.0" Diameter BWE 80% +6 dB
70 Deg. 4 Mhz Phoenix B8304 10mm Diameter 80% FSH DAC +6dB
60 Deg. 4 Mhz Phoenix C3932 10mm Diameter 80% FSH DAC +6dB
45 Deg. 4 Mhz Phoenix C4883 10mm Diameter 80% FSH DAC +6dB
Identification Description Result
Inspected Repad Splices welds L1 & L2 on nozzles:
12-0779 P P NPL N2. N3, N& - ACCEPTABLE -
Ind # Depth (inch) Length (inch) | Amplitude (dB) Probe(s) Remarks Classification
A = Acceptable minor non reportable indication B = Acceptable reportable indication C = Rejectable indication
Reg Hrs 2.0 | OT1 Hrs | OT2 Hrs | Consumables
CHANGES, MODIFICATIONS, ALTERATIONS OR ADDITIONAL WELDING WITHOUT RE-INSPECTION VOIDS REPORT.
CLIENT /@%W INSPECTOR LEVEL DATE
CGSB L2 #16012 / Dec 12, 2012
A D SF e~ | ASNT L3 #148347
<7

P
1AL

cans ol
s
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SPECTRUM NDT LTD.

Radiographic Inspection Report

cuient: Colhex sosLocamon: Colgary  AB
joe#: _13-0F14 PO. #: pate: Nov 88/1a

ISOTOPE: IR™2 FILM: GAVERT D4 [__| CODE: Uwst [} MATERIAL: [~ CS [__58

FILM/CASS: 1 ps T UWs2

TECH #1 D7 [ B31.3 [N§] VEIWING Msw E/EXPOSURE

EFSS: 3.5mmx OTHER: OTHER [ | C1ow [

ABBREVIATIONS: (LEGEND}

IF - INCOMPLETE FUSION P - POROSITY BT - BURN THROUGH LC - LOW COVER

IP - INCOMPLETE PENETRATION 1-ICICLES C - CRATER CH - CRACK

S - SLAG UC - UNDERCUT HL - HIGH-LOW

FILMNQ.| LOCATION IF [IP | § P | fuc|eT | C |LC |CR]OK|REJ REMARKS SFD DIA. SOD MSSOFD) THICK | #EXP | WS
. 4

5 0-] A 13 |24 |5 X! | 8

"]
<3S |0-8 | v I |24 |li.5 i | VA

insPecToR:  Steve  (Jo\ke. CLIENT REPRESENTATIVE: C%N

FINAL INTERPRETATION OF RADIOGRAPHS SHALL BE T! ESPONSIBILITY OF THE CLIENT OR THEIR REPRESENTATIVE.

ASNT Il I COMMENTS:

ASNT 11

case —R )
1




SPECTRUM NDT LTD.

Radiographic Inspection Report

AR #.

54530

cLiEnT: Calhex

JOB LOCATION: _CQJ%QF\], AR

pATE: Nov S0/12

joB#: _NJ3-0OFIFY PO. #:

ISOTOPE: IR FILM: GAVERT D4 [ ] CODE: UW51 [ ] MATERIAL: [T cs [ ss

FILM/CASS: 1 D5 Uwsz2

TECH #1 07 [ Ba1.3 VEWING | [ ¥Sw [7] EXPOSURE

EFSS: 3.5mmx OTHER: OTHER [__] T 1ow LA

ABBREVIATIONS: (LEGEND)
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Lincoln Eleetric of Canada LP

179 Wicksteed Ave.,

Toronto, ON M4G 2BS

Product: SUPERARC L-\'g,
Classification: ER705-68 ye
Specification: AWS AS.18 (Ve
Date Completed: MARCH 23, 2012

Size:

Q3 Lot No.;
Heat No.:
Stock No.:

_ LINCOLN S
CERTIFIED MATERIAL TEST REPORT

© 0.035° (0.9 mm)

12820712

c88620 <
EDS561008PIPE (44 Ib. fibre speol)

This Is to certify that SUPERARC L-56, Q3 Lot number 12829712, was tested using the GMAW process In actardance
with the specification named sbove and concluded on the date shown, the results of which are shown balow. The welding
procedures and gas used are shown below. Mechankal properties and chemical resulls am taken from weld deposits In

the as welded condiion. This matarial was manufsctured and

supplled according to the Quality System Program of

Lincoln Electric Company of Canada, Toronto, Ontario, which meets the requirements of 1S0O 9001:2008 and other -
specifications applicable. This material was manufaciured under one lot control number and meets the requirements of

AWS A5.01 Lot Classlfication Class 53.

