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MATERIAL SAFETY DATA SHEET

ERVIN INDUSTRIES, INC. TELEPHONE: (734) 769-4800
38493 RESEARCH PARK DRIVE FAX: (734) 663-0136
ANN ARBOR, MI 48168-2217 .

Revision Date: 12/9/09 Replaces Date: 5/28/2008 Revislon Level: 8
PREPARED BY: Dennis Scharar Ervin industries

SECTIONI | PRODUCT IDENTIFICATION

P I3 Chemical Family

AMASTEEL SHOT AMABRASIVE FERROUS
AMASTEEL GRIT {SHOT f GRIT MIX)

SECTION {i | CONMIPOSITION / INGREDIENTS

CAS Registry % Weight ACGIH-TLVY OSHA -PEL

Chemical Name No {mgfm-) {mg/m®}
[ron = Fe 7433-89-6 >96

Oxide fume as Fe 5 ) 10

Carbon - C 7440-44-0 <1.2 none estab, none estab. "
Manganese - My 7439-96-5 <1.3

Elemental, Inorganic Compottnds ag Mn 0.2 5 {ceiling)
Furne as Mn none estab. 5 (ceiling)
Silicon - Si : 7440-21-3 o<t

as total dust 10 15
Respirable fraction none estab. 5
Chromium - Cr 7440-47-3 <026

Elemental, Inorganic Compounds as Cr metaj G.5 1

Cr Il compounds - as Gr none estah, 0.5

Cr i compounds - as Cr 0.5 0.5

Cr Vi compounds - water soluble 0.05 5 ug

Gr Vi compounds - insoluble 0.01 5ug
Chromic Acid and Chromates as CrOs ' nione estah. .1 (ceiling)
Cr VI (hexavalent chromium) in product as shipped Not datected  0.05 & 0.01 5 yg /2.5 action
Copper —Cu 7440-50-8 <{1,25

Fume 0.2 0.1

Dust & mists 1 1

Nickel - Ni 7440-02.0 <0.20

Elemsanial mstal 1.5

Insoluble as Ni 0.1 1

Soluble compounds as Ni 0.2 1
SECTION Il | PHYSICAL DATA

Cast steel shot and grit are non-hazardous as received. ¥ine metallic dust is generated as the abrasive breaks down from
impact and wear during normal use. Since ths ferrous content is >36%, dust or fumnes will congist mainly of iron or iren oxide.
In addition, the fine steel dust cyeated can be a mild axplosion hazard (see section V).

Bolling Point - 2850-3150 Degrees C Malting Point ~ 1371-1483 Degrees C
Speciflc Gravity (at 60 Degrees F) >7.8 Vapor Pressure - Not Applicable

% Volatile by Volume - Not Applicable ' pH -~ Not Applicable

Appearance and Odor - Spherical ~ no odor Percent Solid by Weight - 100%

SECTIONIV | REACTIVITY DATA

Stability — Stable Hazardous decomposition preducts — None Hazardous Polymerdization - will not occur
Shot will break down into progressively smaller particles and dust during normal use.

PAGE1QF 2 . REVISION 8



. MATERIAL SAFETY DATA SHEET
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SECTIONV | FIRE AND EXPLOSION HAZARD DATA

Flash Point - Not Applicable Auto Ignition Temperature (soild iron exposed 1o Oxygen) -930 degree ©

Flarmmabllity Limits - Not Applicable Cast steel shot wilk not burp or explade

A mild fire or explosion hazard sltuation may be created from fine metal dust. Fire Extinguishing method for dust created due to use - use
Class D extinguishing agenis or dry sand to exclude air. Do not use water or other fiquids, or foam.

NFPA Hazard Rating: O=Insignificant 1=38light 2=Moderale 3=High 4 =Extreme

Health (biue) =0 Flammability {(red) =0 Reaciivity {yellow) =0  Special {colorless)

SECTIONVI | HEALTH HAZARD DATA

Emergency and First Ald Procedure - [f inhaled, move out of area into fresh air. Flush eyes with running waler, have any remasmng
pariicles removed from eyes by a qualified medical person; call 911 for immediate medical assistance.

The end user shoulkd have an indusiral hygiene evaluation to detennine the proper personal protective aquipment for each application or
blasting operalion, Threshold Limit Values - Permisalble Exposure Limits - see Saction I}

Primary Raoutes of ehfry - inhalation of dust or dust parlicles in eyes. Target Organs - Lung for chromium and fung & nasal for Nickel.
Metalllc Mickel is reasonably anticipated to be a human carcinogen.

Over exposure to dust and fumes may cause maouth, eye, and nose jritation. Prolonged overexposure {o manganese dust or fume affects
the central nervous system. Prolongad overaxposure to jron oxide fume van cause siderosis, or "iron pigmentation” of the ing. It can ba
seen on a chest x-ray but causes litle or no disability. ‘ :

Fumes generated by welding or flame cutting a surfaca containlng new or used abrasive or the dust created by use of the abrasive may
convert & small portion of ehromium to hexayalent chromium. IARC reports walding fumes afe possibly carcinagenic to humans.

SECTION VIl | PERSONAL PROTECTION INFORMATION

Ventilation - General ventilation end local exhaust should be provided io keep the dust levels below the limits shown in Section Ii.

Respiratory protaction — If an industral hyglene evajuation shows dust excesds OSHA PEL's indicated in Sectlon 1, a NIOSH approved
respirator with appropriate filters should be wem as determined by the end user.

Eye protecfion - Approved safety glasses wiside shields should always be worn. Cther protective equiprnzit determined by the end user.

SEGTION Vill l SPILL / LEAK PROCEDURES AND WASTE DETERMINATION

Shot spiled or lesked onto floors can create hazardous walking conditions. When oleaning up quantties of dust; if exceeding OSHA
permissible exposure limits, an approved resplrator with appropriate filters should be used,

Dust from blasting or peening operations always contaih sontaminants, The dust must be tested to determine if it Is hazardeus or non-
hazardous waste. After such determination, the dust must be disposed of according o approptiate local, State or Federal regulations,

SECTIONIX | SPECIAL PRECAUTIONS

Precautions to be taken in handling and storing - Keep dry to reduce rusting, Observe maximum floor loading limitations.

SECTION X | TRANSPORTATION

DOT Classliication - Not a reguiated material Proper Shipping Name -~ N/A DOT D #- Notregulated

SECTION XI_ | REGULATORY

2} GERCLA Hazardous Substance yes __X__ho
b} SARA, Title 1i, Extremely Hazardous Substance yes __AX__ho
&) Toxlc Chemical Release Report _A__Yyes o

Nickel & Manganese are subject to reguirements of Seations 313 of the Community Right-to-know Act of 1986 & 40CFR Part 372,

The information presented here has been compiled from sources considered to be reliable and acourate o the best of our inowledge and
belief, but is not guaranteed to be so.
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MATERFAL SAFETY DATA SHEET

THE CORTEC CGORPORATION

4119 WHITE BEAR PARKWAY

ST. PAUL, MINNESOTA 55710

PHONE: 651-423-1100 OR TOLL FREE 1-3004-CORTEC
FAX: 651429-1122

EMERGENCY PHONE NO.: CHEMTREC (FOR SPILL, LEAK, FIRE, EXPOSURE OR ACCIDENT): 1-$00-424-9300 (DAY OR NIGHT)
R VY L - SRR RRE LR LT

SECTION I - PRODUCT IDENTIFICATION

proODUCT NAME: VPCI™-337
PRODUCT DESCRIPTION: A proprietary blend of corrosion inhibitors in a water carrier.

SECTION |l -HAZARDOUS INGREDIENTS

INGREDIENT WEIGHT QCCUPATIONAL
NAME(S) EXPOSURE LIMITS
PERCENT

TV OR ORAL
PEL

LO-a0

NA. ‘ - | ] ]

Carcinogenic: OSHA=no NTP=no lARC =no

SECTIONII - PHYSICAL DATA

COLOR: Clear to hazy amber PHYSICAL FORM: Liguid

NON-VOLATILE {weight): 27-31% ODOR: Characteristic

FREEZING POINT: M.E. BOILING RANGE: N.E.

pH: 8.2-8.8 (Neat) MELTING RANGE: N.A.

EVAPORATION RATE: N.E. VAPOR PRESSURE: N.E,

VAPOR DENSITY: Lighter than air

DENSITY: 8.7-8.8 Ib/gal (1.04-1.06 kgll)

SECTION IV -FIRE AND EXPLOSION DATA

HMIS FLAMMABILITY RATING: 1

FLASH POINT: >200°F (93°C)

FLAMMABLE LIMITS: LEL: N.E. UEL: N.E.

EXTINGUISHING MEDIA: Water, carbon dioxide or other dry chemical fire flghting agents.

UNUSUAL FIRE AND EXPLOSION HAZARDS: Nene,

SPECIAL FIRE FIGHTING PROCEDURES: Firefighters shoulid wear self-contained breathing apparatus.
SECTION V - HEALTH HAZARD DATA

EMERGENCY AND FIRST AID PROCEDURES:

Eve Contact: Flush eyes with large amounts of water. Consult a physician. Skin Contact: Wash affected area with soap and water. If

irritation persists, consult a physician. Inhalatlon: Remove to an uncontaminated area, administer oXygen if necessary, If victim has
stopped breathing begin CPR. Get medical attention. ingestion: If swallowed, give water or milk and induce vomiting. Get immediate

file //fF |/~marketing filesiweb/cortec/downloads/337_msds.htm {1 of 3) [10/22/2001 3:26:20 PMj




VpCI™.337

medical attention.
MEDICAL CONDITIONS PRONE TO AGGRAVATION BY
EXPOSURE: None known
PRIMARY ROUTES OF ENTRY': Inhalation, skin and eye contact.
HEALTH HAZARDS {acute and ¢hronic){ EFFECTS OF OVEREXPOSURE:
1. Contact of eye tissues with liquid andlor high vapor con¢entrations can be jrritating.
2. Repeated or prolonged contact with liquid may cause mild skin irritation.
3. Inhalation of product vapars andlor particle mists resulting from the use of this product shouid ha avoided.
4, Ingestion of this product may be harmful,
SECTION VI -REACTIVITY DATA
STABILITY: Stable
HAZARDOUS POLYMERIZATION: Wilt not ocour.
HAZARDOUS DECOMP OSITION PRODUCTS: Oxides of carbon and nitrogen.
INCOMPATIBILITY: Streng aclds, alkalis and oxidizing agents,
CONDITIONS TO AVOID: Contact with incompatible materials.
SECTICN Vil - SPILL OR LEAK PROCEDURES
STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED CR SPILLED: Absorb on sweeping compound or other absorbent material.
WASTE DISPOSAL: In¢inerate or dispose of In accordance with existing Federal, State and Local environm ental regulations.
SECTION VIII - SAFE HANDLING AND USE INFORMATION
RESPIRATORY PROTECTION: A NIOSH approved resplrator to rem ove vapors or mists,
PROTECTIVE GLOVES: Chemical resistant rubber or plastic.
EYE PROTECTION: Safety goggles.
OTHER PROTECTIVE EQUIPMENT: Eye wash station.
SECTIONIX - SPECIAL PRECAUTIONS AND STORAGE DATA

PRECAUTIONS TO BE TAKEN IN HANDLING: Aveid contact with eyes. Avold excessive Inhalation of liquid vapors or particle mists.
Use in a well-ventliated environment. Workers shouid thorsughly wash hands with scap and water prier to eating, drinking, smoking
and using lavatery.

PRECAUTIONS TO BE TAKEN IN STCRING: Keep containers tightly closed.
SECTION X - SHIPPING DATA

DOTIMDGIATA SHIPPING NAME: N.A,

UN. I NA. NUMBEﬁ: N.A,

DOTEMDGHATA HAZARD CLASS.: N.A.

T.8.C.A. STATUS: Listed

DOT/MDGIATA REQUIRED LABELS: N.A.
TECHNICAL SHIPPING NAME: NA.

FREIGHT CLASS BULK: Same as above

LTL: 65 TL: 36 MW: 36

PREPARED BY: Margarita Kharshan, R&D Manager
APPROVED BY: Boris Miksic, President/CEQ

DATE PREPARED: 9/18/01 SUPERSEDES: 6/26/98

DISCLAIMER: This information is furnished without warranty, expressed or implied, exceptthat itis accurate to the best knowledge
of the Cortec Corporation. The data on this sheetrelates only to the specific material designated herein. The Cortet Corporation
assumes no legal responsibility for use or relianc¢e upon this data.

file:/i/F [/~markeling filesiveb/cortec/downloads/337_msds.htm (2 of 3) [10/22/2001 3:26:20 PM]




VpCI™-337
N.E. = NOT ESTABLISHED N.A.= NOTAPPLICABLE

Cortec® and VpCI® are registered to Cortec Corporation
Updated: Thursday, 04 October, 2001 03:28:38 PM

file://fFli~marketing files/weh/cortec/downloads/337_msds.htm (3 of 3) [10/22/2001 3:26:20 PMj
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MATERIAL SAFETY DATA SHEET
THE CORTEC CORPORATION
4119 WHITE BEAR PARKWAY
ST. PAUL, MINNESOTA 55110
PHONE: 651-429-1100 OR TOLL FREE 1-800-4-CORTEC
FAX: 651-429-1122

EMERGENCY PHONE NO.: CHEMIREC (FOR SPILL, LEAK, FIRE, EXPOSURE OR ACCIDENT): 1-800-424-9300 (DAY OR NIGHT)

*******t***tt****Vcl_sﬁaﬁt*******iktt****\

SECTION | - PRODUCT IDENTIFICATION

proDUCT Nave: VCI-368

PRODUCT DESCRIPTION: A proprietary solvent deposited petroleum-based barrier coafing containing corrosion inhibitors.
SECTION II - HAZARDOUS INGREDIENTS

INGREDIENT | WEIGHT OCCUPATIONAL
NAME(S) EXPOSURE LIMITS
PERCENT |
mivorpel | ORAL
LD-50
Mineral 35-40 100 NE.
Spirits ppm :
| acam)

Carcinogenic: OSHA= no NTP = no IARC = no

SECTION lll - PHYSICAL DATA

COLOR: Dark brown PHYSICAL FORM Viscous liguid

NON-VOLATILE (weight): 57-61% ODOR: Solvent

FREEZING POINT: N.E. BOILING RANGE: N.E. pH: NE. VAPOR PRESSURE: N.E.

EVAPORATION RATE: N.E. MELTING RANGE: N.A,

VAPOR DENSITY: N.E.

DENSITY: 7.4-7.6 Ib/gal {0.88-0.91 kg/l)

SECTION IV - FIRE AND EXPLOSION DATA

HMIS FLAMMABILITY RATING: 2

FLASH POINT: 158°F {70°C) TCC

FLAMMABLE LIMITS: LEL: N.E. UEL: N.E.

EXTINGUISHING MEDBIA: Carbon dioxide or other dry chemical fire fighting agents.

UNUSUAL FIRE AND EXPLOSION HAZARDS: None.

SPECIAL FIRE FIGHTING PROCEDURES: Firefighters should wear seif-contained breathing apparatus.

SECTION V- HEALTH HAZARD DATA

EMERGENCY AND FIRST AID PROCEDURES:

Eye Contact: Flush eyes with water for af least 15 minutes, Consult a physician, Skin Contact: Wash affected area with soap and water, [f iritation persists,
consult a physician. lnhalation: Remove to an uncontaminated area, adminisier oxygen if necessary. If victim has stopped breathing begin CPR. Get medical
attention. Ingestion: Do not induce vomiting. Get immediate medical attention.

MEDICAE CONDITIONS PRONE TO AGGRAVATION BY

9/4/2013 11:42 AM




- MATERIAL SAFETY DATA SHEET http://www.rawnamerica.com/MSDS/368.html

EXPOSURE: None known PRIMARY ROUTES OF ENTRY: Inhalation, skin and eye contact. HEALTH HAZARDS {acute and chronic) / EFFECTS OF
OVEREXPOSURE:

1. Eye contact with this product can cause irritation, redness, and tearing and blurred vision.

e

2. Repeated or profonged skin contact can cause moderate irritation and defatfing of the skin possibly ieading to dermatitis.
3. Excessive inhalation of solvent vapors from this product can cause nasal and respirafory irritation, dizziness, weakness, faligue, nausea,
headache and possible unconsclousness. An LD-50 value for inhalation of mineral spirit vapors is listed in literature as 3,400 ppm for four hours in
laboratory animals.
4. Ingestion of this material can cause gastrointestinal irritation. Also, aspiration of this material ino the lungs can cause chemical pneumonia.
SECTION Vi - REACTIVITY DATA
STABILITY: Stabls
HAZARDOUS POLYMERIZATION: Will not occur
HAZARDOUS DECOMPOSITION PRODUCTS: Oxides of carbon and nitrogen and sulfur,
INCOMPATIBILITY: Strong acids, Alkalis and oxidizing agents.
CONDITIONS TO AVOID: Contact with incompatible materials.
SECTION Vil - SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED: Absorb on sweeping compeund or other absorbent materfal. Keep petroleum out .
of streams and waterways.

WASTE DiSPOSAL: Incinerate or dispose of in accordance with existing Federal, State and Local environmental regulations.
SECTION Vil - SAFE HANDLING AND USE INFORMATION
RESPIRATORY PROTECTION: A NIDSH approved respirator to remove vapors or particle mists when necessary.
PROTECTIVE GLOVES: Chemical resistant rubber or plastic.
EYE PROTECTION: Safety goggles.
OTHER PROTECTIVE EQUIPMENT: Not required.
{' SECTION 1X - SPECIAL PRECAUTIONS AND STORAGE DATA
PRECAUTICNS TO BE TAKEN IN HANDLING: Avoid eye and skin contact. Avoid inhalation of particle mists.

PRECAUTIONS TO BE TAKEN IN STORING: Completely drain empty drums, properiy bung and promptly dispose in an environmentally safe manner and in
accordance with governmental regulations. Recycle drums anly through qualified reprocessing organizations.

SECTION X - SHIPPING DATA

DOT/ATA/IMDG SHIPPING NAME: N.A,

UN. / NA NUMBER: N.A.

DOT/ATAIMDG HAZARD CLASS: NA,

T.5.C.A. STATUS: Listed

DOTHATAAMDG REQUIRED LABELS: N.A

TECHNICAL SHIPPING NAME: N.A.

PREPARED BY: Margarita Kharshan, R&D Manager

APPROVED BY: Boris Mksic, President/CEQ

DATE PREPARED: 11/17/09 SUPERSEDES: 4/8/99

DISCLAIMER: This information is furnished without warranty, expressed or implied, except that it is accurate to the best knowledge of the Cortec
Corperation. The data on this sheet relates only to the specific material designated herein. The Cortec Corporation assumes no legal responsibility for use
or reliance upon this data.

N.E. = NOT ESTABLISHED N.A. = NOT APPLICABLE

2of2 9/4/2013 11:42 AM
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Pust Preveniive Traatment

VYapour Phase Corresion Inhibitors (VoGiy:

NOTE: Vapour Phase Corrosion inhibitors (sometimes Called Volatlle Corrosion Inhibitors)
protect metals against corrosion by chemicaily preventing the corrosion reaction from taking
place. (Compared to barriers iike paint, which prevent the corrosion causing chemicals from
reaching the metal). Because they are volatile, the inhibifing chemicals san move out from the
fitm or package and eventually forming a film on the metal. Thersefore even matal paris that
“have not beenh coaied will receive the same corrosion protaction as parts which are in direct
contact with the inhibitor af the time of packaging.

Cortec VpCi-337 Is applied 1o interior vessel surfaces by fogging technique,
Coriec VpCI-368 aerosal is appiied 1o all the bare flange faces.

All the nozzies ars blanked off with gaskets for storage.

Vessels are to be stored outdoors after insulation and cladding.

Reference the attached producis catalogue shests.
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VpClI®-337/337 Winterized

PRODUCT DESCRIPTION

VpCl-337 is a ready-to-use waterborne corrosion inhibitor
for indoor use. Vapor phase corrosion inhibitors in
VpCl-337 migrate and protect metal surfaces, resulting in
time and cost savings. The VpCl-337 is used to protect
edges of coils and stacks or to fog void spaces, fanks,
containers, packoges, and enclosures. These labor-
saving techniques use a minimum of product to protect
large areas or volumes. VpCi-337 is effective on ferrous
and non-ferrous metais as well as aluminum, plated
steels, and copper. VpCI-337 is consistently successful in
providing protection to the basic metals, metalworking,
and packaging industries.

In most cases, products protected by VpC337 are
ready-io-use. No degreasing or sfripping is necessary by
most end users. The metal will retain a clean, rust-free
surface. In most cases, the thin protective film will not
affect paintability, condudivity, appearance, or any other
important property of metals or alloys.

VpCl-337 is also available in a cold weather version.
VpCl-337 Wintarized has a lower freezing point for
the convenience of application and storage in cold
temperatures.

FEATURES

+ Biodegradable (87 %biodegracation in 28 days)

+ Containsvapor phase inhibitors which provide
multimetal corrosion profection

+ Leaves a thin, self-healing film that is environmentally
approved for use

+ Ready-fo-use

+ Protection is immediate, convenient to apply, and easy
to remove if required

+ Givesup to 12 monthsindoor protection

TYPICAL APPLICATIONS

+ In-process protection

*» Edge spray of coils and sheet stock
* Into void spaces

+ Double wall void spaces

+ Fogging

TYPICAL PROPERTIES

VpCl-337

Appedarance Clear to hazy amber liquid
Carrier Water

Coverage -935-1870 ft2/ gal (23-46 m¥I)
Film Type Thin, soft film

Film Thickness 0.25-0.5 mil (6.3-12.5 microns)
Fash Point > 200 F@3 C)

Freeze Point 32F(0C)

Non-volatile Content 28-33%

pH 8.2-88

Weight per Gallon  8.7-8.9 Ibfgal (1.04-1.06 kg/I)

VpCl-337 Winterized

Carrier Water + Bhylene Glycol
Freeze Foint 26 F(-32 )
Non-volatile Content 20-25%

pH 8.0-8.3

Weight per Gallon  8.8-9.0 Ib/gal (1.05-1.08 kg/i)

Note: Roduct may become hazy after a few days.

CORPORATION
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METALS PROTECTED
+ Hot/cold-rolied steel
+ Slicon steel

+ Sainless steel

+ Casgtiron

+ Zinc

+ Aluminum

+ Copper

+ Brass

APPLICATION

Material Handling:

Fog or mist without dilution into containers, boxes,
crates, and shrouded packages at a rate of 1 oz./ft*

(1 Um3}of enclosed space. Spray on cardboard, wood
pallets, closed and open cell foams, and other packag-
ing materials. Always spray VpCl-337 uniformly within
enclosure and allow direct access of vapors to metal
surfaces to be protected.

Product Preparation:
Mix thoroughly if separation or settling has occurred.

Methods for Monitoring Seiution:
Refractometer, pH

FOR INDUSTRIAL USE ONLY

KEEP OUT OF REACH OF CHILDREN
KEEP CONTAINER TIGHTLY CLOSED
NOT FOR INTERNAL CONSUMPTION

CONSULT MATERIAL SAFETY DATA SHEET FOR
MORE INFORMATION

Dry Time:
VpCI-337
VpCl-337 Winterized

<45 minutes
3 hours

Product Cleanup:
Use soap and water to clean equipment.

PACKAGING AND STORAGE

VpCl-337 is packaged in 10-14 oz. net wt. (284-3979)
recyclable aluminum cans (12/carton), 5 gallon (19 liter)
plagtic pails, 55 galion {208 liter) metal drums, totes, and
bulk.

Minimum storage temperature: 12 F{-12 C)
Maximum storage temperature: 120 F {49 C)

VpCI-337 Winterized is packaged in 5 gallon (19 liter)
pladtic pails, 55 galion (208 liter) metal drums, totes, and
bulk.

Minimum storage temperature: -26 F{32 C)
Maximum storage temperature: 120 F (49 C)

Shelf life is 24 months.
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HIGH PERFORMANCE VpCl'™ COATINGS

VpCI®-368

PRODUCT DESCRIPTION

VpCl-368 is a time-proven coating thot provides excellent
protaction to metal substrates exposed to harsh outdoor
condifions. VpCl-368 leaves g firm, wax-like film that con

be removed by mineral spirits or alkaline cleaners such as
Cortec® VpCl-414,

FEATURES

* Floxible

» Excellent salt spray profection

¢ Excellent outdoor protection

* Multimetal protection

¢ Excellent UV resistance

* Moisiure displacing

» Cured film s heat stable up to 392°F [200°C)
o Conforms to MIL-PRF-16173E (Grades 1 and 2}
o« NATO 6850-66-1382-5848

v NATQO 6850-66-132-6099

« NSN 8030-00-062-6950

« NSN 8030-00-231-2345

+« NSN 8030-00-244-1300

+ NSN 8030-01-470-2601

TYPICAL APPLICATIONS
* Pipe coating

¢ Parts storage

* Underbody coating

* Wire rope

* Steel plate

* Machined parts

METALS PROTECTED
s Carbon Stecl

* Stainless Steel

* Copper

* Aluminum

» Cast lron

PROTECTION PROPERTIES

ASTM DFT Catbon Stesl (1010)
SeltSproy | 8117 | 50_??;:2:0”9} 900-1500 hr.
Prohesion G-Sé i OO-tll-gsnjiScrons} 2000 hr,
Humidity | D-1748 {50»?’?:\:2:0ns) 2500+ hw,

APPLICATION

VpCi-368 may ba applied by brushing or spraying. A
him thickness of at least 2-3 mils {50-7C microns) is
recommended for uncovered outdoor storage.

Surface Preparation:

NACE S§PC ARS
Sord bor? High B-2
Product Cleanup:

* Uso solvents or mineral spirits for cleanup of equipment.

* Solvent, wax strippars, or alkaline cleaners such as VpCl-
414 can be used for clean up of ovarspray.

TYPICAL PROPERTIES

Appearance Dark brown viscous liquid

Coverage 300-330 ft¥/gal @ 3 mils
(7-8 m¥/1 @ 75 microns)

Dry Film Time 12-24 hours

Drying to Touch Time  0.5-8 hours

Film Type Firm, wax-like

Removal Method Patroleum solvents

Carrier Mineral spirits

Shelf Life 24 months @ 75°F (24°C)

Nen-volatile Content  57-62%

Viscosiiy at 23°C 600-5,000 cps (6 rpmy}
Spindle #2

VOC 2.9-3.1 Ib/gal {347-372 g/l}

Dansity 7.4-7.7 Ib/gal {0.89-0.92 kg/l)

Note: Ceating dry time Is offected by temperalure, vit-fiow and
humidity.

PACKAGING AND STORAGE
VpCl-368 is available in 5 gallon {19 liter} steel pails, 55
gallon {2G8 liter} metal drums, totes, and bulk.

Available as CorShield® VpCl-368 in 11 cz. (312 g) geresol
cans.

| corpoRaTION
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RECOMMENDED SPRAY EQUIPMENT

This information is based on spraying VpCi-368 at 3
parls concentrate to 1 part mineral spirits. A ready-to-use
version of VpCl-368 is also available. The viscosity range
is between 100-1,000 cps. If using o dilution other than
this, please consult a Cortec or Graco representative,

Model 570 Airless/AA Plus

Pump 30:7 President

Tip 0.011-0.015in {0.028-0.038 cm)
Cap Standard

Filter 60 Mesh High Pressure

Alir Pressure 80 psi

Fluid Hose 3/8" x 10" with " whip hose for

ease of handling

Fluid Pressure 2000/1700 psi {138/117 bar)

{Supply/Gun)

The minimum fluid atomization pressure required is 1500
psi (103 bar), which gives 2-4 mils (50-100 microns)
WFT/pass.

FOR INDUSTRIAL USE ONLY

KEEP QUT OF REACH OF CHILDREN
KEEP CONTAINER TIGHTLY CLOSED
NOT FOR INTERNAL CONSUMPTION

CONSULT MATERIAL SAFETY DATA SHEET FOR MORE
INFORMATION
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OR OF FIENESS FOR A PRRTICULARPURPOSE, IN NOD CASE SHALL CORTEG CORPORATICN BE LIASLE
FOR fNCIDENTAL OR CONSEQUENTIAL DAMAGES,
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Note:
1. Bolt Torque values for Nitrile lining is still to be confirmed.
2. Nitrile rubber will start to stiffen around -17°C (0°F). The glass transilion temperature is -25°C (-13°F) and the brittle
temperature Is -40°C (-40°F). There is increased the visk of the lining cracking from any mechanical impact at
temperature below -15°C . Lined vessel should not be exposed to sudden large temperature gradient which could cause

cracking from expansion or contraction. Inspection (visual and spark test) of lining will be required prior to putting
vessel in sepvice.

TITLE CUSTOMER

STORAGE & INSTALLATION MEG Energy Corporation
INSTRUCTIONS

(AFTER EILTERS A?\ID WAG clo SNG Lavalin

Christina Lake Phase 3A
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STORAGE, PRESERVATION AND INSTALLATION MANUAL

ECODYNE JOB NO. 12-32125
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@@@@@NE Limited

STORAGE & INSTALLATION MANUAL

1.0 STORAGE AND INSTALLATION

All material received at the storage facility must be checked for visual and hidden
damage, as well as for shortages. Identification tags or markings are to be protected

-and re-marked, if necessary. All damages and shortages must be reported to Ecodyne

within ten (10) days of receipt.

ECODYNE LIMITED

4475 Corporate Drive TELEPHONE: (205) 332-1404
Burlington, Ontario FAX: (905) 332-6586
L7L 5T9 - CANADA ATTENTION:  Engineering Dept.

Short term storage is defined as a period not exceeding six (6) months from receipt at
site to installation of equipment. Long term storage is defined as a period exceeding
six (6) months, but not exceeding 36 months from receipt at site to installation of
equipment. Storage requirements vary for different types of equipment, both in the
short term and the long term. Also, since it is difficult to assess the specific site
conditions where the storage is o take place, the requirements described herein are not
to be substituted for good warehousing practice and protection. These requirements
should be considered_as a minimum and failure to comply with these minimum
requirements will void the warranty. 1n addition, the Operating Instruction Manuals may
include storage recommendations from manufacturers of standard equipment. Where
this information is provided, we recommend that it be followed. In addition, it is highly
recommended that all received material on the project be stored together as a unit and
not mixed with other material.

The following installation guidelines are intended to provide an overview of the major
components to be erected, with particular emphasis on unusual requirements pertaining
to custom designed equipment. These guidelines are not intended to replace good
construction practice nor are they intended to describe detailed erection procedures
associated with standard edquipment. The field construction personnel should
familiarize themselves with the detailed Ecodyne Bill of Materials, subvendor literature
and manufacturing/construction drawings prior to commencing any section of the work.

The storage and installation guidelines are presented in the following sections for each
category of equipment:

» short term storage recommendations,
» long term storage recommendations,
» instaliation guidelines.

