
T i m o t h y C h u n g 

From: 
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To: 
Subject: 
Attachments: 

Timothy Chung 

Thursday, July 24, 2014 4:38 PM 

Dale Martin 

Knock Out Drum (Equipmnent # 66005116) 

Sylvan Lake KO Drum.pdf 

Hi Dale, 

The structural integrity o f t he KO drum at Sylvan Lake gas plant has been evaluated at design conditions of 14.9 psig & 

200 F. 

The fol lowing vessel data are used for evaluation: 

1) Vessel dimension: 7'-0" ID x l l ' - O " long 

2) Design pressure & temperature: 14.9 psig, 200 F 

3) Allowable stresses for Head & Shell : SA283-C material in 1995 ASME code used 

4) Corrosion allowance: 0 

5) 20" nozzle material: SA106-B, Sch 40 Pipe assumed 

6) 2" nozzle material: SA106-B, Sch 80 Pipe assumed 

7) Flanged & dished head assumed 

Below are the thickness comparison of each component of the vessel: 

Components 
Required 

minimum design 
thickness 

Actual thickness 
(May 9, 2012) 

Nominal 
thickness 

Cylinder 0.3444" 0.748" 0.75 

Head 0.2271" 0.64" 0.75 

Straight Flange 0.3438" 0.64" 0.75 

Nozzle #1 (20") 0.3281" N/A 0.5198" 

Nozzle #2 (2") 0.1348" N/A 0.1908" 

Nozzle #3 (2") 0.1348" N/A 0.1908" 

As you can see, all the components o f t he vessel (Actual & Nominal) have more thickness than required t-min. 

Therefore, the vessel is structurally safe to operate at these design conditions. 

Attached is COMPRESS calculations for your reference. 

Please note that the relocation height for the bottom hole nozzle will be determined by operations during the shutdown 

in Sept this year. 

Thanks, 

T im Chung, P. Eng. 

Senior Staff Mechanical Engineer 

Technical Services 

Safety, Engineering & Procurement 

Husky Energy 

W (587) 774-7929 

C (403)836-5016 
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C o d e w a r e , I n c . 

Sarasota, K L , USA 

www.codeware .com 

I 

i l l l 

COMPRESS Pressure Vessel Design Calculations 

l l e m : Sy lvan L a k e Flare K n o c k o u t D r u m 

Kqu ipmen t No : 6601)5116 

Cus tomer : Husky Knergy 

Designer: T i m C h u n g 

Date: Ju l y 24, 2014 

Design Pressure: 14.9 psig 
Design T e m p e r a t u r e : 200 F 

Co r ros ion A l l o w a n c e ; 0 
1995 A l l o w a b l e Stress Values o f SA-283- C are used f o r Shell & Head Ma te r i a l s 

For 2 " Nozzles, SA-106-B Sch 80 Pipe is assumed 
For 2 0 " Nozzle, SA-106-B Sch 40 Pipe is assumed 

Flanged & Dished Head is assumed 

Sylvan Lake Flare Knockout Drum (100 psig & 200 F) 7/24/2014 



C'vliiidci'#l 

ASME Section V l l l Division 1, 1995 Edition 

Component: Cylinder 
Male i ia l specirication; SA-2S3 C ( l l - l ) p. 6, In. 10) 
Material is impact tested per L:C-84 lo -50 0 F 
lICS-66(i) reduction of 78.2 °F applied (ratio = 0.448S). 

Internal desijin pressure: P = 14.9 psi (a) 200 0 F 
External design pressure: P t. = 15 psi (al 200 0 F 

Static l iquid head; 

Pih - 3.2S psi (SG = I , H , = 90.748", Horixontal test head) 

Corrosinn allowance Inner C = 0" Outer C = 0" 

Design M D M T - -20 0 F Impact test peiTormed 
Rated M D M T - -128.2 °F Material is not normalized 

Malerial is not produced to Fine Grain Practice 
P W H T is pcrrormed 

Radiography: Longitudinal j o i n l - Full II\V-11(a) Type I 
Left circumferential j o i n l - Full UW-11(a) Type I 
Righl circumfprential joint - Full UW-11 (a) Type I 

Estimated weight New = 7,437.6 lb corr - 7.437.6 Ib 

Capacity New - 3,166.73 US gal corr - 3,166.73 US gal 

ID - 84" 
Length L t • 132" 
I = 0.748" 

Design thickness, (at 200 ° F | UG-27(c)( I ) 

t = P*R/(S*E - 0.60*P) + Corrosion 
= 14.9*42/(12,696*1.00 - 0.60*14.9) + 0 
= 0.0494" 

Maximum allowable working pressure, (at 200 0 F ) UG-27(c)(l) 

p = S « E * t / ( R +0.60*1)-P, 

= 12.696*1.00*0.748 / (42 + 0.60*0.748) - 0 

- 223.72 psi 

Maximum allowable pressure, (at 70 D F ) UG-27(c)(l) 

P - S*E*t/ (R +0.60*1) 

= 12,696*1.00*0.748/(42 + 0.60*0.748) 
- 223.72 psi 

External Pressnre. (Con oded & at 201) 0 F ) UG-28(c) 

L / D „ - 146.0629 / 85.496 - 1.7084 
D „ / t = 85.496 / 0.3444 - 248.2528 
From table C: A • 0.000195 
From table CS-2: B = 2,792.8348 psi 

P a = 4 * l > / ( 3 * ( D „ / t ) ) 

= 4*2,792.83/(3*185.496/0.3444)) 
- 15 psi 

Design thickness for external pressure P., = 15 psi 

ta " 1+ Corrosion = 0.3444 + 0 = 0.3444" 

Maxiinuni Allowable Exlei-nal Pressme, (Corroded & al 200 0 F ) UC.-28(c) 

L / D , , - 146.0629/85.496 = 1.7084 
0 „ l \ - 85.496 / 0.748 = 114.2995 
From table G: A = 0.000635 
From table CS-2: B = 9,149.6499 psi 

P a • 4 * B / ( 3 * ( D „ / t ) ) 

= 4*9.149.65/(3'(85.496/0.748)) 
= 106.73 psi 

% Extreme fiber elongation - llCS-79(d) 

EFF. = ( 5 0 * I / R f ) * ( l - R f / R „ ) 

(50*0.748 / 42.374)*( 1 - 42.374 / oo) 

0.8826% 

The extreme nber elongation docs not exceed 5%. 

Compl 7/24/2014 



A S M F Section V l l l Divismn 1. 1995 Edition 

( omponenl: I \ K llvml 

Mii lcr i : i l Specirication: SA-283 C ( l l - D p.6. In. 10) 

Str rtighl Q a a K goveins .MDMT 

Internal design pi essm e: P • 14.9 psi fd) 200 "F 
tx le rna l design pressure: P e - 15 psi fa) 200 0 F 

Static l iquid head: 

P s = 0 psi {SG=I , H ^ O " Operatina head) 

P t h = 3.28 ps i (SG=l ,H l i =90.748" Horizontal test head) 

Corrosion allowance: Inner C = 0" Outer C • 0" 

Design M D M T = -20 oF No impact test performed 

Raled M D M T - -9.9*^ Material is nol normalized 

Matenal is not produced to fine grain practice 

P W H T is not performed 

Do nol Optimize M D M T / Find M A W P 

Radiography: C ategory A joints - Seamless No RT 

Head to shell seam - Full l I W - n ( a ) Type I 

Estimated weight*: new = 1,320.9 Ib c o r r = 1320.9 Ib 

Capacity*: new - 265.6 US gal corr = 265.6 US gal 

* includes straight Hange 

Inner diameter " 84" 
Crown radius L = 78*' 
Knuckle radius r = 5.04" 
Min imum head thickness = 0.64" 
Straight flange lenglh l^g = 2" 

Nominal straight flange thickness t N f ~ 0.64" 

Results Summary 

The goveming condition is exlemal pressure. 
Min imum thickness per LIG-16 - 0.0625" + 0" - 0.0625" 
Design thickness due to internal pressure (t) = 0.0794" 
Design thickness due lo external pressure (t^) = 0.2272" 

Maximum allowable working pressure ( M A W P ) = 120.07 psi 
Maximum allowable pressure (MAP) = 120.07 psi 
Maximum allowable external pressure (MAEP) = 71.9 psi 

M (Corroded) 

M = 1 / 4 * 1 3 + ( L / r ) ^ 2 l 

1/4*13 + ( 7 8 / 5 . 0 4 ) 1 / 2 | 
1.733495 

M ( N e w ) 

M - lAl-p + i L / r ) ' / 2 ! 
l / 4 « | 3 + ( 7 8 / 5 . 0 4 ) I / - ] 
1.733495 

Design thickness for internal pressure, (Corroded at 200 0 F ) Appendix I-4(d) 

I = P»L*M / {2*S*E - 0.2"P) + Corrosion 
14.9*78*1.7335 / (2*12,696*1 - 0.2*14.9) + 0 
0.0794" 

The head internal pressure design thickness is 0.0794". 

Maximum allowable working pressure, (Corroded at 200 °F) Appendix l-4(d) 

p . 2*S*E*t / ( L * M + 0.2*t) - P s 

2*12.6%* 1*0.64/(78*1.7335 + 0.2*0.64) - 0 
120.07 psi 

The maximum allowable working pressure ( M A W P ) is j.21Mn psi. 

Maximum allowable pressure. (New al 70 0 F ) Appendix l-4(d) 

p = 2 * S * E * l / ( L * M + 0 .2* t ) -P s 

2*12.696*1*0.64/(78*1.7335+ 0.2*0.64)- 0 
120.07 psi 

The maximum allowable pressui e (MAP) is 120.07 psi. 

Design thickness for external pressure, (Corroded at 200 0 F) UG-33(e) 

Fi|uivalenl outside spherical radius (R ( l) 
= Oulside crown radius 

78.64 in 

A = O . I 2 5 / ( R l ( / t ) 

Compl 7/24/2014 



(1.125/(78.64/0.227132) 
CI.00036I 

From Table C S ^ L B - 5,193.454 psi 

Pa = B / ( R „ / 1 ) 

5,193.454/(78.64/0.2271) 
15 psi 

I = 0.2271 •• + Corrosion - 0.2271" + 0" = 0.2271" 

Cbeck Ihc cxlernal pressure per l lG-33(a)( l) Appendix l-4(d) 

t = 1.67*P C *L*M/(2*.S*E-0.2"I .67 , P C ) +Corrosion 

1.67"I5"7S«1.7335/(2"12,696"1 - 0.2* 1.67* 15) + 0 

0.1334" 

Thc head cxlernal pi essure design thickness (1^) is 0.2271". 

Maximum Allowable External Pressure, (Corroded al 200 D F) lIG-33(e) 

Equivalenl oulside spherical radius (R,,) 
• Outside crown radius 

78.64 in 

A = 0 . 1 2 5 / ( R „ / t ) 

0.125/(78.64/0.64) 
0.001017 

From Table C.S-2: B - 12,360.53 psi 

P , - B / ( R ( , / t ) 

12J60.53/(78.64 / 0.64) 
100.5943 psi 

Check the Maximum External Pressure, UG-33(a)(l) Appendix l-4<d) 

P = 2 " S " E " l / ( ( L * M + 0 . 2 « t ) M . 6 7 ) - P , 2 

2" 12,696" 1 «0.64 / ((78" 1.7335 + 0.2*0.64)" 1.67) - 0 
71.9 psi 

Thp maximum allowable external pressure (MAEP) is 71.9 psi. 

% Extreme nber elongation - UCS-79(d) 

EFE » ( 7 5 " t / R r ) " ( l - R f / R „ ) 

( 75"0 .64 /5 .36 ) " ( l - 5 .36 / c« ) ) 

8.9552% 

The extreme fiber elongation exceeds 5 percent and the thickness exceeds 5/8 inch;. I leal trealment per UCS-56 is required i f fabricated by cold forming. 

Compl 7/24/2014 



Slrjiight Kliuige on h'&n Head «1 

ASME Section V l l l Divi j ion 1, 1995 Edition 

Component: Straight Flange 
Material specification: SA-283 C ( l l - D p. 6, In. 10) 
Material impact test esemption temperature f rom Fig UCS-66 Curve A = 44.2 0 F 
Fig UCS-66.1 M D M T reduction • 54.1 °F. (coincident ratio = 0.5245) 
UCS-66 governing thickness - 0.64 in 

Internal design pressure: P = 14.9 psi Cfl) 200 0 F 
Esterual desigu pressure: P C - 1 S psi ffl 200 °F 

Static l iquid head: 

Pih = 3.28 psi (SG = 1, H , = 90.748", Hori /ontal test head) 

Corrosion allowance Inner C - 0 " Outer C = 0" 

Design M D M T * -20 D F No impact tesl performed 
Rated M D M T = -9.9 "F Material is not normalized 

Material is nol produced to Fine Grain Practice 
P W H T is not performed 

Radiography: Longitudinal j o i n l - Seamless No RT 
Circumferential joint - Full U W - n ( a ) T y p c 1 

Estimated weight New • 96.3 Ib corr • 96.3 Ib 

Capacity New - 47.98 US gal corr - 47.98 US gal 

ID = 84" 

Length L t . = 2" 

1 - 0.64" 

Design thickness, (at 200 °F) UC-27(c)( I ) 

1 - P*R / (S*E - 0.60"P) + Corrosion 
- I4 .9M2 / (12,696" 1.00 - 0.60"I4.9) + 0 
- 0.0494" 

Masimnm allowable working pressure, (at 200 0 F ) UG-27(c)(l) 

p - S"E" t / (R + 0 .60"t ) -P , 

- I2,696"1.00"0.64/(42 + 0.60"0.64)-0 
- 191.71 psi 

Maximum allowable pi essure, (at 70 D F ) UG-27(c)( 1) 

P - S"E" t / (R + 0.60«t) 
• 12,696" 1.00*0.64 / (42 + 0.60"0.64) 
= 191.71 psi 

External Pressure, (Corroded & at 200 °F) UG-28(c) 

L / D , , = 146.0629/85.28 - 1.7127 

0 „ / t - 85.28 / 0.3438 - 248.0292 

From table G: A = 0.000194 

From table CS-2: B = 2,790.3345 psi 

P a - 4 * B / ( 3 * ( D „ / t | ) 

- 4*2,790.33/(3*(85.28/0.3438)1 
- 15 psi 

Design thickness for external pressure Pj, = 15 psi 

ta = t + Corrosion - 0.3438 + 0 = 0.3438" 

Maximum Allowable External Pressnre, (Corroded & al 200 °F) UG-2S(c) 

L / D „ = 146.0629 / 85.28 = 1.7127 

D „ / t = 85.28 / 0.64 = 133.2500 

From table C : A - 0.000498 

From table CS-2: B - 7,172.9603 psi 

P,, = 4 * B / ( 3 * ( D l , / t ) ) 

- 4*7,172.96/(3*(85.28/0.64)) 
- 71.77 psi 

% Extreme fiber elongation - UCS-79(d) 

EFE = ( 5 0 * t / R ( ) * ( l - R | / R 1 , ) 

(50*0.64/42.32)*(l-42.32/a.) 

0.7561% 

fbe extreme fiber elongation does not exceed 5%. 