Shielding Gas:
Operating Setlings:

Wire Feed Speed {In/min}

Voitage, DC+ (vaiis)
Travel Speed (infmin)
Elecirical Stickout (In}

Layers/Passes

Interpass Temperalure (°F)

Tenslle Strangth (psi)

Yield Strength (psi)
Elongation (%)

im G

Average ft-ibs at =55°F

Electrode Analygis:

0.07

1.46

0.85
0.008
0.005

% Cu (Total) 0.11

V-notch:

Technologist — Production Testjad an
Certification

76% Af25% COy, 45 GFH

12-14
%
616
326

87 880
74 060

77
{79, 76, 75)

Weid Daposit i5:

% C

alty Assurance Manager,
nsumabies Division
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the pressure equipment safety authority

9410 - 20 Ave N.W.

Edmonton, Alberta, Canada T6N 0A4
Tel: (780) 437-9100 / Fax: (780) 437-7787

QOctober 30, 2012

Attention: Document Contro!
CALHEX INDUSTRIES LTD
9515-48 STREET SE
CALGARY, AB T2C 2R1

The design submission, tracking number 2012-07234, originally received on October 19, 2012 was

surveyed and accepted for registration as follows:
CRN: V9688.2

Reg Type: New Design

Drawing No. : 12-0779-S/T Rev 0 As Noted

Description MAWP

TS Internal Pressure 2758 kPa
TS External Pressure 103 kPa
SS Internal Pressure 2758 kPa
SS External Pressure 103 kPa

Accepted on:October 30, 2012

Design Temperature

70°C
70°C
70°C
70°C

MDMT
45°C
-45°C
-45°C
-45°C

An invoice covering survey and registration fees will be forwarded from our Revenue Accounts.
If you have any question don't hesitate to contact me by phone at (780) 433-0281 ext 3335 or fax (780)

437-7787 or e-mail dedovic@absa.ca.

Sincerely,

et P

DEDOVIC, BLAZO

Page 1 of 1



S a'fet New Westminster, BC V3L OE1
Authorityy Toll Free: 1-866-566-SAFE
Fax: (778) 396 - 2064

www.safetyauthority.ca
Date: November 28, 2012
CALHEX INDUSTRIES LTD Account #: 39806
9515 48TH STREET SE Journal #: 56001
CALGARY AB T2C ZR1 ‘ Our File #: 5309600

Attn: DARREN KLADNIK

Re: Application for Design Registration
The design, as detailed in your, Ref: 12-0779, for a Heat Exchanger is accepted for registration as follows

Registered To: CALHEX INDUSTRIES LTD CRN: V9688.21

Shell Side MDMT: -48degF MAWT: 158degF MAWP: 400 psig
Tube Side MDMT: -48degF MAWT: 158degF “ MAWP: 400 psig
Drawing #:12-0779-S, 12-0779-T Drawing Revision:0 /0

Conditions Of Registration:
1- Shell Side and Tube Side also designed for Full Vacuum @ 158 deg F.

Amount HST Total

Fee for reviewing your design: $148.00 $17.76 $165.76
Total: $148.00 $17.76 $165.76
Less amount received with submission: $0.00
$165.76

An invoice for $165.76 will follow.

Contact me if you have any questions.

ALIREZA BONAKDAR

(778) 396-2032
Alireza.Bonakdar@safetyauthority.ca
Design Engineer

ccC.

{PROD) 30400-20 GST # 87391 2802 RT0001



Calhex Industries
Ltd.
Welding Procedures
Welding Procedure:
CX-IN

Rev. 4



0'1‘\:-& .

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

jpressure saupmentsafely uthorly Tel: (780) 437-9100 / Fax: (780) 437-7787

7!

March 26, 2008

Sheldon Alcock

CALHEX INDUSTRIES LTD
9515-48 STREET SE
CALGARY, AB T2C 2R1

Dear Sheldon Alcock,
The welding procedures received on March 17, 2008 are accepted for registration as follows:

Re'g. No.: WP-2380.2 7 Accepted on: March 26, 2008

Tracking No. : 2008-01881
Reg Type : Revision To Acc. Design

Spec. No. : CX-1N REV 4

. ?‘x‘egistered under owner / manufacturer name CALHEX INDUSTRIES LTD

Please note the acceptance of the registration does not allow the use of this welding procedure in the
construction, modification, or repair of any boiler, pressure vessel, pressure piping system or fitting in
Alberta unless the contractor/manufacturer has registered a Quality Control system for such work with

ABSA.

Welding procedures, which specify impact testing, have been accepted in accordance with AS.M.E.
Section IX only. Other A.S.M.E. Code Sections may have additional requirements respecting impact

testing.
An invoice covering survey and registration fees will be forwarded from our Revenue Accounts.
Enclosed is a stamped welding procedure for your reference.