JOBT# 42.32128
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ECODYNE "™

STORAGE & INSTALLATION MANUAL

"1.0 STORAGE AND INSTALLATION (CONTINUED)

1.1  Pressure Vessels

Equipment Supplied
¢ FILTER VESSELS (3A-F-208 A-G)
» WAC VESSELS (3A-V-211 A-F)

Short-Term Storage: Pressure Vessels

Inspect equipment upon receipt and advise Ecodyne of any damage or shortages.

All equipment should be stored in original shipping packaging, preferably indoors, until
required for installation. .

Rubber-lined vessels may be stored outdoors if covered with protective tarpaulins for
shade. Ensure an air gap between tarpaulin and vessel for airflow by using blocks and
anchoring tarpaulin with rope. Vessels can be handled at temperatures below freezing,
however extreme care must be taken not to bump the vessels as rubber is quite brittle at
low temperatures (vessels should not be handled below -15 Deg C).

Ensure that opening blanks are intact, if not secure.

fnspect for external damage and touch-up exposed surfaces as required. Apply
anticorrosion compound such as Tectyle 846 Class 1 or equal on all vessel hardware as
required (interval of 2-3 months).

After rubber-lined vessels are standing upright, they must be wet stored (see Long-Term
Siorage).

Long-Term Storage: Pressure Vessels

¢ Foliow short-term recommendations.

» Consideration can be given to filling the vessels with nifrogen which can reduce ‘ageing’
of rubber by oxidation. The condition of rubber lining after a very long storage and
exposure to the elements cannot be predicted.

JOB# 12-32128




ECODYNE "™

STORAGE & INSTALLATION MANUAL

e

SUGGESTED BLOGKING AND
TARPAULIN TO SHADE RUBBER LINED VESSELS

Ailr gap (approximately 50 mm minimum)

Tarpauli

shipping saddles or blocking

i

Blocks 200 mim x 200 mm

JOB# 12-32125




@C@@[HJN[E Limited | .

STORAGE & INSTALLATION MANUAL

1.1 Pressure Vessels (Continued)

installation Guidelines:

. Place the vessels complete on foundations - level, shim, and align to the cotrect
orientation and anchor, Do not grout or final anchor until piping is connected.

. Connect pipe, beginning with directly bolted connections at the bottom, Adjust
vessel alignment if necessary to achieve this first key connection.

. Ensure the units are properly aligned with adjacent units prior to final anchoring. Fit,

bolt up and field weld the final connecting spools and any ship loose components or
piping on all vessels. No excessive stress should be on the vessel connections.
After the vessels are connected 1o the pipe racks, they may be grouted or welded as
desired. It is recommended that the skid bases be filled with concrete to prevent
trapping debris or water.

. Ensure vessel internals and piping bolting are tightened as 1oosen1ng can occur
during shipment (see Note below).

. Tighten up any bolting on the piping skid that may have loosened during shipment.

. Flush vessels and associated piping to remove any debris before loading media.

. Load vessel media according to the Media Installation Instructions.

JOB# 12-32128
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EC@@@NE Limited

STORAGE & INSTALLATION MANUAL

*a)

(b)

(c)
(d)

External & Internal Bolting

RECOMMENDED BOLTING TORQUESY — RUBBER LINED FLANGES

' BOLT DIA. [ PAD DIA. Semi —hard Rubber Lining
(inches) (inches) P< 100 PSI P > 150 PSI
(690 kPa) (1034 kPa)
m-N |Ftdb | mN |Ftb
% 3" x 12" sight
window 40 30 40 30
5/8 2 40 30 50 40
5/8 3 50 40 70 50
5/8 4 40 30 50 40
% 6 50 40 70 50
% 8 80 60 90 70
7/8 10 80 60 90 70
7/8 12 110 |80 130 | 100
% 18 110 180 126 |95
1 14 120 | 90 180 | 110
1 18 150 [ 110 165 | 120
11/8 20 150 [ 110 180 | 130
1% 24 180 | 130 | 200 | 150

Use a thread lubricant or Teflon coated bolt and a 1/8” thick full-face soft gasket, 60
Shore A Durometer. Chart is based on fuli faced contact up to flange O.D. (except
sight window). Reduce values proportionally if there is less contact area.

Bolt torque shall not exceed the maximum allowable values (otherwise the rubber
lining on the flange face may crack or delaminate). Bolt torque shall be uniformly
applied such that the gasket is uniformly but moderately pre-compressed, and just
starts to extrude from the flanged joint. Bring the torque up in stages, in a balanced
manner, first applying half the design torque at N, S, W, E, then NNE, SSW, SNW,
NSE, then NNW, SSE, NSW, SNE, tepeating at full design torque in the same
progression, and then repeating once again. Check that the gasket is firmly in place all
around by using pliers to tug at the protruding parts, and if loose anywhere then
applied torques may be increased up to 50%, then 100% above design values,
following the same method as specified above but starting at the point of fargest gap.
‘P’ refers fo the vessel design pressure. For this project P=1345 kPag.
Recommended torques for pressure >1034 kPa (50 psi) may be increased up to 20%
for soft rubber and up to 33% for semi-hard rubber, over the above recommended if
these torques fail {o seal. For 690kPa (100 psi) applications, it is recommended that
the lower torques be first applied to determine if the joints seal at the lower values.

If a seal is not achieved at the increased torque values, the joint shall be unbolted,
inspected for irregularities, and buffed flat if necessary,

**| imited by bolt stress to 172,370 kPa (25,000 psi) at root of thread, which may be
increased, if required per (d) above.

JOBH# 12-32125
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STORAGE & INSTALLATION MANUAL

2.0 DRAWINGS REQUIRED FOR INSTALLATION

AFTER FILTERS, TAG: 3A-F-208, A-G
WAC VESSELS, TAG: 3A-V-211, A-F

FOUNDATION DETAILS 32125-D-2002-01
VESSEL ASSEMBLY-WAC 32125-D-2201-01
VESSEL ASSEMBLY-AFTER FILTER 32125-D-2202-01
CROSS SECTION-WAC 32125-A4-2050-01
CROSS SECTION-AFTER FILTER 32125-A4-2051-01

JOB#12-32125




ECODYNE "™

STORAGE & INSTALLATION MANUAL

3.0 APPENDIX

ADDITIONAL CONSIDERATIONS FOR
HANDLING AND STORING OF RUBBER LINED VESSELS AT LOW
TEMPERATURE.

This applies where Rubber Lined vessels are shipped, received, moved or stored at temperatures below
freezing. It is also applies to rubber lined piping.

Rubber linings become brittle and may be easily damaged at low temperatures, This is particularly
important for hard and semi hard linings. Chlorobuty! rubbers are softer and less brittle then semi hard
rubbers, but are fragile at extremely low temperature. The fragility of rubber linings depends significantly
on the substrate, i.e. on the rigidity and thermal properties of the pressure vessel or tank to which they are
applied.

Note that even though the site might be hot, shipping and handling procedure applicable to cold weather
might also apply if shipping from Ontario in winter.

SHIPPING AND HANDLING: Rubber Lined Pressure Vessels or Tanks

Nitrlle rubber (Polymeric 2048},
The manufacturer of this rubbers has recommended that vessels lined with this rubber are not handled at

temperature below -17C.  Ecodyne has successfully shipped pressure vessels lined with other semi-hard
rubber at lower temperature than that, but has no experlence with 2048. Extreme caution is heeded loading
and unloading the vessels below freezing temperature (0C),

At any temiperature between -0C and ~16C the following special precautions apply:

» Do not bump the vessels or subject to sudden lifting or placement on shipping saddles. (This means
for example, do not use forklift or heavy machinery which might impact the vessel fo push the
vessels into position or when fowering ohto anchor-bolts. Also, do not use crane at high speed
which could jerk the lifting chains on kfting lugs, or suddenly drop the vessef onfo saddies or the
ground.)

» Do not hammer or use any method involving impact, or any method invalving force on the vessel
shell or attachments, to position the vessel.

« Do notf remove any aftachments or any covers from flange faces, manways, etc.

» Do not connect any piping or altachments to the vessel.

» Do not open the vessel ot perform any internal Inspections.

We do not recommend handling these vessels at all below ~15C.
= Al the above warnings for temperatures between freezing and -15C will apply.
» Protect the vessel against sudden and exfreme temperature changes, e.g. provide indoor storage or
shelter. (refer to photograph for an example).

JOB#12-32125
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INSPECTION & TEST PLAN

AFTER FILTER VESSEL
3A-F-208 A
TITLE Customer:’
AFTER FILTER VESSEL . .
3A-F-208 A Christina Lake Phase 3A
¢/o SNC-Lavalin
PO No. P-5675-02
SCALE - N/A = Limited
! ECODYNE
" '
B B & AMarmon Water/Berkshire Hathaway Company
BY | DATE | "FURroses DETRIGENTAL 70 THE HTEREST OF TS GONPAIRY AND IS SUBTECTT0.
RETLRHN UPON REQUEST,

Dec 19 Client inspection points; 11/12 | DWG. NO, REV,

B 2012, SNIC/MEG Survcillance Level 3; ™™ AV DRN ™ 2012
Maierial clarifications
Nov 12 FIRST ISSUE 11/12
A | e TM | AV | CHKD § AV | 32125-A-4351 B

; e 11/12
REV DATE REMARKS BY CHED | APPD ™ 3012
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INSPECTION & TEST PLAN

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

ECODYNE Lmte

the approved weld
procedures are being
applied

- check amperage and
voltage duting
opetation

)

AFTER FILTER 'V'ESSE]_, ‘TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 A W: Witness Point (notification is required per the PO)
. R: Review of Documents
Drawing Number: 32125-A-4351 V: Verification that the work has been  satisfactorily completed
REVISION: B . M: Monitor
No. | ACTIVITY | REFERENCE | CHARACTERISTIC [ ACCEPTANCE CRITERIA INSPECTION & CONTROL POINT
DOCUMENT VERIFIED -
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Daze Date Date
L Drawings | Document Log | * confirm scope and the Latest Revisions R 7 R -
fabrication and ggéﬂficﬂg‘;:; Vessel q’oﬂ’} 1
: : : 5= A2 ressure Yesse
inspection drawings ate | 0000 ot 35t 3010-PV.10,
the latest revision 085354-3010-PV-24 & 0853544060~ & 2,0
* Calculations have PS-001) W “. _o/(.(} 5‘,(
been provided for 32125-A-2017 Welding /7 /
approval (includes 085354-3010-EW-20) J? f/'; /? ‘4 /3
# Do fatet g é
mI;;:iIf;aébncauon Registered in Province of w Lfﬁf’g . ) w / :
Albert
N | -sne/uEG o :
Sarveillgnee Level 3 _ ) A 12
2. Weld ASME Section | * confirm that the weld | Approval records / stamp for | W y R R ' // yes
’ Procedures IX procedures, weld repair the procedures a,;,‘,f.ﬂ %/ S Je7 3
procedures and / /
procedure maps, used 4
for the fabrication, have ' ﬂ\
been approved )V 4’
* randomly check that W ) (Jﬁ % R g‘

Page 2 of 10




INSPECTION & TEST PLAN

i

EC@@LHJN@ Limited

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02 )
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 A \17:‘: \;’in?css Ii'?ijnt (notiﬁtcation is required per the PO)
. H 1EW O
Drawing Number: 32125-A-4351 Vi V::iﬁcation :hme?;ork has been  satisfactorily completed
REVISION: B M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
 Date mDate | Date Date
3. Welder ASME Section | * all pressute containing Welder Symbol W )7 R R / ves
Qualification IX welds have been identified ‘ w (33 @ 4 Z
with the welder symbol Welder Qualification . /
(either through the physical | / welder qualification
stamping of the weld or continuity log
recozding a welder ﬁ
identification map) ’\'1'
{welder maps are to be
submitted with the final
documentation} / 7/ 1
* confirm that all welders R & (33 R q{ % f% / 2
used on the project have /

current qualifications for
the fabrication facility by
reviewing the welder
qualification tecords

Page 3 of 10
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INSPECTION & TEST PLAN

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

E@@@HN@ Limited

and Data Report

U-2A (2-piece heads)

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepred)
3A-F-208 A W: Witness Point (notification is required per the PO)
Drawing g;‘?}g;é) 1\7321;'5'1&'4351 ‘I} \E:;fmgzngﬁ: ::'ork has been  satisfactorily completed
: M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | ¥C
. Date ] Date Date Date |
4. Materials | Detail Drawing | * confirm that all Material Test Reports 7 }? R R . yes
matetials are in AMTC 3.1B EN10204 Qs_lul} /7//4 ;i
accordance with the /
drawing requirements ASME Section 11 },
* all vessel materials, w f l} R R
including attachments, Lift lug materials to be X P ﬂ(}
have traceable material suitable for -45° C 5
test reports -
- normalized plate Internal & external /] 7/
- confirm chemical & mechanical attachments, welded 4 & R ‘% 5//4 7
Dproperties directly to vessel . /
A pressure components, to '
be same grade of
material 1
5. Vessel Drawing * confirm that the vessel ASME Section VIII w & R R - -
Heads heads are as detailed in 6-[6'(3 ﬁ 4// 5’ /Z
the drawing
- thickness has been \])
checked for conformance gﬂ‘
to the calculations and
drawing
- report any differences % (7 b
to Ecodyne immediately . ) g /
* the head manufacturer Certificate of w g{‘oé R % % /2 ? ves
has provided cettification Conformance :

Page 4 of 10




e

INSPECTION & TEST PLAN

@E@DIHJN@ Limited

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 A W: Witmess Point (notification is required per the PO)
Drawing Number: 32125-A-4351 3: gzéﬁgifgfaﬁ;: tvxsrork has been  satisfactorily completed
REVISION: B M: Monitor
No. ACTIVITY REFERENCE | CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB [ Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | 1C
Date Jate Date Date
6. | Fabtication Fit-up ASME * misalignment, as a | ASME Section VIII )7 // ( / -
a * Strainer plate has result of variation in W b&m{g M/V 7,
been welded & drilled the thickness of the / [ 7 f ;
in accordance with head to the shell, has o~ '
drawing a 3:1 taper when Nozzles are to be
b *Top & Bottom greater than located clear of Iy
heads laid out and allowable vessel long & cire & 3 /.ﬂ’ ( / /
nozzles fit & welded * the maximum seams w ;S‘IB M (v M/V A / 5./ 7
c * Shell plate rolled to allowable /| ‘7/
match the diameter of misalignment of the 1
the heads and the fit-up is to be in
long seam welded accordance with J
d | ®*Fit and weld the section UW 33 | o3 ( ? 7
shell course to the * full penetration W @ V M/V %{ {%? /Z
head welding is required
e * Strainer plate fit & for the two piece
full penetration strainer plate
welded to the shell 1
f * fit & weld shell
repads and nozzles
g * fit closing head to
shell section
h * fit legs, clips, etc.
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INSPECTION & TEST PLAN

ECODYNE “mt=

PROJECT: MEG Enetgy ~ Christina Lake Phase 3A.
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02 :
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 A W: Witness Point (notification is required per the PO)
. R: Review of Documents
Drawing RNEU:;}E;:) Ig 2}325'A'4351 V: Verification that the work has been  satisfactorily completed
: M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB [ Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Date Date Date
7. Weld ASME * confirm that the weld profile ASME Section VIII | W ﬂ’ M M/V -
Profile and reinforcement are in s /3
accordance with UW 35 9’ % / 3
* all weld defects and spatter w g }{ {3 M M/V // 3
has been removed
* all pressute component edges W k/j’ #5] M M/V 2
have a minimum radins of 3 mm y 2 /;
* all exterior & internal w Kk | M 5 M/V ///3
attachment welds are seal welds 4 < 1. /7
except as noted and around '
vessel seams (unless otherwise O B /
noted )7 7 L
*leg a)lttachment weld is carttied W g§1§!3 J M/V "7{[./ 1/ / / ;
around to the inside of the
flanges
A
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INSPECTION & TEST PLAN

ECODYNE {rmite

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 A ;){V g;:::sv:;%r;tc?;teixfli;aﬁon is required per the PO)
Drawing EE“‘-‘;?;;B N3:21325-A-4351 Kg E;:orlifiitc::ion that the work has been  satisfactorily completed
NO. ACTIVITY REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Date Datey |/ Date
8. Visual & Drawings * all drawing dimensions have | * ASME Code w j W W/ - yes
Dimensions been checked "‘jﬂ/ / 7 /%3
- confirm over-alt dimensions | Drawing tolerances qﬂf (3 (5 ' i
- nozzle pipe schedules are 5"’71 :

pet the calculations

- nozzles and pads are in the
correct elevation and
otientation

- projection is correct

- bolt hole rotation and hole
number is correct

- nozzles are level

- strainer plate thickness &
hole locations are as detailed

- clips are as detailed and in
the cortrect otientation and
elevation

- anchot bolt hole locations
are correct

F o~
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INSPECTION & TEST PLAN

PROJECT:
ECODYNE JOB:
REFERENCE:

MEG Energy — Christina Lake Phase 34,
32125
PO P-5675-02

A,

ECODYNE

AFTER FILTER VESSEL
3A-F-208 A
Drawing Number: 32125-A-4351
REVISION: B

TC: Test Certificate Required

H: Hold Point (do not fab past this point until accepted)

W: Witness Point (notification is required per the PO)

R: Review of Documents

V: Verification that the work has been  satisfactorily completed
M: Monitor

NO. | ACTIVITY

REFERENCE
DOCUMENT

CHARACTERISTIC VERIFIED

ACCEPTANCE
CRITERIA

INSPECTION & CONTROL POINT

FAB

Sign/ Sign; | SNC MEG

Date Date

Sign/ | TC
Date

Sign/
Date

9. NDE

Drawing

* All NDE has been performed in
accordance with the Code and
calculations including all repairs
- RT to include all joint
intersections plus additional
spot in each long & circ & 100%
of long seam of nozzles
fabricated from rolled plate
- MPT lift lng welds
* NDE technicians are qualified to
the applicable association and have
current validation
~ interpretation has been performed
by a minimum of CGSB & SNT
Level II technician in the
appropriate NDE method

ASME Section
VIIX

ASME SectionV

Production
Hardness testing
is not required

yes

sl

aﬁf/"/

s %7

o

B =
‘53/'(47);
i

M/R

10. a | Hydrostatic

Test.

b Pneumatic
Test

Drawings

drawing

* Test pressute and temperature
are in compliance with UG 99

- test duration min of 1 hour
* Reinforcing pads with weep
holes are soap / ait tested
- two weep holes required on
nozzles greater than 10”
- fabticator to provide 37 - %47
diameter nipples in weep holes

ASME Section
VIII

yes

yes

5ﬁ%/§w —%;“/‘?/343
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INSPECTION & TEST PLAN

ECODYNE Hmte

T

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepred)
3A-F-208 A W: Witness Point (notification is required per the PO)
D ing Number: 32125-A-4351 R: Review of Documents
rawing INumber: al V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. ACTIVITY | REFERENCE ] CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB Sign/ | ECO | Sign/ | SNC Sign/ | MEG Si% TC
Date Date Date Dydtd)
11. Preparation Drawings * all interior hardware has been Quality w v W@ \@ i 2
for Shipment supplied as detailed on the Requirements ] - /’ ’ /b b/
to the Coating drawings (including resin 32125-A-4200 :
Shop temoval blind flange &
hardware)
(rote that * vessel nameplate, ete. have

| Cosong, been checked for accuracy

inseallation of A .

iaternals and - nameplate to include all Nameplate in SI

L

insulation are to
be completed at

the coating shop)

information detailed in vessel
specification
*vessel has been prepared for
shipment

- flanges have been protected
from impact with plastic, metal
or 6mm plywood covers
attached in a minimum of 4
locations

- vessel has been properly
supported

units
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INSPECTION & TEST PLAN

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32128
REFERENCE: PO P-5675-02

ECODYNE “mte

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepred)
3A-F-208 A ;&7 Wﬁ’itr?ess l;ori)nt (notifitcation is required per the PO)
. H evi
Drawing Number: 32125-A-4351 v: Veri;zu(:)ion ghcxhe:;ork has been satisfactorily completed
REVISION: B M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
PDate Date Date Dau
12, Documents Purchase Req | *all quality documents have Drawings & w / R M/R 7 F | yes
been checked for accuracy and Code / / o q i
completeness with (A g /e, 6//3
the following documents ¢ 5231 -
submitted to Ecodyne Ecodyne is
- ASME Data Reports responsible for
- ABSA Letter assembly of
- Nameplate copy documentation
- MTR / Map in accordance
- Welder Qualification . with project
- NDE reports requirements
- Visual & Dimensional report
- Hydto report/chart
~ ITP & Traveler
- NCR & resolution L/

13. Inspection Purchase * confitm that all wotk has been Drawings & H H 7 H yes
Release to the Ozrder done per the purchase order and Code 7/ /i) T
Coating Shop all referenced drawings and fﬂ-!} 7% l /3
(for coating & specifications 4~ ‘
installation of - ITP signed off A

inlet &
strainers)
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LESENA STEEL LTD

PROGRAM DOCUMENTATION

CUSTOMER: ECODYNE LTD. Date: MARCH /06 /2013
JOB Neo; 12-32 A P. O. No: 321253503
OWNER; MEG ENERGY CORP.

SERJAL No; 0411

C.R.N. No: W1159.2 VY - T —

DRAWING No: 32125-D-2202-01 REV. E

VESSEL TYPE: AFTERFILTER EQUIPMENT No: 3A-F-208 A

CODE: ASME SECTION VIiHl, DIV.1, 2010 EDITION + 2011 ADDENDUM

DESIGN PRESSURE: 1041 kPa(g) & F.V M.D.M.T.: -20°C @ 103 kPa {g)

DESIGN TEMPERATURE: 120°C

HYDROSTATIC PRESSURE: 1354 KkPa(g) in HORIZONTAL POSITION

WELD PROCEDURE: SMAW-16, 16.2 , SAW-45 & FCAW 40

SHELL THICKNESS AND MATERIAL SPEC.: 19.05 mmNOM - SA-516-70N

HEADS THICKNESS AND MATERIAL SPEC.: TOP: 18.22 mm MIN. & BTM.: 19.05 mm MIN - SA-516—-70N

FINAL INSPECTION: 05/17/2013

WELDER (8): 1125788&9

RADIOGRAPH: LONG SEAM 100% PER UW-11{a),CIRC.SEAMS SPOT 85% PER UW(a)(5)(b);STAMPER RT-2

DATE COMPLETED:  05/23/2013

DATE SHIPPED: 05/27/2013

AFFIDAVIT MAILED:

U-IA DATA FORM MAILED:

REMARKS:

QA -20




TRAVELER / QUALITY CONTROL CHECK LIST

) CUSTOMER: ECODYNE LTD. JOB No: _ 12-32 A
"

VESSEL TYPE: AFTER FILTER SERIAL No:__ 0411
APPROVED BY QA:__ Arie Willemsen CRN: W1{54.2

QC Inspector Authorized Customer Date

inspector inspector
INITIAL : . 2 . B
Design Calculations & Drawings }ﬁ/ 2 /5. //3 7 E\ﬁm‘ 12 W(%&é} . A‘ /,3'
Welding Procedures 3/5./, 5 K}Q_Mkw]_,r} &7/4@” j(, @/3 '
CRN L R vivgag v %g?;d/%/«( i 7,5'“,/ e
Welder Qualifications ﬁ / 3/5,//3 [,(7_% Wi 2. T Z’l///_/@/'{ 2 fof 2
Out of Roundness (UG - 80) W oo po ot me O’ M /,7£/A?
Materials V7] & /5’///" [2% MO 2 Q;/:{[/ 7 /5}%7
'"-"ef”a’ ¢ Hr—o5 1 3 e / /7/5/’/1?
Dimensional jg & //7 3|V ’Q/ 79 Kk
Other: 7 Y
Repair-by-weld-procedure
(" TESTS & INSPECTIONS: ,
Review of Radiography Film & Report ‘%_,0f//7/[3 ﬂ.}zgw 2£.12 ' (:E% /7/4;,’/7
Arc Strikes, Gouges M ok 117 //3 . s
Supports B o (17103
Heat Treatment - --- 7 ,
Final W—lia/i3 | YK k| S/5/43
v 7
Hydrostatic Test ()7, ar/zj’/ 13 i /ﬁjwﬂzﬂ,_lz .{% é/? [ 3
Name Plate Stamping a5 /13//3 H |‘0é( by % L 172 _ﬁf{ ’ %/a} ;D
s 7 177
Data Reports o %M&‘f%& f’ l;/ B g”/C?,// 3
- T e
Preparation for Shipment T o "
Remarks: ( \

2

i

p g T //:‘ —
— [ AN TR
7= -

-

]

QA-21A




LESENA STEEL LTD

TRAVELER / QUALITY CONTROL CHECK LIST

CUSTOMER: _ECODYNE LTD. JOB No: 12-32 A
VESSEL TYPE: _AFTER FILTER SERIAL No:_ 0411
DIMENSIONS: 3962mm OD x 2540mm_T/T DWG. No: _32125-D-2202-01 rev.D
W.P.:_ 104} kPa(g). T.P.._135Y kPa(q) C.RN.No: WI\54.2
é)/‘ .
PRE-REVIEWED BY A.1. _7 MER o Lol DATE: FEB/4/2013
APPROVED BY QC:
ARIE WILLEMSEN
FITUP& : Cust.
DIMENSIONS WELD WELD Insp.
PREP. {dbl., sini, lap, butt)
TOP HEAD Lri_ g’ ASEXE) DBL., BUTT
)y
BOTTOM HEAD $“t'-¢° gy DBL., BUTT
SHELL LONG SEAM TE 14 18135 DBL., BUTT
FLANGES NOZZELS
OPENINGS
CONN. L.D. SIZE MATERIAL FITUP & WELD
WELD DIMENSION
PREP. 0S / REPAD / IS
N1 12 SA-105N/SA-106B/SA-516-70N %y (71} | 3/8" 12" 38
N2 12" SA-105N/SA-234-WPB/ j 7| 38 172"
SA-106B/SA-516-70N AR
¥
N3A, N3B 4" SA-105N Sy l-13 718
\
N4 3 SA-105N/SA-106B/SA-616-70N [L ¢7/> [ 3/8" | 3i8"
|
SG1A, SG1B 6" SA-516-70N S ER 3/8”
i i 3 -
M1 24" SA-105N/SA-106B/SA-516-70N Iy 71/ T3 |zt
3\
M2 24 SA-105N/SA-106B/SA-516-7T0N |y ¥1 ~| 3/8" V!

QA -21




INSPECTION & TEST PLAN

AFTER FILTER VESSEL
3A-F-208 B
/
{
TITLE Customer:
AFTER FILTER VESSEL Y .
3A-F-208 B Christina Lake Phase 3A
cfo SNC-Lavalin
PO No. P-5675-02
- e Limited
SOALE- /A ECODYNE
ﬁﬁﬁ{i AMarmon Water/Berkshire Hathaway Company
THIS DRAWING IS THE FRDPER‘YY OF EGODYNE LIMITED. T 18 HOT TO BE USED FOR ANY
BY DATE PURPOSES DemlMENTALmhrEfumﬁ’sJ Ro; u:}g Ttiommuv AHD 13 SURJECT YO
Dec 19 Client inspection points; 11/12 DWG, NO, REV.
B 2012 SNC/MEG Surveillance Level 3; ™ AV DRN ™ 2012
Material clarifications
Nov 12 FIRST ISSUR 11/12
A 1 o ™ | av Journ | av | O, 32125-A-4352 B
J 11/12
. REV DATE ]| REMAREKS BY CHED § APPD ™ 2012
{
Page 1 of 10
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INSPECTION & TEST PLAN

PROJECT:
ECODYNE JOB:
REFERENCE:

MEG Energy - Christina Lake Phase 3A
32125
PO P-5675-02

e

@@@D}E—.‘JN@ Limited

AFTER FILTER VESSEL
3A-F-208 B
Drawing Numbert: 32125-A-4352
REVISION: B

TC: Test Certificate Required

: Hold Point (do not fab past this point until accepted)
: Witness Point (notification is required per the PO)

: Verification that the work has been  satisfactorily completed

: Monitor

H
W,
R: Review of Documents
v
M

ACTIVITY

REFERENCE
DOCUMENT

CHARACTERISTIC
VERIFIED

ACCEPTANCE CRITERIA

INSPECTION & CONTROL POINT

FAB

ECO

Sign/
Date A7)

SNC

Sign/
Date

e,

MEG | Sign/

Date

TC

1 Drawings

Document Log

A

* confirm scope and the
fabrication and
inspection drawings are
the latest revision
# Calculations have
been provided for
approval
* Pre-fabrication
meeting

-SNC /[ MEG
Survatllance Level 3

Latest Revisions
Specifications
32125-A-2015 Pressure Vessel
(includes 085354-3010-PV-10,
085354-3010-PV-24 & 085354-4050-
PS-001)
32125-A-2017 Welding
(includes 085354-3010-EW-20)

Registered in Province of
Alberta

R

4

7

5,‘51/‘}

W

’%S//{%r /3

2. Weld
Procedures

ASME Section
IX

* confirm that the weld
procedures, weld repair
procedures and
procedure maps, used
for the fabrication, have
been approved
* randomly check that
the approved weld
procedures are being
applied

- check amperage and
voltage during
operation

Approval records / stamp for
the procedures

yes

Page 2 of 10
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INSPECTION & TEST PLAN

e

@@@@E{JN@ Limited

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 B ‘Ii/: \giu}ess lz.cgnt (notiﬁtcatio:a is required per the PO)
. = CVICW 3
Drawing Number: 32125-A-4352 v: Verif:?cagon ?If::?he:work has been  satisfactorily completed
REVISION: B M: Monitor
NO. ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Date Darey Date
3. Welder ASME Section | * all pressure containing Welder Symbol w /7 R R ’/ yes
Qualification X welds have been identified ! { §/7 23
with the welder symbol Welder Qualification [&(6 G
(either through the physical | / welder qualification
stamping of the weld or continuity log )
recording a welder }
identification map) A3
{welder maps are to be i
submitted with the final s
documentation}
* confirm that all welders R {é

used on the project have
current qualifications for
the fabricadon facility by
teviewing the welder
qualification records

LB

Page 3 of 10
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INSPECTION & TEST PLAN

ECODYNE =

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02 ‘
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 B W: Witness Point (notification is required per the PO)
. R: Review of Documents
Drawing Number: 32125-A-4352 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ Sign/ | SNC | Sign/ | MEG | Sign/ | TC
. Date Date | Date™ Date
4. Materials Detail Drawing | * confirm that all Material Test Reports W yes

materials are in
accotdance with the
drawing requirements

* all vessel materials,
including attachments,
have traceable material
test teports

- normalized plate

- conferm chemival & mechanical
properties

AMTC 3.7B ENT0204

Lift lug matetials to be

Intetnal & external
attachments, welded

pressure components, to

ASME Section 11

suitable for -45¢ C

directly to vessel

be same grade of
material

Sy AR

©.