Compl 7/24/2014 



Morale #1 ( N l | 

ASME Section V l l l Division I , 1995 Editioi 

O.BOOIM 

0.6400 I 

K-6.0000 

0.4375 

-0.3750 

•nd in i c r ) " 0.4375 in 

Eegj] - 0.375 in 

Iwlupjtcr) = 0.4375 in 

Legt2 = 0.5 in 

Dp = 32 in 

0.64 in 

6400 

N o i r : r o u n d I m l d f r d f t i p f r I ' C - T S j r ) 

Location and Onentat ion 

Located on: 

Onentat ion: 

Cnd of nozzle to datum line: 

Calculaled as hillside: 

Dislance to head center, R: 

Passes through a Category A jo in t : 

Nozzle 
Access opening: 

Material specification: 

Description: 

Inside diameter, new: 

Nominal wall thickness: 

Corrosion allowance: 

Projection available outside vessel, Lpr : 12.904 in 

Local vessel min imum thickness: 0.64 in 

Liquid static head included: 0 psi 

Longitudinal jo int efficiency: I 

F&D Head Ul 
0° 
162 in 

No 

0 in 

No 

No 
SA-106 B Smls pipe (H-D p. 10, In. 31) 

NPS 20 Sch 40 

18.812 in 

0.594 in 

0 in 

Reinforcing Pad 

Material specification: 

Diameter: 

Is split: 

SA-283 C (H-D p. 6, In. 10) 

32 in 

No 

Compl 7/24/2014 



Kcinftm-enienl Calciiliitions for Intci-nal Prt'ssine 

U C - 3 7 A r e a C a l c u l a t i o n S u n i m a i - y ( i n - ) 
F ( i r P = 14.') psi a 2IM» 0F 

T h c npcn i i i j ; is a i l c t iua ic ly r e i n fo r cc i l 

LIG-45 Nozzle Wal l 
T h i c k n e s s S u m m a r v ( i n ) 

T h c nozzle passes UG-45 

A 

m i u i r t i l 

A 

nuubMe A3 A s 

A 

nclt lK 

0 .8612 21.1201 11.1785 1.871 - 7.68 0.3906 0 . 0 7 9 4 0 .5198 

U G - 4 1 W e l d F a i l u r e P a t h A n a l y s i s S u m m a r y ( l h r ) 

A l l f a i l u re paths arc st ronj -er l h a n Ihe appl ica l ik - n e l d loads 

W e l d load 
W 

W e l d load 

W,., 
Path 1-1 
si r cng th 

W e l d load Path 2-2 
s t renn lh 

W e l d load 

W J J 

Path 3-3 

s t r i n y t h 

- 1 2 2 . 0 2 5 . 3 2 126,218.55 346,473.47 35.192.3 331.549.55 135-871.58 285.481.61 

U W - 1 6 W e l d S i z i n g S u m m a r y 

W e l d descr ip t ion 
Rc( |u i rcd w e l d 

size ( in ) 
A c t u a l w d d 

s i / c ( in ) 
Status 

No /z le to pad f i l le t (Lefcu) 0.25 0.2625 n e l d s i /e is adequate 

Pad n shel l f i l le t ( L e j u i ) 035 n e l d s i /c i.s adequate 

Nu/z le to pad gn iove (U j i pe r ) 0.4158 0.4375 n e l d s i /c i.s udc i juate 

No /z l c to shel l groove ( L o « c r ) 0.4158 0.4375 n e l d size is adequate 

Calcutalion.s for in lemol pressure 14.9 psi (S> 200 0 F 

Paivillel L i m i l of reinforcement per UG-40 

L R - M A X U , R n + ( l n - C n ) + (t - C)) 

M A X ( i a . 8 l 2 . 9.405 + (0.594 - 0) + (0.64 - 0)) 

I S . 8 l 2 i n 

Outer Normal Limit of reinforcement per UG-40 

L „ = M l N ( 2 . 5 " ( l - C ) , 2 . 5 « ( t n - C „ ) + t e ) 

MlN(2.5"(0.64 - 0), 2.5 ,(0.594 - 0) + 0.64) 

I . 6 i n 

Nozzle required thickness per UG-27(c)(l) 

l r n = P * R n / ( S n " E - 0 . 6 " P ) 

14 .9«9 .406/ ( I5 ,000«I - 0.6-I4.9) 

0.0093 in 

Required thickness t r f r o m UG-37(a)(l) 

t r - P " L * M / ( 2 « S ' E - 0 . 2 « P ) 

14.9*78*1 / (2*12,696-1 - 0.2*14.9) 

0.0458 in 

Required thickness t r per luterpi-etation Vll l -1-07-50 

l r - P*L*M/(2*S*E-0 .2*P) 
14.9*78*1.7335/(2*12,696*1 - 0.2*14.9) 
0.0794" 

Area required per UG-37{c) 

Allosvable stresses: S,, - 15,000, S, - 12,696. S,, - 12.696 psi 

f,.! " lesser of 1 nr S n / S v = 1 

f r 2 = lesser of 1 or S,, / S v = I 

f r 3 = lesser of f r : or S p / S ^ l 

f r 4 - lesser of 1 or Sp / S v = 1 

A - d*t r *p + 2 * t n * l r * F * { l - f r | ) 

18.812*0.0458*1 + 2*0.594*0.0458* 1 *( 1 - 1) 

0.8612 in2 

Ai-ea available f rom FIG. UG-37.1 

A , - largei of lhe fol lowing^ 11.1785 i n 2 

d*(E,*t - F*t,.)- 2*t„*(E,*t - F * t r ) * ( l - f r , ) 

18.812*(1*0.64- 1*0.0458) - 2*0.594*( 1*0.64 - t*0.0458)"(l - I) 

I I . 1785 i n 3 

Compl 7/24/2014 



2 « ( I + ! „ ) • { £ , * t - F ' l , . ) - 2 " I , 1 " ( E , , 1 - F« l r ) * ( l - f r l ) 

2«(0.64 + 0 .594)" ( r«0 .64- I'O.MSS) - 2«0.594'( 1 M l ^ - 1*0.(1458)"( 1 - I ) 

1.4665 i n 3 

A T = smnllcr of the f o l l o w i n g ' 1.871 i n 2 

5>( . n - r r „ ) - f r 2 " . 

5"(0.594-0.0093)M«0.64 

I . 871 i n 2 

2 * ( l , i " lrn)*(2.5*ln + 'e ) * f r : 

2*(0.594 - 0.0093)*(2.5*0.594 + 0.64)« 1 

2.485 i n 2 

A 4 1 • L e g 2 * f r 3 

(I.375 2- 1 

(1.1406 i n 2 

A42 - l . e g 2 « f r 4 

0.5 2 «1 

0.25 i n 2 

A., - tDt,-6-2't„)'<c'l,4 

(32 - 18.812 - 2«0.594)«0.64-l 

7.68 i n 2 

Area • A , + A j + A4, + A42 + A5 

I I . 1785+ 1.871 + 0.1406 + 0.25 + 7.68 

21.1201 i n 2 

As Area > m A Ihe reinfoi cemenl is adequate. 

UW-16(d lWeld Check 

Inner f i l l e l : l m i „ - lesser of 0.75 or l„ or l j . = 0.594 in 

•cOnin) " lesser of 0.25 or 0 . 7 - l m i „ - 025 in 

•tactual) - 0.7"Leg - 0.7*0.375 - 0.2625 in 

Ouler f i l l e l ; > m in " 'esser of 0.75 or I , , or I - 0.64 in 

l . ( m i o ) - » - 5 " l n i i n = M ? i n 

'» |aclual) " 0.7-Leg = 0.7-0.5 - 0.35 in 

Upper groove: Imin = 'esser of 0.75 or l„ or l c = 0.594 in 

•wlmin) = ' ' • '^"Win = 0-4158 in 

'w lacluiil) - 0.4375 in 

Lower groove: t m j n = lesser of 0.75 or !„ or t = 0.594 in 

' » (min)=»-7* tmin = 5b4!5S in 

'^(ai l i iai) = 0.4375 in 

UG-45 Nozzle Neck Thickness Check 

Inierpreiation Vlll-1-83-66 has been applied. 

Wall thickness per UG-45(a); l r l = 0.0093 in (E =1) 

Wall Ihiekness per UG-45(b)(l) : Ir2 = • J W M in 

Wall thickness per UG-16(b): tr3 " 0.0625 in 

Standard wall pipe per UG-45(b)(4); I r l - 0.3281 in 

The greater of t r 2 or 1,3: t r 5 - 0.0794 in 

The lesser of l r 4 or 1 ^ : 1,^ = 0.0794 in 

Required pel- UG-45 is the larger of t r | or t r 6 - 0.0794 in 

Available nozzle wall thickness new, t n - 0.875-0.594 - 0.5198 in 

Tbe nozzle neck thickness is adequate. 

Allowable stresses in Joinls UG-45(c) and UW-15(c) 

Groove weld in tension: 0.74-12,696 " 9,395 psi 

Nozzle wall in shear: 0.7-15,000= 10,500 psi 

luiu-r f i l le l weld in shear: 0.49-12.696= 6.221 psi 

Outer f i l le t weld in shear: 0.49-12,696= 6,221 psi 

Upper groove weld in tension: 0.74-12,696= 9,395 psi 

Slrength of welded joints: 
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(1) Inner f i l le l weld in shear 
(it /2 )"Noiz le OD'Leg^S, = (n / 2)«20*0.375«6,221 = 73,289.9 l b , 

(2) Outer nilel weld in shear 

(n /2)"Pad OD"Leg*S„ = (Jt / 2)*32"0.5>6,22l = 156J5I.79 l b r 

(3) Nozzle wall in shear 
(n /2)"Mean nozzle d i a * l n " S n = (jt / 2|"19.406"0.594" 10,500 = 190,121.68 l b , 

(4) Groove weld in tension 

(a / 2)'Nozzle O D * l „ * S 1 . = (Ji / 2)"20"0.4375"9395 = 129,129.82 lb , 

(6) Upper groove weld in tension 

( I I / 2)"Nozzle O D * t „ *S B <* (n / 2)«20"0.4375»9J9S = 129,129.82 l b , 

Loading on welds per UG-41(b)(l) 

W = ( A - ( d - 2 « t „ ) * ( E , " l - F M r ) ) * S v 

(0.8612 - (18.812 - 2"0.594)"(1"0.64- l"0.0458)|*l 2,696 

-122,025.32 l b f 

W , . , = ( A 2 + A ; + A j , + A4 2 )*S V 

(1.871 + 7.68+0.1406 + 0.25)M2,696 

126,218.55 l b f 

W 2 . 2 - ( A J + A J + A J , +A43 + 2 « l n - l - f r | ) * S v 

(1.871 + 0 + 0.1406 + 0 + 2 > 0.594*0.64»1)* 12,696 

35.192.3 lbf 

W3.3 = ( A 2 + A3 + A5 + A 4 1 + A 4 2 + A43 + 2 « t n * f f r l ) * S v 

(1.871 + 0 + 7.68+ 0.1406+ 0.25 + 0 + 2"0.594"0.64"1)"12,696 

135,871.58 l b f 

Load for path 1-1 lesser of W or W , . , = -122,025.32 l b f 

Path 1-1 through (2) & (31 = 156.351.79 + 190,121.68 = 346,473.47 lbr 

Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2). 

Load for path 2-2 lesser of W or W 2 . 2 - -122,025.32 Ib , 

Path 2-2 through (1), (4 | , (6) = 73,289.9 + 129,129.82+ 129.129.82 = 331,549.55 I bf 

Path 2-2 is stronger than W so it is acceptable per UG-4I(b)(2). 

Load for path 3-3 lesser of W or W3.3 - -122,025.32 Ibr 

Path 3-3 through (2), (4) = 156351.79 + 129,129.82 = 285,481.61 Ibf 

Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2). 

Compl 7/24/2014 



Rriiifoi-ci 'mcnl CalciiLilions Tni- M A W P 

10 

U G - 3 7 A r e a C a l c u l a t i o n S u m m a r y ( i n - ) 

Fo r P = I(M».9K (i.si a : i l 0 o F 

The opcn in } : is adc i j i ia tc ly re in fo rced 

U G - 4 5 N o z z l e W a l l 

T h i c k n e s s S u m m a i y ( i n ) 

T h c nn /z i c (Hisses UC-45 

A 
rc( | i i i red 

A 

•KaBaMc 
A i A i A i As 

A 
tvelds 

t , 

5.S4I12 1 5 . 9 6 7 4 6 . 1 9 9 5 1.6973 ~ 7.68 11.3906 0 . 3 2 8 1 0 .5198 

UG-41 Weld Failure Palh Analysis Summaiy (lbf) 

All failure paths arc slniii);i'r Ihan Ihc iippiicahic w eld lokdl 

Weld lnad 
W 

Weld load 

w,.. 
Palh 1-1 
strcnizth 

Weld load Path 2-2 
strcnKlh 

Weld load 
W j . , 

Path 3-3 
strength 

408.76 124,013.26 346,473.47 32,987 331,549.55 133,666.28 285,481.61 

U W - 1 6 W e l d S i z i n g S u m m a r y 

W e l d deser ip l i nn 
Requ i red w eld 

size ( in ) 
Ac tua l we ld 

size ( in) 
S la tus 

Nozzle to pad f i l le t ( L c g 4 1 ) 0 2 5 0 . 2 6 2 5 we ld size is : i i lc i |uatc 

Pad to shell fillet ( L e g u ) 0 3 2 O J S we ld size is adci |uatc 

Nozzle to pad groove ( U p p e r ) 0 . 4 1 5 8 0 . 4 3 7 5 w e l d size is adequate 

Nozzle to shel l g roove ( L o w e r ) 0 . 4 1 5 8 0 . 4 3 7 5 w e l d size is adci |uate 

Calculations for internal pressnre 100.98 psi (ffi 200 0 F 

Fig UCS-66.2 general note (1) applies. 

Nozzle is impact test exempt to -150 °F per UCS-66(b)(3) (coincident ratio • 0.1223). 

Pad impact test esemption temperature f r o m Fig UCS-66 Curve A • 44.2 "F 
Fig UCS-66.1 M D M T reduction = 64.2 0 F , (coincident ratio = 0.4851). 