Sincerely,

ROSEBERG, BOB, P. Eng.
Design Survey Engineer



Base Metal (Typical):

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

- QUALIFIED FOR

CX-1N (Rev. 4)

PQ1, PQ3, PQ18,

PQ31, PQ32

P1 Groups 1 & 2to P1 Groups 1& 2

(SA 333 Gr. 6, SA 350 Gr. LF2, SA 420 WPL6, SA 516 Gr. 70, efc.)

Process(es): GMAW / SMAW Weld Types: GROOVE & FILLET
Position: ALL POSITIONS ALL DIAMETERS
Filler Metal: GMAW: ER70S-2 0r6 SMAW. E7018-1

BASE METAL CONDITIONS & GROOVE THICKNESS RANGE QUALIFIED:

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

3.0 to 203 mm (0.119 to 8.00 in.) 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. VI, DIV.1 38.1 mm (1.50 in.} maximum

TALBERTA BOILERS ‘SAFETY ASSOCIATION
PROVINCE OF ALBERTA
SAFETY CODES ACT
WELDING PROCEDURE
Reg. No. WP ..o B B0 2 evccirirnns

S0 Mo Gz A N C R H....
EMAW [SMAW

Woeld Process ...

Mat. Gr. P No.L@ritZ w0 p No. b @R L2
Elec. Gr. F No.......é.‘.’.’..'.'i ...... A NO.ercorrrone | ——
Th. Qual. For2.5a20.20410 PWHT crrrenne D8
..................... 0177 etes 4 S
-Yr.QQ.MoQ.E.Day?..(gSigned ..............................

DING SPECIALIST

PROVINCIAL REGISTRATION

Prepared By Ludwig Associates Ltd.

Page 1 of 20



Calhex Industries
Ltd.
Welding Procedures

Welding Procedure:
CX-2N

Rev. 1



#200, 4208 - 97 Street
Edmonton, Alberta, Canada T6E 5Z9

- the pressure equipment safety authority Tel: (780) 437-9100 / Fax: (780) 437-7787

i

g

September 01, 2005

Sheldon Alcock

CALHEX NDUSTRIES LTD
9515 48 STREET SE
CALGARY, AB T2C 2R1

Dear Sheldon Alcock,
The welding procedures received on August 18, 2005 are accepted for registration as follows:

Reg. No. : WP-2380.2 Accepted on: September 01, 2005

Tracking No. : 2005-06606
Reg Type : Revision To Acc. Design
Spec. No. : CX-2ZNREV 1

’ -Registered under owner / manufacturer name CALHEX INDUSTRIES LTD

tion does not allow the use of this welding procedure in the
ressure piping system or fitting in
Control system for such work with

Please note the acceptance of the registra
construction, modification, or repair of any boiler, pressure vessel, p
Alberta unless the contractor/manufacturer has registered a Quality

ABSA.

Welding procedures, which specify impact testing, have been accepted in accordance with A.S.M.E.
Section IX only. Other A.S.M.E. Code Sections may have additional requirements respecting impact
testing.

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

Enclosed is a stamped welding procedure for your reference.

Sincerely,

4 %WL«}/

ROSEBERG, BOB, P. Eng.
Design Survey Engineer



| .

CALHEX INDUSTRIES LTD. Bus: (403) 225 - 4395 {CALHEX 5}

951548'" STREET S.E., Calgary, Alberta, T2C 2R1 Fax: (403) 261 - 2761

WELDING PROCEDURE SPECIFICATION NO.:

CX-2N (Rev.1)

WELDING PROCEDURE QUALIFICATION RECORD NO. (S): PQ4, PQ5, PQ16

QUALIFIED FOR

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

Weld Types: _GROOVE & FILLET

Process(es): SMAW
Position: _ ~ ALL POSITIONS Diameter: ALL DIAMETERS
Filler Metal: E6010, E7018-1

BASE METAL CONDITIONS & GROOVE THICKNESS RANGE QUALIFIED:

BASE METAL THICKNESS RANGE

NOTCH TOUGHNESS APPLICATIONS TO -46°C AS WELDED
3.2 to 203 mm (0.125 to 8.00 in.) 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. VIll, DIV.1 38.1 mm {1.50 in.) maximum

1 ALBERTA BOILERS SAFETY ASSOCIATION
PROVINCE OF ALBERTA ‘
SAFETY CODES ACT

WELDING PROCEDURE
Reg. No. WP............... P - {0 N0 -
Spec No, QZ“?N(RE‘V'B
Weld Process SMAW
Mat. Gr. P No..LG@rIt 20 P No. ). 2ELLE
Elec. Gr. F Nowreor Bt Eliore A NO. o screnscbinsvecrerenn
Th. Qual. For. 3.2 28 3mmawnT ... NMQL.co)

ELLTIIL

L

. ROS , PENG,
WELD ECIALIST

PROVINCIAL REGISTRATION

Page 1 of 14

Prepared By Ludwig & Associates Ltd.
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(403) 261 - 2761

Bus: (403) 225 - 4395 { CALHEX5 }

Fax

CALHEX INDUSTRIES LTD. .