7
4 7///;’
Y/

o7 & ///2

ECO
ot /%? 7 R
R

EENEE

5. Vessel
Heads

* confirm that the vessel
heads are as detailed in
the drawing

~ thickness has been
checked for conformance
to the calculations and
drawing

- report any differences
to Ecodyne immediately
* the head manufacturet
has provided certification
and Data Report

Drawing

U-2A (2-piece heads)

ASME Section VIII W

Certificate of W
Conformance

SRS
%—
oS
I
S
=]
Y
N
X
=
w

N
RN

yes
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INSPECTION & TEST PLAN

o

ECODYNE -

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02 )
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {do not fab past this point until accepted)
3A-F-208 B W: Witness Pc;i)nt {notification is required per the PO)
. : Review of ts
Drawing Number: 32125-A-4352 37‘ Verification :’lle.ltn:}:: work has been  satisfactorily completed
REVISION: B M: Monitor
No. ACTIVITY REFERENCE | CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Dare Date L Dare

6. Fabrication Fit-up ASME * misalignment, as a | ASME Section VIII 2 // / -

a * Strainer plate has result of variation in : : w lo‘(} M M/V 7 /
been welded & drilled the thickness of the / $/7 ;
in accordance with head to the shell, has
drawing a 3:1 taper when Nozzles ate to be

b *Top & Bottom greater than located clear of .
heads Iaid out and allowable vessellong & circ p 13 e 4
nozzles fit & welded * the maximum seams W [® M M/V f §/ /

c * Shell plate rolled to allowable < ] ‘1 ? /4 ;
match the diameter of misalignment of the ga'l
the heads and the fit-up is to be in
long seam welded accordance with ;

d | *Fit and weld the section UW 33 s >/
shell course to the * full penetration w v ) M/V %3 ﬁ“’/f /;
head welding is required

e * Strainer plate fit & for the two piece
full penetration strainer plate
welded to the shell

f * fit & weld shell
repads and nozzles

z *fit closing head to
shell section

h * fit legs, clips, etc,

Page 5 of 10




INSPECTION & TEST PLAN

ECODYNE -~

PROJECT: MEG Energy - Christina Lake Phase 34,
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {do not fab past this point until accepted)
3A-F-208 B W: Wimess Point (notification is required per the PO)
. R: Review of Documents
Drawing Number: 32125-A-4352 V: Verification that the work bas been  satisfactorily completed
REVISION: B M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date L =Date Date Date
7. Weld ASME * confirm that the weld profile | ASME Section VIII | W /glﬂ)" M/ MV C V 77
Profile and reinforcement are in s "7& / Y/
accordance with UW 35 }, Ve :
* all weld defects and spatter w ISV M M/V : -
has been removed )/ -
* all pressure component edges w3 ™ M/V ;7 S/ /¥
have a minimum radius of 3 mm y ,’Jﬂ ‘
* a]l exterior & internal W 443 M el M/ // /7 o f;
attachment welds are seal welds Y /
except as noted and around
vessel seams (unless otherwise ly R /
noted) g v Py
*leg attachment weld is carried W t:.‘)"ls 44 M/V ,g{ il 7

around to the inside of the
flanges

Page 6 of 10




INSPECTION & TEST PLAN

ECODYNE ™

- confitm over-all dimensions

PROJECT: MEG Energy - Christina Lake Phase 34
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 B W: Wimess Point (notification is required per the PO)
. - R: Review of Documents
Drawing Number: 32125-A-4352 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. ACTIVITY REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | BCO | Sign/ | SNC | Sign/ | MEG | Sign/ | 1C
Date A Dare Date+— , | Date
8. Visual & Drawings * all drawing dimensions have | * ASME Code W W W ;/ . yes
Dimensions been checked ] 77 /é / 5

- nozzle pipe schedules are
per the calculations

- nozzles and pads are in the
cortect elevation and
otientation

- projection is cotrect

- bolt hole rotation and hole
number is correct

- nozzles are level

- strainer plate thickness &
hole locations are as detailed

- clips are as detailed and in
the correct orientation and
elevation

- anchot bolt hole locations
atre correct

Drawing tolerances

65%’7‘)" 5,I7' ,‘j
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INSPECTION & TEST PLAN

PROJECT:
ECODYNE JOB:
REFERENCE:

MEG Energy — Christina Lake Phase 3A
32125
PO P-5675-02

T

@@@@@N@ Limited

AFTER FILTER VESSEL
3A-F-208B
Drawing Number: 32125.A-4352
REVISION: B

TC: Test Certificate chuiréd

H: Hold Point (do not fab past this point until accepted)

W: Witness Point (notification is required per the PO}

R: Review of Documents

V: Verfication that the work has been  satisfactorily completed

M: Monitor

RE.FERENCE CHARACTERISTIC VERIFIED
DOCUMENT

NO. | ACTIVITY

ACCEPTANCE
CRITERIA

INSPECTION & CONTROL POINT

Sign/ | ECO SNC
Date

FAB Sign/

Date

Sign/
Date

Sign/
Date

TC

9. NDE * All NDE has been performed in
accordance with the Code and
calculations including all repairs
- RT to include all joint
intersections plus additional
spot in each long & circ & 100%
of long seam of nozzles
fabticated from rolled plate
~ MPT lift lug welds
* NDE technicians are qualified to
the applicable association and have
current validation
- interpretation has been performed
by a minimum of CGSB & SN'T
Level II technician in the
appropriate NDE method

Drawing

ASME Section
VIII

v/ M/R

g/ﬂ//}'

ASME Section V

Production
Hardness testing
is not required

J

il

M/R

e
=
N

<

=

=

MEG
"
7 )

7

7

ves

10. a | Hydrostatic

Test

Drawings * Test pressute and temperature
are in compliance with UG 99

- test dutation min of 1 hour
* Reinforcing pads with weep
holes are soap / air tested
- two weep holes required on
nozzles greater than 10”
- fabsicator to provide 37 - 147

diameter nipples in weep holes

b Pneumatic
Test

drawing

ASME Section
VIII

V/R

fx/nfj

J? V/R
g 4

ves

yes

Page § of 10




INSPECTION & TEST PLAN

E@@@@NE Limited

PROJECT: MEG Energy - Christina Lalke Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02 _ _
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 B Wi Witness Point (notification is required per the PO)
D ine Number: 32 - R: Review of Documents
tawing Number: 32125-A-4352 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
_ FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date t) Date Date Datg™},
11 Preparation Drawings * all intetior hardware has been Quality w W i W@ \5@ A/
for Shipment supplied as detailed on the Requirements =, {)j' (“—%f b / 1)7
to the Coating drawings (including resin 32125-A-4200 Qﬂ 1
Shop removal blind flange & y .
hardware) 0
(aoze that * vessel nameplate, etc. have ) 1 { w W 7 ﬁ)’/é ?
| coatings been checked for accuracy /2
fnstallation of R . .
internals and - nameplate to include all Nameplate in SI
fnsulation are to information detailed in vessel units /o
be completed ar specification
the coating shop) * vessel has been prepared for W@ “@‘—' a i g
shipment -
- flanges have been protected

from impact with plastic, metal
or 6mm plywood covers
attached in a minimum of 4
locations

- vessel has been properly
supported

Page 9 0f 10
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INSPECTION & TEST PLAN

ECODYNE “m=

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Reqguired H: Hold Point (do not fab past this point until accepted)
3A-F-208 B ;&7 :’::::: ;(;:i)r‘l)tcg:;zif;ation is required per the PO)
Drawing Number: 32125-A-4352 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. | ACTIVITY | REFERENCE 'CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB Sign/ | ECO | Sign/ | SNC Sign/ | MEG | Sign/ [ TC
JDate L Date ) Date Date
12, Documents Purchase Req | * all quality documents have Drawings & W % R A M/R -y - yes
been checked for accuracy and Code . é&/
completeness with Dg {7fj 5 - /2// o / /96 // 3
the following documents
submitted to Ecodyne Ecodyne is
- ASME Data Reports responsible for
~ ABSA Letter assembly of
- Nameplate copy documentation
- MTR / Map in accordance -
- Welder Qualification with project
- NDE reports requirements
- Visual & Dimensional report
- Hydro report/chart
- I'TP & Traveler
- NCR & resolution ‘ R
13. Inspection Purchase * confirm that all work has been Drawings & H J y H H / yes
Release to the Otrder done per the purchase order and Code 0§ ]’“; / 7 1 /% /
Coating Shop all referenced drawings and / . 73
(fot coating & specifications A 7%
installation of - ITP signed off 4 1
inlet &
strainers)
Page 10 of 10
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LESENA STEEL LTD

PROGRAM DOCUNENTATION

CUSTOMER: ECODYNE LTD. Date: MARCH /05 /2013
JOB No: 12-32 B P. Q. No: 321253503
OWNER: MEG ENERGY CORP.

SERIAL No: 0412

C.R.N. No: W1159.2 NB: e

DRAWING No: 32125-D-2202-01 REV. E

VESSEL TYPE: AFTER FILTER EQUIPMENT No: 3A-F-208 B

CODE: ASME SECTION VIIi, DIV.1, 2010 EDITION + 2011 ADDENDUM

DESIGN PRESSURE: 1041 kPa(g) & F.V M.D.M.T.: -29°C @ 103 kPa (g)

DESIGN TEMPERATURE: 120 °C

HYDROSTATIC PRESSURE: 1354 kPa(g) in HORIZONTAL POSITION

WELD PROCEDURE: SMAW-16, 16.2 , SAW-45 & FCAW 40

SHELL THICKNESS AND MATERIAL SPEC.: 1905 mm NOM - SA-516-70N

HEADS THICKNESS AND MATERIAL SPEC.: TOP: 18.22 mm MIN. & BTM.: 19.05 mm MIN - SA -516—-70N

FINAL INSPECTION:  05/17/2013

WELDER (S): L1,2,6,78&89

RADIOGRAPH; LONG SEAM 100% PER UW-11(a),CIRC.SEAMS SPQOT 85% PER UW(a)(5)(b),STAMPER RT-2

DATE COMPLETED:  05/17/2013

DATE SHIPPED: 05/21/2013

AFFIDAVIT MAILED:

U-1A DATA FORM MAILED:;

REMARKS:

QA -20




TRAVELER / QUALITY CONTROL CHECK LIST

CUSTOMER: ECODYNE LTD. JOB No: _12-32 B
VESSEL TYPE: AFTER FILTER SERIAL No:___ 0412
APPROVED BY QA:__ Arie Willemsen CRN: _W159.2
QC Inspector Authorized Customer Date
Inspector Inspector
INITIAL : . =
Design Calculations & Drawings 4, 3 PSRN ) d 2
Welding Procedures 3/5/’3 E%N 7}4 }A%
Ay alcliz Bvosn | o7 Ak )3
CRN . - YL
Welder Qualifications % 7 /5/3 P (7}(/)/ ] A Je /,3
Out of Roundness (UG - 80) - 16112 Vi takeplO e N /'7'/{/// Z
Materiats JE S 1173 Lmnodal> | —x7 12 [s /3
internal ' - = S 7
: ' M"‘ poY {o+(3 J’\ Ky 1o 200 ng’ 7 /72 /;;:A 3
Dimensional o o(‘/l’) {13 N 7] '9"2"17 g 2/¢/, 7
Other: ‘ 7 S
Repair-by-weld-procedure —
| TESTSS“INSPECTIONS: L i . (/,-) .
Review of Radiography Film & Report [ /7, osT(1213 L)%I?ﬁ P /7 A/. /e
Arc Strikes, Gouges &g o {17 f2s12 ' Y
Supports % o (i3
Heat Treatment — —
Final | fgv,,( /[’]/&113 {1\ ) //// _ j?/&////—;
Hydrostatic Test W oy [(7]zaf]4 / - c;?/ /7/§//?
Name Plate Stamping @% N ICE H\ FAY A ,.‘;g/ ' Rk
Data Reports % o 11 [toe17 | H ) ’5?[/ g (///3
Paint - - 7 =7
Preparation for Shipment
Remarks:

QA-21A
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LESENA STEEL LTD

TRAVELER / QUALITY CONTROL CHECK LIST

CUSTOMER: _ECODYNE LTD, JOB No: 12-32 B
VESSEL TYPE: _AFTER FILTER SERIAL No:_ 0412
DIMENSIONS: 3962mm OD x 2540mm T/T DWG. No: 32125-D-2202-01 rev.D
W.P.._10Y/ kPa(g) T.P.:_136% kPa (q) CRN. No: WIls4.2
PRE-REVIEWED BY A. I.Qﬁf HMhe OF 2ol% DATE: FEB/4/2013
APPROVED BY QC: /ﬁ’
ARIE WILLEMSEN
FITUP & Cust.
DIMENSIONS WELD WELD Insp.
PREP. {(dbl., sinl, lap, butf)
TOP HEAD Gri.g” West N DBL., BUTT
- }
BOTTOM HEAD 4'-g" o133 DBL., BUTT
SHELL LONG SEAM g [ 513 DBL, BUTT

FLANGES NOZZELS

OPENINGS
CONN.ID. | Si7E MATERIAL FIT UP & WELD
WELD DIMENSION
hPREP. 0OS / REPAD / 1S
N1 12" | SA-105N/SA-106B/SA-516-70N |Pa¥(74F | 3l8" | 12" [ 308"
}
N2 127 SA-105N/SA-234-WPB/ g 3/8" 1/2"
SA-106B/SA516-7T0N 0¥ (143
N3A, N3B & SA-105N VT3 |7
h
N4 3| SA 105N/SA-106B/SA-516.70N [lx 717] | /6| /8"
SGIASGIB | & SA-516-70N 143 | 318" 378"
11
M 24" | SA-105N/SA-106B/SA516-T0N [l 7743 | 318" | Yo"
LY
W2 24" | SA-105N/SA-106BISA516-70N [do 11~ | 38" | V2"

QA - 21




INSPECTION & TEST PLAN

AFTER FILTER VESSEL
3A-F-208 C -
{
TITLE Customer:
INSPECTION & TEST PLAN MEG Energy Corporaﬁon
AFTER FILTER VESSEL L.
3A-F208 C Christina Lake Phase 3A
cfo SNC-Lavalin
PO No. P-5675-02
- Limited
ous-vn | EEODYNE
i?ﬂ;. A Marmon Water /Berkshire Hathaway Compasy
BY | DATE | Trunrosts otimieniaL 10 THE INEEREST OF THIS GOUPANY A 5 SURIECT 10
RE'I’:I,IRN UPON REQUESE,

Dec19 Client inspection points; 11/12 DWG. NO. REV.

B 2012 SNC/MEG Surveillance Level 3; ™ AV DRN ™ 2012
Material clarifications
Nov 12 FIRST ISSUE 11/12
o ™ | v |oHkD [ AV | o 32125-A-4353 B
i1/12
. REV DATE | REMARKS BY CHED | APPD ™ 2012
Page 1 of 10 /?. 32
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INSPECTION & TEST PLAN

PROJECT:
ECODYNE JOB:
REFERENCE:

32125

PO P-5675-02

MEG Energy - Christina Lake Phase 3A

e,

@E@[@lw[wg Limited

AFTER FILTER VESSEL

3A-F-208 C

Drawing Number: 32125.A-4353
REVISION: B

TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
: Witness Point (notification is required per the PO)

Review of Documents

Verification that the work has been  satisfactorily completed
: Monitor

ACTIVITY

REFERENCE
DOCUMENT

CHARACTERISTIC
VERIFIED

ACCEPTANCE CRITERIA

INSPECTION & CONTROL POINT

FAB

Sign/
Date

SNC

Sign/ | MEG TC

Date

Sign/
Date

1. Drawings

Document Log

* confirm scope and the
fabrication and
inspection drawings are
the latest revision
* Calculations have
been provided for
approval
* Pre-fabrication
meeting

-SNC/ MEG

Serveillance Level 3

A

Latest Revisions
Specifications
32125-A~2015 Pressure Vessel
(includes 085354-3010-PV-10,
085354-3010-PV-24 & 085354-4060-
PS-001)
32125-A-2017 Welding
(includes 085354-3010-EW-20)

Registered in Province of
Alberta

K

v

g

w5

-4

)

h

L)

2. Weld
Procedures

ASME Section

X

* confirm that the weld
procedures, weld repair
procedures and
procedure maps, used
for the fabrication, have
been approved
* randomly check that
the approved weld
procedures are being
applied

- check amperage and
voltage duting
operation

Approval records / stamp for
the procedures

7

;ij
5!

yes

Page 2 of 10




INSPECTION & TEST PLAN

ECODYNE v

PROJECT: MEG Enetgy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02 )
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {(do not fab past this point until accepted)
3A-F-208 C . E’ \;’;:;::: (ﬁc;gr:c?;tgli;aﬁon is required per the PO)
Drawing Number: 32125-A-4353 V Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA , o
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TIC
Date Date Date—~ Date
3. Welder ASME Section | * all pressute containing Welder Symbol w ), R ? R P ; ves
Qualification IX welds have been identified A fld} 7 7 ,
with the welder symbol Welder Qualification / 5/ iz ;
(either through the physical | / welder qualification .
stamping of the weld or continuity log
tecording a welder
identification tnap) £ 2’? Z{ g
{welder maps are to be
submitted with the final J /
documentation} } .«)’L . v
* confirm that all welders R IS | R R 7’ </7 /Z
used. on the project have 7’ '

current qualifications for
the fabrication facility by
reviewing the welder
qualification records

Page 3 0f 10




INSPECTION & TEST PLAN

A

ECODYNE ™

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepred)
3A-F-208 C W: Witness Point (notification is required per the PO)
. R: Review of Documents
Drawing RN:;;I;EE;S 1321;5 -A-4353 V: Verification that the work has been  satisfactorily completed
: M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Date Date Date
4, Materials | Detail Drawing | * confirm that all Material Test Reports w a R R | /L~ / yes
materials are in AMT C 3.1B EN10204 bs_\b {; / 7 7 ¢ 7
accordance with the b /’;
drawing requirements ASME Section 11 ) c A
* all vessel materials, w (1> {3 R _ }7 ? R ﬁ f/ 3
including attachments, Lift lug materials to be o > /1
have traceable material suitable for -45° C
test repotts - J
- normalized plate Internal & external 7 /
- confirm chemical & mechanical attachments, welded . R ; / 7/
7 ‘ 4 7 /7 /3
properties directly to vessel
A ptessure components, to
be same grade of
material n
5. Vessel Drawing * confirm that the vessel ASME Section VIII W R _ 7/ -
Heads heads are as detailed in 415"} 7 /(/¢ /}
the drawing / :
- thickness has been )
checked for conformance 14 7
to the calculations and 5
drawing
- report any differences F /'
to Ecodyne immediately D{-{b‘ D) L
* the head manufacturer Certificate of w j ) R 7 f f /} ves
has provided certification Conformance ‘
and Data Report
U-2A (2-piece heads)

Page 4 of 10




INSPECTION & TEST PLAN

ECODYNE vt

PROJECT: MEG Energy - Christina Lake Phase 3A

ECODYNE JOB: 32125

REFERENCE: PO P-5675-02

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 C E: ‘lfitr'less I;'o]:i)nt (notiﬁtcation is required per the PO}
. : LVIEW O oCuments
Dramngggagigﬁfg-A-4353 er &.ﬁ:::ion that the work has been  satisfactorily completed
No. ACTIVITY REFERENCE | CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | 1C
y Date Date Date f—— Date

6. Fabrication Fit-up ASME * misalignment, as a | ASME Section VIII J/ / ¥ -

a * Strainer plate has result of variation in W 05717/[5 M | 7 M/V o / G 7, ﬁ
been welded & drilled the thickness of the 1
in accordance with head to the shell, has
drawing a 311 taper when Nozzles are to be -

b *Top & Bottom greater than located clear of
heads laid out and allowable vessel long & circ b J ,:i : /
nozzles fit & welded * the maximum seams w i I ™ p ﬁ M/V YR/ '

¢ | *Shell plate rolled to allowable é_,?- /
match the diameter of misalignment of the
the heads and the fit-up is to be in
long seam welded accordance with }

d * Fit and weld the section UW 33 ’}7}1: b ) 7 /
shell course to the * full penetration W 15‘ v M/V % // j'/ f /?
head welding is required :

e * Strainer plate fit & for the two piece )
full penetration strainer plate .
welded to the shell

f *fit & weld shell
repads and nozzles

g * fit closing head to
shell section

h * fit legs, clips, etc.

L

Page 5 of 10




INSPECTION & TEST PLAN

@E@BWN@ Limited

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02 )
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {do not fab past this point until accepted)
3A-F.208 C W: Witness Point (notification is required per the PO)
. R: Review of Documents
Drawing II{\IE:;[I:S);IO’ 13 2];5-A-—4353 V: Verification that the work has been  satisfactorily completed
: M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB [ Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date 1 Date Date Date
7. Weld ASME * confirm that the weld profile ASME Section VIII | W M M/V A/ -
Profile and reinforcement are in ;&’-7'713 /K3
accordance with UW 35
* all weld defects and spatter w (V I"? ’()7 M M/V ﬂ 2
has been removed 0( ;
* all pressure component edges w {ﬂ/[/z M 4.7 f’ M/V &
bhave a minimum radius of 3 mm 4 7
* a1l exterior & internal W ,‘} M M/V /i
attachment welds are seal welds off"
except as noted and around
vessel seams (unless otherwise )? / /, ;
noted) —
* leg attachment weld is carried W ig | ﬂi[ ; M M/V 6 /
around to the inside of the
flanges
4

Page 6 of 10
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INSPECTION & TEST PLAN | ECODYNE -

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-3675-02

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepred)
3A.F.208 C : E: \;’ei;xil::: I;ori)nt (notiﬁtc.ation is required per the PO)
s . (v} ocuments
Dra\mng RNQ‘IEE;S;I?;E‘S"A"“?’S‘B 1‘\‘71 Kie;ifiitc;tion that the work has been  satisfactorily completed
NO. ACTIVITY REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA )
FAB [ Sign/ | BCO [ Sign/ | SNC | Sign/ | MEG | Sign/ | TG
Date Date Date _Date/
8. Visual & Drawings ¥ all drawing dimensions have | * ASME Code W y w W es
Dimensions been checked h; 7 ) ?i/// é/ 2
- confirm over~all dimensions | Drawing tolerances 5- I'L‘T 1 2{¢3 /
- nozzle pipe schedules are 54
pet the calculations ‘

- nozzles and pads atre in the
correct elevation and
orientation

- projection is correct

- bolt hole rotation and hole
numbet is cortect

- nozzles are level

- strainer plate thickness &
hole locations are as detailed

- clips are as detailed and in
the correct otientation and
elevation

- anchor bolt hole locations
are correct

Page 7 of 10
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INSPECTION & TEST PLAN

PROJECT:
ECODYNE JOB:
REFERENCE:

MEG Energy ~ Christina Lake Phase 3A
32125
PO P-5675-02

g@@@lwwg Limited

AFTER FILTER VESSEL
3A-F-208 C
Drawing Number: 32125-A-4353
REVISION: B

TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
W: Witness Point (notification is required per the PO}
R: Review of Documents
V: Verification that the work has been  satisfactorily completed
M: Monitor

NO. | ACTIVITY | REFERENCE | CHARACTERISTIC VERIFIED

DOCUMENT

ACCEPTANCE INSPECTION & CONTROL POINT
CRITERIA

FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Date Date Dage

9. NDE

Drawing * All NDE has been performed in
accordance with the Code and
calculations including all repairs
- RT to include all joint
intersections plus additional
spotin each long & circ & 100%
of long seam of nozzles
fabricated from rolled plate
- MPT lift lug welds
* NDE technicians are qualified to
the applicable association and have
current validation
- interpretation has been performed
by a minimum of CGSB & SNT'
Level II technician in the
appropriate NDE method

-~

ASM]\E;ISI;CﬁOH W fZSlﬂl{:S V/R 7 M/R "7!7//,/!&/5 /y;s

ASME Section V

-

7.1
-7

| o1 on| | et

ANE LN

Hardness testing v

Production 7
/
is not required &

10. a | Hydrostatic Drawings * Test ptessure and temperature

Test

are in compliance with UG 99
~ test duration min of 1 hour

b Pneumatic drawing * Reinforcing pads with weep

Test

koles are soap / air tested

- two weep holes required on
nozzles greater than 107

- fabricator to provide 3” - 14"
diameter nipples in weep holes

ASME Section | W J/
VIII ¢

=)
[¥
2.._.____
[
NS

V/RF W %7/%/;;5,
A A 1] yes

Page 8 of 10
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INSPECTION & TEST PLAN

@C@DLHJNE Limited

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02 _
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point untl accepted)
3A-F-208 C }F{V: ‘giz:j:;c;i;: c(;loti:i:aﬁon is required per the PO)
- o ments
Drawing ;Q]?;mﬁg;g§?j§5-A-4sss V: Verification that the work has been  satisfactorily completed
: M: Monitor
NO. ACTIVITY REFERENCE CHARACTERISTIC ACCEPTANCE I INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA ] _
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | 1C
) . Date _Date Date | Dates 1.
1. Preparation Drawings * all interior hardware has been Quality w / [’ V7L W@ V@ J
for Shipment supplied as detailed on the Requirements 1D %/é’/g
to the Coating drawings (including resin 32125-A-4200 !
Shop removal blind flange &
hardware) )’ . fs ; .
(nore that * vessel nameplate, etc. have w Y fo l v W W 4 3

| coating, been checked for accuracy ﬁ 4 28 5 <NT (9151

Installation of A . s

internals and - nameplate to include all Nameplate in 81 5

insulation are to information detailed in vessel units ,
be completed ar Spcciﬁcaﬁon 4
the coating shop) * vessecl has been prepared for W % fp%/

shipment

- flanges have been protected
from impact with plastic, metal
or 6mm plywood covers
attached in a minimum of 4
locations

- vessel has been propetly
supported

Page 9 of 10
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INSPECTION & TEST PLAN

ECODYNE Limied

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02 )
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 C X: ;Viul:ess I’f«;i)nt {notification is required per the PQ)
. H EVIEW O
Dtamg Number: 32125-4-4353 V: Verification Sl::tn:l?: t\:'ork has been  satisfactorily completed
REVISION: B M: Monitor ;
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date | Date Date Date
12 Documents Purchase Req | *all quality documents have Drawings & W g i M/R /? |- yes
been checked for accutacy and Code 7 7{ A ]
completeness with 5 ¢{} ' YA a/ 5
the following documents 5. 247 ,?
submitted to Ecodyne Ecodyne is )
- ASME Data Reports responsible for
- ABSA Letter assembly of
- Nameplate copy documentation
-MTR / Map in accordance
- Welder Gualification with project
- NDE repotts requitements
- Visual & Dimensional report
- Hydro report/chart
- ITP & Traveler
- NCR. & resolution . w
13. Inspection Pusrchase * confirm that all work has been Drawings & H f H ) H , " yes
Release to the Order done per the putchase order and Code 7 o 673
Coating Shop all referenced drawings and gzg»‘j / V3 { ‘ /
(for coating & specifications d 7 & L&
installation of - I'TP signed off Y/
inlet &
strainers)

Page 10 of 10
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LESENA STEEL LTD

PROGRAM DOCUMENTATION
CUSTOMER: ECODYNE LTD, Date: MARCH /05 /2013
JOB No: 12-32 C P.O. No: 321253503
OWNER: MEG ENERGY CORP.
SERIAL No: 0413
C.R.N. No: W1159.2 NB.. ——eeee
DRAWING No; 32125-D-2202-01 REV. E
VESSEL TYPE: AFTER FILTER EQUIPMENT No: 3A-F-208 C
CODE:; ASME SECTION VIil, DIV.1, 2010 EDITION + 2011 ADDENDUM
DESIGN PRESSURE: 1041 kPa(g) & F.V M.DM.T.. -29°C @ 103 kPa(g)

DESIGN TEMPERATURE: 120 °C

HYDROSTATIC PRESSURE: 1354 kPa(g) in HORIZONTAL POSITION

WELD PROCEDURE: SMAW-16, 16.2 , SAW-45 & FCAW 40

SHELL THICKNESS AND MATERIAL SPEC.: 19.05 mm NOM - SA-516-70N

HEADS THICKNESS AND MATERIAL SPEC.. TOP: 18.22 mm MIN. & BTM.: 19.05 mm MIN - SA-516 - 70N

FINAL INSPECTION:  05/28/2013

WELDER (S): £125788&9

RADIOGRAPH: LONG SEAM 100% PER UW-11(a),CIRC.SEAMS SPOT 85% PER UW(a)(5)(b); STAMPER RT-2

DATE COMPLETED:  05/28/2013

DATE SHIPPED: 05/31/2013

AFFIDAVIT MAILED:

U-1A DATA FORM MAILED:

REMARKS:

QA-20




TRAVELER / QUALITY CONTROL CHECK LIST

CUSTOMER: ECODYNE LTD. JOB No: _12-32 C
VESSEL TYPE: AFTER FILTER SERIAL No:__ 0413
APPROVED BY QA:__ Arie Willemsen CRN: _Whs9-2
QC Inspector Authorized Customer Date
Inspector Inspector
INITIAL : | .
Design Calculations & Drawings A =/5/3 [0 Bmaocr. v
Welding Procedures ’ 2 /o3 D Zr vigron 5
CRN RN S
Welder Qualifications A 3/5/3 R tavprao
Out of Roundness (UG - 80) f g3 v ,@J%;Muu
Materiais M o5 (12)i2 | B Bzs|esdet
Internal I oS /22 fy] |4 Dglahed
Dimensional M o2 li 3 G%‘erﬁl{ i3
Other: '
Repair-by-weld-procedure
TESTS & INSPECTIONS: 5
Review of Radiography Film & Report [/, oy (3 (%sz‘g v
Arc Strikes, Gouges )7,,5, T A Ee )
Supports Yo 298
Heat Treatment - -—
Final Ugrac-13 WM rang 8.1
Hydrostatic Test hsxng 3 WN“Z:*? 2
Name Plate Stamping ATV N 7 g 13
Data Reports 4}1{ A ™ r»:trz,f, ip
Paint - -
Preparation for Shipment "
Remarks:

QA-21A




LESENA STEEL LTD

TRAVELER / QUALITY CONTROL CHECK LIST

CUSTOMER: ECODYNE LTD. JOB No: 12-32C
VESSEL TYPE: AFTERFILTER SERIAL No: 0413
DIMENSIONS: 3962mm_OD x 2540mm_T/T DWG. No: 32125-D-2202-01 rev.D
W. P.:_104] kPa (q) P.._ 136 kPa(q) C.R.N. No: Wi159.2
PRE-REVIEWED BY A. |. %c Ao, 13 DATE: FEB/4/2013
APPROVED BY QC: %
ARIE WILLEMSEN
FITUP & Cust.
DIMENSIONS WELD WELD insp.
PREP. {dbi,, sinl, lap, butt)
TOP HEAD Y1 '~6 ﬂ%?[w/(j DBL., BUTT
' " i bafis
BOTTOM HEAD Ly -¢7 7 (22103 DBL., BUTT
4
SHELL LONG SEAM gyl g sl DBL., BUTT

FLANGES NOZZELS

OPENINGS
CONN. 1.D. SIZE MATERIAL FIT UP & WELD
WELD DIMENSION
hPREP‘ 0OS f REPAD / IS
N1 12" SA-105N/SA-106B/SA-516-70N |2y 727l(3 | 3/8" 112" | 3/8”
1.
N2 12* SA-105N/SA-234-WPB/ 7 3/8" 1/2"
SA-106B/SA-516-70N mjz,?// 3
Y
N3A, N3B 4" SA-105N e[z 78
|
N4 3" SA-105N/SA-106B/SA-516-70N P /i3 | 318 3/8"
)
SG1A, SG1B 6" SA-516-70N {3 {3 3/g”
Yy ,
M1 24" SA-105N/SA-106B/SA-516-70N |%a~ 177131 3/8" [V 7
i
M2 24" SA-105N/SA-106B/SA-516-70N |4 -/[¥7K3 ] 3/8" MY
=

QA -21
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INSPECTION & TEST PLAN

AFTER FILTER VESSEL
3A-F-208 D
TITLE Customer:
AFTER FILTER VESSEL L.
3A-F.208 D Christina Lake Phase 3A
c/o SNC-Lavalin
PO No. P-5675-02
- = Limited
SoALE- N/A ., ECODYNE
ﬁ‘i AMarmon Water/Betkshire Hathaway Company
BY | DATE | Tronnotes cevmmcirsn To1HE MFEREST OF Tas CONPAY Adfd 1o SUBIECT 10
RETURN UPON REQUEST.