Nozzle UC.S-66 governing thk: 0.5198 in 

Nozzle raled M D M T : -150 ° F 

Pad UCS-66 governing thickness: 0.64 in 

Pad rated M D M T : -20 "F 

Parallel L imi t of reinforcement per UG-40 

L R = M A X ( d , R „ + ( t n - C n ) + { t - C ) ) 

MAX(18.812, 9.406 + (0.594 - 0) + (0.64 - 0)) 

18.812 in 

Outer Normal Limi t of reinforcement per UG-40 

L, MIN(2.5*(t - C), 2.5"(t„ - C n ) + t c ) 

M1N(2.5«(0.64 - 0), 2.5*(0.594 - 0) + 0.64) 

1.6 in 

Nozzle required thickness per UG-27(c)(l) 

, m = P - R n / ( S n - E - 0 . 6 - P ) 

100.9837"9.406/(15,000*1 - 0.6" 100.9837) 

0.0636 in 

Required thickness l r f r o m UG-37(a)(l) 

l r - P ' L " M / ( 2 - S " E - 0 . 2 « P ) 

I00 .9837 , 78« l / (2*12.696 , l - 0.2*100.9837) 

0.3105 in 

Required thickness t r per Inierpreiation VM1-1-07-50 

tr = P > L " M / ( 2 « S " E - 0 . 2 « P ) 
100.9S"78«1.7335/(2M 2.696>1 - 0.2*100.98) 
0.5382" 

Area required per UG-37(c) 

Allowable stresses: S n - 15,000, S, = 12,696, S. - 12,696 psi 

f r , = lesser o f 1 or S n / S v - 1 

f r 2 = lesser o f l or S „ / S , = l 

f ^ - l e s s e r o f f ^ o r S L / S , - 1 

f r 4 - lesser of 1 or S,, / S v - 1 
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ti'ir'T + 2 ' , „ ; r ' f o - t r l ) 

I8.SI2"0.3105«I + 2-n .594-0.3l05"l"( l - I ) 

5.S402 i n 2 

Area availablr f rom FIG. IIG-37.1 

A | = larger of (he folIowmg= 6.1995 i n 2 

i l " ( E 1 « l - F - ( r ) - 2 > ( n * ( E | > ( - F * t r ) ' ( l - f r | ) 

I S . S ^ ' d ' O ^ - I ' O J I O S ) - 2*0.594"(I"0.64- 1*0.31 OS)*)! - I ) 

6.1995 m 2 

2'(1 + t n ) " ( E , - l - F - V ) - 2 - l n « ( E , " l - F > l r ) - ( l - f r , | 

2 , (0.64 + 0.594)"(l"11.64- 1 "0JIO5) - 2*0.594»(l"0.64 - I "0 .3 I0S) ' ( I - 1) 

0.8133 i n 2 

A T = smaller of (he rollowtiig= J_.6973 i n 2 

5 « ( l n - O - f r ; * ! 

5"(0.594 - 0.0636)"1>0.64 

1.6973 i n 2 

2"(1„ - Im)-(2.5-(n + t j l a 

2*(0.594 - 0.0636)*(2.5*0.594 + 0.64)*1 

2.2542 i n 2 

A41 = L e g 2 - f r 3 

0.37S 2*! 

0.1406 i n 2 

A J J - L e g 2 - f r j 

0 .5 2 «l 

0.25 i n 2 

A5 = ( D p - d - 2 " t n ) - . < . - f r j 

(32 -18 .812 -2«0 .S94)«0 .64« I 

7.68 i n 2 

Area - A , + A 2 + A 4 1 + A j 2 + As 

6.1995 + 1.6973 + 0.1406 + 0.25 + 7.68 

15.9674 i n 2 

As Area >= A Ihe reinforcemeol is adequale. 

UW-16(d | Weld Cheek 

loner f i l l e l : Imin = i c s s " ' of '175 or l n or l c - 0.594 in 

•dmin) " 'esser of 0.25 or O^"!,^, , - 0.25 in 

•claclual) = O ^ ' L e g = 0.7"0.375 - 0.2625 ill 

Ouler f i l let : Imin = lesser of 0.75 or t(. or I = 0.64 in 

' . ( m i n ) " d-S-tpna - ( U 2 in 

' .(artual) = 0.7*Leg = 0.7*0.5 = 0.35 in 

Upper groove: l m j n = lesser of 0.75 or !„ or t c = 0.594 in 

' . ( m i n i ' " • ' ' • I m i n - " - 4 1 5 8 in 

'.(actual) = 0.4375 in 

Lower groove: t m i n = lesser of 0.75 or ( n or 1 = 0.594 in 

' . (min) " "• ' ' " 'min " " 4158 in 

' . (actual) = 0.4375 in 

UG-45 Nozzle Neck Thickness Check 

Interpretalion Vll l-1-83-66 has been applied. 

W all thickness per UC-45(a): I r l = " - " ^ in (E =1) 

Wal l thickness per UG-45<b)( 1): Ir2 " 0.5382 in 

Wal l thickness per UG-16(b): I r f = ".'1625 in 

Standard wall pipe per UG-45(b)(4); 1,4 " ".3281 in 

The grea(er of t r i or (,.3: t r s = 0.5382 in 

Thc lesser of t r j or 1,^: t r r i = 0.328l in 

Required per UC-45 is the larger of l r | or 1,.,, = 0.3281 in 

Available nozzle wall thickness new. t n - 0.875*0.594 - 0.5198 i 

The nozzle neck thickness is adequate. 
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Allowable sli esses io joiols UC-4S(c) anil U\V-15(c) 

Groove weld in tension: 0.74*12,696= 9,395 psi 

Nozzle wall in shear: 0.7*15,000= 10,500 psi 

Innei fillet weld in shear: 0.49*12,696= 6,221 psi 

Outer fillet weld in shear: 0.49*12,696= 6,221 psi 

Upper groove weld in tension: 0.74* 12,696 = 9395 psi 

Strength of welded jo inls : 

(1) Inner fillel weld in shear 

(It / 2)*Nozzle O D ' L e g ' S i = (Jt / 2)*20*0.375«6,221 = 73,289.9 l b r 

(2) Outer fillel weld in shear 
(n / 2)«Pad ODM-eg'S,, = (JI / 2)*32*0.5«6,221 = 156351.79 l b , 

(3) Nozzle wall in shear 
(it /2)*Mean nozzle d i a * l n * S n - (a / 2)*19.406*0.594*10,500 = 190,121.68 l b r 

(4) Groove weld in tension 

(JI /2)*Nozzlc OD*t , v «S 1 , = (Ji / 2)*20*0.4375*9395 = 129,129.82 l b , 

(6) Upper groove weld in tension 

(Ji / 2)*Nozzle O D ' t n ' S j = (a / 2)*20*0.4375*9395 - 129,129.82 l b , 

Loading on welds per UG-41(b)(1) 

W = ( A - ( d - 2 * l „ ) * ( E , « t - F « l r ) ) * S v 

(5.8402 -(18.812 - 2*0.594)*(1 *0.64 - 1*0.3I05))*12,696 

408.76 l b f 

W j . ! = ( A j + A j + A j , + A j 2 ) * S v 

(1.6973 + 7.68 + 0.1406 + 0.25) * 12,696 

124,013.26 lbr 

W 2 . 2 . ( A 2 + A3 + A j | + A j 3 + 2 * l n * l « r r , ) « S v 

1 (1.6973 + 0 + 0.1406 + 0 + 2*0.594*0.64* I)«12,696 

32.987 l b f 

W3.3 = ( A 2 + A3 + A5 + A j , + A j 2 + A j 3 + 2 " t „ " t * f r | ) * S v 

(1.6973 + 0 + 7.68 + 0.1406 + 0.25 + 0 + 2*0.594*0.64*1)* 12,696 

133.666.28 l b f 

Load for path l - l lesser of W or VV,., = 408.76 Ibf 

Path 1-1 through (2) & (3) = 156,351.79 + 190,121.68 = 346.473.47 Ib , 

Path 1-1 is stronger than \V s o i l is acceptable per UG-4I(b)(2). 

Load for path 2-2 lesser o f W or \ V 2 . 2 = 408.76 Ibf 

Path 2-2 Ihrough (1), (4), (6) = 73,289.9 + 129,129.82+ 129.129.82 - 331,549.55 lbf 

Path 2-2 is stronger than \V so it is acceplable per UG-41(b)(2). 

Load for palh 3-3 lesser o f W or W 3 J = 408.76 Ibf 

Palh 3-3 through (2), (4) = 156351.79 + 129,129.82 = 285,481.61 Ibf 

Palh 3-3 is siroogcr lhan W so it is acceplable per UG-41(b)(2). 
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Reinrorcemenl Calcula I ions foi ' M A P 

Available reinrorcemeul per U C - i ? governs Ihe M A P of th i s no/zle. 

IIC-37 Area Calculation Summary (in-) 
F«rP=18fi .ypsi a 7 « 0 F 

Thc (ipening i \ aclopiatcly rcinfoircil 

IIG-45 Nozzle Wal l 
Thickness Summary (in) 

The no/zle passes IJC-45 

A 
re(|tMre(l 

A 
available Aa Ai A, A s 

A 
welds 'r».| •mm 

10.8161 10.817 1.2235 1.52:') -- 7.68 0.3906 0.3281 0.5198 

U C - 4 1 W e l d F a i l u r e P a t h A n a l y s i s S u m m a r y ( I b f ) 

A l l f a i l u re paths are s t n u i g t r l h a n the app l icab le we ld loads 

W e l d load 
W 

W e l d load 

W , , 
Path l - l 
s t rength 

W e l d load Path 2-2 
s t rength 

W e l d load Path 3-3 

st reng lh 

1 2 2 . 7 6 8 . 8 3 1 2 1 . 7 9 9 . 0 8 3 4 6 . 4 7 3 . 4 7 3 0 , 7 7 2 . 8 2 3 3 1 . 5 4 9 . 5 5 131 ,452 .1 2 8 5 , 4 8 1 . 6 1 

I I W ' - 1 6 W e l d S i z i n g S u m m a r y 

W e l d dcsc r i p l i on 
Requ i red we ld 

size ( in) 

Ac tua ) w eld 
size ( in) 

Slatus 

No /z le to pad f i l let ( L e g 4 l ) 0 .25 (1.2625 we ld size is adequate 

Pad I» shell f i l le t ( L c g ^ ) 0 3 2 0 3 5 we ld size is adequate 

No /z le to pad groove (Uppe r ) 0 . 4 1 5 8 0 . 4 3 7 5 w eld size is adequate 

Nozzle to shell groove (Low er) 0 . 4 1 5 8 0 . 4 3 7 5 w eld size is adequate 

Oilciil,iti(>n.s Toi- intei-nnl [H-CSMII-C 186.9 psi (a), 70 °F 

Parnllrl L i m i l of reinrorremenl per UG-40 

L R = M A . \ | d , R 1 , + ( l n - C n ) + ( l - C | | 

MAX(I8 .812 , 9.406 + (0.594 - 0) + (0.64 - 0)) 

18.812 m 

Ooler Normnl Limit of reinforcement per UG-40 

L H - IV11N(2.5«(I - C), 2.5-(t n - C n ) + fe) 

IV11N(2.5>(0.64 - 01. 2.5 , (0.594- 0) + 0.64) 

1.6 in 

Nozzle requiretl thickness per UG-27(c)(l) 

! „ = P « R n / ( S n - E - 0 . 6 - P ) 

186.896"9.406/(I5,000-1 - 0.6"186.896) 

0.1181 in 

Required thickness l r f r o m l iG-37(a)( l) 

t r = P « L » M / ( 2 « S « E - 0 . 2 * P ) 

186.896*78"1 / ( 2 - 1 2 , 6 9 6 « l - 0.2MS6.896) 

0.575 in 

Required thickness t r per li i terpretntion Vll l-1-07-50 

Ir - P > L * M / ( 2 " S , E - 0 . 2 " P ) 
186.9«78«1.7335/(2"12,696«1 -0.2*186.9) 
0.9967" 

Area required per UG-37(c) 

Allowable stresses: S n - 15,000, S, - 12,696, Sp - 12,696 psi 

f r , - lesser of 1 or S„ / S v - 1 

r r 2 - lesser of 1 or S„ / S, - 1 

f r 3 = lesser of f,^ or Sp / S v = 1 

f r 4 = lesser of 1 or Sp / S, = I 

A d"lr"K+2"ln"tr-K'(l-frI) 

18.812*0.575*1 + 2*0.594*0.575*1* 

10.8161 im* 
• I) 

Area available f rom H G . UG-37.1 

A j • larger of the follow iiig= 1.2235 i n 2 

d*( E, "I - F*lr) - 2*t„*(E1*t - F*tr)*(l - f r l ) 
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18.812"( 1 "0.64 - 1 "0.5751 - 2"0.594"(1 "0.54- l"0.575)"(l - 1) 

1.2235 i n 2 

2"(t » l „ ) " ( K | * l - F " l , . ) - 2 " l 1 , " ( i ; 1 " t - F " l r ) " ( l - r r , ) 

2"(0.64 + 0.594)"(l"0.64- I-0.575) - 2"0.594"( 1 "0.64 - l"0.575)"(l - I ) 

0.1605 i n 2 

A i " smaller of the rollowing= 1.5229 i n 2 

S'Cn - l ro ) " f r2" ' 

5 - ( 0 . 5 9 4 - 0 . l l 8 l ) " l " 0 . 6 4 

1.5229 i n 2 

2 « ( t n - t r n | - ( 2 . 5 " l n + 

2"(0.594 - 0.118I)"(2.5"0.594 + 0.64)"1 

2.0226 i n 2 

A J I - L e g

2 " f r 3 

0.375 2"! 

0.1406 i n 2 

A j 2 - L e g 2 " ^ 

O.S 2"I 

0.25 i n 2 

A j = (D ( , - d - 2 " t n ) " t c " f r j 

(32-18.812-2"0.594)"0.64"1 

7.68 i n 2 

Area = A , + A j + A j ] + A J J + A5 

1.2235 + 1.5229 + 0.1406 + 0.25 + 7.68 

10.817 m 2 

As Area >= A the reinforcement is adequate. 

l lW-16(d) Weld Check 

Inner f i l let : !„,(„ " lesser of 0.75 or l n or t c = 0.594 in 

•clmin) = lesser of 0.25 or 0 . 7 " l m j n = 0.25 in 

'c(aclual) - 0.7«Leg - 0.7"0J75 - 0.2625 in 

Outer f i l let : tmin = lesser of 0.75 or t t. or t = 0.64 in 

' M m i n l - n - S ' t m l n - a J J i n 

Nvtactiiiil) = 0.7"Leg • 0.7"0.5 - 0.35 in 

Upper groove: t m i n ' lesser of 0.75 or t n or t t. " 0.594 in 

' . ( m i n ) = 0 - 7 * ' m i n = M 1 5 8 i n 

tvvtactuiil) • 0.4375 in 

Lower groove: tmin = lesser of 0.75 or t n or I • 0.594 in 

l.v(min) = »-7*lmin " M ! 5 8 in 

•iXactoal) - 0.4375 in 

UC-45 Nozzle Neck Thickness Check 

Interpretation Vlll-1-83-66 has been applied. 

Wall thickness per U(;-45(a): tr t =01181 in ( E = l ) 

Wall thickness per UC.-45(b)(l); V ; = 0.9967 in 

Wall thickness per U(;-16(b): Ir3 - 0.0625 in 

Standard wall pipe per UG-45(b)(4): V J = 0.3281 in 

The greater of t r 2 or t r 3: l r 5 = 0.9967 in 

The lesser of 1 r j or 1,^: 1^, - 0.3281 in 

Kequired per UG-45 is lhe larger of t,., or l T < l - 0.3281 in 

Available nozzle wall thickness new, l„ - 0.875"0.594 " 0.5198 in 

The nozzle neck thickness is adequate. 