9515 - 48 th. Street S.E., Galgary, Alberta, T2C 2R1
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Brade "B Pressure Welders
(ertificate of Competency

T his is 1o Gertifg thats . 00 LTI e
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hereby granted @ Grade “B" Pressure Walder's Cartificats of Compatancy. and,
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FORM U-1 MANUFACTURER'S DATA REPORT FOR PRESSURE VESSELS asv
As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VIIl, Division 1

@) sr¢024

1. Manufactured and cerlified by

2. Manufaciured for

CALHEX INDUSTRIES LTD. 9515 48™ STREET S.E., CALGARY, ALBERTA, CANADA T2C 2R1

(Name and address of Manufacturer)

Husky Qil Operations Ltd. 707 — 8™ Avenue S.W. Calgary, AB T2P 1H5

3. Location of installation

{Name and address of Purchaser)

Husky Oil Ansell Gas Plant Edson, AB LSD# - 07-27-051-19-W5M

{Name and address)

4. Type Horizontal Heat Exchanger 12-0779
(Herizomtal, verical, or sphere) (Tank, separator, jkt. vessel, heat exh. elc.) (Manufacturer's serial number}
V9688.21 12-0779-5 Rev. 0 & T Rev. 0 - 2012
({CRN} {Drawing No.) (National Board Number.) {Year Built)
5. ASME Code, Section VI, Div. 1 2010 & 2011 2714 -
[Editicn and Addenda {(date)] {Coda Case Number) [Special Servica per UG-120(d)]
Items €-11 incl. to be completed for single wall jackets of jach Is, shell of heat axchangers, or chamber of multi-chamber vessals.
6. Shell {a) Number cf course(s): 2 {£) Overall fength {ft & in.}: 47’ - B.750"
f
Course(s) Materiat Thickness Long. Joint (Cat A} Circum. Joint (Catl. AB, & C) Hest Treatment
No. Diamater, in. | Langth {ft &in.) Spec./Grade or Type Nom. Corr. Type | Full,Spet.None | Efl. | Type | Full,Spot,Nona Eff. Temp. Time
1 23 39°-8.750" SA333-6 0.500" | 0.0625" | § None 085|711 Spot* 0.70 - -
1 23" g -0" 8A333-6 0.500” | 0.0625" | S None 085 71 Spot* 0.70 -
7. Heads: (&) b)
{Material spec. number, grade or type) (HT. - ime & {temp.) {Material spec. number, grade or type) (H.T. - time & temp.)
Logation {Tog, Thickness Radius Elliptical Conical Herispherical Flat | Side to Pressure Category A
Bottom, Ends) Min. Carr. | Crown | Knuekle Apax Angle Radius Diameter |Convex|Concave| Type |FullSpot,None. Eff.
(&
(v}
K removable, bolts used (describe other fastening})
(Material spec. numbex, grade, size, number)
8. Type of jacket Jacket closure
(Describe as ogse and weld, bar, efc)
I bar, give dimensions If bolted, describe or skelch,
5. MAWP 400 15 psi at max. temp. 163 163 °F Min. design metal termp. 49 °F at 400 ps.
(Internat) (Extemal) (Internat) {External) -
10. Impact test No, exempt per UCS-66{a){c){dKq), Fig. UCS-66 Note (c) & UCS-67(a)2. at test temperature of __ - °F.
{ndicate yes or no and the component(s) impact tested)
11. Hydro.,pneu.,or comb.test pressure 520 psi Proof test -
Itams 12 and 13 to be d for tube ti
12. Tubeshest: SA516-TON 23" 1.5625”" 0.125” Weided
[Stationary (material spec. no)] [Di-ame!ar. (subject to prass.)j (Nominal thickness) (Corr. Allow.) {Attachment (welded or boited)]
[Floating {material spec. no.) (Diameter) (Nominal thickness) (Corr. Allow.) 1 YAltachrert)
13. Tubes SAITO ™ 0.750" 16 BWG 440 Straight
(Malarial spec. no., grade or type} (C.D) (Nominal thickness) {Number) [Type (straight or U)]
items 14.18 incl. to be completed for inner ch s of jack Is or channels of heat exchangers.
14, Shell: {a)No. of coursa(s) 2 {b) Overall length (ft & in.): 2’ =10
Course{s} Material Thickness Long. Joint {Cat.A) Circum. Joint {Cat. AB, & C) Heat Treatment
No. Diameter Length Spec./Grade ot Typa Nom. Corr. Type |FullSpoibone | Ef. | Type | FullSpotNone | Eff Temp. Time
2 23" 1 =5" SA333-6 0.500" 0.0625" ] None 10 | 177 Spot* 0.70 - -
15. Heads: (a) SA350-LF2 CL.1 (b SA350-LF2CLA
{Material spec. numbes, grade or type) (H.T. - Time & Temp.) (Material spec. numbex, grade of type} {H.T. - Time & Temp.)
Location (Top, Thickness Radius Efliptical Conical Hemispherical Flat Side to Pressure Category A
Min. Corr. Crown | Knuckle Ratio Apex Angle Radius Diamater | Convex |Concave | Type | Full Spot,None Eff.
(&) End 2.75” (0.0625" 36"
) End 2.75" [0.0625” 36"

If removable, bolts used {describe other fastening).