Dec 19 Client inspection points; 11/12 | DWG. NO, REV.

B 2012 SNC/MEG Surveillance Level 3; T™ AV DRN T™ 2012
: Material clarifications
Nov 12 FIRST ISSUE 11/12
A 2012 IM | AV | CHED | AV 1 ") 32125-A-4354 B
11/12
REV DATE | REMARKS BY CHEKD [ APFD ™ 2012
Page 1 of 10 W 0 /2. 3?
. »
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INSPECTION & TEST PLAN

Paaa™

ECOBYNE -

PROJECT: MEG Enetgy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F.208 D W: Witness Point (notification is required per the PO)
D ino Number: 32 4 R: Review of Documents
rawing Number: 32125-A-4354 V: Verification that the work has been satisfactorily completed
REVISION: B M: Monitor
No. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE CRITERIA INSPECTION & CONTROL POINT
DOCUMENT VERIFIED
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
, Date Date Date Date |
1. Drawings | Document Log | * confirm scope and the Latest Revisions R R -
fabrication and gglggficztorg; Vessel ;’% fi’ {3 ’5‘5
. . - i, TESSUrLe ¥ £5se
inspection drawings ate | o\ 085354-3010-BV-10, )
the latest revision 085354-3010-PV-24 & 085354-4060- a ¢4 ﬁqé{
* Calculations have PS-001) W &g.d R
been provided for 32125-A-2017 Welding =
apptroval (includes 085354-3010-EW-20) V /é ﬁg / . /
* Pre-fabrication . . . W g1y W W L 4
. Registered in Province of cf j‘ 4 /7 4
meeting Alberta A
A1 -snesmec
Surveillance Level 3 -
2. Weld ASME Section | * confitm that the weld | Approval records / stamp for | W ( R R ' ) ves
Procedures IX procedures, weld repair the procedures ({ '“‘{'15 ’j'j % /[ /7; /;
ptrocedures and
procedure maps, used
for the fabrication, have %
been approved d ] <P
* randomly check that W ﬂg“'ﬂ 3 R ég R // (/? by }
the approved weld .

procedures are being
applied

- check amperage and
voltage duting
operation

Page 2 of 10




INSPECTION & TEST PLAN

@C@@@NE Limited

PROJECT: MEG Energy - Christina Lake Phase 3A.

ECODYNE JOB: 32125

REFERENCE: PO P-5675-02 )

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-E-208 D W: Wirtress Point (notification is required per the PO)
. R: Review of Documents
Drawing Number: 32125-A-4354 V: Verification that the work has been  satisfactorily completed
REVISION: B , M: Monitor )
NO. ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Date Date Date
3. Welder ASME Section | *all pressure containing Welder Symbol W J R j '5 R | — / yes
Qualification X welds have been identified 613 < // /

with the weldet symbol Welder Qualification / 7 /ji
(either through the physical | / welder qualification
stamping of the weld or continuity log
recording a welder
identification map)
{welder maps are to be
submitted with the final j
documentation} Gg-/ﬂ'ra
* confirm that all welders R R ‘M R

used on the project have
current qualifications for
the fabrication facility by
reviewing the welder
qualification records

R
Q
S

X

Page 3 of 10




INSPECTION & TEST PLAN

Pty

ECODYNE ™

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {do not fab past this point until accepted)
3A-E-208 D W: Witness Point (notification is required per the PO)
. ) R: Review of Documents
Drawing Number: 32125-A-4354 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA _
FAB | Sign/ | BECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TG
Date ) Dare Date Date
4, Materials Detail Drawing | * confirm that all Material Test Reports w y R j ‘g R . yes
materials are in AMT C 3.1B EN710204 &/;lg-( } ?” ¢ /é; /y )7
accordance with the J
drawing requirements ASME Secdon 11 / 4 (-\ )
* all vessel materials, W _I"‘) R | c‘g R ) 3
including attachments, Lift lng materials to be q'aﬁ i / -( /
have traceable material suitable for -45° C
test reports
- normalized plate Internal & external /
- confirmy shemisal @ mecharical attachments, welded R /: L~ 9
properties directly to vessel } ,/ ;
A pressure components, to
be same grade of
) material N ;
5. Vessel Drawing * confirm that the vessel ASME Section VIII W f 1l R /é ) R / -
Heads heads are as detailed in 0{1,@ } : _?ﬁ/// f%f / Z
the drawing
- thickness has been
checked for conformance
to the calculations and
drawing )] 5
- report any differences r(q/f {
to Ecodyne immediately Y / [’ /
* the head manufacturer Certificate of W R ,gj R // / yes
has provided certification Conformance &ﬂ 2 /}
and Data Report
U-2A (2-piece heads)

Page 4 of 10




INSPECTION & TEST PLAN

ECODYNE

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER YESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until acceptéd)
3A-F208D \RW.: ‘I’{Vitr_!ess I;%nt (notification is required per the PO)
. H LCVIEW O CoCumens
Dramn.g Number: 32125-A-4354 V: Verification that the ::'ork has been  satisfactorily completed
REVISION: B M: Monitor
No. ACTIVITY REFERENCE | CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA. ,
FAB | Sign/ | BCO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
y Date Date Datprt~ Date
6. | Pabrication Fit-up ASME * misalignment, asa | ASME Section VIII j/ A -/ / -
2 * Strainer plate has result of variation in W a{(‘)/r { > M / J M/V 7 7’ /j
been welded & drilled the thickness of the -’
in accordance with head to the shell, has
drawing a 3:1 taper when Nozzles ate to be
b *Top & Bottom greater than located clear of
heads laid cut and allowable vessel long & circ J
nozzles fit & welded * the maximum seams W 07-7/( 1 3 M J j M/V (% /:7/ 7
¢ | *Shell plate rolled to allowable ¢ 7 7 S/
match the diameter of misalignment of the
the heads and the fit-up is to be in
long seam welded accordance with
d |} *Fit and weld the section UW 33 Y
shell course to the * full penetration W ;yW v Jﬁ M/V & ?
head welding is required & 7 /
e * Strainer plate fit & for the two piece
full penetration strainer plate

welded to the shell
f * fit & weld shell
repads and nozzles
g *#fit closing head to
shell section

h * fit legs, clips, etc.

Page 5 of 10




INSPECTION & TEST PLAN

PROJECT: MEG Energy - Christina Lake Phase 34

ECODYNE JOB: 32125

REFERENCE: PO P-5675-02

E@@@%N@ Limited

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 D W: Witness Point (notification is required per the PO)
Drawing Number: 32125-A-4354 5 gzvﬁlfcira;iftoigll‘n:;? t\:rork has been satisfactorily completed
REVISION: B M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA ) B
FAB | Sign/ | BECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
. , Date Date Date Date
7. Weld ASME * confirm that the weld profile ASME Section VIIT | W M A4S | M/V | ,/é /—
Profile and reinforcement ate in 'VEG (]
accordance with UW 35 fg /j e
* all weld defects and spatter w y | M M/V 42?//6 /i3
has been removed a%f"" .
* all pressure component edges w M JJ M/V I ;)// o {5‘- 3
have a minimum radius of 3 mm 6}7 ) i o { 7 ’
* all exterior & internal w 0{4,8/( B M |- 15 M/V PN
attachment welds are seal welds 7/
except as noted and around
vessel seams (unless otherwise :
noted) QKQX ‘{7 .o _<f/ //75
* leg attachment weld is carried w M L5 | MV / AT

around to the inside of the
flanges

Page 6 of 10




INSPECTION & TEST PLAN

ECODYNE

PRCJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02 .
AFTER FILTER VESSEL TC: Test Certificate Required H: Heold Point (do not fab past this point until accepted)
3A-F-208 D W: Wimess Point (notification is required per the PO)
. R: Review of Documents
Drawing Number: 32125-A-4354 V: Verification (t)lfat the work has been  satisfactorily completed
REVISION: B ] ] M: Monitor )
NO. ACTIVITY REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA _
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
y Date Date Date _/\ Date
8. Visual & Drawings * all drawing dimensions have | * ASME Code W J? W ,é.% W ( r ;| ves
Dimensions been checked ﬁ‘" y - 7a/d / 3
- confirm over-all dimensions | Drawing tolerances 0( )7 4 ¢

- nozzle pipe schedules are
pet the calculations

- nozzles and pads are in the
cotrect elevation and
orientation

- projection is correct

- bolt hole rotation and hole
number is cotrect

- nozzles are level

- strainer plate thickness &
hole locations are as detailed

- clips are as detailed and in
the cortect orientation and
elevation _

- anchor bolt hole locations
are correct

Page 7 of 10




INSPECTION & TEST PLAN

PROJECT: MEG Energy — Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02

ECODYNE -~

AFTER FILTER VESSEL
3A-F-208 D
Drawing Number: 32125-A-4354
REVISION: B

TC;: Test Certificate Required

: Hold Point (do not fab past this point until accepted)
: Witness Point (notification is required per the PO)

: Verification that the work has been  satisfactorily completed
: Monitor

H
W
R: Review of Documents
v
M

NO. | ACTIVITY ;| REFERENCE | CHARACTERISTIC VERIFIED
DOCUMENT

ACCEPTANCE
CRITERIA

INSPECTION & CONTROL POINT

FAB

Sign/
Date

ECO

Sign/
Date

SNC

Sign/
Date

MEG | Sign/
Date

TC

9. NDE Drawing * All NDE has been performed in
accordance with the Code and
calculations including all repairs
- RT to include all joint
intersections plus additional
spot in each long & circ & 100%
of long seam of nozzles
fabricated from rolled plate
- MPT lift lug welds
* NDE technicians are qualified to
the applicable association and have
current validation
- interpretation has been performed
by 2 minimum of CGSB & SNT
Level I technician in the
appropriate NDE method

ASME Section
Vil

ASME Section V

Production
Hardness testing
is not required

ZZ@{@

Jv

i

V/R

Led

7’11}-’ 30//’3

& B MR

M/R

(/"\
el

ol

I yes

10. a | Hydrostatic Drawings * Test pressure and temperature
Test ate in compliance with UG 99

- test duration min of 1 hour

b Paeumatic drawing * Reinforcing pads with weep
Test holes are soap / ait tested

- two weep holes required on
nozzles greater than 107

- fabricator to provide 3 - ¥4”
diameter nipples in weep holes

ASME Section
VIIT

6

)/763.;}

ﬁ.

v/

.

V/R

7"/53/

§ W

f' zyes

yes

Page 8 of 10




INSPECTION & TEST PLAN

B
¥

ECODYNE

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02 _ _
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
e W: Witness Point (notification is required per the PO)
3A-F-208 D R: Review of Documents
Drawmg gg‘?}gig 13 21325"A‘43 54 V: Verification that the work has been  satisfactorily completed
: M: Monitor
NO. ACTIVITY REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB Sign/ | ECO | Sign/ SNC Sign/ | MEG | Sign/ | TC
Date ] Date Date : _—Date
11 Preparation Drawings * all interior hardware has been Quality W W v W@ R, // ,
for Shipment supplied as detailed on the Requitements Cy} /76 (x4
to the Coating drawings (including resin 32125-A-4200 0(5 ,
Shop temoval blind flange &
hardware) ' : Ve
(note that * vessel nameplate, etc. have w /} vV 3 W Wh—sthsf [0/ (?
| coaung, been checked for accuracy O(‘o&” B
installation of . . / 3
fntermals and - nameplate to include all Nameplate in SI - 1] i
insulztion are to information detailed in vessel units >
be completed at specificatiou /
the coating shop) * vessel has been prepared for W (oft) 3

shipment .

- flanges have been protected
from impact with plastic, metal
ot 6mm plywood covers
attached in a minimum of 4
locations

- vessel has been propetly
supported

(650

Page 9 of 10
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INSPECTION & TEST PLAN

EEODYNE "

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02 )
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {(do not fab past this point until accepted)
3A-F-208 D W: Witness Point (notification is required per the PO)
Drawing Number: 32125-A-4354 R: Review of Documents o
* V: Verification that the work has been  satisfactorily completed
REVISION: B . M: Monitor
NQ. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA :
FAB | Sign/ | BCO | Sign/ | SNC | Sign/ | MEG | Sign/ | TG
Date ? Dare Date Date
12. Documents Purchase Req | * all quality documents have Drawings & W R /7 M/R ) yes
been checked for accuracy and Code ’5 % /e /4 /
completeness with b,og'{; )—-,‘3'[ / 12 /7
the following documents 0
submitted to Ecodyne Ecodyne is
- ASME Data Repotts responsible for
- ABSA Letter assembly of
- Nameplate copy documentation
- MTR / Map in accordance
- Welder Qualification with project
- NDE reports requirements
- Visual & Dimensional report
- Hydro report/chart
- ITP & Traveler
- NCR & resolution
13. Inspection Purchase * confirm that all work has been Drawings & H H H v 7 / yes
Release to the Ozder done per the purchase order and Code &D 7V VG f /g
Coating Shop all referenced drawings and 0() B 1
(for coating & specifications -, %l
installation of - ITP signed off ; 7
inlet & 4
strainers)

Page 10 of 10
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LESENA STEEL LTD

PROGRAM DOCUMENTATION

CUSTOMER: ECODYNE LTD. Date: MARCH /05 /72013
JOB No: 12-32 D P. Q. No: 321253503
OWNER: MEG ENERGY CORP.

SERIAL No: 0414

C.R.N. No: W1159.2 NB.  =meeemecann

DRAWING No: 32125-D-2202-01 REV. E

VESSEL TYPE: AFTER FILTER EQUIPMENT No: 3A-F-208 D

CODE: ASME SECTION VIII, DIV.1, 2010 EDITION + 2011 ADDENDUM

DESIGN PRESSURE: 1041 kPa(g) & F.V M.DM.T.. -20°C @ 103 kPa (g)

DESIGN TEMPERATURE: 120°C

HYDROSTATIC PRESSURE: 1354 kPa(g) in HORIZONTAL POSITION

WELD PROCEDURE: SMAW-16, 16.2 , SAW-45 & FCAW 40

SHELL THICKNESS AND MATERIAL SPEC.: 19.06 mm NOM - SA-516-70N

HEADS THICKNESS AND MATERIAL SPEC.. TOP: 18.22 mm MIN. & BTM.. 19.05 mm MIN - SA-516 — 70N

FINAL INSPECTION:  05/28/2013

WELDER (S): 1L1,2,578&9

RADIOGRAPH: LONG SEAM 100% PER UW-11(a),CIRC.SEAMS SPOT 85% PER UW(a)(5)(b);STAMPER RT-2

DATE COMPLETED:  06/03/2013

DATE SHIPPED: 06/04/2013

AFFIDAVIT MAILED:

U-IA DATA FORM MAILED:

REMARKS:

QA-20




TRAVELER / QUALITY CONTROL CHECK LIST

CUSTOMER: ECODYNE LTD. JOB No: _12-32 D
VESSEL TYPE: AFTER FILTER SERIAL No:_ 0414 _
APPROVED BY QA:__ Arie Willemsen CRN: _W 11642
QC Inspector Authorized Customer Date
Inspector Inspector
INITIAL : 0
Design Calcutations & Drawings ﬁ 2 /g / 3 ak) Mk %
Welding Procedures % 2/ /s ﬁoj RO NS
CRN ) e %WM oh. 1%
Welder Qualifications A 2 /6/r3 | Cavaon,
Out of Roundness (UG - 80) lcryl/3 \/Z v 2s | T
Materials .Zd’ g ff 3 E,??\‘Tik‘f-‘zci {3
Internal Py [ 3 :q?'% pder 2 12
Dimensional W 134[(3  |Voweoz w
Other: |
' Repair-by-weld-procedure
TESTS & INSPECTIONS: -
Review of Radiography Film & Report % 0603412 18 yuno
Arc Strikes, Gou ' k‘ e
“Gouges W o3z
Supports /%__’dé.aj/(3
Heat Treatment - ~ -
Final (B oCO313 I e, v
Hydrostatic Test 0¥t |f MG L e
Name Plate Stamping 4}%_ & 0%¢3 o 0. 1%
Data Reports a6-2T 2 HE wuex. 1
Paint - T
Preparation for Shipment #
Remarks:

QA-21A




LESENA STEEL LTD

TRAVELER / QUALITY CONTROL GHECK LIST

CUSTOMER; _ECODYNE LTD. JOB No: 12-32D
VESSEL TYPE: _AFTERFILTER SERIAL No:_ 0414
DIMENSIONS: 3962mm OD x 2540mm_T/T DWG. No: _32125-D-2202-01 rev.D
W. P _10%/ kPa (g) QI&S‘{ kPa (q) C.RN.No: WI54-L
PRE-REVIEWED BY A. [. _~ S O3 DATE: FEB/4/2013
APPROVED BY QC; /ﬁ/
ARIE WILLEMSEN
FITUP & Cust.
DIMENSIONS WELD WELD insp.
PREP, {disl., sini, tap, butt)
TOP HEAD $1'-&" Yo (10 DBL., BUTT
o do (2:(13
BOTTOM HEAD ¢{'-g " 22113 DBL., BUTT
i
SHELL LONG SEAM a4 g I (3013 DBL., BUTT
FLANGES NOZZELS
OPENINGS
CONN. |.D. SIZE MATERIAL FITUP & WELD
WELD DIMENSION
PREP, OS | REPAD / IS
N1 12" SA-105N/SA-106B/SA-516-70N |4 {2 | 3/8" | 172" [ 38
N2 12" SA-105N/SA-234-WPB/ P (3 3ig” | 12"
SA-106B/SA-516-70N SRl
) R
N3A, N3B 4 SA-105N 13612 ] 718
hY
N4 3" SA-105N/SA-106B/SA-516-70N [ 13> (& 3/8” 3/8”
A
SG1A, SG1B 6" SA-516-70N {215 | 318" 3/8"
3} "
M1 24" SA-105N/SA-106B/SA-516-70N |5 l2{3 | 3/8” Nl
2
M2 24 SA-105N/SA-106B/SA-516-70N P X (S | 3/8" Vitd _

QA -21
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INSPECTION & TEST PLAN
A¥FTER FILTER VESSEL

3A-F-208 &

TITLE
INSPECTION & TEST PLAN

AFIER FILTER VESSEL
3A-F-208 E

Customer:
MEG Energy Corporation
Christina Lake Phase 3A
¢lo SNC-Lavalin

PO No. P-5675-02

SCALE- N/A

BY DATE

‘A,,EC@N@ Limited

HEE AMarmon Water/Berkshire Hathaway Company

THIS DRAVANG IS THE PROPERTY OF ECODYNE LIMITED. T IS NOT 10 BE USED FOR ANY
PURPOSES DETRIMENTAL TO THE INTEREST OF THIS COMPAKNY AND IS SUBJECT TO
RETURH UPON REQUEST.

11/12

DWG. NO. ' REV.

Dec 19 Client inspection points;
B 2012 SNC/MEG Surveillance Level 3; T™ AV DRN ™ 2012
Materizal clarifications

Nov 12 RIRST ISSUE it/12

o T™ | AV | cHED | oAV | o, 32125-A-4355 B
/12
REV DATE REMARES BY CHKD | APPD ™™ 2012

Page 1 of 10 2 -
. »
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INSPECTION & TEST PLAN

PROJECT:
ECODYNE JOB:
REFERENCE:

MEG Energy - Christina Lake Phase 3A.
32125
PO P-5675-02

ECODYNE "™

AFTER FILTER VESSEL
3A-F-208E
Drawing Numbesr: 32125-A-4355
REVISION: B

TC: Test Certificate Required

: Hold Point (do not fab past this point until accepted)
1 Wimess Point (notification is required per the PO)

Verification that the work has been

: Monitor

H
W
R: Review of Documents
Vi
M.

satisfactorily completed

ACTIVITY

REFERENCE
DOCUMENT

CHARACTERISTIC
VERIFIED

ACCEPTANCE CRITERIA

INSPECTION & CONTROL POINT

FAB

Sign/ | ECO
yDate

Sign/

SNC

Sign/
Date

MEG

Sign/
Date

TC

1. Drawings

Document Log

A

* confitm scope and the
fabrication and
inspection drawings are
the latest revision

* Calculations have
been provided for
approval

* Pre-fabrication
meeting

s SINC / MEG
Surpeillance Level 3

Latest Revisions
Specifications
32125-A-2015 Pressure Vessel
(includes 085354-3010-PV-10,
085354-3010-PV-24 & (85354-4060-
PS-001)
32125-A-2017 Welding
(includes 085354-3010-EW-20)

Registered in Province of
Alberta

R

;/&d-f} ¥
2
'Z’u?‘l 3 w ?

ﬁatc
!

/7

2. Weld
Procedures

ASME Section
IX

* confirm that the weld
procedures, weld repair
procedures and
procedure maps, used
for the fabrication, have
been approved
* randomly check that
the approved weld
procedures are being
applied

- check amperage and

voltage during
operation

Approval records / stamp for
the procedures

)

\§Q
X

yes

Page 2 of 10
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INSPECTION & TEST PLAN

@E@@[HJNE Limited

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {(do notfab past this point until accepted)
3A-F-208 E W: Witness Point (notification is required per the PO)
Drawing Numbes: 32125-A-4355 B Review of Documents o
V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | IC
Date ate Date~y| - Date
3. Welder | ASME Section | * all pressure containing Welder Symbol W R R 4 yes
Qualification X welds have been identified 5{; b _ 4 Z
with the welder symbol Welder Qualification
(either through the physical | / welder qualification y ’
stamping of the weld or continuity log
recording a welder ‘
identification map) 1 / X
{welder maps are to be 2l - 9L/ 3
submitted with the final D
documentation} 'y
* confirm that all welders R / 4 /;

used on the project have
current qualifications for
the fabrication facility by
teviewing the welder
qualification records

%,,

: 3

.
EN
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INSPECTION & TEST PLAN

e,

ECODYMNE -mt=

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepred)
3A-F-208 E W: Witaess Point (notification is required per the PO)
Drawing Number: 32125-A-4355 o Review of Documents .
V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
' DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | 1C
Date -Date Dagep Date
4. Materials | Detail Drawing | * confirm that all Materizl Test Reports W /y R A R \ yes
matetials are in AMT C 3.1B EN10204 %5 4 { 5 // g
accordance with the do ‘
drawing requirements ASME Section II / 3 K
* all vessel materials, W a] R é .0 R ;,/ -z
including attachments, Lift lug materials to be ‘@; / o 7 /
have traceable material suitable for -45° C d:’
test reports
- normalized plate Internal & external P ’
- confirme chemical & mechanical attachments, welded R 4/ Z 7 3
properties directly to vessel S
A pressure components, to
be same grade of
matetial o
5. Vessel Drawing * confirm that the vessel ASME Section VIII W / -
Heads heads are as detailed in ﬂ‘/q /Z
the drawing f
- thickness has been
checked for conformance
to the calculations and
drawing
- report any differences
to Ecodyne immediately /7 A
* the head manufacturer Certificate of w 7 yes
has provided certification Conformance ﬁ/( f /Z
and Data Report ‘
U-2ZA (2-piece heads)

Page 4 of 10




INSPECTION & TEST PLAN

ECODYNE Hm=

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 E : ;{W \15:'::2:: I;c;:i)n; (notifi:::ltion is required per the PO)
Drawing Number: 32125-A-4355 Vi Vcriﬁca;on mc;]:rtlhe:work has been satisfactorily completed
REVISION: B M: Monitor
No. ACTIVITY REFERENCE | CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | IC
y Darte A Date Date Date
6. Fabrication Fit-up ASME * misalignment, as a | ASME Section VIII a L . / -
a * Strainer plate has result of variation in w M/V (/ .
been welded & drilled the thickness of the [)La?"s ! / 7 ’Z
in accordance with head to the shell, has
drawing a 3:1 taper when Nozzles are to be
b * Top & Bottom greater than located clear of
heads laid out and allowable vessel long & circ W Vg 7/ /
nozzles fit & welded * the maximum seams W &@3 M 7 M/V | S/ ' A/
¢ | *Shell plate rolled to allowable 1ol Z4
match the diameter of misalignment of the (4 ’
the heads and the fit-up is to be in
long seam welded accordance with
d | *Fit and weld the section UW 33 7 /
shell course to the * full penetration w M/V / v }
head welding is required 7(; / I/
e * Strainer plate fit & for the two piece
: full penetration strainer plate
welded to the shell
f * fit & weld shell
repads and nozzles
g *{it closing head to
shell section
k| *fitlegs, clips, etc.

Page 5 of 10




INSPECTION & TEST PLAN

ECODYNE

have a minimum radius of 3 mm

%g.cﬁ]

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
T W: Witness Point (notification is required per the PO)
3A-F-208 E R: Review of Documents
Drawmg Number: 32125-A-4355 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date A Date Date
7. Weld ASME * confirm that the weld profile ASME Section VIII | W )?‘ - M/V
Profile and reinforcement ate in Oé &3
accordance with UW 35
* alt weld defects and spatter w &6 {?l} M M/V
has been removed ¢ -
* all pressure component edges W M
M

* all exterior & internal
attachment welds are seal welds
except as noted ahd around
vessel seams (unless otherwise
noted) ‘

*leg attachment weld is cartied
around to the inside of the
flanges

* By el || R

»

M/V
\0 \

=8

M/V %f % ‘94 3
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INSPECTION & TEST PLAN ECODYNE "

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
_REFERENCE: PO P-5675-02

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)

3A-F-208 E W: Witness Point (notification is required per the PO)
. R: Review of Documents
Dt amngl;;{;g;g §2§5-A-43 55 Vi Verification that the work has been  satisfactorily completed
: M: Monitor
NO. ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
‘ FAB [ Sign/ | ECO [ Sign/ | SNC | Sign/ | MEG | Siga/ | TC
Date | | Date Date | Date
8, Visual & Drawings * all drawing dimensions have | * ASME Code w W W (" yes
Dimensions been checked % { '% 72
- confirm over-afl dimensions | Drawing tolerances D(\ﬂ J t/® ( /} % I/ 3
- nozzle pipe schedules are £9 VAl

pet the calculations

- nozzles and pads are in the
correct elevation and
orientation

- projection is correct

- bolt hole rotation and hole
number is cotrect

- nozzles are level

- strainer plate thickness &
hole locations ate as detailed

- clips are as detailed and in
the correct otientation and
elevation

- anchot bolt hole locations
ate correct
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INSPECTION & TEST PLAN

PROJECT:
ECODYNE JOB:
REFERENCE:

MEG Energy — Christina Lake Phase 3A
32125
PO P-5675-02

ECODYNE "™

AFTER FILTER VESSEL
3A-F-208E

Drawing Number: 32125-A-4355

REVISION: B

TC: Test Certificate Required.

H:
W
R: Review of Documents
V:
M:

Monitor

Hold Point (do not fab past this point until accepted)
Witness Point (notification is required per the PO)

Verification that the work has been  satisfactorily completed

NO. | ACTIVITY

REFERENCE
DOCUMENT

CHARACTERISTIC VERIFIED

ACCEPTANCE
CRITERIA

INSPECTION & CONTROL POINT

FAB

Sign/
Date

Sign/ | SNC

Sign/
Dase

MEG

Sign/
Date

TC

9. NDE

Drawing

* All NDE has been performed in
accordance with the Code and
calculations including all repairs
- RT to include all joint
intersections plus additional
spot in each long & circ & 100%
of long seam of nozzles
fabricated from rolled plate
- MPT lift lug welds
* NDE technicians are qualified to
the applicable association and have
current validation
- interpretation has been performed
by a minimum of CGSB & SNT
Level II technician in the
appropriate NDE method

ASME Section
VIII

ASME SectionV

Production
Hatdness testing
is not required

IS

gl

D
# M/R

M/R

+

1~

ves

10. a | Hydrostatic

Test

b Pneumatic
Test

Drawings

drawing

* Test pressure and temperature
are in compliance with UG 99

- test duration min of 1 hour
* Reinforcing pads with weep
holes are soap / ait tested
- two weep holes required on
nozzles greater than 10
- fabricator to provide 3 - ¥4
diameter nipples in weep holes

ASME Section
VIII

b

)

Jai

)

CO
/
/
V/R W

V/R

H§

a7

yes

ves
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INSPECTION & TEST PLAN

P

@@@@QN@ Limited

PROJECT: MEG Enetgy - Christina Lake Phase 3A
ECODYNE JOB:,
REFERENCE: PO P-5675-02 )
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 \;{V \;;tvr;:::(ﬂcg: cir;;teiﬁ::sation is required per the PO)
Drawing EEU‘I;;Z?O §21§5*A'4355 V: Verification that the work has been  satisfactorily completed
. M: Monitor
NO. ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB S]Sg?/ ECO | Sign/ | SNC Sﬁgl:/ MEG S&intﬁ/ TC
ate ate ,
1. Preparation Drawings * all interior hardware has been Quality W % v \‘C(Q %
for Shipment supplied as detailed on the Requirements 06‘17’6 b /%
to the Coating drawings (including resin 32125-A-4200 )
Shop removal blind flange &
hardware) ()? ; / /
(mote thar * vessel nameplate, etc. have W e 5 v W _7[ 1 U K
| coauing, been checked for accuracy
Installztion of . .
internals and - nameplate to include all Nameplate in 81
insulation are to information detailed in vessel units .
be completed at specification
the coating shop) * vessel has been prepared for W 1.-!3 A W@ [o/t X
shipment %’1

- flanges have been protected
from impact with plastic, metal
or 6mm plywood covers
attached in a minimum of 4
locations

- vessel has been properly
suppotted

Page 9 of 10
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INSPECTION & TEST PLAN

ECODYNE

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: P() P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {do not fab past this point until accepted)
3A-F-208 E ;V: g'itr_tess l:-c;i)nt (not‘iﬁtcation is required per the PO)
- : cview curnents
Drawing Number: 32125-A-4355 v Verificagon fhat the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | BCO | Sign/ | SNC | Sign/ | MEG | Sign/ | 1C
Date Date,_ Date ™ | Date
12. Documents Purchase Req | * all quality documents have Drawings & w R %f M/R { yes
been checked for accuracy and Code 7 A A I / &/ 5/
completeness with oG l,‘?-;t / ;
the following documents
submitted to Ecodyne Ecodyne is
- ASME Data Reports responsible for
- ABSA Letter assembly of
- Nameplate copy documentation
- MTR / Map in accordance
- Welder Qualification with project
- NDE reports requirements
- Visual & Dimensional teport
- Hydzro report/chart
- ITP & Traveler
: - NCR & tesolution ™ ,

13. Inspection Purchase * confirm. that all work has been Drawings & H H 7 H ( 2 ves
Release to the Order done per the purchase order and Code ] * 5 7
Coating Shop all referenced drawings and 4
(for coating & specifications
installation of - ITP signed off /

inlet &
strainers)
A
W CCsp g it N\
- / /3
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LESENA STEEL LTD

PROGRAM DOCUMENTATION
CUSTOMER: ECODYNE LTD. Date: MARCH / 05 //2013
JOB No: 12-32 E P.0.No: 321253503
OWNER: MEG ENERGY CORP.
SERIAL No: 0415
C.R.N. No: W1159.2 NB.  remmemmeeee
DRAWING No: 32125-D-2202-01 REV. E
VESSEL TYPE: AFTER FILTER EQUIPMENT No: 3A-F-208 E
CODE: ASME SECTION Viil, DIV.1, 2010 EDITION + 2011 ADDENDUM
DESIGN PRESSURE: 1041 kPa(g) & F.V M.D.M.T.. -29°C @ 103 kPa (g)

DESIGN TEMPERATURE: 120 °C

HYDROSTATIC PRESSURE: 1354 kPa(g) in HORIZONTAL POSITION

WELD PROCEDURE: SMAW-16, 16.2 , SAW-45 & FCAW 40

SHELL THICKNESS AND MATERIAL SPEC.: 19.05 mm NOM - SA-516-70N

HEADS THICKNESS AND MATERIAL SPEC.: TOP: 18.22 mm MIN. & BTM.: 19.05 mm MIN - SA - 516 — 70N

FINAL INSPECTION:  06/10/2013

WELDER (S): £1,257,8&9

RADIOGRAPH: LONG SEAM 100% PER UW-11(a),CIRC.SEAMS SPOT 85% PER UW(a){5)(b),STAMPER RT-2

DATE COMPLETED:  06/12/2013

DATE SHIPPED: 08/14/2013

AFFIDAVIT MAILED:

U-1A DATA FORM MAILED:

REMARKS:

QA-20




TRAVELER / QUALITY CONTROL CHECK LIST.