Allowable stresses in joinls UG-45(c) and UW-15(c) 

Groove weld in tension: 0.74"12,696 = 9,395 psi 

Nozzle wall in shear: 0.7*15,000= 10,500 psi 

Inner fillet weld in shear: 0.49"12,696= 6.221 psi 

Outer nilel weld in shear: 0.49" 12,696= 6.221 psi 

Upper groove weld in lension: 0.74" 12,696 = 9395 psi 
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Strenglh orwelded jo inls : 

(1) Inner fillet weld in shenr 

(it / 2)"No7.ile OD«Leg*S i = (n / 2|«20»0.375«6,22l = 73,289.9 l b f 

(2) Outer fillet weld in shenr 

( i i / 2 ) "Pad OD*Leg»S„ = (jt/2)>32*0.S*6,22l = 156,351.79 l b r 

(3) Nozzle wall in shear 
( I I / 2)«Mean nozzle d ia ' In 'S , , - (jt / 2)*19.406"0.594* 10,500 - 190,121.68 l b r 

(4) Groove weld in tension 

(a / 2|"Nozzle OD*l„.*S 1 , = (JI / 2)"20"0.4375>9395 = 129,129.82 lbf 

(6) Upper groove weld in tension 

(a / 2)'Nozzle O D ' ^ ' S , , = (n / 2)*20*0.4375'9,395 = 129,129.82 lbf 

Loading on welds per UG-41(b)(l) 

W = ( A - ( d - 2 " t n ) " ( E , > l - F * t r ) ) * S v 

(10.8161 -(18.812 -2*0.594)"(1"0.64- l>0.575))«12,696 

122,768.83 l b , 

W M = ( A 2 + A ; + A j , + A j 2 ) - S v 

(1.5229 + 7.68 + 0.1406 + 0.25)>12,696 

121.799.08 Ibf 

W 2 . 2 = ( A 2 + A3 + A j , + A j 3 + 2 * t n * f r r | ) ' S v 

(1.5229 + 0 + 0.1406 + 0 + 2«0.594*0.64*1)M2,696 

30.772.82 Ibf 

W3.3 = ( A 2 + A3 + A5 + A j , + A j 2 + A j 3 + 2 > t n * t * f r | ) * S v 

(1.5229 + 0 + 7.68 + 0.1406 + 0.25 + 0 + 2>0.594«0.64«1)"12,696 

131,452.1 lbr 

Load for path 1-1 lesser o f W or VV,., - 121,799.08 Ibf 

Path 1-1 through (2) & ( 3 ) = 156,351.79+ 190.121.68 = 346.473.47 lbf 

Path 1-1 is stronger than W , . , so i l is acceplable per UG-41(b)(l) . 

Load for palh 2-2 lesser of W or \ V 2 . 2 = 30,772.82 l b r 

Palh 2-2 Ihrough (1), (4), (6) = 73,289.9 + 129,129.82 + 129,129.82 - 331,549.55 Ibf 

Palh 2-2 is stronger lhan W 2 _ 2 so it is acceptable per UG-41(b)(l) . 

Load for palh 3-3 lesser o f W or W3.3 = 122,768.83 lbf 

Palh 3-3 through (2), ( 4 ) = 156351.79+ 129.129.82 = 285.481.61 lbr 

Path 3-3 is stronger lhan W so it is acceptable per UG-41(b)(2). 
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Rfinfoiceniei i i C alculations for External Pressure 

U G - 3 7 A r e a C a l c u l a t i o n S u m m a r y ( i n - | 
For P c = 15 p r i a, : t H ) 0 F 

The open ing is a i lc i iua tc iv re in fo rced 

U G - 4 5 N o n l e W a l l 

T h i c k n e s s S u m m a i y ( i n ) 

The no /z l c passes 110-45 

A 

required 
A 

as a i la ldc A , A , A j As 
A 

welds 1™, tmin 

2 . 1 3 6 5 1 7 . 5 6 7 7 7 .7667 1.73114 - 7.68 11.30(16 0 . 0 7 9 9 11.5108 

I I C - 4 I Weld Failure Palli Analysis Summary 

Weld strength calculations are nol required for external pressure 

U W - 1 6 W e l d S i z i n g S u m m a r y 

W e l d dcsc r ip l i on 
Kequ i red we ld 

size ( in) 
Ac iua l we ld 

size ( in ) 
Status 

No/./,le lo pad f i l let (LejL,,) 0 .25 0 .2625 we ld size is adequate 

Pad to shell f i l let ( L c t i u ) 0 .32 0 .35 we ld size is adequate 

Noz / l c lo pad groove (Uppe r ) 0 .415S (1.4375 we ld size is adequale 

Nozzle l o shell c roovc ( L o w e r ) 0 .4158 0 . 4 3 7 5 we ld size is adequate 

Calculations for external pressure 15 psi ffl3 200 0 F 

Parallel L imi t of reinforcement per UG-40 

L R - M A X ( d , R 1 1 + ( l „ - C „ ) + ( t - C ) ) 

MAX(I8 .812 , 9.406 + (0.594 - 0) + (0.64 - 0)) 

18.812 in 

Outer Normal L imi t of reinforcement per UG-40 

LJJ = M l N ( 2 . 5 " ( t - C ) , 2 . 5 - ( l „ - C n ) + t t.) 

MIN(2.5«(0.64 - 0), 2.5-(0.594 - 0) + 0.64) 

1.6 in 

Nozzle required thickness per UG-28 ! „ , " 0.0532 in 

From UC.-37(d)(l) reqoired thickness t r = 0.2271 in 

Area required per UG-37{d)( 1) 

Allowable stresses: S„ = 15.000, S v = 12,696, Sp - 12,696 psi 

f r l = lesser of 1 or S n / S v = I 

{ r 2 = lesser of I or S n / S v = 1 

f r 3 = lesser of f r 2 or Sp / S v - 1 

f r 4 • lesser of 1 or Sp / S v = 1 

A - 0 . 5 - ( d « t r « F + 2 « t n * t r « F « ( l - f r l ) ) 

0.5«(18.812>(1.2271 ,1 + 2"0.594-0 .2271«I"( I - 1)) 

2.1365 i n 2 

Area available f rom FIG. UG-37.1 

A , - larger of the fol lowing^ 7.7667 i n 2 

d - ( E , « t - F ' t r ) - 2 > t n - ( E , - t - F - l r ) - ( l - r r l ) 

18.812-( I "0.64- 1*0.2271)- 2"0.594"( 1«0.64- I*0.2271)*(l - 1) 

7.7667 i n 2 

2*(t + t„)*(E,*t - F*t r ) - 2 * t n * ( E l « l - F * l r ) « ( l - r r , ) 

2*(0.64 + 0.594)*(1*0.64 - 1*0.2271) - 2*0.594*(1*0.64 - 1*0.2271)*(1 - I) 

1.0189 i n 2 

A T = smaller of the following= 1.7304 i n 2 

5 * ( t n - t r n ) « r r : * t 

5-(0.594- 0.0532)* I *0.64 

1.7304 i n 2 

2* ( t n - t r n ) * ( 2 . 5 * t „ * t t.)*r rT 

2*(0.594 - 0.0532)*(2.5*0.594 + 0.64)* 1 

2.2982 i n 2 

Leg 2 *f r 3 V i , 
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0.375-«l 

0.14116 i n 2 

A j i - L F C 2 " r r j 

l) .5 2«I 

11.25 i n 2 

% = (U,, - d - 2«l„)-lc.*f,.., 

( 32 -18 .812 -2"0 .594 )»0 .64« l 

7.68 i n 2 

Area - A , + A j + A41 + A42 + A j 

7.7667+ 1.7304 + 0.1406 + 0.25 + 7.68 

17.5677 i n 2 

As Area A Ihe reiiiforcetneiil is adequale. 

lIW-16(d) Weld Check 

Inner H M t Imin ' , e s s c r of 0-75 or l n or l e - 0.594 in 

'c(min| - "esser of 0.25 or 0 . 7 M m i „ - 025 in 

^(aciual) = 0.7'Leg - 0.7"0J75 - 0.2625 in 

Ouler f i l l e l : Imin = lesser of 0.75 or l c or I - 0.64 in 

In(minl = » - 5 * ' m i n - a 3 ? i " 

•w(aclual) - 0.7"Leg = 0.7*0.5 - OJS in 

Upper groove: Imin " lesser of 0.75 or l n or I , . • 0.594 in 

' . (min ) " 0 - 7 " , m i n " ".4158 in 

' . (aciual) = 0.4375 in 

Lower groove: Imin = lesser of 0.75 or I , , or I = 0.594 in 

' » ( m i n ) = ' ) - 7 " ' m i n - M 1 5 8 i n 

' . (aciual) = 0.4375 in 

UG-45 Nozzle Neck Thickness Check 

Inlerprelalion Vlll-1-83-66 has been applied. 

Wall Ihickncss per UG-45(a): I r l " 0.0532 in 

Wal l Ihiekness per UG-45(b)(2): Ir2 " 0.0799 in 

Wal l Ihiekness per UG-16(b): Ir3 = 0.0625 in 

Siandard wall pipe per UG-45(b)(4): l r 4 - 0.32SI in 

The grealer of l r 2 or t r 3: 1 ^ • 0.0799 in 

The lesser of l r 4 or 1 ^ : l r c = 0.0799 in 

Required per UG-45 is Ihe larger of l r l or l r ( i = 0.0799 in 

Available nozzle wall thickness new, !„ = 0.875*0.594 - 0.5198 in 

The nozzle neck thickness is adequate. 
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Rctiirorccnienl Ciilcuhitions for M A E P 

U G - 3 7 A r e n C a l c u l i i l i o n S u m m a r v ( i n - ) 
F o r P c - 7 1 . 7 7 psi i i , 2 I K I ° F 

T h c opcn in i i is adc i j i i iKc iv rc in fo rcc t l 

U G - 4 5 N o z z l e W a l l 

T l i i c k n e s s S u m m a r y ( i n ) 

Thc no/,zlc passes L'G-45 

A 
rc<)iiirc'(t 

A 
avai lab lc 

A i A , A.i As 
A 

n c l i l s 

4 . 6 7 9 4 12 .332 2.6S(I9 1.5805 7.68 0 .3906 0 . 3 2 8 1 0 .5198 

I IG-4 I WelU Failure Path Analysis Summary 

Welcl slrength calciilntions are nol required for external pressure 

U W - 1 6 W e l d S i z i n g S u m m a r y 

W e l d descr ip t ion 
Requ i red we ld 

s i /e ( in) 
Ac tua l we ld 

s i /c ( in) 
Status 

N o z / I e t o pad f i l l e l ( L e t t , ) 0 .25 0 .2625 we ld s i /c is adequate 

I'ad to shel l n i le l ( L e ^ ) 0 3 2 0.3S we ld s i /c is adequale 

No / z l c tn pad p M W C ( U p p e r ) 0 . 4 1 5 8 0 . 4 3 7 5 we ld s i /c is adequate 

No / z l c to shel l groove ( L o w e r ) 0 .4158 0 .4375 weh l s i /e is adequate 

Calcnlalions for cxlernal pressure 71.77 psi (a). 200 0 F 

Parallel L i m i l of reinforcement per UG-40 

L R = M A . \ ( i l , R „ + ( t „ - C „ ) + ( t - C ) ) 

M A . \ ( 18.812, 9.406 + (0.594 - 0) 4- (0.64 - 0)) 

18.812 in 

Outer Normal L imi t of reinforcement per UG-40 

L g . M l N ( 2 . 5 « ( t - C ) , 2 . 5 « ( t n - C „ ) + l e ) 

imN(2.5"(0.64 - 0), 2.5"(0.594 - 0) 4- 0.64) 

1.6 in 

Nozzle required Ihickncss per UC-28 i [ n = 0.1001 in 

From UC-37(d)(l) required thickness t r = 0.4975 in 

Area required per UG-37(d)(l) 

Allowahlc stresses: S n - 15,000, S v - 12,696, S,, = 12,6% psi 

r r l = lesser of 1 or S n / S v = 1 

f r 2 - lesser of 1 or S n / S v - 1 

f r 3 = lesser of f r 2 or S,, / S v = 1 

f,^ = lesser of 1 or Sp / S v = 1 

A - 0 .5«(d« l r «F + 2 « t „ « t r « F ' ( l - f r l ) ) 

0.5"(18.812"0.497S"1 + 2«0.594"0.4975"1«(1 - 1)) 

4.6794 in1 

Area available f r o m FIG. UG-37.1 

A j - larger o f t h e f o l l o w i n g ' 2.6809 i n 2 

d - I E , « ! - F « t r ) - 2 « t n - ( E 1 >t - F« t r ) - ( 1 - f r , | 

18.812*(1 "0.64- 1"0.4975)- 2*0.594*(1"0.64- 1"0.4975)«(1 - 1) 

2.6809 i n 2 

2«(t 4- U M E , " ! - F ' t r ) - 2 « I „ ' ( E | ' I - F - t r H l - f r l ) 

2"(0.64 4-0.594)*(l '0.64- 1*0.4975) - 2*0.594*(I*0.64 - l"0.4975)"(l - 1) 

0.3517 i n 2 

A T = smaller o f l h e fol lowing^ 1.5805 i n 2 

5*( ' n - l rn )* f r2* ' 

5*(0.594 - 0.11)0I)*1"0.64 

1.5805 i n 2 

2 * ( ' n " 'm)" ( 2 -5* 'n + ' e r f r 2 

2'(0.594 - O.I001)'(2.5"O.S94 + 0.64)«1 

2.0991 i n 2 

U e g 2 * l r j A j , = 

Compl 7/24/2014 



19 

0.3752-1 

0.1406 i n -

A j , = L e » J f r j 

0 .5 J «1 

0.25 i n 2 

A5 = ( D p - d ^ ' l n r t ^ f r j 

(32 - 18.812 - 2"0.594)"0.64"1 

7.68 i n 2 

Area = A | + A i + A j , + A 4 2 + A5 

2.6809+ 1.5805 + 0.1406 + 0.25 + 7.68 

12.332 i n 2 

As Area >= A the reiiilbrcement is adequate. 

IIW-16(d) Weld Cheek 

Inner fi l let ; t m m = lesser of 0.75 or t n or 1 e - 0.594 in 

'ctinin) = lesser of 0.25 or 0 . 7 * t m j n = 0.25 in 

'cdictual) - 0.7*Leg - 0.7*0.375 - 0.2625 in 

Outer f i l let : t m i n - lesser of 0.75 or t c or t = 0.64 in 

I w C n i n l ^ O - S ' l m i n - a . S i " 

' . (actual) " 0.7*Leg = 0.7*0.5 = 0.35 in 

Upper groove: t m i n = lesser of 0.75 or l n or l e = 0.594 in 

' . ( m i n i = ' l -7* 'min= M I S S i " 

' . (actual) = 0.4375 in 

Lower groove: Imin " lesser of 0.75 or In or t = 0.594 in 

' . (min) " " • ' " 'm in " i M M 

'.(aciual) - 0.4375 in 

IIG-45 Noizie Neck Thickness Check 

Inlcrpi-ctation Vlll-1-83-66 has been applied. 

Wal l thickness per lIG-45(a): l r l " »•">»' in 

Wal l thickness per llG-45(b)(2): tr2 - 0-5824 in 

Wal l thickness per I IG- I6 (b) : t r j - 0.0625 in 

Standard wall pipe per llG-45(b)(4): l r 4 * 0.3281 in 

The greater of t r 2 or l r 3 ; = 0.3824 in 

The lesser of t r 4 or t ^ : t ^ , = 0.3281 in 

Required per 1^-45 is Ihe larger of t r l or t r 6 = 0.3281 in 

Available noz/le wall thickness new, t n - 0.875*0.594 = 0.5198 i 

The nozzle neck thickness is adequate. 