{24) 1.50" x 9.250” Lg. SA193-B7 UNC Studs / (48) 1.50" SA194-2H UNC Nuts

[Malenal spec. Number, arade, SiZe, NUmber)




FORM U-1 (Back

16. MAWP 400 15 psi 8t max. temp. 158 158 °F Min. design matal temp. 49  °Fat 400 Psi
{Internaf) {Exiernal) {Intemal) {External}
17. Impact test No, exempt UCS-66(a){c){d){g), Fig. UCS-66 Note {c) & UCS-67(a)2. at test temperature of __ - _ °F.
{Indicate yes or no and the componenti{s) impact tesied)
18, Hydro, pneu., or comb. test press. 520 psi Procf test -
18. Nozzles, inspection, and safety valve openings: - - -
Purpose Diameter Flange Msterial Nozzle Thickness Reinforcement Attachment Detail Location
{Intel, Quilet, Drain, etc.) |No. or Size Type Nozzie Flange Nom. Corr. Material Nozzle Flange (Insp. Open.)
Shellsideinlet | 1| 8" 300CL | RFWN SA333-6 SA350-LF2CL.1 | 0.344" | 0.0625" | SA516-70N |UW16.1c| BW Shell Top
Sheliside Outlet |1} 8" 300 CL | RFWN SA333-6 SA350-LF2 CL.1 | 0.344” | 0.0625" | SAS16-70N {UW16.1c| BW Shell Bottom
Tubeside Inlet 1] 8"300CL ;| RFWN SA333-6 SA350-LF2 CL.1 | 0.344” | 0.0625" | SA516-70N iUW16.1c BW | Channel Bottom
Tubeside Qutlet |1 ]| 8”300 CL | RFWN S5A333-6 SA350-LF2 CL1 | 0.344" | 0.0625" | SA516-70N [UW1 6.1c| BW Channel Top
Tl 4 1" CPLG |[SA350-LF2CLA1 - 6000 CL | 0.0625" - IUW16.1a - Inlets/Outlets
P.l. 4 . CPLG |SA350-LF2 CL.A - 6000 CL | 0.0625" - iUW1B.1a - Inlets/Outlets
Vent 1 17 CPLG [SA350-LF2 CL.1 - 6000 CL | 0.0625” - UW16.1a] - Channel Top
Drain 1 17 CPLG | SA350-LF2CL.A1 - €000 CL | 0.0625” UW1i6.1a| - Channel Bottom
20. Supports: skin No  Lugs 4 Legs na Other Saddles Aftached Welded to Shell & Channel Covers
(Yesino) {Number) (Number} {Describe) (Where and how)

.

Manufacturer's Partial Data Reports properly identified and signed by Commissioned inspeciors have bean fumished for the following items of the repert:

{list the name of part, item numbber, Manufacturer's name &nd identifying number):

22. Remarks: {2) 24 300 CL RFWN Channel Flanges - SA350-LF2 CL.1
SAFETY VALVES: P.8.V. on piping per UG-125 (g} to be installed by owner. CUBIC CAPACITY: 123.04 cu. ft.
SURFACE AREA: 4146.9 sq. ft.
SERVICE: Inlet Gas Heat Exchanger * RT2 -~ Spot per UW-11(a)5(b). ** Tube Length-48'—-0" Lg.
ITEM # E-102B Constructed to Drawing # 12-0779-5 Rev. 1 & T Rev. 0.

CERTIFICATE OF SHOP COMPLIANCE
We certify that the statements made in this report are correct and that all details of design, material, construction, and workmanship of this vessel conform to the

ASME BOILER AND PRESSURE VESSEL CODE, Section VIIL, Division 1,

I Certificate of Authorization Numbar. 33238 Expires AE[‘]I 22 20 14
Date DEC 14 2092 ware Caihex Industries Ltd. Signed
(Manufacturer) \__J {Regroseniativa)