CUSTOMER: ECODYNE LTD, JOB No: _12-32 E
VESSEL TYPE: AFTER FILTER SERIAL No:__ 0415
APPROVED BY QA:__ Arie Willemsen crRN: _Luilsqg.2
QC Inspector Authorized Customer Date
Inspector Inspector
INITIAL : "

Design Calculations & Drawings %/ 3 /5/3 g)ré MARDY- A2
Welding Procedures % / /

3/5(/F MO R
CRN R -

, 7 OuNR. i
Welder Qualifications % 3 /5/ /7 g,}%wp Fe e
Out of Roundness (UG - 80) WA olsct- (3 [ oeon (2
Materials M o113 "K—; PWNOT.L 1Y
e sl 603 [N Ermor s
Dimensional /ﬂ_ o6 1213 w2
Other: _ K
Repair-by-weld-procedure -
TESTS & INSPECTIONS:
Review of Radiography Film & Report [/B 4G (23 ?\%009 2\
Arc Strikes, Gouges W 561213 '
Supports Wl o6 (263
Heat Treatment --- -
Final 0O 7o @ 13
Hydrostatic Test fhor— G113 [ e
Name Plate Stamping )7%__, dbrert 3 W%M (2.4
Data Reports o . o623 # 2"""“ ‘1’2. 12
Paint T
s
Preparation for Shipment W/ o&i2(3
Remarks:
.

QA-21A
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LESENA STEEL LTD

TRAVELER f QUALITY CONTROL CHECK LIST

CUSTOMER: ECODYNE LTD. JOB No: 12-32 E
VESSEL TYPE: AFTER FILTER SERIAL No:_ 0415
DIMENSIONS: 3962mm OD x 2540mm T/T DWG. No: 32125-D-2202-01 rev.E
W.P._10Y/ kPa(g)  T.P. 1364 kPa(q) C.RN.No: W 1I1S9-L
PRE-REVIEWED BY A. I. 9&& MR ot B DATE: FEB/4/2013
Ed
APPROVED BY QC: 7%/
ARIE WILLEMSEN
FITUP & Cust.
DIMENSIONS WELD \{VELD Insp.
PREP. {dbl., sinl, iap, butt)
TOP HEAD 4{=-& " ﬂigow DBL., BUTT
. iy 1.
BOTTOM HEAD T Vo105 DBL., BUTT
)
SHELL LONG SEAM qa¢’ 4 hary] DBL., BUTT
FLANGES NOZZELS
OPENINGS
CONN. I.D. SIZE MATERIAL FIT UP & WELD
WELD DIMENSION
PREP. 0OS / REPAD /IS
N1 12" SA-105N/SA-106B/SA-516-70N ﬁ«-gg-am 3/8" 12" |38
A
N2 12” SA-105N/SA-234-WPB/ y RRES 172"
SA-106B/SA-516-70N 05'64
bl
N3A, N3B 4 SA-105N FobosT 3 | 7/8"
h
N4 3" SA-105N/SA-106B/SA-516-70N V4.1 % | 3/8" 3/8"
SG1A, SG1B 6 SA-516-70N 'ﬁ}f,.n./ % | 3/8” 3/8”
M1 24" SA-105N/SA-106B/SA-516-70N ,&_(1-;} 3/8” /o
\%
M2 24" SA-105N/SA-106B/SA-516-70N [0, 6615 | 378" VR

QA - 21




INSPECTION & TEST PLAN

AFTER FILTER VESSEL
3A-F-208 F
TITLE Customer:
AFTER FILTER VESSEL .. :
3A-E-208 F Christina Lake Phase 3A
¢/o SNC-Lavalin
PO No. P-5675-02
Cimited
<. ) T e
oL N/a ., ECODYNE
L i‘%{i AMarmon Water/Berkshire Flathaway Company
BY | DATE | T oReoses nemteta 20 T INTERSST OF THS CONPANT AND 5 SURIECE 10
RETURR UPCN REQUEST. .

Dec 19 Client inspection points; 11/12  §F DWG. NO. REV.

B 2012 SNC/MEG Surveillance Level 3; ™ AV DRN TM 2012
Material clarifications
Nov 12 FIRST ISSUE 11/12
A | s ™ { av |caxp | av | D77 32125-A-4356 B
. 11/12
REV DATE REMARKS BY CHKD | APPD ™ 2012
N .,
Page 1 of 10 /?b 32
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INSPECTION & TEST PLAN

@C@@@N@ Limited

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02 .
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {do not fab past this point until accepted)
3A_F-208 F ;67: Witness Point (notification is required per the PO)
. : Review of Documents
Drawing Number: 32125-A-4356 V: Verification that the work has been  satisfactorily completed
REVISION: B ) ) . . M: Monitor ) .
No. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE CRITERIA INSPECTION & CONTROL POINT
DOCUMENT VERIFIED . : o -
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
y Date | Date Date | Date
1 Drawings | Document Log | * confitm scope and the Latest Revisions R . oA R / -
fabrication and Specifications of //
. - : 32125-A-2015 Pressure Vessel
ms;;ecgon dr.a\-mngs are (includes 085354-3010-PV-10,
the latest revision 085354-3010-PV-24 & 085354-4060- a
* Calculations have PS-001) w 6( of 3 R X
been provided for 32125-A-2017 Welding e A7
apptoval (includes 085354-3010-EW-20) T /7/
* " i 1 y -
m]:z:iiaébncauon Registered in Province of W 5( 'ljf 1 ) w 7 W f/" / {'/A/; 7
Albert
N | -sneymEG e '
Surveiliance Level 3 ) ] . ]
2. Weld ASME Section | * confirm that the weld | Approval records / stamp for | W f I R ¥/ - R 17 ’ yes
Procedures X procedures, weld repair the procedures 55"’“ o) / ;
procedures and 4 7t/ <
procedure maps, used /
for the fabrication, have 3
been approved b g §A /
* randomly check that w Qg ZS VS

the approved weld
procedures are being
applied

- check amperage and
voltage during
operation

Page 2 of 10




INSPECTION & TEST PLAN

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

ECODYNE ‘™

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A.F-208 F W: Witness Point {notification is required per the PO)
. R: Review of Documents
Drawing Number: 32125-A-4356 V: Verification that the work has been  satisfactorily completed
REVISION: B o M: Monitor _
NO. ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA _ _
FAB | Sign/ | ECO | Sign/ l SNC | Sign/ | MEG | Sign/ | TC
Date Date Date
3. Welder ASME Section | * ail pressure containing Welder Symbol ) R ” yes

Qualification IX welds have been identified 4 g/ g" / ;
with the welder symbol Welder Qualification /
(either through the physical | / welder qualification
stamping of the weld or continuity log
recording a welder
identification map) !
{welder maps are to be Al
submitted with the final ] 2N
documentation} &’
* confirm that all welders R yglv () / R | “ 7
used on the project have {5 7/

curtent qualifications for
the fabrication facility by
reviewing the welder
qualification records

=
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INSPECTION & TEST PLAN

PROJECT: MEG Energy ~ Christina Lake Phase 3A
ECODYNEJOB: 32123
REFERENCE: PO P-5675-02

@@@@LH]N@ Limited

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {do not fab past this point until accepted)
3A-F-208 F g?’: \g{n}ess I;cgm: (notification is required per the PO}
. H EVICW O 'GCIEMENTS
D!:awlng Number: 32125-A-4356 V: Verification tl'f; tlfe work has been  satisfacrorily completed
REVISION: B M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ TC
. Date Date Dage., . | Date
4. Materials Detail Drawing | * confirm that all Material Test Reports w ; R (/ R ‘ ' yes
materials are in AMT C 3.1B EN10204 ofd 79 / .7
accordance with the ‘
drawing requirements ASME Section II }
* all vessel matetials, W db” { i R ‘%
including attachments, Lift lug materials to be ’ / ;
have traceable material suitable for -45° C —_% K 3
test reports /| > ;
- normalized plate Internal & external ' (7
- confirm chemical €& mechanteal attachments, welded . R 7l /4; l;
properties directly to vessel / o ﬁ !
A pressure components, to
be same grade of
_ material \ ¥
5. Vessel Drawing * confitm that the vessel ASME Section VIII W i R ,;, / / _
Heads heads are as detailed in {7
the drawing U ‘) f 5/ 4 /;
- thickness has been
checked for conformance
to the calculations and
drawing
- report any differences
to Ecodyne immediately 7?/ /
* the head manufacturer Certificate of W 17 R ; / es
has provided certification Conformance A’é (7[} 4 ( 7 / ? Y

and Data Report

U-2A (2-piece heads)

s

Page 4 of 10
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INSPECTION & TEST PLAN

| ECODYNE

PROJECT: MEG Energy - Christina Lake Phase 3A.
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02 . .
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 F RW: ‘gitr}ess I;t;:i)nt (notification is required per the PO)
o W
Drawing Number: 32125-A-4356 V: V:rvilficagon :l::::heem;ork has been  satigfactorily completed
REVISION: B ) ] . M: Monitor
No. ACTIVITY REFERENCE | CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
~ DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
) ) Pate Date Date Date

6. Fabrication Fit-up ASME * misalignment, as a | ASME Section VIII // N . -

a * Strainer plate has tesult of vatiation in w | 2l MA M/V N // gAY Z
been welded & drilled the thickness of the / / </7
in accordance with head to the shell, has
drawing a 3:1 taper when Nozzles are to be 4

b * Top & Bottom greater than located cleas of

" | heads laid out and allowable vessel long & circ e
nozzles fit & welded * the maximum seams w dt 7{] M M/V /(‘ i (/ 7 / ;

c * 8hell plate rolled to allowable A } 1
match the diameter of misalignment of the %’ﬁ
the beads and the fit-up is to be in
long seam welded accordance with > /

d * Fit and weld the section UW 33 y / / /
shell course to the * full penetration w ﬂ()-ﬂ‘[ ; M/V % { 7 / /7
head welding is required / ‘

e * Strainer plate fit & for the two piece f
full penetration strainer plate yd
welded to the shell

f * fit & weld shell
repads and nozzles

£ * fit closing head to
shell section

h * fit legs, clips, etc.

Page 5 of 10

#f




T

INSPECTION & TEST PLAN

PROJECT: MEG Energy - Christina Lake Phase 3A

ECODYNE JOB: 32125

REFERENCE: PO P-5675-02

T

ECODYNE -

AFTER FILTER VESSEL
3A-F-208 F

Drawing Number: 32125-A-4356

TC: Test Certificate Required

: Hold Point (do not fab past this point until accepted)
: Witness Point (notification is required per the PO)

: Verification that the work has been  satisfactorily completed

H.
W
R: Review of Documents
v
M

REVISION: B . : Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ Sign/ | TC
‘ L, Date T} Date ] Date Date
7. Weld ASME * confirm that the weld profile | ASME Section VIII | W : M/V o 6' //, )
Profile and reinforcement age in ]7 '(} ‘ 7)) 3
accordance with UW 35 '
* all weld defects and spatter w M M/V 6’ /?/ 1
has been removed C‘ (7{5 '
, ;:a.ll pressure component edges W }Vﬂ{} M 1 M/V £/rr /i3
ave a minimum radius of 3 mm b ?,_t ‘ 5 /
% all exterior & internal W > M MV P 7 / 3
attachment welds are seal welds Jbﬂ"} é 7,
except as noted and around
vessel seams (unless otherwise J
noted) Kdy
* leg attachment weld is cartied W v ﬂq M/V - 2 /7 // 7

around to the inside of the
flanges

Page 6 of 10
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INSPECTION & TEST PLAN

MEG Energy - Christina Lake Phase 3A

PROJECT:
ECODYNE JOB:
REFERENCE:

32125

PO P-5675-02

A

.

ECODYNE ™

AFTER FILTER VESSEL
3A-F-208 F
Drawing Number: 32125-A-4356

REVISION: B

TC: Test Certificate Requireci

H: Hold Point {do not fab past this point until accepted)

W: Witness Point {notification is required per the PQ)

R: Review of Documents

V: Verification that the work has been  satisfactorily completed
M: Monitor

NO.

ACTIVITY

REFERENCE
DOCUMENT

CHARACTERISTIC
VERIFIED

ACCEPTANCE
CRITERIA

INSPECTION & CONTROL POINT

FAB

ECO SNC MEG | Sign/ | TC

Date

Sign/
Date

Sign/
Date

Visual &
Dimensions

Drawings

Eid

* all drawing dimensions have
been checked

- confirm over-all dimensions
- nozzle pipe schedules are
per the calculations

- nozzles and pads are in the
correct elevation and
orientation

- projecton is correct

- bolt hole rotation and hole
number is correct

- nozzles are level

- strainer plate thickness &
hole i iled

- clips are as detailed and in
the correct orientation and
elevation

= anchor bolt hole locations
are correct

v

* ASME Code w

Drawing tolerances

/ w 4 W ves
oLt 4 /é/ 6 :}L I ‘%4/& 44/ z

A
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INSPECTION & TEST PLAN

ECOBYNE [mte

PROJECT: MEG Energy — Christina Lake Phase 3A

ECODYNEJOB: 32125

REFERENCE: PO P-5675-02 _ .

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
W: Witness Point (notification is required per the PO}
3A-E-208 F R: Review of Documents
Drawing Number: 32125-A-4356 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor ) _
NO. | ACTIVITY | REFERENCE | CHARACTERISTIC VERIFIED ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT CRITERIA i
Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
 Date Date Date j—7 Date
9. NDE Drawing * All NDE has been performed in ASME Section d‘z V/R M/R A yes
accordance with the Code and VIII ? /Vf v {// 5

calculations including all repairs
- RT to include all joint
intersections plus additional
spotin each long & circ & 100%
of long seam of nozzles
fabricated from rolled plate
- MPT lift lug welds
* NDE technicians are qualified to
the applicable association and have
current validation

ASME Section V

Production
Hardness testing
is not required

6% t

~

é)w‘f)/ >

R 7 M/R

- interpretation has been performed
by a minimum of CGSB & SNT

Level II technician in the /
appropriate NDE method | o

10. 2 | Hydrostatic Drawings * Test pressure and temperature

ASME Secti W e VIR Y L ;
ecton f : €s
A L7287 3 b
Test are in compliance with UG 99 VIII obT13 // /2 _

- test duration min of 1 hour } /
b Pneumatic drawing * Reinforcing pads with weep W 4 (62745 V/R W p / ves
Test holes are soap / air tested 4 D/ /2 17

- two weep holes required on
nozzles greater than 10”

- fabricator to provide 3” - V47
diameter nipples in weep holes

®
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INSPECTION & TEST PLAN

ECODYNE

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125 .
REFERENCE: PO P-5675-02 . X . . )
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 F W: Witness Point (notification is required per the PO)
. R: Review of Documents
Drawing Number: 32125-A-4356 V: Verification that the work has been  satisfactorily completed
REVISION: B ) M: Monitor A
NO. ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | BCO | Sign/ | SNC | Sign/ | MEG-] Siga/ | IC
‘ Date Date Date 7 Date
1. Preparation Drawings * all interior hardware has been Quality w W v W N W
for Shipment supplied as detailed on the Requirements He J/7-f) d?‘ 24 / 3
to the Coating drawings (including resin 32125-A-4200 /
. Shop removal blind flange & '
hardware)
(note that * vessel nameplate, etc. have W Wi v W W
 coatmng; been checked for accuracy
installation of . .
nternals and - nameplate to include all Nameplate in SI
Insulation are to information detailed in vessel units
be complered at specification
the coating shop) * vessel bas been prepared for WbtV W W

oy

shipment

- flanges have been protected
from impact with plastic, metal
ot 6mun plywood covers
attached in a minimum of 4
locations

- vessel has been properly
suppotted

Page 9 of 10




INSPECTION & TEST PLAN

ECODYNE ™

PROJECT: MEG Energy - Christina Lake Phase 3A.
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 F g: gitr?ess I;oli)nt (notification is required per the PO)
: eview of Locuments
Drawing Number: 32125-A-4356 V: Verification that the work has been  satisfactorily completed
REVISION: B . M: Monitor i
NO. ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA )
FAB | Sign/ | BCO | Sign/ | SNC | Sign/ | MEG | Sign/ | IC
X _Date Date | Date Date
12 Documents Purchase Req | *all quality documents have Drawings & W y R M/R yes
been checked for accuracy and Code &‘7’7'[;
completeness with
the following documents
submitted to Ecodyne Ecodyne is
- ASME Data Reports responsible for
- ABSA Letter assembly of
- Nameplate copy documentation
- MTR / Map in accordance
- Welder Qualification with project
- NDE reports requirements
- Visual & Dimensional report
- Hydro repott/chart
- ITP & Traveler
- NCR & resolution _ ~
13. Inspection Purchase * confirm that all work has been Drawings & H / H H yes
Release to the Order done per the purchase order and Code

Coating Shop
(for coating &

installation o
inlet &
strainers)

f

all referenced drawings and
specifications
- ITP signed off

Page 10 of 10
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LESENA STEEL LTD

PROGRAM DOCUMENTATION

CUSTOMER: ECODYNE LTD. Date: MARCH/ 05 //2013
JOB No: 12-32 F P. O. No: 321253503
OWNER: MEG ENERGY CORP.

SERIAL No: 0416

C.R.N. No: W1159.2 [ = R —

DRAWING No: 32125-D-2202-01 REV. E

VESSEL TYPE: AFTER FILTER EQUIPMENT No: 3A-F-208 F

CODE: ASME SECTION Vill, DiV.1, 2010 EDITION + 2011 ADDENDUM

DESIGN PRESSURE: 1041 kPa(g) & F.V M.D.M.T.. -29°C @ 103 kPa (g)

DESIGN TEMPERATURE: 120 °C

HYDROSTATIC PRESSURE: 1354 kPa(g) in HORIZONTAL POSITION

WELD PROCEDURE: SMAW-16, 16.2 , SAW-45 & FCAW 40

SHELL THICKNESS AND MATERIAL SPEC.: 19.05 mm NOM - SA-516-70N

HEADS THICKNESS AND MATERIAL SPEC.: TOP: 18.22 mm MIN. & BTM.: 19.05 mm MIN - SA-516-70N

FINAL INSPECTION: 06/27/2013

WELDER (S): 11,2,456,7,8 &9

RADIOGRAPH: LONG SEAM 100% PER UW-11(a),CIRC.SEAMS SPOT 85% PER UW(a)(5)(b); STAMPER RT-2

DATE COMPLETED:  08/27/2013

DATE SHIPPED: 06/28/2013

AFFIDAVIT MAILED:

U-IA DATA FORM MAILED:

REMARKS:

QA-20




e

TRAVELER / QUALITY CONTROL CHECK LIST

CUSTOMER: ECODYNE LTD. JOB No: _12-32 F
VESSEL TYPE: AFTER FILTER SERIAL No:__ 0416
APPROVED BY QA:___Arie Willemsen CRN:WIS9-2
QC Inspector Authorized Customer Date
Inspector Inspector
INITIAL :
Design Calculations & Drawings /% 3/543 p,lma@%' >
Welding Procedures 7%/ 3 /5// 7219% e
CRN M s CLal? R ¥y
Welder Qualifications /%/ 5 /5_/ 3 Q,\t,wp_ 2%
Out of Roundness (UG - 80) AT
Materials o o188 R Zeonig .
Internal Mo gty13 14 Frous g1z
Dimensional A 0.3 \I%')ULJ):F‘ e
Other: '
Repair-by-weld-procedure
TESTS & INSPECTIONS:
Review of Radiography Film & Report | /B~ ,07.0 3 p;k ON2Ee
Arc Strikes, Gouges }7! 06-27:¢ 3
Supports % gL-U1-13
Heat Treatment --- -
Final e 062713 \—Q“;W‘M 2
Hydrostatic Test M 661713 \‘\K B
Name Plate Stamping W ot t74 3 —\\h}zw W s
Data Reports W 061703 | Ryt
Paint 1 - -
; A
Preparation for Shipment %_,, o61213 #
Remarks:

QA-21A
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LESENA STEEL LTD

TRAVELER / QUALITY CONTROL CHECK LIST

CUSTOMER: _ECODYNE LTD.

VESSEL TYPE: _AFTER FILTER

JOB No: 12-32 F

SERIAL No:__0416

DIMENSIONS: 3962mm OD x 2540mm_T/T DWG. No: _32125-D-2202-01 revE:
W. P 1041 kPa (g) P.:_136% kPa(g) CRN.No: _WNW54.2
PRE-REVIEWED BY A 1. 2 = o3 DATE: FEB/4/2013
APPROVED BY QC: /ﬁ
ARIE WILLEMSEN
FITUP & | Cust.
DIMENSIONS . WELD WELD Insp.
. PREP. (dbl., sinl, lap, butt)
TOP HEAD gf=c” T/ o/l DBL., BUTT
i 74 | 9]
BOTTOM HEAD Y —6 A~y 13 DBL., BUTT
SHELL LONG SEAM 9% g 'Zab:i-zz DBL., BUTT
v
FLANGES NOZZELS
OPENINGS
CONN. 1.D. SIZE MATERIAL FITUP & WELD
WELD DIMENSION
PREP. OS / REPAD / IS
N1 12” SA-105N/SA-106B/SA-516-70N |#Z,e.(2-13] 318" 112" 138
N2 12” SA-105N/SA-234-WPB/ )7 4 3/8" 172"
: SA-106B/SA-516-70N Lo |
N3A, N3B 4" SA-105N #, Glzl3] 718"
},
N4 3" SA-105N/SA-106B/SA-516-T0N ¥, 6107 | 3/8” 3/8”
SG1A, $G1B 6" SA-516-70N , 3/g" 3/8"
do b-f2 1
M1 24" SA-105N/SA-106B/SA-516-70N 3/8" \/2¥
Y
M2 24" SA-105N/SA-106B/SA-516-70N | b vqy] 3/8” Vi ]

QA - 21




INSPECTION & TEST PLAN

AFTER FILTER VESSEL
3A-F-208 G
TITLE Customer:
AFTER FILTER VESSEL L
3A-F-208 G Christina Lake Phase 3A
c/o SNC-Lavalin
PO No. P-5675-02
SORLE- /A ECODYNE "
l"l
# l B A Marmon Water/Berkshire Hathaway Company
BY | DATE | TFinroscs oevmento. 10 THE EriReet of THis COMPATY AID (s sunstet 16
RETURK upOH REQUEST.
Dee 19 Chient inspection points; . 11/12 DWG, NO. REY.
B 2012 SNC/MEG Surveillance Level 3; T™M AV DRN T™M 2012
Material clarifications
Nov 12 FIRST ISSUE ‘ 11/12
A o ™ | AV feuo | AV | o 32125-A-4357 B
; 131/12
/ REV DATE | REMARES BY CHKD § APPD ™ 2012
Page 1 of 10 / .
» ]




INSPECTION & TEST PLAN

PROJECT:
ECODYNE JOB:
REFERENCE:

32125
PO P-5675-02

MEG Energy ~ Christina Lake Phase 3A

ECODYNE ™

AFTER FILTER VESSEL
3A-F-208 G
Drawing Number: 32125-A-4357
REVISION: B

TC: Test Cernificate Required

H:
W
R:
v:
M:

Hold Point (do not fab past this point until accepted)
Witness Point (notification is required per the PO}

Review of Documents
Verification that the work has been  satisfactorily completed
Monitor

ACTIVITY | REFERENCE

DOCUMENT

CHARACTERISTIC
VERIFIED

ACCEPTANCE CRITERIA

INSPECTION & CONTROL POINT

FAB

Sign/
, Date

ECO | Sign/

Date |

SNC

Sign/ | MEG
Date

Sign/
Date

TC

1 Drawings | Document Log

A

* confirm scope and the
fabrication and
inspection drawings are
the latest revision
* Calculations have
been provided for
approval
* Pre-fabrication
meeting

-SNC / MEG
Surveillance Level 3

Latest Revisions
Specifications
32125-A-2015 Pressure Vessel
(includes 085354-3010-PV-10,
085354-3010-PV-24 & 085354-4060-
PS-001)
32125-A-2017 Welding
(includes 085354-3010-EW-20)

Registered in Province of
Alberta

et /IW i
Q)l-v?")’ R
%;’-af 13

W

%f/

XN\

2. Weld
Procedures

ASME Section
IX

* confirm that the weld
procedures, weld repair
procedutes and
procedutre maps, used
for the fabrication, have
been approved
* randomly check that
the approved weld
procedures are being
applied

- check amperage and
voltage during
operation

ke

Approval records / stamp for
the procedures

XKt (3

y

A ?{3

4l
1
/

A

2

™\

yes

Page 2 of 10
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INSPECTION & TEST PLAN

ECODYNE

PROJECT: MEG Energy - Christina Lake Phase 3A

ECODYNEJOB: 32125

REFERENCE: PO P-5675-02

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
W: Witness Point (notification is required per the PO)
5A-F-208 G R: Review of Documents
Drawing Number: 32125-A-4357 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ [ SNC | Sign/ | MEG ; Sign/ TC
Date Date Date Date
3. Welder ASME Section | * all pressure containing Welder Symbol W R vz / ves
Qualification X welds have been identified 4 >§_\'§[‘S 7 g 71/ Z
with the welder symbol Weldet Qualification 4 ,
(either through the physical | / welder qualification 4
stamping of the weld or continuity log
’ recording a welder .
' identification map) 57 &

{welder maps are to be
submitted with the final
documentation} )f
* confirm that all weldets R @’{5’!7 R R

used on the project have
current qualifications for
the fabrication facility by
reviewing the welder
qualification records

'

Page 3 of 10
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INSPECTION & TEST PLAN

ECODYNE "™

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {do not fab past this point until accepted)
W: Witness Point (notification is required per the PO)
3A-F208 G -
. R: Review of Documents
Dramg Number: 32125-A-4357 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NOQ. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | 8ign/ | MEG | Sign/ | TC
: Date Date Date Date
4. Materials Detail Drawing | * confirm that all Material Test Reports w ¢ , R 7 R g L / ves
materials are in /NTC 318 EN10204 S A B 7 f"/ o
accordance with the :
drawing requitements ASME Section IT / o7 ) :
* all vessel materials, W )

P including attachments,
) have traceable matetial
test reports
- normalized plate
- confirm chemical € mechanical
praperties

Lift lug materials to be
suitable for -459 C

Internal & external
attachments, welded
directly to vessel
pressure components, to
be same grade of

ot “ A

]

N
O

material L. L L,
5. Vessel Drawing * confirm that the vessel ASME Section VIII w 7 R = -
Heads heads ate as detailed in jr ‘ffs /] %7 ;/ f / ?
the drawing
- thickness has been /

checked for conformance
to the calculations and
drawing

- repott any differences
to Ecodyne immediately
* the head manufacturer
has provided certification
and Data Report

Certificate of
Conformance

U-2A (2-piece heads)

yes

s

I
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INSPECTION & TEST PLAN

PROJECT: MEG Energy - Christina Lake Phase 3A.
ECODYNE JOB: 32123
REFERENCE: PO P-5675-02

ECODYNE ™

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 G W: Witness Point (notification is required per the PQ)
. R: Review of Documents
Drawing Number: 32125-A-4357 V: Verification that the work has been satisfactorily completed
REVISION: B M: Monitor
No. ACTIVITY REFERENCE | CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
-~ DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | BCO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
: Date Date Date
6. Fabrication Fit-up ASME * misalignment, as a ASME Section VIII / ) ) -
* Strainer plate has result of variation in w ! 7 M/V . / //‘7 / j
been welded & drilled the thickness of the % / 577
in accordance with head to the shell, has
drawing a 3:1 taper when Nozzles are to be
b ,| *Top & Bottom greatet than located clear of
heads laid out and allowable vessel long & cite ‘ / (7 /
nozzles fit & welded * the maximum seams W ZM/ v iy
c * Shell plate rolled to " allowable ;, 4 73 / Y %7
match the diameter of misalignment of the ‘
the heads and the fit-up is to be in
long seam welded accordance with 4
d * Fit and weld the section UUW 33 y 7 ,/
shell course to the * full penetration w lél lﬁ} v, M/V ﬁ 7 { i /4 g
head welding js required 9 '
e * Strainer plate fit & for the two piece
full penetration strainer plate
welded to the shell
f * fit & weld shell
repads and nozzles
g | *fit closing head to
shell section
h * fit legs, clips, etc.
{

f

Page 5 of 10




INSPECTION & TEST PLAN

e,

ECODYNE

around to the inside of the

PROJECT: MEG Energy -~ Christina Lake Phase 3A
ECODYNE JOB: 32125
RE E: O P-5675-
ERRENG : 7;;%]‘]3]{ FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 G g’: g’itx}ess l:c])iant {notification is required per the PO)
Drawing Number: 32125-A-4357 V Vgx"lgc;watoion 211:;“;1:: t:rork has been  satisfactorily completed
REVISION: B M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
,Date Date Date Date
7. Weld ASME * confirm that the weld profile ASME Section VIII | W / M/ M/V é? ] -
Profile and reinforcement are in dé(?a /. P /Sz /7 f;
accordance with UW 35 ) / ~ ,
* all weld defects and spatter W g M Nz,
has been removed %M}’ ‘%f 7 /
P * all pressure component edges W M M/V < /
have a minimum radius of 3 mm (){ / ?// {’ ?
* a1t exterior & internal w bg [X.” M & ] f M/V 4 ;
attachment welds ate seal welds &4 ; ,
except as noted and around 7 5/6 %,?
vessel seams (unless otherwise
noted ( 4
*leg ;ttachment weld is carried W J B M/V / / é /zd / 3

flanges

Page 6 of 10
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INSPECTION & TEST PLAN ECODYNE '