External Pressui e. (Corroded & at 200 °F) lIG-28(c) 

L / D , , m 12.904/20 = 0.6452 

D , , / ! = 20 / 0.1001 - 199.8333 

From table G: A = 0.000746 

From table CS-2: B - 10,757.1652 psi 

Pa - 4 * B / ( 3 * ( D , 1 / I ) ) 

- 4*10,757.17/(3*(20/O.I001)) 
= 71.77 psi 

Design thickness for external pressure Pa = 71.77 psi 

U • 1 +Corrosion • 0.1001 + 0 = 0.1001" 
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Nozzle #2 (N2) 

ASME Seciion V l l l Division I , 1995 Edilion 

ln( lo»cr)= 0.1875 il 

Le£4i = 0.25 in 

0.7480 

-tr-OrMpO 

N o t t : r o u n d I n i l d r edges per l ' ( ; - 7 6 ( r ) 

Location and Orientation 

Located on: Cyl inder #1 

Orientat ion: 0° 

Nozzle center line ofTset to datum line: 66 in 

End of nozzle to shell center: 48.748 in 

Passes through a Category A jo in t : No 

Nozzle 
Access opening: 

Material specification: 

Description: 

Inside diameter, new: 

Nominal wall thickness: 

Corrosion allowance: 

Projection available outside vessel, Lp r : 6 in 

Local vessel min imum thickness: 0.748 in 

Liquid static head included: 0 psi 

Longitudinal jo int efficiency: 1 

No 
SA-106 B Smls pipe (H-D p. 10, In. 31) 

NPS 2 Sch 80 (XS) 

1.939 in 

0.218 in 

0 in 
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UG-37 Area Calculation Summarv (in-) 
F(.rP= 14.9 psi (S} 2(H) °F 

UC-45 Nozzle Wal l 
Thickness Summary (in) 

The nnz/le passes UC-45 

required iv ai I ahlc 
A 

welds t™, ' m i n 

This nozzle is exempt f rom area calculations per UG-36(c)(3){a) 0.0625 

UG-41 Weld Failure Palh Analysis Summary 

The nozzle is exempt f r o m weld strenglh calculations per UW-15(b)(2) 

UW-16 Weld Sizing Summary 

Weld dcscriplion Required weld 
size (in) 

Actual weld 
size (in) Slalus 

Nozzle lo shell nilcHLcUd) 0.1526 0.175 w eld size is adequate 

Nozzle to shell groove (Lower) 0.1526 0.1875 w eld size is adequate 

Calculations Tor internal pressure 14.9 psi @ 200 0 F 

Parallel L imi t of reinforcement per UG-40 

L R . M A X ( d , R n + ( t n - C n ) + ( l - C ) ) 

MAX(1.939, 0.9695 + (0.218 - 0) + (0.748 - 0)) 

1.939 in 

Ouler Normal L i m i l of reinforcement per UG-40 

L „ = M I N ( 2 . 5 - ( t - C ) , 2 . 5 * ( t n - C n ) + t c ) 

M1N(2.5*(0.748 - 0), 2.5'(0.218 - 0) + 0) 

0.545 in 

Nozzle required thickness per UG-27(c)(l) 

= P » R n / ( S „ - E - 0 . 6 - P ) 

14.9"0.9695/(15,000-1 -0.6"14.9) 

0.001 in 

Required Ihiekness t r f r o m UG-37(a) 

tr = P ' R / ( S " E - 0 . 6 > P ) 

14.9*42/(12,696*1 -0.6*14.9) 

0.0493 in 

Required thickness t r per Interpretation Vlll-1-07-50 

l r = P*R/(S*E-0.6*P) 

14.9*42/(12,696*1 -0.6*14.9) 

0.0493 in 

This opening does nol require reinforcement per UG-36{c)(3)(a) 

UW-16(d) Weld Check 

Imin = lesser of 0.75 or t n or t = 0.218 in 

l|(min) or t 2 ( m i n ) = lesser of 0.25 or 0 . 7 * l m i n = 0.1526 in 

••(actual) = O.TLeg = 0.7*0.25 = 0.175 in 

The weld size l j is salisfactory. 

^(actual) = 0.1875 in 

The weld size t j is salisfactory. 

t , + t j = 0.3625 >= 1.25*1,™ 

The combined weld sizes f o r i ] and t j are salisfactory. 

UG-45 Nozzle Neck Thickness Check 

Wal l Ihiekness per UG-45(a): l r i = 0.001 in (E =1) 

Wall thickness per UG-45(b)(l) : l r 2 = 0.0493 in 

Wall Ihiekness per UG-16(b): l r 3 = 0.0625 in 

Standard wall pipe per UG-45(b)(4): Ir4 = 0.1348 in 

The greater of t r 2 or l r 3 : 1^; = 0.0625 in 

The lesser of l r 4 or t ^ : = 0.0625 in 

Required per UG-45 is Ihe larger of l r ] or l r r , = 0.0625 in 

Available nozzle wall thickness new, l n = 0.875*0.218 = 0.1908 in 
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The nozzle neck thickness is adequate. 
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Rei nfo rce m eni Calcul ations for M A W P 

The vessel wall thickness governs Ihe M A W P of ihis nozzle. 

UG-37 Area Calculation Summary ( i n 2 ) 
For P= 223.72 |iNi (S; :iM) 0F 

required availahle 

This nozzle is exenipt f r o m area calculations per UG-36(c)(3)(a) 0.1348 

UG-45 Nozzle Wal l 
Thickness Summary (in) 

Thc no/zle passes UC-45 

UG-41 Weld Failure Path Analysis Summnry 

The nozzle is exempt f rom weld strength calculations per UW- 15(b)(2) 

UW-16 Weld Sizing Summary 

Weld description Required weld 
si/c (in) 

Actual weld 
si/e (in) Status 

Nozzle to shell fillel (Lcj;.,,) 0.1526 0.175 weld si/e is adequate 

Nozzle lo shell groove (Lower) 0.1526 0.1875 weld si/e is adequate 

Calculations for internal pressure 223.72 psi @ 200 0 F 

Fig UCS-66.2 genei al nole (1) applies. 

Nozzle is impact lesl exempt to -ISO °F per UCS-66(b)(3) (coincitlenl ratio = 0.0344). 

Nozzle UCS-66 governing Ihk: 0.1908 in 

Nozzle rated M D M T : - 1 S 0 ° F 

Parallel L imi t of reinforcement per UG-40 

L R = M A X ( d , R „ + ( t n - C n ) + ( t - C ) ) 

MAX(1.939, 0.9695 + (0.218 - 0) + (0.748 - 0)) 

1.939 in 

Outer Normal L i m i l of reinforcement per UG-40 

L H = M lN(2.5*(t - C), 2.5*(t„ - C n ) + t c ) 

MIN(2.5>(0.748 - 0), 2.5*(0.218 - 0) + 0) 

0.545 in 

Nozzle required thickness per UG-27(c)(l) 

' rn = P - R n / ( S n * E - 0 . 6 " P ) 

223.7196"0.9695/(15,000«1 - 0.6"223.7196) 

0.0146 in 

Required Ihiekness l r f r o m UG-37(a) 

tr = P « R / ( S * E - 0 . 6 « P ) 

223.7196«42/(12,696"1 - 0.6"223.7196) 

0.748 In 

Required thickness t r per Interpretalion Vlll-1-07-50 

t r = P*R/(S*E-0.6*P) 

223.7196-42/(I2,696"l -0.6-223.7196) 

0.748 in 

This opening does oot require reinforcement per UG-36(c)(3)(a) 

UW-16(d)Weld Check 

'min - lesser of 0.75 or l n or I = 0.218 in 

' l (min) oc '2(min) = 'esser of 0.25 or 0 . 7 * l m i n = 0.1526 In 

'((aciual) = 0.7-Lcg = 0.7-0.25 = 0.175 in 

The weld size t | is satisfaclory. 

l2(aciual)-' '-1875 in 

The weld size t j is satisfactory. 

t , + I , = 0.3625 > - 1 . 2 5 " l m i n 

The combined weld sizes for l | and I j are satisfaclory. 

UG-45 Nozzle Neck Thickness Check 

Wall thickness per UG-45(a): t r | = 0.0146 in (E =1) 

Wall Ihiekness per UG-45( b)( I ) : t r 2 " 0.748 in 
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Wall ihiekness per i:(;-16(b): l r i • 0.11625 in 

Standard wall pipe per llG-45(b)(4}: l r 4 = ".1348 in 

The gi ealer nt t ,^ or t r y . 1,^ = 0.748 in 

Mie lesser of foj or 1 ^ : 1^, - 0.1348 in 

Required per UG-45 is the lai ger of I r | or t r f t = 0.1348 in 

Availahle nozzle wail thickness new, t n = 0.875*0.218 - 11.1908 in 

The nozzle neck thickness is adequale. 
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Rfin lbrce i i i fn t Calcnlalions fbr M A P 

The vessel wall Ihiekness governs Ihe MAP of Ihis nozzle. 

UG-37 Area Calculation Summarv ( in-) 
For P= 223.72 psi a 70 "F 

UG-45 Nozzle Wal l 
I hiekness Summarv (in) 
The nn//le pusses IJG--I5 

A A 
required avnilablc A, A j AJ A J 

This nozzle is exempt f rom area calculations per llG-36(c)(3)(a) (U348 

UG-41 Weld Failure Path Analvsis Summarv 

Thc nozzle is exempt f rom weld slrennth calculations per UW-15{b)l2) 

U W - 1 6 W e l d S i z i n g S u m m a ? - j 

W e l d descr ip l ion 
Re i iu i red " f h i 

size ( in ) 
Ac tua l we ld 

s i / c ( in) 
Status 

Nozzle to shell fillet ( L e ^ , ) 0 . 1526 0 .175 we ld si/e is adecpiale 

Nozzle to shel l groove ( L o w e r ) 0 .1526 0 . 1 8 7 5 we ld sl/e is adecpiate 

Calcurntion.s for inlernai pressure 223.72 psi fS) 711 0 F 

Parallel L i m i l of reinforeemenl per I (. 4n 

L R = M A X ( c i , R n + ( l n - r n ) + ( l - r ) ) 

M A X ( 1.939, 0.9695 + (0.2IS - 0| + (0.748 - 0)) 

1.939 in 

Ouler Normal Limi t of reinforcement per LIG-40 

L I I I I V l l N ( 2 . 5 - ( l - C ) , 2 . 5 « ( t „ - C „ ) + t (.) 

MIN(2.5"(0.748 - 0), 2.5"(0.21S - 0) + 0) 

0.545 in 

Nozzle required lliickness per l!G-27(c)(l) 

' rn " P " R „ / ( S „ « E - 0 . 6 « P ) 

223.7196*0.9695/(IS.OOOM -0.6*223.7196) 

0.0146 in 

Required thickness t r f rom lIG-37(a) 

l r - P*R/(S*E-0.6*P) 

223.7196*42/(12,696*1 -0.6*223.7196) 

0.748 in 

Required thickness l r per Interpretation Vlll-1-07-50 

tr - P*R/(S*E-0.6*P) 

223.7196*42/(12,696*1 -0.6*223.7196) 

0.748 in 

This opening does nol require reinfoi ccincnl per l!G-36(c)(3)(a) 

UVV-l6(d) Weld Check 

'min = lessei- of 0.75 or t n or I = 0.218 in 

'l(.~ict) »" ' '(mtn) = lesser of 0.25 or 0 . 7 " t m . n = 0J52j: in 

'l(acliial) = " - ^ ' - e f i = 0.7*0.25 • 0.175 in 

The weld size I] is satisfactory. 

factual) • I - ' 8 7 5 '« 
The welli size Is is satisfactory. 

I , + 1, = 0.3625 >= 1 .25*l m i n 

fhe combined weld sizes for i , and t , are satisfaclory. 

IIG-45 Nozzle Neck I hickncss ( heck 

Wall thickness per lIG-45(a): 1, | - 0.014<> in (E - I ) 

Wall thickness per llG-45(b)( I ) : l r : = 0.748 in 

Wall thickness per I IG-I6(b) : t r 3 - 0.0625 in 

Standard wall pipe per lIG-45(b)(4): l r 4 - 0.1348 in 

The greater of t r i or l r 3 : 1,^ = 0.748 io 

The lesser of t r 4 or t ^ : 1^, - 0.1348 in 

Required per 1^-45 is the larger of i , or 1,.̂ , = IM34S in 

Cotnpl 7/24/2014 
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Available nozzle wall thickness new. l n = l).S75*n.2l8 = 0.I90S in 

I be nozzle neck thickness is adequate. 

Compl 7/24/2014 
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IIG-37 Area Calculation .Summary (in-) 
KorPe = 15itsi a ZOWIF 

IIC.-45 Nozzle Wal l 
Thickness Summaiy (in) 

The no//le piisses UC-45 

requbml 

This nozzle i.s exempt from area calculations per lIG-36(c)(3)(a) 

UG-41 Weld Failure Path Analysis Summarv 

Weld strenglh calculations are not required for external pressure 

I IW-16 W eld Sizing Summary 

Weld description Required weld 
size (in) 

Actual w eld 
size (in) Stams 

No/./leIo shell fillet (l.ejL,,) (1.1526 0.175 weld size is adequale 

Nn/zle to shell groove (Low er) 0.1526 0.1875 weld size is adequale 

Cdcuiai iMM f v i Mrtenwl prennrc 15 psi ./ 200 I 

Pai-.-)lifi l . imi l oiratnltDrocnscnt P" ' UC-40 

L R - MA . \ ( d . R„ + (1„ - C„) + (I - Q ) 

MAX(1.93<), 0.9695 Hi (0.218 - 0) + (0.748 - 0)) 

1.939 in 

Ouler INorniHl l . imi l of reinforeemenl per IIG-40 

L H = M1N(2 .5 * ( I -C ) . 2 .5 - ( 1 „ -C n ) + I c ) 

1VI11\(2.5"(0.748 - 0). 2.5>(0.218 - 0) + 0) 

0.545 in 

Nozzle required thiekness per IIG-28 t r n = 0.0112 in 

From l IG-37(d)( l ) required thickness t r - 0.3444 in 

This npeninit does not require reinforcement per liG-36{c)(3)(a) 

UW-16(d) Weld C heck 

t m i n = lesser of 0.75 or t n or I = 0.218 in 

t l lmin) or l2(min) s lesser of 0.25 or 0 . 7 " l m j n - 0.1526 in 

'Kactual) " - 0.7-0.25 - 0.175 in 

The weld size t] i.s satisfactory. 

I2 (ac l „a i r 0-1875 in 

The weld size t ; is satisfaclory. 

1] + 12 » 0.3625 >= 1 .25- | m i „ 

The combined weld sizes for ![ and 1. are satisfactoi-y. 