CERTIFICATE OF SHOP INSPECTION
1, the undessigned, holding a valid commission issued by the Nationat Board of Boiler and Pressure Vessel Inspectors andior the State or Province of  ALBERTA
and employed by ABSA of CALGARY, AB, CANADA have inspected
the prassure vessel described in this Mamsfacturer's Data Reporl on 20 , and state that, to the best of my knowledge and balief, the
Manufacturer has constructed this pressure vessel in accordance with ASME BOILER AND PRESSURE VESSEL CODE, Section VIIL, Division 1. By signing this certificate neither the Inspector nor his/her
employer rﬁakes any warranty, expressed or impliad, conceming the pressure vessel described in this Manufacturer's Data Report. Furthemmore, neither the Inspacter nor his/har employer shall be Hable
in any marmer for any personal injury or proparty damape or a foss of any kind arising from or connected with this inspection.

e  DECUNN ... 2 2 7 comies NBI4679 ARYLGZ

- {Authorized inspector) [National Board ({incl. endorsements), State, Province,and number]

CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE
We certify that the statemients on this reporl are correct and that the field assembly construction of all paris of this vessel conforms with the reguirements of ASME BOILER AND PRESSURE VESSEL CODE,

Section VUL, Division 3.
U Cerificate of Authorization Number Expires .20

Dale Name Signed

{Assembler) {Representative)

CERTIFICATE OF FIELD ASSEMBLY INSPECTION
1, the undersigned, holding a valid commission issuad by the National Board of Boiler and Pressure Vesset Inspectors andfor the State or Province of
and empioyed by of
have compared the statemants in this Manufacturer's Data Report with the described pressure vessel and state that parts referred to as data items
not included in the certificats of shop inspaction, have been inspectad by me and to the best of my knowledge and baliaf, the Manufacturer has constructed and assambled this pressure vesse!
in accordance with ASME BOILER AND PRESSURE VESSEL CODE, Section VI, Division 1. The described vessel was inspected and subjectad to a hydrostatic test of psi. By
signing this certificate neither the Inspector noc hismer employer makes any wamanty, expressed or implied, conceming the pressure vessel described in this Manufaciurer’s Data Report. .
Furthermore, neither the Inspector nor histher employer shall be liable in any manner for any personal injury or property damage or a loss of any kind arising frem or connected with this inspection.

Date Signed Commissions
(Authorized Inspector) {MNationa! Board (incl. endorsements), State, Province and number.)




" CALHEX INDUSTRIES LTD.

" 9515 - 48 th, Street S.E., Calgary, Alberta, T2C 2R1

Bus: (403) 225 - 4395 { CALHEXS5 }
Fax: (403) 261 - 2761

HYDROSTATIC TEST REPORT

CUSTOMER: Excelsior Engineering
OWNER: Husky Oil Operations
ITEM #: E-102B
JOB #: 120779
SHELLSIDE TUBESIDE

DESIGN PRESSURE: 400 psi 400 PSI
HYDROSTATIC TEST 520 PSI 520 PSI
PRESSURE: '

DATE: | pEC 11702 DATE: DEC 12 2012

/ \p
Calhex Representative: N Calhex Representative:
ST
il . -

Customer Representative: Customer Representativ% W
DATE: DEC 112012 | Date: DEC 12 2012

Gauges — CXG-7 & CXG-39

Gauges - CXG-7 & CXG-39

Remarks:

Hydro-tested min. 1 hour. No leaks detected.
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CALHEX INDUSTRIES LTD.

9515- 48 th. Street S.E., Calgary, Alberta, T2C 2R1

" Bus: (403) 225 - 4395 {CALHEX5}
Fax: (403) 261 - 2761

TRAVEL SHEET (FRONT)