PROJECT: MEG Energy - Christina Lake Phase 34
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

AFTER FILTER VESSEL 'TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F-208 G W: Witness Point (notification is required per the PO)
. R: Review of Documents
Drawing Number: 32125-A-4357 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. ACTIVITY REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA

FAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ TC
Date Date Date Date

8. Visual & Drawings * all drawing dimensions have | * ASME Code - w W 7 W ( // / yes

Dimensions been checked 8
- confirm over-all dimensions | Drawing tolerances / PU : "3
[]
4

N

- nozzle pipe schedules are
pet the calculations

- nozzles and pads are in the
correct elevation and
otientation

- projection is correct

- bolt hole rotation and hole
numbet is correct

- nozzles are level

- strainer plate thickness &
hole locations are as detailed

- clips are as detailed and in é 4
the cotrect orientation and
elevation

- anchor bolt hole locations
are correct

W

[Tn

=
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INSPECTION & TEST PLAN

PROJECT:
ECODYNE JOB:
REFERENCE:

MEG Energy — Christina Lake Phase 3A
32125
PO P-5675-02

ECODYNE "

AFTER FILTER VESSEL
3A-F-208 G
Drawing Number: 32125-A-4357
REVISION: B

TC: Test Certificate Required

: Hold Point (do not fab past this point until accepted)
: Witness Point (notification is required per the PO)
Review of Documents
Verification that the work has been
: Monitor

satisfactorily completed

ZoF4R

NO. | ACTIVITY | REFERENCE | CHARACTERISTIC VERIFIED

DOCUMENT

ACCEPTANCE
CRITERIA

INSPECTION & CONTROL POINT

FAB

SNC Sign/ | TC

Date

Sign/ Sign/

Date

9. NDE * All NDE has been performed in
accordance with the Code and
calculations including all repairs
- RT to include all joint
intersections plus additional
spotin each long & citc & 106%
of long seam of nozzles
fabricated from rolled plate
- MPT fift lug welds
* NDE tecbnicians are qualified to
the applicable association and have
current validation
- interpretation has been performed
by a minimum of CGSB & SNT
Level II technician in the
appropriate NDE method

Drawing

ASME Section
VI

ASME Section V

Production
Hardness testing
is not required

EC
¥

M/R

ves

Dage” |

TRAY Cors
%m? % % £/2e/ 3

|
B

-

o

[

10. a '| Hydrostatic

Test

Drawings *Test pressure and temperature
are in compliance with UG 99

- test duration min of 1 hour
* Reinforcing pads with weep
holes ate soap / air tested
- two weep holes required on
nozzles greater than 107
- fabticatot to ptovide 37 - 14¥

diametet nipples in weep holes

b Pneumatic
Test

drawing

ASME Section
VIII

W [/

O
V/R W yes

g

]
Ve
1

s

%

5200 g

£/20

V/R w yes

N

=7
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INSPECTION & TEST PLAN

e,

ECODYNE =

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {do not fab past this point until accepted)
3A-E-208 G EV: gitr.less I;t:)ént (notification is required per the PO)
. : eview of Locuments
Drawing Number: 32125-A-4357 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. ACTIVITY REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT YERIFIED CRITERIA
FAB Sign/ | ECO | Sign/ | SNC Sign/ | MEG | Sign/ | TC
Date Date Date 47 Date
11. Preparation Drawings * all interior hardware has been Quality W @’ qa V W 4 ﬁy
for Shipment supplied as detailed on the Requirements 69241 - 7 ¢ é 3
to the Coating drawings (including resin 32125-A-4200 /] / I
Shop removal blind flange &
hardware) y
’ (note that * vessel nameplate, etc. have W% 1 v W W

 coating, been checked for accuracy

insialiation of . :

imternals and - nameplate to include all Nameplate in SI

insulation are to information detailed in vessel units
be completed at speciﬁcation ¢
the coating shop) * yessel has been prepared for W |gwel? v W W
shipment

- flanges have been protected
from impact with plastic, metal
ot 6mam. plywood covers
attached in a minimum of 4
locations

- vessel has been properly
supported:

wf

Page 9 of 10
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INSPECTION & TEST PLAN

ECODYNE -

PROJECT: MEG Energy - Christina Lake Phase 3A,
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point {do not fab past this point until accepted)
3A-F-208 G I‘;V: ‘;Vitt‘less I:‘%r;t (notifi;ation is required per the PO)
. : W
Drawing RNE“:]nIbsgg §2]§5-A-43 57 v: V::;gca:ion ﬂ?;rrtlli:: work has been  satisfactorily completed
: M: Monitor
NO. | ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
FAB Sign/ | ECO | Si SNC 8i MEG | Si TC
zﬁe ll)%:! D%’? Di:t{
12, Documents Purchase Req | * all quality decuments have Drawings & w Ajf R M/RI S / yes
been checked for accuracy and Code 5Tt % /
completeness with dé ¥ /5/20 / 3
the following documents '
submitted to Ecodyne Ecodyne is
- ASME Data Reportts responsible for
- ABSA Letter assembly of
- Nameplate copy documentation
-MTR / Map in accordance
- Welder Qualification with project
- NDE reports requirements
- Visual & Dimensional report
- Hydto report/chart
- ITP & Traveler
- NCR & resolution _ //7 /
13. Inspection Purchase * confirm that all work has been Drawings & H J; H H\ yes
Release to the Order done per the purchase order and Code . - A2/ 3
Coating Shop all referenced drawings and 2 /
{for coating & specifications
installation of - ITP signed off -
inlet &
strainets)

Page 10 of 10
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INSPECTION & TEST PLAN

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125

ECODYNE “*

REFERENCE: PO P-5675-02
—

AFTER FILTER VESSEL TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
3A-F208 G W: Witness Point (notification is required per the PO)
. R: Review of Documents
Drawing Number: 32125-A-4357 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
NO. ACTIVITY | REFERENCE CHARACTERISTIC ACCEPTANCE INSPECTION & CONTROL POINT
DOCUMENT VERIFIED CRITERIA
EAB | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Date Dage ’7 Date
12. Documents Purchase Req | * all quality documents have Drawings & w y 3 R M/R| b, ves
been checked for accuracy and Code 2w A‘?’ﬂﬂ /
completeness with 06 é S U 3
the following documents
submitted to Ecodyne Ecodyne is
- ASME Data Reports responsible for
- ABSA Letter assembly of
- Nameplate copy documentation
- MTR / Map in accordance
- Welder Qualification with project
- NDE reports requitements
- Visual & Dimensional report
- Hydro report/chart
- ITP & Traveler -
- NCR & resolution ’/? /
13. Inspection Purchase * confirm that all wotk has been Drawings & H )7 H H' y yes
Release to the Order done pet the purchase order and Code . e
Coating Shop all refzrcnced drawings and &‘?’A ¢ i’ ,4 &\ ! ’5
(for coating & specifications
installation of - ITP signed off
inlet &
strainers)

Page 10 of 10




A,
)

LESENA STEEL LTD

PROGRAM DOCUMENTATION

CUSTOMER: ECODYNE LTD. Date: MARCH /05 /2013
JOB Nao: 12-32 G P. 0. No: 321253503
OWNER: MEG ENERGY CORP.

SERIAL No: 0417

C.R.N. No: W1159.2 V= —

DRAWING No: 32128-D-2202-01 REV. E

VESSEL TYPE: AFTER FILTER EQUIPMENT No: 3A-F-208 G

CODE: ASME SECTION VIll, DIV.1, 2010 EDITION + 2011 ADDENDUM

DESIGN PRESSURE: - 1041 kPa(g) & F.V M.D.M.T.. 29°C @ 103 kPa (g)

DESIGN TEMPERATURE: 120°C

HYDROSTATIC PRESSURE: 1354 kPa(g) in HORIZONTAL POSITION

WELD PROCEDURE: SMAW-18, 16.2 , SAW-45 & FCAW 40

SHELL THICKNESS AND MATERIAL SPEC.: 19.05 mm NOM - SA-516 - 70N

HEADS THICKNESS AND MATERIAL SPEC.: TOP: 18.22 mm MIN. & BTM.: 19.06 mm MIN - SA-516 — 70N

FINAL INSPECTION: 06/20/2013

WELDER (S): L1,2,4578&9

RADIOGRAPH: LONG SEAM 100% PER UW-11(a),CIRC.SEAMS SPOT 85% PER UW(a)(5)(b),STAMPER RT-2

DATE COMPLETED: 06/20/2013

DATE SHIFPED: 06/21/2013

AFFIDAVIT MAILED:

U-l1A DATA FORM MAILED:

REMARKS:

QA-20




T,

TRAVELER / QUALITY CONTROL CHECK LIST

CUSTOMER:

ECODYNE LTD.

AFTER FILTER

VESSEL TYPE:

APPROVED BY QA:__ Arie Willemsen

JORE No:

1232 G

SERIAL No: 0417

CcrRN: WS4 1

QC Inspector Authorized Customer Date
Inspector Inspector
INITIAL : : A
Design Calculations & Drawings Ay 2/ /9 f:;}@( MARDT-\
Welding Procedures i ? /5%5, %HM.\X
CRN A 062 3 ﬁéﬂu“ b, U
Welder Qualifications % 3 /5/3, E}ﬁ?\.}mu e
Out of Roundness (UG - 80) o183 W8 ous kg 15
Materials Wi otae-13 EF o€ 0%
internal JM__ oh1£-(3 ,5-(3; Vi BN 7
Dimensional ol 49413 \"Zﬁuu'wa\“)
Other;
Repair-by-weld-procedure
TESTS & INSPECTIONS:
Review of Radiography Film & Report | /L g4/ yﬁg DON D0, '
Arc Strikes, Gouges I a¢ A3 '
Supports I a3
Heat Treatment - -
Final Vo 56203 | W5 a0 15
Hydrostatic Test m_, 0d-20¢3 ﬂ\é’}\) o £
Name Plate Stamping I o003 H\ﬁf?\: A7
Data Reports Jp— oo . Hf PIINPYSLS
Paint =
Preparation for Shipment %__ 52047 e
¥ Remarks:

QA-21A




A,

LESENA STEEL LTD

TRAVELER / QUALITY CONTROL CHECK LIST

CUSTOMER: _ECODYNE LTD.

VESSEL TYPE: _AFTER FILTER

JOB No: 12-32 G

SERIAL No:__ 0417

DIMENSIONS: 3962mm OD x 2540mm_T/T DWG. No: 32125-D-2202-01 rev.&2
W.P.._10Y%/ kPa(g)  T.P. 1354 kPa(g) CRN.No: _WWS. U
PRE-REVIEWED BY A. I, _ #=— Yah& =i, {x DATE: FEB/4/2013
APPROVED BY QC: %
ARIE WILLEMSEN
FIT UP & Cust.
DIMENSIONS . WELD WELD Insp.
y \ PREP, {dbl., sinl, lap, butt)
TOP HEAD PYIAA 2275 DBL., BUTT
BOTTOM HEAD g - ct YK DBL., BUTT
1
SHELL LONG SEAM ¢ (4 I DBL., BUTT
vy
FLANGES NOZZELS
OPENINGS
CONN. 1.D. SIZE MATERIAL FIT UP & WELD
WELD DIMENSION
PREP. 08 / REPAD 1 18
N1 12" SA-105N/SA-106B/SA-516-70N |dvb (17 | 3/8" ARERS
i
N2 12" SA-105N/SA-234-WPB/ 3/8” 12"
SA-106B/SA-516-70N ﬁf{ L4
}
N3A N3B 4" SA-105N b i3 | 718
3
N4 3 SA-105N/SA-106B/SA-516-70N |V (L3 | 3/8" 3/8”
' |
SG1A, SG1B 6" SA-516-70N T ELS 3/8”
3,
M1 24" SA-105N/SA-106B/SA-516-70N [% 172 [ 3/8" [\
\
M2 24" SA-105N/SA-106B/SA-516-70N [Gi-(Lr—13/8" [Vl

A

QA - 21




INSPECTION & TEST PLAN
LINING & COATING
T JWAC Vossels

TITLE Customer;
INSPECTION & TEST PLAN MEG Energy CO]-poration
LINING & COATING ; ]
Filter & WAGVeascls— Christina Lake Phase 3A
c/o SNC-Lavalin
PC Mo. P-5675-02
. =2 Limited
wnn | ECODYNE
i A Marmon Waker/Betkshive Hathaway Company
BY | DATR | T e
A, . '
Dec it Client inspection points; YN P\" 11/12 | DWG. NO, REV.
B 2012 SNC/MEG Surveillance Lovel 3 T™ AV | DR ™ 2012
MREG shipping protection pioc
Noviz FIRST ISSUE 11/32
A | e ™ | av Jommo | av | DA 32125-A-4501 B
11712
REV DATE | REMARES BY CH'KD AXPD ™ 2012

Page 1 of 8




INSPECTION & TEST PLAN

PN

ECODYNE "™

PROJECT: MEG Energy - Christina Lake Phase 34
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02 .
LINING & COATING TC: Test Certificate Required H: Hold FPoint (do not fab past this point until accepted)
A cssels W: Witness Point {notification reguired pec PO}
Y/ IR . R: Review of Documents
DRAY (BER: 32123-A-4501 V: Verification thatwork has been satisfactorily.completed
REVISION: B M: Monitor .
No. | Quality Related Reference Charactetistic Acceptance Critetia Inspection & Control Poiat
Activity Document Verified
Signs | SNC | Sign/ | MEG | Sign/ | AC
Date DEic Diare
1 | Drawings & Document * confirm that the Latest Revision R 7 -
Specifications Log fabrication and —r ;/ 2O
inspection drawings %ﬁtgg‘;’m , - / A ;J&’ 4 3
are the latest tevision = IPeg
. (includes (5T54-3010-RL-67 & 085354
- SNC/MEG 3010-RE-70)
A Surveillance Level 3 32125-4-2013 (coating spec)
(Tacludes P85354-3620-FC-50)
NACE
vl .
2. | Matesials Detail * confirm thatthe | Material Identification on R ;Q//’ A -
Diawings matetialis as Product Labels - / A 5(.%/ 'S
detailed o the .
drawing

* confitm that the
materials ate not past
ezpiry dates and do
not appeat unusable

b L Q;g@’ﬁ

Page2 of 8




INSPECTION & TEST PLAN

PROJECT: MEG Egergy - Christina Lake Phase 34

ECODYNEJOB: 32125

REFERENCE: PO P-5675-02

o

ECOBYNE "

LINING & COATING
Filter & WAC Vessels
DRAWING NUMBER: 32125.A-4501

REVISION: B

EC: Test Certificate Required

H: Eold Point {do not fab past this point untl accepted)
W: Witness Point (notiffcation, required per PO}

R: Review of Documents

V: Verdfication thatwork has been satisfactorily completed
M: Monitor

No. | Quality Related
Activi

Refetence
Document

Chatacietistic Verified

Acceptance
Criteria

Inspection & Control Point

Sign/

Date

ECO | Bign/ | 8NC | Sign/ | MEG | Sign/ | TC
Date Date, Date

3. Interiox Surface
Preparation for WAC
Vessels

Drawings
Devon spec

NACE

* Visual inspection of interiox
cathon steel areas to confirm
all arcas to be lined have been
blasted

- blast profile has been
checked for compliznee to the
rubber [ coating

[ manufacturer’s data sheet &

drawing / specification

= recoidd the results of the
profile compartatot
* Daily log has been
maintained to record all
pertinent information

SSPC SP-5

INEZ2Ne

LW
N

R M/R ; /

Page 3 of 8
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INSPECTION & TEST PLAN

PROJECT: MEG Egetpy - Chyistina Lalke Phase 3A.

ECOLYNE JOB:

REFERENCE: I‘O P-5675-02

o

ECODYNE

& CO
essds
DRA EIL 32125-A-4501

REVISION: B

TC: Test Certificate Required

H: Hold Poiat (do not fab past this point until zn:ceptcd)
W: Witness Point (notification required per PO)

R: Revicw of Documents

V: Verification thatwork has been satisfactorily completed
M: Moanitor

No- | Quality Related
Activity

Reference
Document

Characterstic Verfied

Acceptance Criteria

Inspection & Control Point

Siga/

Dare

EGCO | Sign/ | SNC .Signf MEG | Sign/ | TC
Date | Date /Date

4. Interior Lining of
WAL Vessels .,

Drawings

R YEial inEpectionrof the lined

* Confirm the material by
checking documentation and
batch numbers
*Jining thickness has been
confirmed

-  Yinch

surfaces with all dettimental
defects (blisters, voids, ete.)
corrected

- lining has completely covered
all interior smfaces that are not
alloy

* Continuity of the entite Hning
checked with a High Voltage
Spark Tester (voltage pex data
sheet) -

~ Pin Hole Free

* Check the hardness of the
lining is in conformance with the
data sheet

* Record eritical information in
daily log

WP
A 77—

Rubber Data Sheets

V/R

R

BAVEES (‘/af/,é/;z

f; 7
.

& .

i

e 74

23
4

|

e

V/R /W

Page 40f8
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INSPECTION & TEST PLAN

ECODYNE

PROJECT: MEG Energy - Chderina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-12
LINING & COATING TC: Test Certificate Required H; Hold Point (do not fab past this point vl aceepted)
Filter & WAC Vessels W. Witmess Point (nm:ific:nion rcquired per PO)
DRAWING NUMBER: 32125-A-4501 v Beview of Documents factort
: Verification that work bas been satisfactorily completed
REVISION: B M: Monitor
No.| Quality Related Reference Chatactetistic Verified Acceptance Inspection & Control Point
Activity Document Criteda
APE | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sige/ | 1C
Date Date _1— Date
5. | Extedor Surface | Drawings * Confirm material by checking SSPC SP10 W RSV e
Preparation of docursentation and batch mumbers -—7??/
ter & WAC * Visual inspection to confirm all areas w R/V _743 e
Sels have been blasted to the appropriate blast | Paint
condition Manufacturer L~
% Blast profile has been checked for Data Sheets w R/V %’
compliance to the equipment detail
drawing & paint manufacturer’s data
sheet
- record the reswlts of the profile \ / 7/
comparator W A R/V szzy
* Daily log has been maintaiped to record o '
all pertinent information
P D)
6. | Extesiorlining & | Drawings *Visval inspection to confirm all areas are | Lining & W w ! ZQ /// yes
coating of Filter & free of detriraental paint defects and coating Data
WAC Vessels inclusions Sheets o
*Thickness checked in accordance with, w M/V /7/
SSPC PA-2. SSPC PA-2 /
* Daily log has been maintained to record w R/V 7
all pertinent information (see above) Drawings/
Specification

h&!ﬁm 8/

Page 50f8
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INSPECTION & TEST PLAN ECODYNE *

PROTECT: MEG Energy - Christine Lake Phase 34
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02
TINING & COATING TC: ‘Test Certificare Required H: Hold Point (do not fab past this point untif accepted)
Filter & WAC Vessels W Wimess Point (notification required per PO}
R: Review of Documents
DRAWING NUMBER: 32125-A-4501 Vi Verification that work has been satisfactorily completed
REVISION: B M: Monitor
No. | Quality Relared Reference Characteristic Verified Acceptance Criteria Inspection & Contxol Point
Activity Document
APP S@éi‘i ECO | Sign/ | SNC | Siga/ | MEG | Siga/ | TC
. Date Date™ Ty Date
5, | Vessel Internal Drawings * Inlet hub/lateral distrbutor | Drawings — proper W | e W W N -
Instaliation for is installed in accordance with | assembly & / ”7]?
Filters & WAC the assembly detail drawings. hardware f 77
Vessels - all hardware and gasket /
material is cortect and Connections that ase
assembled as detailed located in. the media
* Serainers are assembled as zone that have w w

detailed - Filter Vessels with openings greater
stainless steel / WAC Vessels than 0.010% are to be
with PVDF (Bynar) corrected

- confirm propet torque and
seat .

- confirm steainers ace
propesly seated (L-Bolt
prope:ly engages in strainer
hele) with a maximuom gap of
0.010° between the strainer
plate and the strainer cap

a /o fr Afer FiHus Q
Page 6 of §




INSPECTION & TEST PLAN

PROJECT: MEG Energy ~ Christina Lake Phase 34

ECODYNEJOB: 32135

REFERENCE: PO P-5675-02

ECODYNE "

LINING & COATING

Filter & WAC Vessels
DRAWING NUMBER: 32125-A-4501
REVISION: B

TC:

Test Certificate Required

H: Hold Point (do not fab past this point watil aecepited)
W: Witness Point (notification required per PO}

B: Review of Documents

V: Vedfication thatwork has been satisfactorily completed
M: Menitor

MNo. | Quality Related
Activity

Reference
Document

Characteristic Verified

Acceptance
Criteria

Inspection & Control Point

Sign/ | BCO | Sign/ | SNC Sign/ | MEG Signf | TC
Dare Date Date Pate

3. Preparation for
Shipment

Drawings

# Vessels are 3@( shipping to Bcodyne
{i.e. shipping direct to site after
insulating)

- flange faces of Filter Vessels are
coated with an easily removable rust
preventative coating {not applicable for
lined WAC Vessels}

- zll flanges are protected with bliad
flanges

- all hardware has been supplied and
propetly asscmobled as detailed on the
drawings

- sight glasses have been installed and
bardware with proper torque (note must
be checked again after transport)

- intetior is free from debris (Filter
Vessels bare 8 clean / WAC Vesscls
lined)

- vessel identification markings,
nameplate, etc. have been checked for
accuracy

~ tepad weep holes have extensions
installed

- equipment bas been propesly
supported to prevent damage during
shipping 73

32125-A~4200

& MEG shipping Z
proteciion. procedure
085354-3010-PG-10

(P

2% b T
sifr % 4

-

Page 7 of 8
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INSPECTION & TEST PLAN ECODYNE

PROJFECT: MEG Energy ~ Chuistina Lake Phasc 34
ECODYNEJOB: 32025
REFERENCE: PO P-5673-02

LINTNG & COATING TC: Test Certificate Required H: Hold Poiat (do not fab past this peint until accepred)
Filter & WAC Vessels . W: Wimess Poine (notification required per PO)
DRAWING NUMBER: 32125-A-4501 B: Dovicw of Documents e
+ V: Verification thatwork has been sarisfuciorily compieted
REVISION: B M: Monitor
WNo. | Quality Related Reference Characteristic Verified Acceptance Inspection & Control Point
Activity Document Criteria
APP | Sign/ | BCO | Sign/ | SNG | Sign/ | MEG | Sign/ | TG
Dare Dite Dase™] Date
% Documentation Purchase #* all quality documents have Drawings & w /\f; R M/R s yes
Redquisition been checlked for accuracy and | Standards
completeness with the Sizin 7
following documents provided N Afder [/
to Ecodyne for the final Gles | (A
Quality Dossier i
- Lining & coating 4
certification
« ITP and Checklists
- 2
10. | Inspection Release | Purchase * confirme thar all work Purchase Qrder H f.,/ H .
Ordex identified in the purchase 7
otder, deawings, specifications Sl /1z
aad ITP have been Addar
satisfactorily completed Fi b
- ITP signed y:

Page 8 of 8
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INSPECTIO TEST PLAN

INSULATION -

Ve..d

| OO Y0

\\E‘Jg—-}“‘

@ &W Vessels

s AN
N &()8 'F:\

TITLE Customer:
INSULATION o )
Filter & WAC Vessels Christina Lake Phase 3A
clo SNC-Lavalin
PO No. P-5675-02
SCALE - N/A CC@.@&)N@ Limied
[ ] I W A Marmon Water/Berkshire Hathaway Company
f)l\”\ L~ BY | DATE m%?&@%&ﬁ&ﬁi%gﬁﬁ%&ﬁ%ﬁ:ﬁ ARa6 0TI
Dec1? Client inspection points; “'UI:‘ Pv 11/12 | BWG. NO. REV,
2012 SNC/MEG Surveiliance Level 3; ™ AV DRN ™ 2012
MEG shipping protection proc
Noviz' FIRST ISSUE 11/12
Yo T™ | av |cugp | av | 3F 32125-A-4502 B
DATE | REMARKS BY | cumo |aren | 1M | W2

Page 1 of3




INSPECTION & TEST PLAN

PROTJECT: MEG Energy - Christina Lake Phase 3A

ECODYNE JOB: 32125

REFERENCE: PO P-5675-02

ECODYNE -

INSULATION FC: Test Certificate Required H: Hold Point (do not f2b past this point until accepted)
Filter & WAC Vessels . W: Witness Point (notification is required per the PO)
. R: Review of Documents
Drawing Number: 32125-A-4502 V: Verification that the work has been  satisfactorily coropleted
REVISION: B M: Monitor
No.| Quality Related Reference Characteristic Verified Acceptance Criteria Inspection & Conttol Point
Activity Document- ’
INSUL | Sign/ [ ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
) Date Date Date | ~— | Date,
1L | Drawings & Document | * confirm that the fabsication Latest Revision R e R R , / / 1
Specifications Log and inspection drawings are d ;{;{} e/7 )
A the latest revision Spﬂdﬁmzf‘;;ﬂs - }/ ;
. 32125-4-2017 -
« SNC/MEG Surveillance Level 3 (imcluddes 085354-3010- ».Lf*ﬁd' ¢
- IN-00) 1%
o P
2. | Materials Detail * all insulation, caulking, Material R/W R R ( D yes
Drawings jacketing and hardware Identification on % ) . ?///‘} o /743
matetials in accordance with Product Labels 8 t j
specification data sheets ¥ ?
. Jpe -4
- 38mm mineral wool & Ay
insulation blanket for manways & )
- Filter Vessels with corrugated _
aluminum - 0.5mm thick / LS

WAC Vessels with stainless
steel cladding — 0.25mm thick
- 8s clips, bands, screws
{Robertson head)

- all insulation materials shall
bave a flame spread
classification not to exceed 25
when test in accordance with

ASTM E84

Page 2 of 3
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INSPECTION & TEST PLAN

PROJECT: MEG Energy ~ Christina Lake Phase 34,
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

ECODYNE -

INSULATION TC: Test Certificate Required H: Hold Point (do not fab past this point untl accepted)
Filter & WAC Vessels g: g/iu:}ess I;_"];“t (“mifit‘?ﬁ"n required per PQ)
H SView Q. QCUmen
DRAWING NUMBER: 32125-A-4502 V: Verification thatwork has been satisfactorily completed
REVISION: B M: Monitor
No. | Quality Related Reference | Characteristic Verified Acceptance Inspection & Control Point
Activity Document Criteria
INSUL | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | IC
Date .| Date Date 4 Date
3. Installation Drawings * Instaflation in accordance with | specification W = A M/V _ Q/ / / 3
specification :’3;%,3’ ﬁ_}a‘{{; v Z&/7/1
ot 7
4. Cladding Drawings * jnsulation is clad as detailed in specification w ﬂ;gg’; v/ | M/V %;\'/ - / 2
specification Fivr /Zfl { ; 41/ A ’
s 4 ~
5. Preparation for | Drawings * Vessels equipment properly 32125-A-4200 W e v/ W _\ﬂ’
Shipment supported and suitably protected | & MEG shipping A e 1,
protection procedure j;?’y q{ﬂfl [ )
085354-3010-PG-10 e
225 2
6. Documentation | Purchase * all quality documenis have been | Drawings & Code W - R R 4 yes
Requisition | checked for accuracy and 5Cn
completeness with copies of the oy j;
following documents provided to 2% 5{] ?/q
Ecodyne ' )
- Material cextifications L5
- ITP a o
7. | Inspection Purchase * confirm that all wotk identified | Purchase Order H r:% H i ]
Release Order in the purchase order, drawings, " ‘ k“/c\ [ 1 ;
specifications and I'TP have been “-g‘;-'*“"’" A
satisfactorily completed i
- TTP signed SN

Page 3 of 3
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INSPECTION & TEST PLAN
INSULATION - Filter & WAC Vessels

- o~ ‘?} - g, ) - P
ia“‘) /{3‘ \&(JL_J ;Zé‘s 25t >
Vewce K0T X
TITLE Customer:
INSPECTION & TEST PLAN MEG Ene rgy Corporaﬁon
INSULATION '
Filter & WAC Vessels Christina Lake Phase 3A
cfo SNC-Lavalin
PO No. P-5875-02
SCALE - N/A CC@'H#NE Limiled
l I W A Marmon Water/Berkshire Hathaway Company
m / BY DATE VIPT‘SB?MWWOIS‘IHE Pmi:;::m:;:aﬂ]! Norm BE%?]%EFS"“TA;“
Dec19 Client inspection points; “'Ur‘ P‘- 11/12 | DWG. NO. REV.
B pitivd SNC/MEG Surveillance Level 3; ™M AYV DRN T™ 2012
MEG shipping protection proc
Nov12 PIRST ISSUIE 11/12
A | TM | AV | cHED | AV | o 32125-A-4502 B
1/12
REV DATE | REMARES BY { CHED | APPD T™ 2012

Page 1 of 3




INSPECTION & TEST PLAN

ECODYNE "

« 38mm mineral wool &
insulation blanket for manways
- Filter Vessels with corrugated
aluminmm — 0.5mhm. thick /

M ’

PROJECT: MEG Energy ~ Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
INSULATION TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
Filter & WAC Vessels W: Witness Point (notification is required per the PO)
N R: Review of Documents
Drawing }R\I];:l:;g;’(:) 13_2]]:3’25‘A'45 02 V: Verification that the work has been  satisfactorily completed

H M: Monitor

No.| Quality Related Reference | Characteristic Verified Acceptance Criteria Inspection & Control Point
Activity Dotument: '
INSUL | Sign/ | BCO | Sign/ | SNC | Sign/ | MBEG | Siga/ | TIC
Date Date Date _{—y Date »
1. | Drawings & Document * confirm that the fabrication Latest Revision R |- R "R L, :('g/? /, g
Specifications Log and inspection drawings are ‘?{:ﬁ? VA
A the latest revision gpfﬁ“ﬁaﬂs o J 4
) . 212542017 M WTN3
SNC/MEG Survsillnse Lol 3 | 22407 o o q[” /
[ IN-O0} = N
P 217
2. | Materials Detail * all insulation, caulking, Material R/W R R ‘ / / yes
Drawings jacketing and hatdware Identification on ﬁ; 4; Fef7/:3
materials in accerdance with Product Labels &
specification data sheets e