IIG-45 Nozzle Neck Thiekness C heck 

Wal l thickness per l lG-45(a): 1,1 = 0.0112 in 

Wall thickness per l lG-45(b)(2): Ir2 - 0.0497 in 

Wall thickness per I IG-I6<b); •r ( = 0.0625 in 

Sl l a i d wall pipe per l lG-45(h)(4): Ir4 = 0.1348 in 

The crealer of ^2 or t ^ : 1,5 • 0.0625 in 

The lesser of t r 4 or 1 ^ ; ' r l . • 0.0625 in 

Required per l 'G-45 is Ihe larger of i, | or 1,.̂ , " 0.0625 in 

Available nozzle wall thickness new, t „ = 0.875-0.218 = 0.I90S i 

The nozzle neck thickness is adequate. 

Compl 7/24/2014 
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Rtfinforcenu-nl ( alcnliitions fbr M A K I ' 

UG-37 Area Calculation Sununary (in2) 
For Pe= 10&73 psi a 2m °¥ 

UG-45 Nozzle Wal l 
Tbirkncss Summary (in) 

The uo/./le passes IJC-45 

A 
rei|iiireil 

A 
mailable A, A) A, A 

wdds 
i m [ > 

This nozzle is exempt from ai ea calculations per lIG-36(c)(3)(a) 0.134S 0.1908 

UG-41 Weld Failure Palh Analvsis Summaiv 

W eld strength calculations am not required foi 1 cxlernal pressure 

UW-16 Weld Sizing Summai y 

Weld descriplion Requii-ed « eld 
si/e | i i i | 

Actual weld 
size (in) Status 

Nozzle lo shell fitlel (LeiLn) 0.1526 0.175 weld size is aileiiuate 

No/jde lo shell gnowc (Lower) 0.1526 0.1875 w eld size is adequate 

d lcu l i i t i o i iN for c x l f i m i l presflare 106,73 psi (a) 200 0 F 

Fanillel L imi t of rpinforceinent per IIG-40 

L R - M A X | ( l , R „ + ( t „ - C n ) + ( t - C ) ) 

MAX( 1.939, 0,9695 + (0.218 - 0) + (0,748 - 0)) 

1.939 in 

Outer Normal Limit of reinforcement per IIG-40 

L H - MlN(2.5«(t - C), 2.5"(t„ - C„) + y 

M1N(2.5«(0.74S - 0), 2.5"(0.218 - 0) + 0) 

0.545 in 

Nozzle required thickness per l]G-2S tn, = 0.0247 in 

From l lG-37(d)( l ) required thickness t r = 0.748 in 

fh i s opening docs not require reinforcement per L ,G-36(c)(3)(a} 

lIVV-16(d) Weld C heck 

U i n " 'esser of 0.75 or t n or t - 0.218 in 

' t tmin) or t 2 ( m i n ) • lesser of 0.25 or 0 . 7 » t m i i , = 0.1526 in 

'Kactual) " " ^ " L e g - 0.7'0.25 = 0.175 in 

The weld size t | is satisfactory. 

^(actual) = » • ' S ' S in 

T he weld size Is is salisfactory. 

I , + I , = 0.3625 >= U S - t m i n 

T he combined weld sizes foi -1 , and t ; are satisfactoiy. 

IIG-45 Nozzle Neck Thickness Check 

Wall thickness per llG-45(a): I r l - 0.0247 in 

Wall thickness per llG-45(b)(2): Ir2 = 0.3549 in 

Wall thickness per I IG-I6(b) : I r f = 0.0625 in 

Standard wall pipe per llG-45(h)(4); l r 4 = 0.1348 in 

The greater of 1,2 or t r 3 : t ^ = 0.3549 in 

The lesser of t r 4 or t ^ : 1^, = 0.1348 in 

Required per LG-45 is the larger of l r l or I K . = 0.1348 in 

Available nozzle wall thickness new. t„ - 0.S75"0.2I8 - 0.1908 in 

The nozzle neck thickness is adequale. 

Enernal Pressore. (Corroded & ot 200 °F) lIG-28(c) 

L / D „ = 6.0165/2.375 • 2.5333 

I V l = 2.375/0.0247 = 96.2255 

From lable G: A = 0.000535 

From lable CS-2: B - 7,702.8735 psi 

P, = 4 « B / | 3 " ( D „ / I | ) 

= 4>7.702.87 / (3«(2.375 / 0.0247)) 
= 106.73 psi 

Comp I 7/24/2014 
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Design Ihiekness for eslernal pressure P., - 106.-» psi 

I = t +Co r ros ion = 0.Q2J7 + 0 - 0.0247'1 

7/24/2014 

Compl 
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/dlberra 
MUNICIPAL AFFAIRS 

6^57/^ 
VESSEL (A): 0017726 ' 

Replacement 
Certificate of Inspection Permit 

Based on Last Inspection performed by an ABSA Safety Codes Officer 

the pre&£ure equipment aafcty authority 

HUSKY OIL OPERATIONS LTD 
BOX 6525 STN D 

CALGARY/WESTERN CDA UPSTREAM 

ATTN DALE MARTIN 

CALGARY AB 

T2P 3G7 

COMPANY CODE: 66005116 

DESCRIPTION: FLARE KNOCK OUT DRUM 

LOCATION: LSD SYLVAN LAKE GAS PLANT 01-21-038-02W5 

MANUFACTURER: BARBER MACHINERY CO. LTD. 

Issue Date: 2013 May 14 

Year Built: 1953 

CRN: 4317.2 

Serial #:1012-D-2 

Volume: 15 01 m 3 

Heating Surface: 

Surface Area: 

P ressu re Rel ief Va l ves 

PART 

MAX 
ALLOWABLE 

PRESSURE 

Temperature 

Max Min 
VALVE 

ID 
SETTING CAPACITY LOCATION 

VESSEL 1,337 KPA 93 0 C SVI 1 KPA 0 MM OPEN TO ATMOSPHERE 

Terms and Condit ions: 

Owner must ensure this vessel/boiler is designed, constructed, installed, operated, maintained and 
decommissioned in accordance with the Safety Codes Act and Regulations. 

Owner must ensure an integrity assessment of this vessel/boiler is conducted after it is installed but prior to its 
operation. The integrity assessment shall be conducted by a person holding qualifications acceptable to the 
Administrator. Refer to ABSA publications AB-506, AB-512 and AB-515 for details about qualifications acceptable 
to the Administrator. 

Owner must ensure this vessel/boiler has overpressure protection that is a relief valve that meets the requirements 
of the ASME Code, or other means accepted by the Administrator expressly for this item. 

Owner must establish and maintain an integrity assessment program for this vessel/boiler. Refer to ABSA 
publication AB-506 for integrity assessment program requirements. 

Owner must ensure this vessel/boiler, its overpressure protection devices, pressure gauges and regulating or 
controlling devices are maintained in good working order and operated safely. 

Replacement Permit to take the place o f the permit previously issued for this boiler/vessel. Owner must ensure 
this vessel/boiler Is in safe operating condition. 

NOTE: REQUIREMENTS OF THE SAFETY CODES ACT AND THE REGULATIONS ISSUED THEREUNDER: 

An owner or vendor must notify the Administrator in writing when the pressure equipment identified on this certificate is sold or otherwise disposed of. 

The owner or person in charge shall report all accidents involving Pressure Equipment to the district Safety Codes Officer immediateiy and shall send a full 
report in writing to the Administrator as required by the Act. No repairs or alterations may be made unless authorized by a Safety Codes Officer. 

ABSA: 304, 4406 Gaetz Avenue, Red Deer, AB, T4N 3Z6 8 (403) 341-6677 



Form MO, 4-13 3 / • ; / / 

AFFIDAVIT OF MANUFACTURER 
Covering Boiler or Pressure Vessel 

Ai ApproT«d by OM BmWr & PraMur* VMMI CommittM id th* CSJL 

Upoa »hipm»nt ei BolWr or PrMraz* V M M I thk form folly cmd con»ctly SSUd ia oad oUMtod lo mat b* i „ . 
to tiM office oi iho Chiof loapoctor ia Iho provinc* of instaUation in occordanco with tho royulatfeiw undor Iho 
Act g&rtziung tho conotniction end inatallation of boiton and prowuro TMMU, othorwiM bo UM al • 
bo prohibi ted er tho woridng p m a u r o MTO»Iy pona l i iod . 

1. Manulicturd by Swl^r tfeohliiMT Ltd. - Caigarv. Alborta. 
(Nta« U4 Adi t . , ol Uuiulictum) 

Manufactured fn- Capadlan Woatern Katural Gaa Oanpany Ltd* 

.uuimate Caimdian Weatem Watoral Gaa Coapany Ltd. 
(Stmt nd Addreu) 

Locauo* of itatrihtioa Brooks* Gaa Plant, Bro oka, Albarta, 
I (This addnu it eM«ti>i) 

2. Type of boiler or pressure vessel—Qa3 P a r l f l e r S e r ; a i N o _ 
11)12-D-2. 

Provmcial Registration No- 4317^ -Drwg. No- B-1012-D 

To be used for : (Air. 002, Propan,-, Ammonia, Steam, Hot Water, etc.). Hatural Gas 

3. D i . T ' - O " I . P » 0 V e r a l l fcagth 2 0 * - ^ -Cu. fL capacity. 530 -Heating surface- -KJ. f t 

4. Were test repons checked on all plates used in Uie fabrication ot this vessel > 

Does all material meet A.S.M.E. Code requirements? 1 ^ 

A.S.M.E., A.S.TJ1. or other material specification A - 2 8 5 - C . . T^.a> . t r ^p i i . $ 5 > 0 0 0 Q B L B ) 

5. I f welded or braied, what paragraph of Code: (PI01 to P114 or U68, U69 or UTO; U-200 or U-201; etc?)—3* 

Was vessel stress relieved? & Was vessel X-rayed? 

Are the foUowing records on mfg's files ? X-ray films 1 ° Stress relieving procedure-
Spot SnoBlnatlons 

Were i'm — tMmmkif^rand found to meet Code requirements ? W - 6 2 e . 

_Ia_ 

6. Welders employed upoo vessel. 

N u » ol widen •od Fiorince or 
State ia which quliBed 

Dste cl IMt 
m^d test 

QoiliGod fcr 
w t & w nder Code 

Pan 

Stxrz of laipector 
fupemuac testl 

KsdoMl 
f j m r i NOL 

C. Schott - 203. Jan. 4/51 V-69 H.H. lakes. 
V. Vonk W-8 n n n 0-69 E.H, lukea. 

Does all welding on this vessel and tbe testing of coupons where required meet A.S.M.E. Code requirements ? TPS 

7. Hydrostatic tests 

and 

Working Pressures. 

NAME OF PART Hsauaer tested 
at psi. 

Fiaal test 
t m m m pa SSST 

Sctire Tassel 292 388 200 

Did the hydrostatic tests fully conform to Code requirements ?-

8. SAPETY VALVES:— 

las 

No, rf 
TIIVCS 

M . W . N o e , Trade 
l i t r k or Type Ha. Kegistratioa No. 

Inlet 
Dianeter 

S u t 
Dbnoer 

ScttonBerx 
at psi. 

7pro diechara* 
area »m.wmthmr y 

1 

Does safety valve stamping, blow-down adjustment, etc., meet A.S.M.E. requirements ?_ 



8. Actual mtotaura «tcanpiag el th« TMWI Asm confonn to Iho following and thaM he r̂ produsml fm*-, 
FOB POWER & HEATING BOILEBS (on attaehad ploto for cost iron) 

Canadian Interprovincial Regittration numW r t g 

National Board number (if manufactured in U.S.A.). 

Manufacturer and manufacturers' serial numbcr___ 

Nat. Bd-

Plate mfg's initials, spec. No. and tensile strength (Stelco. SA 285 etc.) 

Maximum working pressure .(for S and W if both) 

Heating surface and year built (1949 etc.) , „,_ 

Initials of authoriied provincial shop inspector, 

UNFIRED PRESSUBE V E S S E L — 

Canadian int-rnrovit.t ial Rtgistration number__-___ 

Sr. No-

Max. W.P-

H. S 

T . S -

-Lfcs. 
-Ft. 

CLS nnj. 
National Board number (if manufactured in U.S.A.). Nat Bd-
Marufacturtr and manufacturers' serial BarbOT H a o h i n e r y L t d ^ 

Plate mfg't initials, spec. No. and tensile strength (Steico. SA 285 ett) 8*^285-0 

Maximum working pressure and trmymutrr Max. W P jjflA 

Thickness of shell and heads _ _ _ _ _ _ T. SheU——3/lk-

Code paragraph number and year built (1949 »*• v 

Sr'. No 1013-P-2 
T.S SStfiSS 

Temp 2SQ 
T. Heads-

u-JL JS52» 

10. I H E R E B Y DECLARE that the foregoing statanrnts, having reference to Vessel bearing marofactaraV Serial w » - 3 0 ] 2 " P - 8 » 
buiU by Barber Machinery Ltd. —of flnlgrry, Alhnrfa. 
and completed on the- - ? t h dayof- in all respects correct and true, aad 

that the said Vessel has been built in accordance with Provincial registered design M" £ 3 1 7 . 2 - -' ^ 

and that it complies "fully with the A.S.M.E Cede and reguladons of the Province of Installation under The Act goveming the 

construction of boilers and pressure vessels. 

Sworn before me at 

11. 

in tbe Province (or State) of...... .*lbar.ta !,......„ 

thh :*L....aay of AHgBS*. 19..53. 
t ^ ^ f ^ E ^ ^ t ^ p r r ^ . . „ 

A CoausMner of OMJu. J J . or N.P. 

. My eoattlMiMi erptra.. 

Signed 

' For. Ŝ l̂ !̂ ..̂ S5teiSOT3r. 

Calgary, Alberta. 
Firm Name aad Adfttv. 

C E R T I F I C A T E O F SHOP XNSPECTnON 

I, undersigned, » duly authorued Inspector of B o i l e r s and P r e s s u r e V e s s e l s e m p l o y e d by 

^t....ojf..]fi!l^...!toi^r .I^epMonDepS,,.^ „, AJ36«^...!^i3JBfil)*.». 
do hereby certify that the foregoing statements are correct and that the material, i-̂ ttstroctioa and workmarahip 
are in accordance with tbe A-S.M.E. Code. 

Date....-«feWW.t*...1953»- Signed. 
Proriadal or Natioeul B a ^ fespacur. 

4 

TO HB FILLED IN BY ALBERTA INSPECTOR 

Raoeired ..liigna.t̂  , » ^53- Inspector's Pressure Ve 

0»efctd .inais.t..,.„..../^„...^ u 

I h m •Samd • wwkta* pnMaio ot-._-X9A Jb*. p n aqiMn Inch, bued on a F B . ol 4--

nd hm iMMd Cwtttat* Ta*..~£4.^..£.2..J£...lSmi*«t. 

of. .G&laaiy^Atharta, 

i i !. ••• . r 

(*ipntm * l Alttn* Imipttttr.) ? 