DO NOT START CONSTRUCTION WITHOUT Al REVIEW TRAVEL SHEET REVISION NO.-
Al REVIEW: . REVIEW DATE: NOV 12 2012
customer: | Excolgior Engineering | owner: | Huaky ot operations [ prosECT: | Ansei GasPlant | POt | sav0sarers
SERIAL NO.:12-0779 JOB NO.:12-0779-S & T VESSEL TYPE: Inlet Gas Heat Exchanger Tag# E-102B
DRAWING NO.: 12-0779-S& T DWG. REVISION NO.: & € £ TRAVEL SHEET INITIATION By A NOV 1u i
Seq. tem Comments Qcl Date Al Al Date ‘Owner / Date
P’l?"“; Customer
Rep.
[
T | Caclations in Fie Approved by Customer and (l):{: NUY U pa 7 DECH 4 ’% 23 P 2007
2 | ReleaseofApeiuOwg | opa o oY Customerand rm/ gy 16 052 AN WV 12 W2 o5y 2o~
LA - PP -
3 Reat Numbers 2010 Edition 2017 add bf' SRS ﬁ/ DEC (112012 %{2 fee 201
o ™ Py 3 .
4| MTRs Chocked A BeCi 1l | DECHA IO [5Z /x|t 202
Exarnination of Material ‘.%",/‘,' = L
5. (UG-93) f'?li}/ TV 1 N
N e Koy % R Vel A1 fe
, - Welder(s) Qualified L JEC ‘: ‘} Z ": #[/7 e 2oin
icknesses ' W Sl Py N X
8. | Rocorsma s oot VR O Y THOECN L L |* 2 /2 Y )
" [N
T Brihichia Al pe becide 7 DECPIINNV z ep Ly,
10. Ir:l\sozﬂs_lFitﬁngs Fit-up f’;};’/“ r-\l: .: i : .:?
1. T Nozzle Orientation }57 bEC 11012
=T " = o P
Yoz § Fange Faing Y. DPeC 11zl
13. impact Testing o el NN M Fip. V33 ::1]!3 J— - .
14. Intemals Checked N1 plus All Dralns to be flush | / F‘ :}EC ': 1 : ’!2
L I T—— : R quy % KX b e Rar
Tubeside -% i Fﬁﬁ/
18- Bundle Insertion ..,. tL. "; 1 ;{2 - "
_‘_7- Woeld Size Checked As per weld detail . .fﬁ{'—; DEC 1 :-:2
18. Welder |.D. Checked - ; ~ EC R )
[ 5| Finat Extemal aecion | 2-NP - 2-LL N ORI B 71 DEC[1 7 1 far 221 T
20. Radiography Sheliaich — WA PER UW 13.201) A [4 I .
a). Radiography Tubeside- swa reruw 1220 I i ﬂﬂ' 2077
71, | MPi- UG3 - Tubeshests A & B Beveled Edges befors weiding re oo 2%
MP|- UG-93 — Tubsshests A & B Beveled Edges AFTER welding B 2 z
UT- Cat. D's - (e 20/ T :
MPI-SIS Tomp & / Flkiet Welds Cal, D's — Saddia Ia Shell FUP f
HPI—TI.S- Temp's / Fillet Walds-Cat. D's / Ll lugs
AT — <200 BAN- AFTER PWHT —
Final Ext. Priof to PW.H.T. -
- -
24. Hydrostatic Test - 1 Hr Shell : Gauge: 520 psi | Ley
Report & CHART cXG-f] &CX 0{ 11 mn ‘
| | S o D CECLTUD [ /)t 20
& oRN Drawing: (ABI] AT} CRIE V 7 22| A porT
) N.C.R. - ADproved: .., -1
21, ' oo, 1 CAUTION _ Zq%%—_“k AL A o 7
. ‘\’ﬂ;r%t:am!akepoﬂlw“phhd& U1 -FULL VACUUM ?D 1.2012 ,/ /B e 2orz
5. ! " IMP 7 Gaution T o Lo/ ¢
i i — a4 por v overs { - "
.| Fnal Pam— po prames | P 1 | et
3. INSULATION- —t—
7 Shipping and Refease s : /f ;z/ v o/ E M
3. Final Dacumentation Manutacturers Data Book 'Uﬂf: TR ‘éc 22/¥]

Te Authorizod luspestor hall be proscuted witk the Travel Sheel prior W comsirac s 3¢ B2t be can draigmate addlta gl lngpoctive paiets sader Hald PRt Any rrobbens shal bnc mmrked with 2 deita ynabal with revigien mamber nd dracHbed 3t tie bartam o s pugt.

# Low Temp - -

* Denotes an AL Inspection Point

** Denotes an A.l. Hold Point

CA TS 7



CALHEX INDUSTRIES LTD.