WAC Vessels with stainless
steel cladding — 0.25mm thick
- ss clips, bands, screws
{Robertson head)

- all insulation materials shall
have a flame spread
classification not to exceed 25
when test in accordance with

ASTM E84

Page 2 of 3




INSPECTION & TEST PLAN

PROJECT: MEG Energy ~ Christina Lake Phase 3A

ECODYNEJOB: 32125

REFERENCE: PO P-5675-02

ECODYWNE ‘e

INSULATION TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
Filter & WAC Vessels W: Witness Point (notification required per PO)
R: Review of Documents
DRAWING NUMBER: 32125-A-4502 V: Verfication that work has been satisfactorily completed
REVISION: B M: Monitor
No. | Quality Related | Reference | Characteristic Veriffed Acceptance Inspection & Control Point
Activity Document Criteria
INSUL | Sign/ | BCO | Sige/ | SNC | Sign/ | MEG | &iga/ | TC
Date Date Date L—— I Date
3. Installation Drawings * Installadon in accordance with specification W <Es R M/V <] 7& 3o /7 /.5 ,;
specification (oo ‘ :
53| o il —’
4. Cladding Drawings *jnsulation is clad as detailed in specification A /B MV Zo ﬁ / el
specification e ) 7 ,
B anS 25? 3
5. | Preparationfor | Drawings * Vessels equipment properly 32125-A-4200 W s "V/R ) " W
Shipment supported and suitably protected | & MEG shipping F
. N
prodection procedure o ) ;
085354-3010-PG-10 o ? /
zois Vi
6. Documentation | Purchase * all quality documents have been | Drawings & Code w 2 R R ves
Requisition | checked for accuracy and -,
- . Sl
completeness with copies of the L, - )
following documents provided to . ( iq { / 3
Ecodyne ' e q
- Material cetfifications 4
- ITP 7
7. Inspection Purchase * confirm that all wotk identified | Purchase Order H cfg H H i o
Release Order in the putchase ordet, drawings, Ty
specifications and I'TP have been b ? 2 5 i
satisfactorily completed 1 -
- ITP signed AN

Page 3 of 3
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INSPECTION & TEST PLAN
INSULATION - Filter & WAC Vessels

OO % ComblTe
. —— . N S
TITLE Customer:
INSULATION . :
Filter & WAC Vessels Christina Lake Phase 3A
c/o SNC-Lavalin
PO No. P-5675-02
SCALE - N/A CC@.L{{%’N@ Limited
l l L A Marmon Water/Berkshire Hathaway Company
n{\”\ - BY DATE 'FHIS BRAWNGHTHEPROFERT:;EE:"?FL?J;}T'E msrm"masm Funmr
Dec 19 Client inspection points; U;' Pg- 11/12 § DWG. NO. REV.
2012 SNC/MEG Surveillance Level 3; ™M AV DRN TM 2012
MEG shipping pretection proc
Nov 12, FIRST 1SSUE 11712
2012 ™ | AV |emo | av | B 32125-A-4502 B
DATE | REMARKS BY | CHED [|ArPD { T™ ’;5’ by
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INSPECTION & TEST PLAN

ECODYNE

PROJECT: MEG Energy - Christina Lake Phase 3A,
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
INSULATION 'TC: Test Certificate Required H: Hold Point {do not fab past this point until accepted)
Filter & WAC Vessels W: Witness Point (notification is required per the PQ)
. R: Review of Documents
Drawing Number: 32125-A-4502 V: Verification that the work bas been  satisfzctorily completed
REVISION: B M: Monitor
No.| Quality Related Reference Chatacteristic Verifted Acceptance Criteria Inspection & Control Point
Activity Document- ’
INSUL | Sign/ | BCO | Sign/ | SNG | Sign/ | MEG | Sign/ | TG
Date Date Dage Daie
1. | Drawings & Docoment | * confirm that the fabrication Latest Revision R ,,:;4: R R L
Specifications Log and inspection drawings are o g / /
A the latest revision jpﬂcﬂiﬂztgl’;s Toner
. 2125 WAL
- SNC/MEG Surveiliance Level 3 (incldes 085354-3010- ‘e 13} }
" INL0g) . &
e .
2. Materials Detail *all insulation, caulking, Material R/W . R R r L yes
Drawings jacketing and hardware Identification on jfg -

matetials in accordance with Product Labels 8 L.

specification data sheets [Fonar %% g

- 38mm mineral wool & i [

insulation blanket for manways ’

- Filter Vessels with cotrugated TN

alwminum — 0.5mm thick / d

WAC Vessels with stainless

steel cladding —~ 0.25mro. thick
- 55 clips, bands, screws
{Robertson head)

- all insulation materials shall
have a flame spread
classification not to exceed 25
when test in accotdance with

ASTM E84
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INSPECTION & TEST PLAN

@E@@L{I{JN@ Limited

PROJECT: MEG Energy - Christina Lake Phase 3A.
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
INSULATION TC: Test Certificate Required E: Hold Point (do not fab past this point until accepted)
Filter & WAC Vessels E \:ih:}ess 1?;)1!11‘. (notiﬁt(s:ition required per FO)
DRAWING NIUMBER: 32125-A-4502 V: V:rv;ﬁe::.t?bn 213:?;21‘1: has been satisfactorily completed
REVISION: B M: Monitor
No. | Quality Related | Reference | Charactedstic Verified Acceptance Inspection & Control Point
Activity Document Critedia )
INSUL | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Jp Datz Dae™ 1y Date
3. Installation Drawings * Installation in accordance with specification W LY R M/V Ny
specification , / —f/
® 1§13 A
4. { Cladding Drawings * insulation is clad as detailedin | specification i M/ LV
specification ) ) 76 /
LALIUL
5, Preparation for | Drawings * Vessels equipment properly 32125-4-4200 7 w %
Shipment supported and suitably protected | & MEG shipping /
protection procedure /,,5
085354-3010-PG-10 ¢ l (¥
o
6. | Documentation | Purchase * all quality documents have been | Drawings & Code R N yes
Requisition | checked for accuracy and #
completeness with. copies of the v
following documents provided to 1#] i
Ecodyne ‘ g/
- Material certifications
- ITP
7. Inspection Purchase * confimm that all work identified | Purchase Order H P, H | H
Release O1rder in the purchase ordet, drawings, : 3 g—l( 1
specifications and ITP have been F &
satisfactorily completed Zg_{;
- ITP signed. “
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INSPECTION & TEST PLAN

INSULATION —

FOOD Ve ComPFTd

Filter & WAC Vessels

fosesT B Jotk

yEcwe  FOXD
TITLE Customer:
SULA’ '
Pﬂgj & WAR?:;& Christina Lake Phase 3A

cfo SNC-Lavalin

PO No. P-5675-02

casn [ EEODYNE ™™
l I & A Marmon Water/Berkshire Hathaway Company
THIS DRAWING §58 THE PROPERTY OF ECOOYHE LIUITED, 5T 43 KOT TO BE UEED FOR ANY
/MJ\ L~ BY DATE PURPOSES ﬂzrmus}rm.‘rn'mi s:;ﬁ&eas!}' :EFCE;S COMPARY ANIHS GUBJECT TO
Decly Client inspection points; “’U; P¢ 11/12 | DWG. NO. REV,
2012 SNC/MEG Surveillance Level 3; M AV DRN ™ 2012,
MEG shipping protection proc
Noviz FIRST 183UE 11/12
fov ;. ™ | Av jcmED | av | U/0 32125-A-4502 B
DATE | REMARKS BY |cHEp farep [ v | S/
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i,

INSPECTION & TEST PLAN

ECODYNE Hmited

PROJECT: MEG Energy - Christina Lake Phase 34
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
INSULATION TC: Test Certificate Required H: Fold Point (do not fab past this pomt until accepted)
Filter & WAC Vessels W: Witmess Point {notification is required per the PO)
Deawing Number: 32125-A-4502 B: Review of Documents
WIDg SNumber: = ¥: Verification that the work has been  satisfactorily complete
REVISION: B M: Monitor :
No. | Quality Related Reference Characteristic Verified Acceptance Criteria Tnspection & Control Point
Activity Document: ’
INSUL | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Date Date _+— Date
1. | Drawings & Document | * confitm that the fabrication | Latest Revision. R | % R R < 1
Specifications Log and inspection drawings are . .::7447/
A the latest revision ?gzﬁcﬂzﬁf T |4 ¥ } { ;,
- SNC/MEG Surveillance Lasel 3 | SZADIT - oot < 7
- TIN-04)
Pats, P
2. | Materials Detail * a]l insulation, caulking, Material R/W R 4 R { yes
Drawings jacketing and hatdware Identification on % 3 o o~

matetials in accordance with Product Labels & - 5§ (

specification data sheets e !

- 3%mm mineral wool & T A

insulation blanket for manways

- Filter Vessels with cotrugated S ls

alaminum ~ 0.5mm thick /
WAC Vessels with stainless
steel cladding — 0.25mm thick
- 88 clips, bands, screws
(Robertson head)

- all insulation materials shall
have a flame spread
classification not to exceed 25
when test in accordance with
ASTM Eg4
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INSPECTION & TEST PLAN

ECOBYNE “

PROJECT: MEG Energy — Christina Lake Phase 34
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
INSULATION TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
Filter & WAC Vessels g Wﬁ'i:::::;‘;;n: (not;flitt;ation required per PO)
DRAWING NUMBER: 32125-A-4502 V: Verification ﬂcluz.?work has been satisfactorily completed
REVISION: B M: Monitor
No. | Quality Related Reference | Characteristic Verified Acceptance Inspection & Conirol Point
Activity Document Critetia
INSUL Sign/ | ECO Sign/ | SNC | Sign/ | MEG Sign/ TC
Date 1 Date Dage—{") Date
3. | Installation Drawings * Installation in accordance with | specification W |AwE | R MV S
specification 4 ”d’; 2 4 { %Q/
D { %
3 g C 0
4. Cladding Drawings *insulation is clad as detailed in | specification w Qé){nf} v/ 1 M/V ¢7§
specification ﬁ% . L(} ,7’
r i ™S Ke s P
5. Preparation for | Drawings * Vessels equipment properly 32125-4-4200 w poc | V/R w f ;’/
Shipment suppotted and suitably protected | & MEG shipping < | ] 7z
Jprotection procedure TRy . B l { y
085354-3010-PG-10 2 &
& )
6. Documentation | Purchase * all quality documents have been | Drawings & Code W - "R R " yes
Requisition | checlted for accuracy and N_i“‘ «’7/
completeness with copies of the ke [ &I 9 v
following documents provided to Zex s
Ecodyne '
- Material certifications & '
- ITP .
7. Inspection ‘Purchase * confirm that all work identified | Purchase Order H A J H
Release Order in the putchase order, drawings, #® Q:C’ U;
specifications and ITP have been 25
satisfactorily comapleted %
- ITP signed
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oo,

INSPECTION & TEST PLAN
INSULATION - Filter & WAC Vessels

VeSS 8oy

TITLE Customer;
INSULATION ) }
Filter & WAC Vessels Christina Lake Phase 3A
c/o SNC-Lavalin
PO No. P-5675-02
- Limited
wosn | ECODYNE
2
X W& A Marmon Water/Berkshire Hathaway Company
W/ BY | DATE “@Eé’&“&%ﬁ&ﬁﬁﬁ%&éﬁ%ﬁ@gﬁmﬁﬁ‘fé’é‘js‘@#é"
Dec19 Client inspection points; "U]_‘ Pg\ /12 | DWG. NO. REY,
2012 SNC/MEG Surveillance Level 3; ™ AV DR ™M 2042,
MEG shipping protection proc .
Nov12 FIRST 1SSUE /12
b ™ | Av |cHED | AV | L4 32125-A-4502 B
DATE | REMARKS BY {curp {arep | ™M ’%g
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P

INSPECTION & TEST PLAN

AT

ECODYNE

PROJECT: MEG Energy ~ Christina Lake Phase 34,
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
INSULATION TC: Test Certificate Required. H: Hold Point (do not fab past this point until accepted)
Filter & WAL Vessels W: Witness Point (notification is required per the PO}
ing N . 37 450 R: Review of Documents
Deawing Number: 32125-A-4502 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
No.| Quality Related Refetence Chatacteristic Verified Acceptance Criteria Inspection & Control Point
Activity Document: '
TNSUL | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Date Date]) Date
1. | Drawings & Document ¥ confirm that the fabrication Latest Revision R |~z R R % K
Specifications Log and inspection drawings are 7
A the latest revision Specifications T
; 32125-A-2017 -
- SNC/MEG Swrosilines Lawel 3| 32242007 . ”15
| INLG) _ q - 13
20D | £ ] L
2. | Materials Detail #all insulation, caulking, Material R/W | . R R o yes
Drawings jacketing and hardware Identification on Il '
materials in accordance with. Product Labels &
specification data sheets «y

- 38mm minetal wool &
insulation blanket for manways
- Filter Vessels with cottngated
aluminum ~ 0.5mm thick /
WAC Vessels with stainless
steel cladding — 0.25mm thick
- ss clips, bands, screws
{(Robertson head)

- all insulation materials shall
have a flame spread
classification not to exceed 25
when test in accotdance with
ASTM E84
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INSPECTION & TEST PLAN

PROJECT: MEG Energy — Christina Lalke Phase 34

ECODYNEJOB: 32125

REFERENCE: PO P-5675-02

ECODYNE

INSULATION TC: Test Certificate Required H: Hold Point {do not fab past this point until accepted)
Filter & WAC Vessels W: Witness Point (notification required per PO)
DRAWING NUMBER: 32125-A-4502 N peview of Documents
2 32125-A-45 Vi Verification that worlc has been satisfactorily completed
REVISION: B M: Monitor
No. | Quality Related | Reference | Characteristic Verified Acceptance Inspection & Control Point
Activity Document Criteria
INSUL | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Date Dare /7 Date
3. Installation Drawings * Installation in accordance with specification w ﬁ%ﬁv M/V _L ﬂ s
specification PN }‘ |' ) ({
% 1531
4. Cladding Drawings * insulation is clad as detailed in specification W o, N, § M/V c?ﬂ(//
specification gé? \ [ } /
A
5. Preparation for | Drawings * Vessels equipment properly F2125-4-4200 W w
Shipment supported and suitably protected | & MEG rhipping e T
provection procedure (
085354-3010-PG-10 & L ’
¥ poon) '
6. | Documentation | Purchase * all quality docnments have been | Drawiogs & Code W R i yes
Requisition | checked for accuracy and C%
completeness with copies of the jﬁ“' | f}
following documents provided to Y t
Ecodyne ) Q-’
- Matetial certifications
- ITP
7. Inspection Purchase * confirm that ail work identified | Purchase Order H At H
Release Otder in the purchase order, drawings, = f}
specifications and ITP have been & g/ﬂﬁ
satisfactorily completed Eend
- ITP signed

Page 3 of 3




P

INSPECTION & TEST PLAN
INSULATION - Filter & WAC Vessels

VESSUL Q0% F

TITLE Customer:
INSULATION . )
Filter & WAC Vessels Christina Lake Phase 3A
clo SNC-Lavalin
PO No. P-5675-02
e | ECOBYNE ™
] l WL A Marmon Water/Berkshire Hathaway Company
/,\\M\ »d BY DATE Pﬁﬂmﬁs nﬂmpmt%qﬁ&mﬁi%? coﬁpmmﬁsﬁggpﬁw
Dec19 Client inspection points; “'ur‘ P;- 11/12 | DWG. NOQ, REV.
B 2012 SNC/MEG Surveillance Level 3; M AV foeny | TM | 2012
MEG shipping protection proc
Nov 12 FIRST ISS5UE /12
A | o TM [ AV | CHED | AV | g, 32125-A-4502 B
DATE | REMARKS BY §curp | arep | ™™ 12151]22

A,

Page 1 of3




INSPECTION & TEST PLAN

PROJECT: MEG Energy - Christina Lake Phase 3A

ECODYNEJOB: 32125

REFERENCE: PO P-5675-02

L,

ECOBYNE -

INSULATION TC: ‘Test Certificate Required H: Hold Point {do not fab past this point until accepted)
Filter & WAC Vessels W: Witness Polnt {podfication is required per the PO)
- R: Review of Documents
Drawing Number: 32125-A-4502 V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
No.| Quality Related Reference Characteristic Verified Acceptance Ctitetia Inspection 8 Control Point
Activity Document- '
INSUL Sign/ | ECO Sign/ | SNC Sign/ | MEG | Sign/ TC
Date Date Date | Date
L | Drawings & Document * confirm that the fabsication Latest Revision R ; b4 R
Specifications Log and inspection drawings are §£P —‘%
A the latest revision g%m;;f;s T
- SNC/MEG Surveiliance Level 3 (focluces 085554-3010- < \E(\ [3
- IN.09) s
Ao 7
2. | Materials Detail * all ingulation, caulking, Material R/W R yes
Drawings | jacketing and hardware Identification on f;ﬁ;\ 9@

matetials in accotdance with, Product Labels &

specification data sheets (oo \% 6

- 38mm mineral wool & < 17

insulation blanket for manways o

P

- Filter Vessels with cotrugated
alominum — 0.5mm thicl /
WAC Vessels with stainless
steel cladding — 0.25mm thick
- ss clips, bands, screws
{Robertson head)

- all insulation materials shall
have a flame spread
classification not to exceed 25
whean test in accordance with

ASTM Eg4

Page 2 of 3




INSPECTION & TEST PLAN

PROJECT: MEG Energy — Christina Lake Phage 34
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02

ECODYNE "™

INSULATION TC: Test Certificate Resuired F: Hold Point (do not fab past this point until accepted)
Filter & WAC Vessels ;J{V g’;::::im c(:ﬂc;tgligtmn required per PO)
DRAWING NUMBER: 32125-A-4502 'V' Verification, that work has been satisfactorily completed
REVISION: B M: Monitor
No. | Quality Related Reference | Characteristic Verified Acceptance Inspection & Conteol Point
Activity Document Criteria
INSUL | Sign/ | ECO | Sign/ | SNC | Sign/ )ﬁa Sign/ | TC
Date Date Date Date
3. | Installation Drawings * Installation in accordance with | specification W £ X5 R M/V
specification e@ :;i <, % ¢ }g\ g / 4
4. Cladding Drawings * insulation is clad as detailed in specification w P & M/V _72( /
specification 5{:? ’ 5 1 {/)1
2o | M e )
5. Preparation for | Drawings * Vessels equipment properly 32125-A-4200 w A 27 LW { ( "
Shipment suppotted and suitably protected | &> MEG shipping = c7é /
protection procedure . /@
085354-3010-PG-10 L g//bg/
4 |
6. | Documentation | Purchase ¥ all quality documents have been | Drawings & Code w Fuoes - R R ves
Requisition { checked for accuracy and i & ﬁ
completeness with copies of the C %
following dociments provided to 5‘;5; Esi ‘ 7/?
Ecodyne ' S/”
- Matetial certifications
- ITP
7. Inspection Purchage * confirm that all work identified | Purchase Order
Release Qtder in the purchase order, drawings,
specifications and ITP have been
satisfactoxily completed
- ITP signed

Page 3 of 3




R—

INSPECTION & TEST PLAN
INSULATTON — Filter & WAC Vessels

\VEssee QO¥ &

TITLE Customer:
INSULATION . !
Filter & WAC Vessels Christina Lake Phase 3A
c/o SNC-Lavalin
PO No. P-5675-02
) & Limited
SR A ECODYNE
s
K X & A Marmon Water/Berkshire Hathaway Company
FHIS DRAWMHG |3 THE PRORERTY OF TLODYRE LBJITED. IT 13 HOT TO BE UISED FOR ANY
L BY DATE PURPOSES DETRIMENTAS TO ;;rei}wuﬁs’{ :;:LHE: thom’mmnss SUBIECT TR
Dec19 Cient inspection points; “'UT‘ P;- 11/12 | DWG. NO. REY,
2012 SNC/MEG Surveillance Level 3; M AV DRN ™M 2012,
MEG shipping protection proc
Nov1i2 FIRST ISSUE 11/12
s ™ | av |cugp | av | Lo 32125-A-4502 B
DATE | REMARES By |cump [arep | 7 | W2

Page 1 of 3




i,

INSPECTION & TEST PLAN

e,

ECODYNE

PROJECT: MEG Energy - Christina Lake Phase 3A.
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02
INSULATION TC: Test Certificate Required H: Hold Point (do not fab past this point until accepted)
Filter & WAC Vessels W: Witness Point (notification is required per the PO)
D ine Numb 32125-A-4502 R: Review of Docoments
rawing INumber: - V: Verification that the work has been  satisfactorily completed
REVISION: B M: Monitor
No.| Quality Related Reference Charactetistic Verified Acceptance Criteria Inspection 8 Control Point
Activity Docurment o
INSUL | Sign/ | ECO | Sign/ | SNC | Sign/ | MEG | Sign/ | TC
Date Date Datg~T" Date
1. | Drawings & Document | * confitm that the fabrication Latest Revision R s R R [N
Specifications Log and inspection drawings are ) ﬁ7ﬁ/ f/
A the latest revision i%aztg;;s ig
« SNC/MEG Sarveifiance Level 3 (includes 085354-5010- e )\ 1,
" IN-04) - Rte
<= % h
2. | Matetials Detail * all insnlation, caulking, Material R/W ™ | R R yes
Drawings jacketing and hardware Identification on '

materials in accordance with Product Labels & = A

specification data sheets ﬁ;

- 38mm. mineral wool & [ \ 5

insulation blanket for manways ¥ Kg

- Filter Vessels with cortugated is g‘

aluminum — 0.5mm thick / 2%

WAC Vessels with stainless

steel cladding — 0.25mm thick
- ss clips, bands, screws
(Robertson head)

- all insulation materials shall
have a flame spread
classification not to exceed 25
when test in accordance with

ASTM E84
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INSPECTION & TEST PLAN

PROJECT: MEG Energy - Christina Lale Phase 3A.
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02

Py

e,

ECODYNE "

INSULATION TC: Test Certificate Required H: Flold Point (do not fab past this point uatil accepted)
Filter & WAC Vessels K ;-’;t;::: ;%h: cg::gt:.it;aﬁon required per PO)
DRAWING NUMBER: 32125-A-4502 V: Verification thatwork has been satisfactorily completed
REVISION: B M: Monitor
No. | Quality Related | Refetence | Characteristic Verified Acceptance Inspection & Control Point
Activity Document Criteria
INSUL | Sign/ | ECO | Sign/ | SMC | Siga/ | MEG | Siga/ | TC
Date al Date Date { Date
3. Installation Drawings * Installation in accordance with specification w A M/V
specification 2 o t}_\\lq %
i :2{1:';3 @ L—
4., Cladding Drawings * insulation is clad as detailed in | specification w e |V ] M/V i {’
specification &t u\k _‘?d f
gl s | g | 4
5. Preparation for | Drawings * Vessels equipment properly 32125-A-4200 W e A7 W ~
Shipment supported and suitably protected | & MEG shipping T '7<
proteciion procedure _ SE? 2 i \b
085354-3010-PG-10 ron | VY
— )
6. Documentation | Purchase * all gquality documerts have been | Drawings & Code W L ves
Requisition | checked for accuracy and B cz‘
completeness with copies of the 2y
following documents provided to G .
Ecodyne ‘ 32
- Material cettifications
- ITP
7. Inspection Purchase * confitm that all work identified | Purchase Order H Ao
Release O1der in the purchase ordet, drawings, g )
specifications and ITP have been % t
satisfactorily completed lenh

- ITP signed

Page 3 of 3
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ECOBYNE ‘™

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

D51 — Data Sheets




T

ECODYNE ™

PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

Completed Buyer’s Equipment Data Sheet




e

e

[3)

Tags: 3A-F-208 A
JA-F-208 B
3A-F-208C
3A-F-208 D
3A-F-208 E
3A-F-208 F
BA-F-208 G
TITLE CUSTOMER
Data Sheet MEG ENERGY CORP.
CHRISTINA LAKE FACILITY
After Filter Vessel PHASE 3A
ENGINEERS: SNC - LAVALIN
PO. No. P-5675-02
= U = Limited
e | ECODYNE ™
- o B X 0 aMarmon Wator/Berlshira Hathaway Compnnyg
c hfgf,?z A EP?AEE N> M%“DAQRKU %ﬁ! finy 8Y | paTtE ?ﬁ%ﬂﬁ%&iﬁsﬁiﬁﬁﬁm?:ﬁg&mﬂﬁé‘éﬁilpé"f‘é“
2073 ' ~o02 IDRAWING NO. "REV
FEB 07 FIRSTREVISION IA ] AV JDRAWN A ] oy 00
2072 2072
AT Novaz FIRST ISSUE IA | AV |CHECKED | AV | o 50 32125-A-2053 c
rev| DATE REMARKS sy |ctxo|approved T8 | 2018

Feb 7




.

PRESSURE VESSEL DATA SHEET

| Data Shest No.: DS-CLO3A-Y-200-F203

Equipment Name _ Aftor Filter Vessel ' Requisttion No.: 508298-200-43-MR-5675-0602
i DESIGN DATA PAINTING & INSULATICN
Service . HILS effluent’water fiiteation . Extamnal Suface Preparaljon Per spec 985354-30104’(_‘-5{) {2
Operaling Temperalure .- 80.07185. - °C Pressure .- 7550  kPag | Infernal Surface Preparafion . NiA -
Daslgn Temp. Min: AT Ma 12807  *C Strsctural Surlace Preparation Per spec 085354.3010-PC-50 {53) (Nute IG)'

Design Pressure @ Minlmum Temperabuwa:

1034/ FY  kPag

@ Maximum Temperalure: 1034/ FV *Pag

Sour Service .. NIA
New Vesse! MAWP Limited by - 2 i §

Comeslon Allswance - Shell ] Heads
Wall Thickness - Shell f Heads
Joint Eficlency - Shell/ Heads

Lelhal Service - Na
'E‘cpHead @ " 10370 | ¥Pag

32 1 343 mm

ﬁ 183 I 18231505 nm

i i 1.0

Vessel External Prime per spic 085354—3010 PC—SO (DZ)

Vessel internal Prime NiA .

Struclurat Prime

Vesset Externat Finish NA &

. Per: spes 035354-301 U-PC-S[) (SS) (Nofu 16y

Vasse! Intsmal Finish ' NA

Struclurat Finish . Per spec 085354-3010-PC-50 (53) (Nate 10

Extemal Insufation - Shell Per spec 085354-3010-1N-00 (Note 8)

Registralion _ Alberta  Design Code _ ASME Sec VI Biv Externat Insulation: - Heads Per spee 085354-3010-IN-00 (Note 8)
Gode Stamp Yes, T Yes, U Stamp . Stamp -, Orfentation Vertical Intsmal Insulallon ) MNiA .
Post Weld Heat Tn‘sa!rneni per Code Extemal Cladding Peor spee 085354-3010-IN-60
Head Type P21 Sempelhpt;cal Insutafion - Bollom Head Per spec 185354-3010-IN-00
Alowable Stress @ Design Temperalure Per Code kPa Inswiation - Skirt C .. NA
Amblent Tempstaturs - 10738 . °C MoxWind 8peed _ Indoor -mis | Flreproofing - Skit R NiA -
Minimum Metal Design Temperatura e RN Firepraofing - Saddias R 'NIA
Fuid | BLS Eifluent Watet " FiuidDensly__ - 955~ tgim® — -

MATERIALS QUALITY CDNTROLI INSPECTION / TESTING
Shell ., SAS16-TON Repads SASE6 - T0N | Hydrolest Pressure L. Per Code kPag
Heads | BA516-T0N Fitings SA105N/SAZ34 WPB{ Hydrotest Medium B . Water
Trays O MNA 7 . Suppons 516 7EM{R=Fads) Hydrolest Duration 1 hr. minimum hrs
Bolis/Nuts 1SA193 BTIAINE 2H - Flanges L SAMSN Radiographic Inspaciion . RT2
Mozzle-MNegks LU A106-B Goskels L -SPW B8 316 ¢ Ulirasonic Inspeciion per spec 085354-3010-Ew-20
Internatbining . /- MNAL Pips ;T BA)6-B Magnelic Parfich Inspaction per spec 985354-3010-Ew-20-
internals P 88 3165 (Note! ilist El!minelor TONIA {iye Penetrant inspeclion per spec 085354-3010-EW.20 .