IBill i i l l l l 







M-3 
FLARE STACK 

SIZE: 305mm O.D. * 25908mm HIGH 
MFGR: TORNADO TECHNOLOGIES INC 

IGNITOR TYPE: TPMR 120V NO. 6 
IIP LENGTH: 5 n 

OWG: HUSK-002977o/b 
SERIAL NUMBER: 2977 

HUSKY NUMBER: 245132 

P-7A 
K.O. PUMP 

MAKE: UNION PUMPS 
CAPACITY: 6 1/2 GPM 

DRIVE: 7.5 HP O 3500RPM 
SERIAL NUMBtR: 753560-10^ 

HUSKY NUMBER: 043507 

V - 3 0 0 
FLARE K.O. DRUM 

SIZE: 1600 mm O.D. * 3277 mm S/S 
MAWP: 1338 kPog © 93-C 

MER: BARBER MACHINERY CO. 
SERIAL NUMBER: 1012-D-2 

CRN: 4317.2 
> ' NUMBER: 1 7726 

HUSKY NUMBER: 43357 

f 
REPLACE EXISTING FLARE METER 
WITH NEW THERMAL MASS TLOW METER 
KURZ MOOEL 454FT8-12-MT 
3 /4 " SENSOR SUPPORT DIAMETER 

CONTROLS TELEMATIC 
MASS fLOW METER 
MOO: LT81A-AIAIBIAI 

46.3 ] 

HPF-XXX-A-273.1 

IGNITOR CONTROL PANEL M-3 
TORNADO 

UOOEL: IPUR-A/FS 220 
DATE: 04/15/2008 

220-240 V/50-60HZ/1A IPH 
SERIAL NUMBER: 080427 

33.4 
—WM 

33.4 
—CnW 

A 60.3«33.4 

V - 3 0 0 

11 60.3 
— -50* 

273.1e 
PIPE 

i i 60.3 ' 
150# 

5OB-150# 

$3-
273.1 
150# 

:60.3 
:CSO 

B.9 X 60.3 

— O - i 

HPF-124-A-273.1 < HP FLARE 

DWG. Pl-

FLARE HEADER 

0077 

D-138-A-a8.9 / H - C - D R A J N HEADER 

\v DWG. Pl-0077 

P—XXX— A—60.3 CONDENSATE TO T-550A-
HC-BLH-60.3-0004 
DWG. Pt-0043 

rC-107-B-60.3 / SWEET GAS EU INSTR. GAS 
< P-109-B-4B.3 

FLARE HEADER 

OWG. PI-0075 > 
F-101-B-219.1 

273.1>.219.1 
O 

\ OWG PI-0075 

REF DWC NO HEFERtHCE DRAWING DESCRtPTION NO REVISION HISTORT REV AUTHOR REV DATE ISSUED FOR NO CURRENT REVISION ISSUED FOR AS B l f l J 

A ISSUEO FOR APPROVAL EPC_UAJEST1C 2006/10/02 APPRWAL 6 AS BWLT FOR PO 8«00774«66 STAHTEC 110616913 UOO.2 OOC DATE 2014/05/19 

1 « BUtT EPC_CALTECH 2007/02/21 AS BUILT 

Husky Energy 
OOC AUTHOR STAN TEC 

2 /S & M J , CALTECH CS11604 EPC.CALTECM 2007/09/14 AS BUILT Husky Energy SCAL£ NTS 

3 ISSUED FOR CONSTRUCTION FOR EWR 11794-001 MILLED 2008/04/29 CONSTRUCTIOM 
Husky Energy 

ALTERNATE IDENTIFIER 

4 tWSTWJUENTATtON AS BUILT, CALTECH CS11604 EPC_CALTECH 2008/06/24 AS BUILT 
SYLVAN LAKE 01 - 2 1 - 0 3 8 - 0 2 W 5 GAS PLANT 

V - 3 0 0 FLARE KNOCKOUT DRUM & M-3 FLARE STACK 
PIPING & INSTRUMENTATION DIAGRAM 

SURFACE LSD . 
01-21-038-02*5 5 AS BUIIT PER FIELD UAHK-UPS FOR CC 77024 STANTtC 110616306 STASKTEC 2013/02/19 AS BU&T 

SYLVAN LAKE 01 - 2 1 - 0 3 8 - 0 2 W 5 GAS PLANT 

V - 3 0 0 FLARE KNOCKOUT DRUM & M-3 FLARE STACK 
PIPING & INSTRUMENTATION DIAGRAM 

SURFACE LSD . 
01-21-038-02*5 

6 

SYLVAN LAKE 01 - 2 1 - 0 3 8 - 0 2 W 5 GAS PLANT 

V - 3 0 0 FLARE KNOCKOUT DRUM & M-3 FLARE STACK 
PIPING & INSTRUMENTATION DIAGRAM DOCUMEHT IDENTIFIER 

PI-0076-01 



7-4 API 510 

Table 7-1—Values of Spherical Radius Factor K] 

D/2h Kl 
3.0 1.36 
2.8 1.27 
2.6 1.18 
2.4 1.08 
2.2 0.99 
2.0 0.90 
1.8 0.81 
1.6 0.73 
1.4 0.65 
1.2 0.57 
LO 0.50 

Note: The equivalent spherical radius equals K|D; the axis ratio equals D/2h. Interpolation is permitted for intermediate values. 

such as those documented in API 579, may be used for this evaluation and must be applicable to the specific damage observed. 
The following techniques may be used as an altemative to the evaluation techniques in 7.4. 

a. To evaluate metal loss in excess of the corrosion allowance, a fitness-for-service assessment may be performed in accordance 
with API 579, Parts 4 or 5, as applicable. This assessment requires the use of a future corrosion allowance, which shall be estab­
lished based on Section 6 of this inspection code. 
b. To evaluate blisters and laminations, a fitness-for-service assessment should be perfomied in accordance with API 579. Part 7. 
In some cases, this evaluation will require the use of a future corrosion allowance, which shall be established based on Section 6 
ofthis inspection code. 
c. To evaluate weld misalignment and shell distortions, a fitness-for-service assessment should be performed in accordance with 
API 579. Part 8. 
d. To evaluate crack-like flaws, a fitness-for-service assessment should be performed in accordance with API 579, Part 9. When 
manual shear wave ultrasonic techniques are employed to size flaws, an industry-qualified UT shear wave examiner shall be used. 
e. To evaluate the effects of fire damage, a fitness-for-service assessment should bc performed in accordance with API 579. Part 
I I . 

7.6 Required Thickness Determination 

The required thickness shall be based on pressure, mechanical, and structural considerations using the appropriate design formu­
lae and code allowable stress. For services w ith high potential consequences if failure were to occur, the engineer should consider 
increasing the required thickness above the calculated minimum Ihickncss to provide for unanticipated or unknown loadings, 
undiscovered metal loss, or resistance to normal abuse. 

7.7 Evaluation Of Existing Equipment With Minimal Documentation 

For pressure vessels that have no nameplate and minimal or no design and construction documentation, the following steps may 
be used to verify operating integrity: 

1. Perform inspection to detennine condition ofthe vessel. 
2. Define design parameters and prepare drawings. 
3. Perform design calculations based on applicable codes and standards. Do not use allowable stress values ofthe current 
ASME Code (based on design factor of 3.5) for vessels designed to an edition or addendum ofthe ASME Code earlier than the 
1999 Addenda and was not designed to Code Case 2290 or 2278. 

See ASME Code Section VIII. Division I. Paragraph UG-IO(c) for guidance on evaluation of unidentified materials. If UG-10 
(c) is not followed, then for carbon steels, use allowable stresses for SA-283 Grade C; and for alloy and nonferrous materials, 
use x-ray fluorescence analysis to determine material type on which to base allowable stress values. 

When extent of radiography originally performed is not known, use joint factor of 0.7 for butt welds, or consider performing 
radiography i fa higher Joint factor is required. (Recognize that performing radiography on welds in a vessel with minimal or 
no design and construction documentation may resuit in the need for a fitness-for-service evaluation and significant repairs.) 

Copyrighl American Pelroleum Inslilule 
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PRESSURE VESSEL INSPECTION CODE: IN-SERVICE INSPECTION, RATING, REPAIR, AND ALTERATION 7-5 

; 4. Attach a nameplate or stamping showing the maximum allowable working pressure and temperature, minimum allowable 
; temperature, and date. 

5. Perform pressure test as soon as practical, as required by code of construction used for design calculations. 

7.8 Reports And Records 
7:8.1 Pressure vessel owners and users shall maintain permanent and progressive records of their pressure vessels and pressure-
relieving devices. Permanent records will be maintained throughout the service life of each equipment item; progressive records 
will be regularly updated to include new information pertinent to the operation, inspection, and maintenance history of the equip­
ment. 

7.8.2 Pressure vessel and pressure-relieving device records shall contain four types of infonnation pertinent to mechanical 
integrity as follows: 

a. Construction and design infonnation. For example, equipment serial number or other identifier, manufacturer's data reports 
(MDRs), design specification data, vessel design calculations, pressure-relieving device sizing calculations and construction 
drawings. 
b. Inspection history. For example, inspection reports, and data for each type of inspection conducted (for example, intemal, 
extemal, thickness measurements), and inspection recommendations for repair Inspection reports shall document the date of each 
inspection and/or examination, the date of the next scheduled inspection, the name ofthe person who performed the inspection 
and/or examination, the serial number or other identifier of the equipment inspected, a description of the inspection and/or exam­
ination performed, and the results of the inspection and/or examination. Pressure vessel RBI records should be in accordance 
with API 580, Section 16. 
c. Repair, alteration, and rerating information. For example, (I) repair and alteration forms like that shown in Appendix D; (2) 
reports indicating that equipment still in-service with either identified deficiencies, temporary repairs or recommendations for 
repair, are suitable for continued service until repairs can be completed; and (3) rerating documentation (including rerating calcu­
lations, new design conditions, and evidence of stamping). 
d. Fitness-for-service assessment documentation requirements are described in API 579, Part 2.8. Specific documentation 
requirements for the type of flaw being assessed are provided in the appropriate part of API 579. 

7.8.3 Site operating and maintenance records, such as operating conditions, including process upsets that may affect mechani­
cal integrity, mechanical damage from maintenance should also be available to the inspector. 

Copyright American Petroleum Instttule 
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rorm M.B. 4-1S B 

AFFIDAVIT OF MANUFACTURER 
A-

Covering Boiler or Pressure Vessel 

JU ApproT»d by UM BoiUr & PTMCUI* VWNMI ComtnitiM oi lb* CLSJL 

Upon •hipmrat ei Boil»r or Prtnur* VMMI Ok form fuUy and correctly SMA in and atoritd to must b« BMBMI 
ta th* office oi th* Chloi bwpMtor faa t2» provinc* oi initaUaiion in accordaBC* wi* to r^ulatien* vnimr lh* 
Act gtfv«ning th« conitruction end imtallation oi boUm and proMuro VMMb, otbwwiM « M oi •am* nay 
b* prohibitad or th* woridng prttaur* Mwrniy p*naUi*d. 

1. Manufacture by Bftrtar MpohlnarT Ltd. - Caigarv. Alborta. 
(HUM nod Addnu ol XutiUctum) 

Manufactured <n, Canadian Western Katural Gaa Ccmpany Ltd. 
(NU1« u d A M r U I Oi PUrtJUKT OC Coul fBM) 

.Ultimate Canadian Waatern Katural Gaa Coapaay Ltd. 
( N U M u d Addrtu) 

Locanon of imtaiiatin. Broolca1 Gae Plant, Brooke, Alberta. 
(This addrcK it mcntitl) 

2. Type of boiler or prewure vessel Ca3 P t t r l f l e r jjfg S e r ; a | N o _ 

Provincial Registration No.. _Drwg. No- B-1032-D 

To be used for: (Air, C02, Propan.-, Ammonia, Steam, Hot Water, etc.). Natural Gas 

tengtli. 20* - 4." _Cu. fL capacity. 530 3. Dia 7 * - <y I»P»Overall 

4. Were test reporU checked on all plates used in the fabrication of this vessel ? _ _ l * f L 

Does all material meet A.S.M.E. Code requirements? T e a 

-Heating surface- -Ml. it. 

A.S.M.E., A.S.T.M. or other material specification Mo A - 2 8 5 - C -Tensile 55 ,000 (Mill) 

5. If welded or braied, what paragraph of Code: (PlOl to P114 or U68, U69 or U70; U-200 or U-201; etc?)_JM_ 

Was vessel stress relieved? & Was vessel X-rayed? Ifo 

Are the following records on mfg's files ? X-ray filiiis_?9 Stress relieving procedu 
Spot Exaninations 

'"'l'rrr ft Wl iSHlt liOlil'I'll 1 1 1 1 1 found to meet Code requirements ? fff PW - S 2 e . 

Ho 

6. Welders employed upon vessel. 

Nunc of wddcrt ami P rori nce •r 
Sute ia which qatlified 

Date of tut 
wdd test 

OtMliScd lor 
wtidtux under Code 
P.r« 

Nuse of Ia>pectar 
•upcrrt&mr tests Bjwd No. 

C T Schott ........203 Jan. 4/51 0-69 H.X lakes. 
Wf Wusjk W-8 ti n n 0-69 H^N,..Luko8, H^N,..Luko8, 

Does all welding on this vessel and the testing of coupons where required meet A.S.M.E. Code requirements ?_ Tea 

7. Hydrostatic tests 

and 

Working Pressures. 

NAME OF PART Humacr total 
>t pii. 

Mnunan working 
prwtue pd 

Shtire Vessel 29.2 388 200 

Did the hydrostatic tests fully conform to Code requirements ?_ 

8. SAFETY V A L V E S : - • 

Tea 

Haol 
TllVCt 

Mtlcer-i Nuw, Trade 
Mirk or Type No, 

„ ?r<m=dd„ 
RKCistriUon No. Dlu»ler DIuKter 

Set to relieve 
•t pri. 

f t n disdwrje 
te. ptr hoo-

Jtot. aupplled.__ Jtot. aupplled.__ 

Does safety valve stamping, blow-down adjustment, etc., meet A.S.M.E. requirements ?_ 



9. Actual minimum itamping ol th* TMMI 11100 conlona to tho ioUowing and shaii bo roprodttsod imm 
FOB POWER & HEATING TOILERS (on attadwd pktto for cost inm) 

Canadian Interprovincial Registration aunitcr C 1 g 

National Board number (i£ manufactured in U.S.A.). 

Manufaituter and manufacturers' serial number 

Nat. Bd-

Plate mfg's initials, spec No. and tensile strength (Stelco. SA 2&5 etc.) 

Maximum working pressure (for S and W if both) 

Heating surface and year built (1949 clc.) 

Initials of autbcrised provincial shop inspector 

UNFIRED PRESSURE VESSEL— 

Canadian Int*rnrovit,. i j l Registration number_-_— 

Max. W.P-

H.S 

Sr. No-

T . S . 

LU. 

JFt. 

cis IMU. 
National Board number (if manufactured in U.S.A.) 

Mmuficturer and manufacturers' serial rnunbtr B a r b e r M a o h i n e r y L t d j _ 

Plate mfg's initials, spec No. and tensile strength (Stelco. SA 285 etc) 

Maximum working pressure and " T - " ' " " ' 

Thickness of shell and 

Nat Bd-

Max. W,P-

T. Shtll ML. 
Code paragraph number and year built (1949 etc.). U - . 

No 1012-0-2 
T.S Sla.9g£ 

Tsinp 

T. H~4. 5 / 8 

10. I HEREBY DECLARE that the foregoing statemrnts, having reference to Vessel bearing manufacturers' Serial 1 0 1 2 - D - 2 . 

bom by Barber Machinery Ltd. , , „r c . i ^ r y ' anwt . . 
and completed on the- J g t o Jay 0 f fcgUgt 19 53 .are in all respects correct and. true, and 

that the said Vessel has been built in accordance wilh Provincial registered design No iSXl*?-

and that it complies fully with thc A.S.M.E Code and regulations of the Province of Installation under Thc Act governing the 

coostructka of boilers and pressure vessels. 