9515-48™ STREET SE., Calgary, Alberta, T2C 2R1

Fax: (403) 261 - 2761

TRAVEL SHEET (BAC

Bus: (403) 225 - 4395 {CALHEX 5}

MATERIAL THICKNESS VERIFICATION AND IDENTIFICATION WELD 1.D. / WELDER SYMBOLS / FIT-UP
Description Thickness Material Spec. & Grade Hm:%:j’i&"r?: V:;ld ;\'elder El:-:l: Vld:d swm l;!::'i: ¥m
Vit Jolnt
Tubes 0.750° 14 BWG SA179 B3k / 213254 zel 40,
Tubesheet A 15625" (| SbR ™) | sAs16-70N Bbb3 c3 T dt}'f’
TubesheotB | 15625 (1.540) | SAS16-TON Rbb3 5 T 1S
. - %
. L1z FE)
Shell Cylinder | 24" XH (‘5% ) | SA3336 9579 Ch G (J@Q
] Fl Fa N
Chan. Cytinder | 24" XH( ‘S14"" ) | SA333-6 959 c2 J )]d
Channel Cover | 247300 CLRF BL._| sAsso-LF2cL1 | 19858 v
Channel RFWN | 24 300 CLRFWN - | sA350-LF2 CL.1 HoZ4Z /(3 [ ¥ Mol
T T Ay J N
- 1 I
chani€ylinder | 24" XH (“SI4" ) | SA3336 9 Co J | N
Channel Cover | 24 300 CLRFBL. | SA350-LF2 CL.1 1980 v, [V
Channel RFWN | 24”300 CLRFWN | sA350-LF2 CL.1 HOH2/2 C1 A 1 e
Saddle Repad "~ | 0375 ( -3f0 " ) | sAs16-70N E‘({i -7
Saddle Repad _ |5-375" (-890™" )¢] sas16-ToN 37
Saddle Repad | 6.3757 ( -870 ;) 5| SA516-70N Ry47
ATTACHMENT AND / OR NOZZ1LE MATERIAL THICKNESS VERIFICATION AND IDENTIFICATION WPS# WELDER SYMBOLS ! FIT-UP
Mark Mat. I.D. Neck Fitting Flange Repad “;:d CatB | Cat.C | Cat. D | Pad OD
g:b Spec-Grd. | SA333-6 SA350-LF2 CL.1 SA3SC-LF2CL1 | 5AS516-TON A A N | 128
C2b Tk/Rating | 8" XH (527 - } | 1"8%” 6000 CLCPLG | 8” 300 CL RFWN 0.250"(- 25} f&%
Heat# or ID 5558 Yo38 /1 YiHB 121 Z600) _' 6(:'(?& CX-IN | cX- Zb(
h2 spec-Gro. | 5A3336'.2 . | 'sABs0LF2 oL SA350-LF2CL1 | sA516-70N AR | Apar | 28
czﬁ Thk/Rating | 8" XH(-$2¢" ) | 178%" 6000 CL CPLG | 8”300 CL RFWN 0.250"(.245 ) Y2
Heat# or ID RILB vosg / olib 12{ 3ot k958 CX-IN | CX-2N e
gfd Spec-Grd. | SA333-6 SA350-LF2 CL.1 SA350-LFzCL.1 SAS516-T0N A ﬂ M 126257
c2d Thk/Rating | 8*XH (*S27*" )] 1"&%” 6000 CL CPLG | 8 300 CL RFWN p.zso"(-m") AR
Heat# or ID 33&8 : yode 7 Yous .. [ 12-300n L g‘ii& cX-IN | cx-2n-| /ﬂ/
g:a | Seecort. | sasszs | SA3s0-LF2CLA SAISO-LF2CL1T 1 '5a518.70N "N T Fee
C2a ThiksRating | & XH( “S2F~ ) | 1"8%” 6000 CL CPLG | 8" 300CLRFWN | 0.2507(- 245 ) 7 I\v&)\%
Heat# or ID w L‘osg / '{D‘-I'& 12 ~ gw n B??s CX-iN | CX-2 &g
C3a “Spec.-Grd. SA350-LF2 CL.1 )
Thk/Rating 1" 6000 CL CPLG ﬂ
Heat# or 1D SRC ] 4T Y638 . CX-2N
C3b Spec.-Grd. T SA350-LF2 CL.1 Al _
Thk/Rating 17 6000 CL CPLG
Heat# or ID yo g, CX-2N
Spec.-Grd. -
Thk./Rating
Heat# or ID




Procoat Coatings Ltd.
6632 90 Ave SE

Calgary, AB T2C 2T3

(p) 403-236-0988 (f) 403-236-0993
Email procoatc(@telus.net

PROCOAT COATINGS LTD
QUALITY CONTROL INSPECTION REPORT

DATE: December 18, 2012
CUSTOMER: Calhex Industries Ltd.

CUSTOMER JOB: 12-0779
PROCOAT WORK ORDER #: 1010-12-12

ITEM DESCRIPTION: (1) Vessel (NEN 23 x 576 — 255001bs)




PROCOAT COATINGS LTD
SURFACE PREPARATION INSPECTION REPORT

DATE: December 13, 2012

INSPECTION

SANDBLASTER: James

SURFACE PREP: SSPC-SP6

PROFILE THICKNESS: 2.5 - 3.0mils

ABRASIVE USED: 30/50 Silica

EQUIPMEN: 375 CFM Compressor NOZZLE: #6

COMMENTS: Surface preparation met SPEC requirement and the project was released for coating.

SURFACE PREP CONDITIONS

AIR TEMP: 2°C SUBSTRATE TEMP: 1.5°C

RELATIVE HUMIDITY: 29% DEW POINT: -13°C



Procoat Coating Inspection Report

Date 13-Dec-12 13-Dec-12
Coat 1st 2nd
Avg. 18 3.8
DFT(mil) High 2 )
Low 16 33
No. of reads 263 244
Applicator Uoyd Lloyd
Rust-oleum
Product Industrial Choice Rust-oleum Enamel
Cotor Grey Silver Grey
Batch # 206331 245484
P25151 P20242
Air Temp (C} 23 23
Steel Temp(C) 23 23
Humidity (%) 29% 29%
Dew Point (C)| -13 -13
Comments:
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