Sworn before me at—... Calgarj 
Signed.. tfae Provioce (or Slate) of. MX&Mtl** 

this 3 nay of t t m A . I9..53 . 

r of 0.UU. J P. oc N.P. 

" For Barber Machinery 

Calgary, Alberta. 

tt. 

CERTIFICATE OF SHOP INSPECTION 

I , the undersigned, • duly authorued Inspector of B o i l e r s a n d P r e s s u r e Vesse l s e m p l o y e d by 

..9.?...̂ bcw Boi^r ^ o f_ All^rte. GQT^nwtflnt.. _ 
do hereby certify that the fongoing statements are correct and that the material, , struction and workmanship 
are is accordance with the A-S.M.E. Code. 

Date i H « t t 8 . t , . . . 1 9 5 3 . Signed , 

T O MC F I L L E D I N B Y A L B E R T A INSPECTOR 

DKaind . i n e t U t t .....3 , !» . 5 3 . Inspector's PrMiore Vessel No. (A) 

choked .Aaffust / & , u ...53. 

l h m aDswod a wwida* prMWi* o l .X9A Jta. por aquar. inch, bued oa a TS. ot 4 -

1 km favwd CWWH T^..^.4 .4. £.2..&..Am**. 

v—ri ovMd br ^ ^ . l l t t ^ S m a l M m of .C»l«Bxy»..llb«rta 

! P. 



Pressure Vessel External Visual Inspection Report IHusky Oil 
Organization: Husky 

Plant: East Cenlral 

Inspection Date: 16/10/2008 12:00:00AM 

Equipment ID: 66005116 

Asset No: 66005116 

System: 00001 Sylvan Lake Gas Plant 01-21-038-02W5 

Operating Unit: EC-SO-015 Sylvan Lake 

Background 

Description: Knock-Out, Flare 

Asset Type: 

Inspection 

Inspector: MANCELITA, E Company: N/A Insulated: 

External Location Categories 

Barrier Penetrations: Damaged Insulation: Vessel Supports: Insulation Rings: 

Inspection Comments 

ID Description Condition Location NCR Comments 

MANC 
ELITA, 

N/A 
- The vessel is painted and is in good co 
ndition with no notable 
corrosion being found. 
- The nameplate and registration number 
could not be located, visual 
inspection of the vessel 
external surface failed to locate the 
nameplate, not even the 
nameplate bracket, no stamping on the 
shell was evident. The piping and extern 
al attachments are in good 
condition. No sign of leaks 
- The vessel has no PSV, does not requir 
e a PSV as it is directly 
connected to the flare stack and vented t 
o atmosphere. 
- The gauges are clear and in good condi 
tion. 
- The vessel is level but appears not sec 
ured to its foundation. 
- The overall condition of the vessel is go 
od. 

Print date/time: 07/19/2011 8:05:51AM Page 1 of 3 



Pressure Vessel External Visual Inspection Report 

Inspection Summary 

- The vessel is painted and is in good condition with no notable corrosion being found. - The nameplate and 
registration number could not be located, visual inspection of the vessel external surface failed to locate the 
nameplate, not even the nameplate bracket, no stamping on the 
shell was evident. The piping and external attachments are in good condition. No sign of leaks 
- The vessel has no PSV, does not require a PSV as it is directly 
connected to the flare stack and vented to atmosphere. - The gauges are clear and in good condition. 
- The vessel is level but appears not secured to its foundation. - The overall condition of the vessel is good. 

Print date/time: 07/19/2011 8:05:54AM EquipmentID: 66005116 Page 2 of 3 



SAP Page 1 of2 

Login Home QuaJity Assurance Help 

K N O C K OUT I N S P E C T I O N R E P O R T 

Exit 

Copied Scanned. 

N0# 

Enter 
HDMS 
Linked. 

I n s p e c t i o n R e p o r t 

Notification Number 5069867 Work Order 6072757 
Notification Desc Tank FLARE KNOCK-OUT Maintenance Plan QNATANK0064 
Tasklist Operation ( 5Y Inspection Interval ) 5Y Code Inspection Process KO Drum - Sw 

E q u i p m e n t S t a t i c D a t a 
Equipment Number 55005116 
Class 
Serial Number 
Manufacturer 
Location 
Provincial Number 
Status Codes 

Print Back Cancel 

KNOCK-OUT 
1012-D-2 
BARBER MACHINERY CO. LTD. 
EC-SO-015-00001 
0017725 
NOPR ORAS 

Equipment Description 
Tag Number 
Year Built 

Location Description 
PM Activity 
Equipment Status 

KNOCK-OUT, FLARE 
01-21-038-02W5 

SYLVAN LAKE GAS PLANT 01-21-038-02W5 
Code 
In Service - Fully Utilized 

CRN Number 

Fluid Service 

MDMT - Min. Design Metal Temp 

Vessel Diameter 

4317.2 Code Stamp 

SWEET Internal Coating Exists 

Shell MAWP 

84.0 IN Volume 

Fluid Description 

N Length 

194 PSI Stress Relief 

GAS/EMULSION 

11.00 FOOT 

NONE 

PRD S t a t i c D a t a 

Equip ID Location 
Size Set 

Pressure 
Capacity Manufacturer 

Serial 
Number 

Model 
Number 

Next Service 
Date 

Equip ID Location 
Inlet Outiet 

Set 
Pressure 

Capacity Manufacturer 
Serial 

Number 
Model 

Number 
Next Service 

Date 

P r o c e s s D a t a 

Product Description 

Operating Pressure 

Fluid Service .. Sweet .. Sour 

KPA Operating Temperature 

PPM 

P r e s s u r e T e s t 

Test Completed Yes No Test Acceptable Yes ; Nc Test Report # 

PSV D a t a 

Tag/Serial No. Location 
Size Set 

Pressure 
Capacity Model / Type 

Service 
Date 

Tag/Serial No. Location 
Inlet Outlet 

Set 
Pressure 

Capacity Model / Type 
Service 

Date 

NONE 

I n s p e c t i o n H i s t o r y 

Inspected By MANCELITA, E Inspection Date 2008.10.16 

I n s p e c t i o n S u m m a r y 
An external and UT Inspection was performed to verify the vessels 
integrity. Vessel was not secured, vessel has no nameplate, static 
data could not be confirmed, however the vessel is considered 
acceptable for continued service. 

R e c o m m e n d a t i o n s 
1) Secure the vessel to its foundation. 
2) Locate vessel nameplate or shell stamping to confirm vessel static 
datas. 

R e p a i r s C o m p l e t e d 

E q u i p m e n t S t a t u s 

Integrity Status Suitable for Continued Service 

Inventory Status * i n Service - Fully Utilized 

Immediate Repairs Required U R e p l a c e 

Future Repairs Required 

Idle Surplus '.-'"Scrap 

QA A c t i v i t i e s 

L J Leave As-ls 

i I Equipment Replaced 

| j MAWP Derated 

Defect Removed & Rewelded 

Epoxy Patched 

{ j Weld Overlayed 

| j Grind Dressed 

[ j Coating - Cleaned & Patched 

i Part Cleaned 

j ji Part / Component Replaced 

f~1 Patch Installed 

j j Coating - Removed & Replaced 

j j Lapped & Dressed 

http://155.10.4.225:91/scripts/wgate/zi insp up25dc70a0/~flNlc3Npb249UFJEOmN3ZjA... 12/2/2008 



Oct, 16, 2008 
Insp Report Attachment 1-2 
Flare KO drum: "A" 17726 (Notif 6069867 ) 
Sylvan Lake GP 01-21-038-02W5 



Oct, 16, 2008 
Insp Report Attachment 1-2 
Flare KO drum: "A" 17726 (Notif 6069867 ) 
Sylvan Lake GP 01-21-038-02W5 

Vessel was not secured. 



Inspection History Report IHusky Oil 
Organization: Musky 

Plant: East Central North 

Operating Unit: EC-SO-015 SYLVAN LAKE 

System: 00001 SYLVAN LAKE GAS PLANT 01-21-0 

EquipmentID: 66005116 

Inspection List 

Date Inspection Type Method Inspector Company Summary 

14/05/2003 OtherGeneral UT Thickness YUEN. MANLEY N/A External NDE Exam 

14/05/2003 OtherGeneral UT Thickness YUEN, MANLEY N/A Ext. NDE is required 

14/05/2003 Vllnt YUEN, MANLEY N/A Area inspector to confinn if internal inspection is required 

14/05/2003 VIExt YUEN, MANLEY N/A Vessel has good appearance. Paint is intact. No visible corrosion 
or damage. Piping is in good condition. Saddles and concrete base 
are in good condition. No nameplate or identification is found on the 
knockout drum. Identification is through plant records only. The 
vessel has obviously been altered from its original design. Shell is 
only 11' long as opposed to 20'04' as listed on manufacturer's data 
sheet Shell diameter corresponds with dimension listed on data 
sheet. 

16/10/2008 Vllnt MANCELITA, E N/A Area inspector to confirm If internal inspection is required 

16/10/2008 OtherGeneral UT Thickness MANCELITA, E N/A External NDE Exam 

16/10/2008 OtherGeneral UT Thickness MANCELITA, E N/A UT inspection was performed by Elmer Mancelita. 
All UT values were found to be acceptable. Shell <, 0.773 - 0.774 in. 
Head t 0.827 - 0.828 in. 

16/10/2008 VIExt MANCELITA, E N/A - The vessel is painted and Is in good condition with no notable 
corrosion being found. - The nameplate and registration number 
could not be located, visual inspection of the vessel 
external surface failed to locate the nameplate, not even the 
nameplate bracket, no stamping on the 
shell was evident. The piping and externai attachments are in good 
condition. No sign of leaks 
- The vessel has no PSV, does not require a PSV as It is directly 
connected to the flare stack and vented to atmosphere. 
- The gauges are clear and In good condition. 
- The vessel is level but appears not secured to its foundation. 
- The overall condition of the vessel Is good. 

09/05/2012 NDE UT Acuren - Marcel 
Bertrand 

A UT survey was carried out by Acuren Technician Marcel Bertrand. 
For details ofthis survey, referto Report U MBI 20509 (page 14 of 
14). 

09/05/2012 VIExt Timothy Britton Husky Energy 
Inc 

A visual external inspection was carried out with no significant 
findings to report. 

09/05/2012 Vllnt Timothy Britton Husky Energy 
Inc 

A visual internal inspection was carried out. There were no 
significant findings reported. 

Photo's are located at; R:\Technical Services\Asset 
lntegrity\Reports - Insptn & Corr Monitoring\PEPTI\lnsp Reports 
2012\Timothy Britton, Henry H\Evidence of Tim's Completed 
Inspections in 2012\EC-SO\SYLVAN LAKE GAS PLANT 
SHUTDOWN 2012 

Print date/time: 13/06/2014 12:23:48PM Pagel of 2 



Inspection History Report 

Inspect ion P lann ing 

Date of Inspection: Date of last Inspection: Date of Next Inspection: 

The signature below certify that the above is a true report of the inspection / test of the equipment specified and 
consider fit for service until the date of next inspection. 

Competent Inspector: Report Generation Date: 

Reviewed and Accepted by: 

Next Inspection Date: 

Approved by: 

Signature: 

Signature: 

Date: 

Date: 

Print date/time: 13/06/201412:23:49PM EquipmentID: 66005116 Page 2 of 2 



Facility 

LSD 
Inspector 

Renaissance Energy Ltd. 

! - JH -3S-3. 

AFE # 

Date 

VESSEL / TANK INSPECTION REPORT - Exhibit #300, Page 1 of 2 

Date of Last 

Inspection 1 

Equipment Details Dvessd 
ype Pi.A<eg kioocK purr Ogssgu 

Manufacturer gAKBeg. MA< '̂»gww CO. U ^ . ^ 

YearBuilt 195^ ^ 

Coating Integrity 
Coating Type 
Blistering: 
lolidays: 
Mech. Dam: 
Coupons: 

Comments 

• Tank Ho«t2*^<- & %''o"0 X l^'-Om 

Service . SUJ^XSJ 

MAWP 
Serial # 

• Yes • NO 
•Yes • NO 

• Yes • NO 

• Yes • NO 

Average Thickness 
Location(s) . 

A # 

at Design Temp 
Corr. Allowance 

Date Coated 

0 0 / 7 - 7 J L 4 ^ • 

Location(s) 
Location(s) 
Comments 

nternal Equipment Assessment 
Head/Shell 
Firetubes 
PitHng 
Anodes: 
Comments 

•visual 
•visual 
• Yes 
Material 

• ur 
• ur 
• NO 

• MPI 

• MM 

Pit Depth 

• Dye Pen 
• Dye Pen 

Comments _ 
Comments _ 
Comments _ 

Date Installed % Consumed 

External Equipment Assessment 
Ladders/Stairs /Platforms •inspecdonPerformed Comments 
Foundations/Skirts „ •inspection Performed Comments 
BecU Instrum J Grounding •inspection Performed Comments 
Pressure / Temp Gauges • inspection Performed Comments 
Extemal Insulation • inspection Performed Comments 

'fA 



Exhibit #300, Page 2 of 2 
A * 

PSV Data 
Serial # 
Manufacturer 
Last Service Date 

Picture ID 
Picture 1 
Picture 5 

General Comments and Recommendations 

PSV Tag # 
Set Pressure 
Service Comp. 

o o i 7 7 ^ . ^ 

_CRN# 
Capacity 

Picture 2 
Picture 6 

Pictures 
Picture 7 

Picture 4 
Picture 8 

Equipment Status 

Suitable for Further Service Efves Q N O 
Repairs Required 
Repairs Completed 

• Yes 0No 
• Yes Q N O 

Repairs Completed By: 
Repair Company AQP# 
Repair Date 

Facility Inspector 

QA Coordinator 

Date AJO^. PA ^-S-D-Q 

Date 



r r~ _ 
CHEVRON V E S S E L INSPECTION K-EPORT 

Brazeau 

Anumber: Vessel: 

^ l - n ^ F l a r e K 0 

Insp. Date: Result: 
5/6/96 FFS 

Inspectors : 

A Greenfield 

^ f a a = A U - t 6 ^ 5 - 4 8 - l2 W5 

Description 
Flare KO Drum 

Rec. Next Insp: 

Battery 

Service : 
Solution Gas 

Inspection Method : 

Visual Int. under Mask 

Relief Valves Protecting Vessel: 

Inspection Results: 

Corrosion : 
1. Vessel was constructed using backing rings. 
2 Appears the vessel was origionally coated with a rubber like coating which has since failed and is 

f ^ I ^ ^ ^ K f l e d appearance. There is approx. a 30 to 40 mil difference between 

S S l ^ S o z z J S S rotated oo thc divortor olbow faeco horizontally rather than vcrticaU^owrvwards. 

Process : 

Recommendations : 

Inspector's Signature: 

Foreman's Signature: 

•- -rr-;^Tr -•: • 