Stuctural Allachments - Exiernal ﬁ

Structural Allachments - Internal
Materfal Impact Tesf Reguirad
Cettified Elavaied Temp Tests Req'd

SASlG 0N (Poison’ pads onlyy

SA516 70N (Poison pads on}y)

Per Cude i

Matesial Mili Test Reports ' 100% Traceability .-

" Vessel Size

Boot/Gas Dame
Capaclty

D!MENSiDNAUSHiPP]NG PATA

Centerline/Bottom Seam Elevallon

Waeight - Empty 2
Woelght - Operal'g ..o - 831

O/ Shipping Dimensitons {Lx0WxH)
Mozzle Covers/Connedtion Plugs
Shipping Cradles. - -

Ocean Transpor Protection

kg Weigt - Bydrotest

hpest . iom

Post Weld Heal Treatment Rscords - Per MR Section 111"
Hydrotest Reports Per MR Section 111"
Radiogrephic Inspection Reports " Per VIR Seetion 11T
Utirasonic Inspeclion Reporis © . Per-MR Section 111~ -
Magnetic Particle inspection Reposts " Per MR.Sectioh HT.
Dye Penalrant inspection Reparls . Per MR Seetion }1

Fabzicator Guality Condrol Manual " Per'MR Section HI -

Shop Inspection by Owner T {0

Wslding Procedure Reviaw.'Approval

. Per MR Section 111 - EE -

C1630 . kg
kg Weigh% Shipping "'26190 kg
6 Sx4.5x43 . ', i

NOTES

Yes '

% Tobe spcciﬁedlcunf‘rmed by Se!ier

ACCESSDRIES BY FABRICATOR

Naﬁonal Board regi

nrreq'd for vessels i‘abricnied owtside Gansda,

: 4., ABSA reglstration Is required to obtain CRN for-alt vessels,

Manway Davils Y tadders N

| Ladder and Platform Clips N Platforms N _5, Structural attachments are defined as any non-pressure part Wcldeli
Pipa Support and Guide Clips Y L#ng Lugs Y direetly to the shell ar head of the filter vessel,
Insulalion Supperls ¥ PlpeCol N 6, Ambient temperatures ave for filter paekage indoor bu:ld:ng !ncation
Insulation Supporis Boitem Head 'Y Ancdes N *7, Removable internals shall be fabricated from S8 3161, © - co-
Firsproofing Supports N Namepiate Y- -8, 38 mm (hof) mineral Aber éhy 0.8 mm corrugated nlumiﬂum cinddma -
Legs Y Mist Eliinator N o shall e provided and instatled by Seller.’ i -
Tray/Packing Bupperts N Vordex Breaker N 9. Seller shall provide a minimum of hwe (2) grounding lugs
Marway Intemal Grab Rungs N Grounding bugs b4 16. Uninsulated surfaces including vessel jegs, duyits, Jugs and clips
Siphan Dralns on Nozzlas » T e - ) TR ]
REVISIONS %‘% MEG Enerngy Corg. '93)

No.  DATE BY | CHK | APP DESCRIPTION SNC«LAVALIN
A | '8May/12 | DO RW 5P Issued for Squad Check PROJEGT ’ Chiristina Lake Regional Project
B | 25Msyf12 | sM T RA se Jssued for Quote Phase 3A
0 | 14/8ep/iZ | C§ RA SP Issued for Purchase JOB NO, 508298 TAG NO, 3A-F-208 A-G
1 1 22/dovil2 | 1A AV Rev'd by Ecodyne LOCATION Conklin, Alberta  |PAGE iaf4
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PRESSURE VESSEL DATA SHEET | Data Sheet Nog . DS-CLA3A-¥-200-Fi03

Equipment Name . o JAfjerFilter Vessel . .5 Requisition No.: .. 508298-20045-MR-5675-0002
. CONNECTION SCHEDULE
Mark Nogminal Qty: Flange . ) Profection
Sizs ) Type Servica
(in.} . {mm}
N[ TVRFVH [Filier Irjet (LS Efilucny
N S - 1 REWN {Filfered Water Ontlet {elbow nozzle) B
N3 AJB L I RFWHN [Media Outlet c/w gaskets, b_!ind flange, bq]ts'an‘d hats
~ N4 {73 0N - 7 LRFWN [P8V ({lote 15)
AT RN " ITREWN |Manway e/w davit, blind Hange, gasket, bolls and nuls
A1 ™2 24 Y. T REWN |Manway c/w davit, blind flange, gasket, bolts and nuts
SGIAISGIB] 6§ I\ Pad  [Sight Glass - Siagle pane 2" thickness®
2N A - VLN
\ .
)
1. .
VESSEL SKETGH
\ (i A0 Le. Comefivm ed \how POV Cadculptdons | w/ enchsr
Né N1 8 dens.
Bl
AT i
= H !
= ¥ Fl
& '
™ i
! O MW BA
:
;
s ————— IMSULATION
e 4962 mm__on
]
1
| O
I MW 3B
i ' Filter
! Medis
1
5
i M3
REVISIONS i 2 ®>)
é’% MEG Energy Lorgp. .
NO. DATE BY | GHK APP DESCRIPTION SNC-LAVALIN
A 8iMayl12 DO | RW 5P Ysucd for Squad Cheéek [ PROJECT Christina Lake Regional Project
B 25iny12 SN RA 5P Tssued for Quote . Phase 3A
0 14/Sepiiz cS | RA 8P | Tssued for Purchase JOB NO, 508205 TAG NO, 3A-F-208 A-G
1 12ivlar/i3 1A sC AY Rev'd by Ecodyne ) )
LOCATION Conltin, Alberta PAGE 2ofd
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PRESSURE VESSEL DATA SHEET | Data Sheet No.: . DS-CLO3A-Y-200-F208

Equipment Name | " After Wilter Vessel . Requisition No.: T T B08298-200-45-MR-5675-0008 G-
PROCESS CONDITIONS
" Minimum [ Normal Maximan: © - _ ;. Comments -
Flow Ceonditions .. . o K R ' e ’
No, After Filter vessels R | A 7 . Qper'\tmg m'p'nallel .
Design Inlst flow rate per filter, Am’fh 35 To142 ) A Tvfrx. oy oecnrs with 16 lterlu Vaclawash |
Actual flow rate - package, Am'h _ SN 995 995 o\
Inlef Conditions -0
Fluid "' HLSEffluent Water -
Type of Solids N Lime/Magox Solids A
Pregsure, kPag . . 755 ) 1034 /0N
Tamperalure, °C ) 5 . 105 B 120 -
Solids loading @ Inlet, NTU - L o .=<5h NTU (Nephelometric Turbidity Uni)
Corrosive contaminants, mgiL L <2700 - ofu . Chieride
Waier $,6. @ normai operaling temp, R & 0955 ¢ | . - - ' ' ] -
Viscosily @ normal operating temp., cf s . 0267 - | .0l N .

Pressure Drop

Actosgs filler - clean @ max. flow, kPa 5.8 /05
Across filter - dirfly @ max. flow, kP& s -

Max allowabie agross Fiiter, kPa by Others {Note 21y,

Oulist Gongitions - i . . - - . sl
Prossure, kPag LY 730 /0\ | . ?Vessel only Lt ) _' R
Sollds loading @ outlet, NTU RS ) T X NTU(NephelomemcTurh;mtyumt) g
TSS @ outlet, mgit. L .

. |'T8S (Total Suspended Solids)

Backwash Cycle

Frequency Once [/ Day [ Bili

Fluld

eated Clear Witer @ 80

- * . Indieates inforination to He providéd! chnfirmed by Selier, -

11)During normnl operahons, the fluw shali be, dlstr:‘bu tud o all 7 1i lters W,kli!e one ]S in backwash mode, rest [ ﬁiters wﬂl proccss the tota] ﬂow
12) Reference the: sequence chinri for.duration and flow rate'of backwash., /1 S R . ! .

13) Turiidows depends o systér désign (by- others) Unit turndown expected 3 is 3 to 1 1
14}Sel§er shall supply Hrst.fil of mediaiper, detmls onpaged. i

5) Reblelvalye shall:Be sizet by Selfer (Iire case to'be inciuded iu smng revgew) y AI’I

-16) Al sight flasses'shiall'be singrle glass and shall-be supplitd Ly Seller, /1\

1‘]]Selier shall confivem sizes and quan!ity ‘of all coniiections.

18) Sellér.to ébalirm f opfimise filter Media.data,

19) All open/elose valves to be stow opening/ciosing (28 sec). Ty be supp]ied by others.

20) Control vajves:: One FCV per véssel to contrul equai flow to each vessel, To be supplied by othérs. {05 )

21) Maximum pressure drop, ncross fitjer; one unit in backwash remaiumg vessels at pncknue ctes:on ﬂow

ZZ)Vesselslocatedindoors L AN

REVISIONS ‘ ‘ | g;% MES Energy Corp. *@}} '
NO.| DATE | BY | CHK | APP DESCRIPTION SNC-LAVALIIN
A | 8May/12 | DO | RW 57 Tssued for Squad Check PROJECT Christina Lake Regional Project
B | Z5ayiz | 5M | Ra | &P Tssued for Quote ' ' Phase 34
0 14/Sepli2 | CS RA 5P Issued for Purchase JOB NO, 508298 TAG NO, 3A-F-208 A-G
1 T/Febild | 1A | SC AV Rev'd by Ecodyne '
2 | 12/viar/13 | IA SC AV Rev'd by Ecodyre LOGATION . Conklin, Alherta |PAGE ! 3of4




o

PRESSURE VESSEL DATA SHEET Data Sheet No.: DS-CLO3A-Y-200-F208- ~
Equipment Name e After Fliter Vessel Requisitlor: No.: 508298-200-45-MR-5675-6602
After Fllter Details

After Filier Media Specification{iMote 18):

1. Filter medin supportbase; 65 cm {total depth)
Material: | gradu’ited nthracite coa]
Density: . Y gfcmv% : st : .
Layer# | " Siévesize Depth (cm) voiume!flter (m%)| Packige Yolusno (m*
1. JE YT 135 185 13 ‘
2 { g/ 0 1.25 8.75
3. |/ Hdveane ) 10, 125 875
4 { s yse 7 15 1.85- 13
5 [gvnaitend 15 185 13
\m‘\f v \il B
Support base shall be instaile\i over Johnson sereen strainers with 2, 5 put slots
2 Filter media:- W 3 " 100 em {depth) .
Materjal: i anthracite coal B
Density: A 1dgten®
Lffective Size: 10608 mm
Uniformity coefficient: - i =15 -
~ Moh's Hardness 23
Acii Selubility . . < 2:)% by weight
Media Volme: . 125w per filter (87 5m total pack ge) _. - :
T
Notcs f

2. Fiiter edia support basc fgimmm -

L7 Sitve size” é--x

1n5,‘3“").c 1?116"

/51T D16 -

3161 § 5167

L i3re" x 30320

REVISIONS g‘% MEE Enprgy Eorp. @})
NO.] DATE | BY | CHK | APP DESCRIPTION : SNC-LAVATIN
Al 8May/l2 § DO | RW sy Issued for Squad Check PROJECT Christina Lake Regional Project
B | 35May/12 | S| RA Sr Issued for Quete Phase JA
9 | 14/8ep/12 | C8 1 RA sp Issued for Purchase JOB NC. 508298 TAG NO. 3A-F-208 A-G
1| 7Tebl13 | 5C | AV AV Teodyne note | :
2 | 12vimf13 | SC AV AY Ecodyne note LOCATION Conklin, Alpertn  |PAGE 4 ofd
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PROJECT: MEG Enetgy - Christina Lake Phase 3A
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H51 — General Arrangement/Qutline
Drawings







ECODYNE "

PROJECT: MEG Energy - Christina Lake Phase 3A.
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

Dimensional Outline Drawing & BOM
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ITITLE .
PROJECST BiLL OF MATERIAL

Tags: 3A-F-208 Ao G
BANM21T Ao F

CUSTOMER
MEG Energy Gorporatlon

cio SNC-Layvalin

Cihristing Lake Plyase 3A-
PO No, P-3575-02

Sy = Limnided
SCALE: NIA — im}w@
|EHE. A psacmon Water/Berkshvirs Hathawsy C i
“THIS DRAWING 15 THS PROFERTY OF EGCOVHE LRUTED. [T 1S NOT TOIE USED FAA MY
BY OATE auamsasuemumﬂ.mmem:;;:ch::u\'u\:sﬂmasuwmwsus.ezmroal-:;ume ;
- 2 =
DRAWN %P\V ‘i);%;i.l?’]e DRAWING NO, REY
213 ’}\.. s
A . : \Y C :
47 une FIRST 18SUE W |f/ . |CHECKED |/ - %ﬁg 2212584010 A
REV] DATE REMARKS 8y |carp{aperovED] AY/| 2712

page tof 2




ey

s

Tag Mo, Clty Description Appiication Dhwel, Mo, Approx, Welght (kg);
AAF-208 At G 7 Vessel After Filter 32125-D-2202-01 25,100
SANV-211 At F &  §Vessel WAC 30425-D-2204-01 25,000
NIA 7 iLadder Adter Filier 32125-D-2252-01/02 7%

N/A 8 jLadder WAC 32125-D-2251-01/02 58
MNIA 13 m*3 {Media - Anthraciie After Filter IN(A TRD
MN/A 14 linsulation Blankets {manways only) After Filter 32126-A-2047 TBD -
NIA 12 {Insulation Blankets (manways ondy) WAG 32125-A-20117 T8D
page 2 of 2
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ECODYNE -

PROJECT:! MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

Allowable Nozzle External Forces & Moments
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PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

J51 — Detail Component & Sectional
Drawings
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PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNEJOB: 32125
REFERENCE: PO P-5675-02

Equipment Detail Drawings c/w BOM
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4, SGE VESSEL DWG. FOR: MANHOLE SIZE, RATNG
4 FLANGES TYPE,

CHECK MANHOLE HEIGHT FOR CAVIE TG DLEAR
VESSEL/NSULATION, HINGE OR DAVT ORIENYATION,
MATERIALS OF PRESSURE PARTS AND ATTACHMENTS
WELDED TO THIM. LINWNG/PAINTING.

2. ALL- BAWTS SHALL BE SCHAC PIPE

3, PACK DAVIT SOCKET WITH GREASE BEFORE
ASTEMBLY.
& SOCKET

PIPE: A-108 B.

DIMENSION TOLERANCE = £ 1/B" (3mm), UNLESS SPECIRED QTHERWISE
CO NOT SCALE DRAWING — NOT ALL DIMENSIONS ARE TO SCalf

- MEG ENERGY CORP.,
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PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

Ladder, Stairway, Platform &
Handrail Drawings
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[ .
7 5 5 | 4 | 3 2 1
QTY [ TAG REMARK —
8 SETS | 25L 3447 x 1 3 4G BOLT SET LADDER TO VESSEL 1, TASRICANION SHALL CONFDRM T THE REOUIREMENTS OF CSA WSS AND
FABRICATION TOLERANCE $2.2 {21/8%) UN.O, & 33125-472017.
2 SETS 358 |3/47 % 1 3/47 LG BOLT SEF LAODER TG FOOT 2. ALL WELDS CONTINUOUS ALL ARQUND. ALL BUTY W'ELDS - RJL.L
Frnrrmmow ALL FLARE GRODVE WELDS — FULL DEP
] | ADDER - T LOINT oa FULL PENETRATION AT BUTT JOINT. MIN. =[LLET WELD IS
—J Smm (3/16
' 3. MATTRIALS:
{EACH SET CONSIST OF 1 BOLT, 1 NUT & 2 FLATWASHERS) - BARS.LPLA?ES, STRUCTURAL SHAPES — CSA G4D0.21 GR. 24w,

BOLTING: 4325 GALY, IF > 2=
A307 ZINC FLATED IF €4
F436 WASHERS GALV,
ALL BOLY SETS COMSIST QF 1~BOLT. 1 NUT. AND 2 WaSHERS (OR
SEVELED WASHERS IF ON THE UNDERSIDE OF CHANNEL FLANGE}
4, ALL COMPONENTS SHALL HAVE SURFACE FINISHED PIR
SPEC. 32125~a4—~2013, (INGLUDING CLIENT SPEC. 2975-M010)

5 ALL SHARP CORNERS AND BURRS SHALL BE GROUND SMOOTH.

6. TO ENSURE PROPER ERECTION ECODYNE SHOP \S TG TRIAL AT AL
COMPONENTS AND MATCH MARK PRIQR TO COAT:

7. OW ALL BOLTED CONMECTIONS USE HEAVY HEX, )—D MACH. BOLT
G/W (Z) TYPE "A" FLAT WASHER AND (1) HEAVY HEX NUT
UNLESS OTHZRWISE NOTED.

8. FABRICATOR IS TO SUPPLY ALL HARDWARE WTH 107 EXTRA
9. GSEE PURCHASE REQUISITION FOR QUANTITY REQUIRED.

10. SCOPE: PREP-PER SSPC SP6 COMMERCIAL BLAST AND PAINTING
WITH CARSOLINE 858, 2-4 MILS DFT. APPLY (2} LAYERS OF

E/‘-—ZSL 1.5-2.5 MILS CARSOUNE 134HC COLOUR FS 13531 SAFETY YELLOW.

SHIPRING WEIGHT = 174 POUNDS
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REFERENCE DRAWINGS:

PAINT SPECIRCATION.

263

. 32125+Aa-2013

BOLTS {8Y OTHERS)

MEG ENERGY CORP.
CALGARY, A|BERTA
CHRISTINA_ REGIONAL PROJ.
FHASE 3a-CPF

ENG.: SNC—LAVALIN

[DIMENSIGN TOLERANCE = #1/8" (3mm), UNLESS SPECIFIED OTHERWISE

DO _NOT SGALE DRAWING — NOT A DIMENSIONS ARE TO SCALE P.0.: P—5675-02
SCALE TILE X Limited
e DETAL & ASS'Y - ECODYME
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8 7 . 5 5 1 4 3 | 2 | 1
MATERIAL LiST
A QTY | MARK DESCRIPTION
T 2 L1 {2 1/2" X 3/8" FLATRAR (LAGDER STRINGER)
-Cm 12 T3 233 -
» A Ly 12 127 |3/4" SHUARE BAR {LADDER RUNGS)
[ o @ 38 —14
] P ‘ 2 5|2 1/2" X 378" BENT PLATE (LACDER ANGHOR)
i le | . — 2 L4 |3/B™ THK PLATE {LADDER CLIPS ON LADDER}
N " ¥ ! - .
SEE DEFAL=1— g e & ! 2 L5 |3/B" THK PLATE (LADDER CLIFS ON LADDER)
/,é/ ! QTY SHOWN FOR ONE LADDER
x : RN
s SHIPPING LIST
QTY TAG REMARK
2 M e\a‘ = 2L |34 x 1 3747 16 BONT SET LADDER 70 VESSEL
! DETAIL . 2 SETS 258 374 x 1 3/4" |G BOLT SET LALER 10 Foof
® c\o SCAE NTs 1 1 LAD0ER
[1_73 _I (EACH SET CONSIST OF 1 BOLT, 1 NUT & 2 FLATWASHERS)
<
o . & oL \, 1@ LADDER
B ; | 1
d i ‘ : . [a - N 13/16" SQUARE N
2 = 2 BAR ROTATE <5 |
3 SEE DETAL~2— @4 ¥ ° = P 4 BUSS ; ]
g § :\
o5 ° = =, "
5 o b © [N LADDER STRINGER
25 ot o \_]_ 1 E
id 5 G& { i I — '
] o - A | DETAIL
E] =
é A \ A 190 X 45 G
g - !
£ i
B @Kq\
¥, (f o ° DETAIL
S N SCALE NTS
et S,
. - ™, g ﬁ
. W b o
SEE DETAL~3 X \o /@
sy A :
o 8 {-| ° gl g { {
=] 5 I
. I E{ S
4 FIRST RUNG ! {
1 5 g S0LTED 20 aoheA S8 Ll
BOTTOM OF LADDER 3] S oy T —f-=1] i =
L (VERTICAL SLOTTED i
_g'!_ .0, GREDE O GONCREIE L] uaw(&n'x 76 16) T
3
76 MEG ENERGY CORP.
e(J SECTION —— SECTION B CALGARY, ALEERTA
ISOVIEW SCALE NTS 02 CHRISTINA REGIONAL PRCJ.
ELEVATION SCALE NTS ’ a2 ’ PHASE 3A—CPF
SCALE WIS .
SIMENGION TOLERANGE = £1/8° (5rm), UNLESS SPECIFIED OFFERWISE EglG.:_ SNC—LAVALIN
O NOT_SCALE DRAWING ~ NOT ALL DIMENSIONS ARE TO SCALE .0.: P—5675-02
SCALE TITLE =) Limited
S [rodarave | DIMENSION WaS WPZRIAL e & | Dare DETAIL & ASS'Y m ECCOYNE
8 :g:;::::; :“;“";E;sti NOTED, ::E ;: 2”;";:50 i sz’ﬁ'? LADDER HRL A Wormas Woter / Berlshire Hethoway Company
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ECODYNE ™

PROJECT: MEG Energy - Christina Lake Phase 34
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

Weld Location Plan




- ECODYNE "

AFTER FILTERS
3A-F-208 Ao G

- Weld Map
ASME Vessels

Contents: R
Caver 1 Page
Weld Map Listing Procedures 1 Page
Weld Map Diagrams 4 Page
Title Customer
Weld Map MEG ENERGY CORP.
CALGARY, ALBERTA
After Filters '
3A-F-208 Ato G CHRISTINA REGIONAL PROJ..
PHASE 3A- CPF -
P.O.# P-5675-02
ENG.: SNC- LAVALIN
~ = U = Limited
ECODYNE
SCALE - :
i NG AMarmon Water/Berkshire Hathaway Company
RIS CRAWING 13 THE PROFEATY QF ECOUYHE LIMITED, IT IS 0T TO RE \JSEUF.OR
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* LESENA STEEL LTD.

WELD MAP
Rev. 1 Date: FEB. 12/2013 Prepared By: Arie Willemsen
JobNo.: 12-32A-G Drawing No.:-32125-D--2202-01, Rev D Pages: 1 of 1
ATFTER FIL.TER VESSEL
REPAIR PROCEDURE:-WPS 16 SMAW or Original WPS
) N1 M1
1.2
se1a O -
scis ©
(! NSA
| i IN3B
N2 M2
)
| )
JOINTS WPS PROCESS FILLER BASE
METALS
Longitudinal & Clrcumferential 45 SAW, AUTOMATIC F7AZ-EM12K P1 to P1
Seams (L61-F860)
Manway to Top & Bottom Head 16 or SMAW or E7018-1 P1 to P1
40 FCAW E-71F-1, KOBE DW50
Flange io Nozzle, Nozzle to Head 16.2 SMAW E7018-1 P1 to P1
N4, N3A, N3B (RooT: E6O10)
Flange to Nozzle, Nozzle to Head or 16 or SMAW or E7018-1 P e P1
Shell, Nozzles aver 6" dia, 40 FCAW E-717-1, KOBE DW50
Reinforcing Pad to Pipe, 16 or SMAW or E7018-1 P1 to P1
Reinforcing Pad to Shell, Top &
Bottom Feads 40 FCAW E-71T-1, KOBE BDW50
Strainer Plate to Bottom Head; '
Lifing Lugs to Top Head, Shell & iGor SMA\N or ET7018-1 P1 i0 P1
Brackets to Shell or Heads 40 FCAW E-717-1, KOBE DW50
(All Non-Pressure Parts) :




| 1.25"PROJL

N, 18R

L IYP. WN FLANGE WELDING
SMALLER THAN 4" NPS

i -
l

24"— SCHXS PIPE

47 — 150F LWN FLANGE

NOZZLE N3A, N3B /T

3" SCHJIE0 PIPE

NOZZLE N4

3/8

NO M2

VESSEL LD

TYD, SHELL LONG_ & CIRC. SEAMS
BOTTOM HEAD CIRC.SEAM

TyP. W.N FLANGE WELDING

LESENA STEFL
TE-0-RL z 7% Jom I
mwmmu&mmu wm T

ol T
1 [eocmnin )

12-32 8KT







ECODYNE "

PROJECT: MEG Energy - Christing Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

Non-Destructive Examination Location Plan
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E@@@“ﬁ)ﬂ\\{j@ Limited

AFTER FILTERS
3A-F-208 A to G

NDE Map
ASME Vessels

Contents:
Cover 1 Page
NDE Map 1 Page
Title Customer
NDE Map MEG ENERGY GORP.
CALGARY, ALBERTA
Afier Filters .
3AF-208 Ato G CHRISTINA REGIONAL PROQJ.
PHASE 3A- CPF
P.O# P-5475-02 )
ENG.: SNC- LAVALIN
= 11 = Limited
ECODYNE
SCALE -
3
K B & A Marmon Water/ Berkshire Hathaway Compeny
P Iy By y e e
LUIECT TO RETUAN UPDH REQUEST,
FEB 20 :
. DRN | VEN | "o513 | pwe. no. REV,
FEB 20 FIRST 1SSUE : FEB 20
A VEN { T [ v |18
2013 2013
R Treaz | 32125-A-2906 1 A
RBY DATE REMARKS BY CHKD | APFD AV 2013 .




LESENA STEEL LTD

NDE MAP
CRN No:____V2929.2
CUSTOMER: _ECODYNE Ltd. _ JOBNo:__12-32A-G
VESSEL TYPE: _AFTER FILTER VESSEL SERIAL No: _0411-0417

TOP,-18.22 mm MIN.?
HEAD THK.: BTM.-19.05 mm MIN* SHELLTHK.: 19,08 mm NOM* DATE: De¢, 18, 2012

COBE ACCEPTANCE LEVEL; RI -2

CIRCUMFERENTIAL SEAMS: SPOT LONGITUDINAL SEAM: FULL

FULL ON LONGITUDINAL SEAM & FOUR (4) SPOTS ON HEAD / SHELL CIRCUMFERENTIAL
SEAM JOINTS AS SHOWN ON MAP.

« THIS INFORMATION PLUS WELD 1.D. MUST BE ON ALL FILMS,

12-32 A-G
4 1 M1
t1,2
scia ©
seig @
L1
ca
- NAA
N2 iz
il L
12-32 A L1 c1 . c2 C3 C4
12-32 B L1 C1 cz2 C3 C4
12-32C L1 C1 c2 C3 C4
12-32 D L1 C1 G2 C3 Cc4
12-32 E 11 0] C2 C3 C4
12-32 F L1 -C1 c2 C3 G4
32-32G LA C1 C2 C3 C4

MPI : ALL AREAS WHERE TEMPORARY ATTACHMENTS HAVE BEEN REMOVED AND
ARC STRIKES HAVE OCCURRED

MPI: LIFTING LUGS
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PROJECT:
ECODYNE JOB:
REFERENCE:

MEG Energy -

32125
PO P-55675-02

ECODYNE "

Christina Lake Phasc 3A

Lifting, Tailing Lug Drawings
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PROJECT: MEG Energy - Christina Lake Phase 3A
ECODYNE JOB: 32125
REFERENCE: PO P-5675-02

K51 — System Diagrams & Schedules
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Mechanical Design Calculations
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Calculations
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Settings Summary

COMPRESS 2013 Build 7300

Units: S1
Datum Line Location: -102.00 mm from bottom seam

Design

ASME Sectlon Vill Division 1, 2010 Editlon, A11 Addenda Metric

Design or Rating:

Minimurn thickness:

Design for cold shut down only:

Design for lethal service (full radiography required):
Design nozzles for:

Corrosion weight loss:

UG-23 Stress Increase:

Skirt/legs stress increase:

Minimum nozzle projection:

Juncture calculations for o > 30 only:

Preheat P-No 1 Materials > 1.25" and <= 1.50" thick:

UG-37(a) shell tr calculation considers longitudinal stress:

Buit welds are {apered per Figure UCS-66.3(a).
Hydro/Pneumatic Test

Shop Hydrotest Pressure: 1.3 times vessel

MAWP
Test liquid specific gravity: 1.00
! i 1.3 times vessel
Field Hydrotest Pressure: MAWP
Wind load present @ field: 33% of design

Maximum stress during test: 90% of yield

Required Marking - UG-116

UG-116{e) Radiography: RT4
UG-116(f) Postweld heat freatment: None

Code Cases\interpretations

Use Code Case 2547: No
Apply interpretation VIII-1-83-66:  Yes
Apply interpretation VI1-1-86-175: Yes
Apply interpretation VIII-1-01-37:  Yes
No UCS-66.1 MDMT reduction:  No
No UCS-68(c) MDMT reduction: No
Disallow UG-20{f} exemptions: No

R2

Get Thickness from Pressure
1.5 mm per UG-16{(b)
No

No

Vessel MAWP

100% of theoretical loss
1,00

1.0

12.7 mm

Yes

No

No
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UG-22 Loadings

UG-22(a) Internal or External Design Pressure :

UG-22(b) Weight of the vessel and normal contents under operating or test conditions:
UG-22(c) Superimposed static reactions from weight of attached equipment (external lcads):
UG-22(d)(2) Vessel supports such as lugs, rings, skirts, saddies and legs:

UG-22(f) Wind reactlions:

UG-22(f) Seismic reactions:

UG-22(j) Test pressure and coincident static head acting during the test:

Note: UG-22(b},(c) and (f) loads only considered when supporis are present.

R2

Yes
Yes
Yes
Yes
No

Yes
Yes
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Pressure Summary

Pressure Summary for Chamber bounded by BOTTOM HEAD and TOP HEAD

P T T
Identifier ) | mawr | map |maer ¢ | momr MDMT Impact
Design | Design { kPa} (kPa) | (kPa) external {°C) Exemption Tested
{kPa) | (°C) (°C)

TOP HEAD 1,034 {120 |1,041.57 [1,270.88 |224.31 | 120 <421 |Note1 Na

Stsaight Flanae on TQP HEAD 1,034 (120 [1,313.95 |1,568.46 {354,456 | 120 48 |Note 2 No

3962 mm 0.0, SHELL 1084|120 [1.080.57 | 133218 |2214 120 4246 |Note 3 No

Straight Flange on BOTTOM HEAD, [ 1,084 1120  |1,289.56 |1,553.46 | 354,45 | 120 45 |Notes No

BOT EAD 1,034 {120 {1,0658 |1,238.64 |250,06 |120 42,26 |Note 4 No
SUPPORT LEG 1084|120 104057 | N NA | N WA |NA NIA 1
|

TOP MANWAY (M1) 1084|120 [1.041.57 {10157 |22481 [120  |a7e | NozHle [Note& Mo

Pad [Nele 7 | No

BOTTOM MANWAY (M2} 1034 [120  [r04157 |1,04157 |250.08 fr2o  |-az.ze | NOZ2ie [Noted Mo

Pad {Note 8 | No

WATER INLET (N1) 1,024 {120 | 1,04067 [10a167 |22431 120 |aze | MNOZHe [Note 10 tNo

Pad [Nota 11 [No

WATER QUTLET {N2) 1,034 |120 1,041.57 | 1,041.57 | 250,06 | 120 4726 | Nozzle |Nots 12 | No

Pad | Note 13 | No

MED|A REMOVAL {N3A} 1,034 l120  |1,041.57 | 1,641.57 | 250,06 120 29 |Note14 No

MEOIA REMOVAL (N38) 5,094 [120 1104157 | 1,041.57 { 250,06 | 120 20 [Nole 14 Mo

( PSV/VENT {h4) 1004|120 [1,64157 | 1,041.57 | 224,31 f20 4p [ Nozzle [Note s [No

Pad | Nofe 16 |No

SIGHT GLASS (SG1A) o3¢ |20 [1,00057 | 104157 | 2214 120 -48.35 |Nole 17 No

SIGHT GLASS (SG1B) 1,02 {120 |4,0a157 [1,00157 {2214 |120 -43.16 |Note 18 No

Chamber design MDMT is -28.89 °C
Chamber rated MDMT is -29 °C @ 1,041.57 kPa

Chamber MAWP hot & corroded is 1,041.57 kPa @ 120 °C
Chamber MAP cold & new is 1,041.57 kPa @ 10 °C

Chamber MAEP is 221.4 kPa @ 120 °C
Vacuum rings did not govern the external pressure rating.

¢
E
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Notes for MDMT Rating:

Note # Exemplion Details

1. Material impact test exemption lemperature from Fig UCS-66M Curve D = -42.1 °C UCS-66 governing thickness = 18.22 mm
Material impact test exemplion temperature from Fig UCS-66M Curve D = -38 °C

2, Fig UGS-6%.1M MDMT reduction = 11.4 *G, {coincident ratio = 0.7956) UGS-66 governing thickness = 22.2 mm
Rated MDMT of -49.4°G Is limited to -48°C by UGS-66(b)(2)
Materal impact test exsmption lemperature from Fig UCS-86M Curve D = -41.06 °C g f . B

3 Fig UCS-56.1M MDMT reduction = 1.4 *C, {caincident ratio = 0.9748) UGS-66 governing thickness = 19.05 mm
Material impact test exemption femperature from Fig UCS-66M Curve D = -41,06 °C . _

4 Flg UCS-66,1M MDMT reduiton = 1.2 °C, (cofnaident ratio = 0,9784) UGS-B6 govarning thicknoss = 19.05 mm
Matesiaf Impact test exemption temperature from Fig UCS-66M Curve D =-38 °C

5. Fig UCS-66, 1M MDMT reduction = 10.4 °G, {coincident ratio = 0,8139) UCS-66 governing thickness = 22.2 mm
Rated MDMT of -48.4°C is limited 1o -48°C by UCS-66(b}(2)

6. Nozzle is itnpact test exempt to -105 °C per UCS-66(b}{3) (coinciden rafio = 0.3331).
Pad impact test exemption temperaiure from Fig UCS-66M Gurve D = -42.1 °C ] _

7. Fig UCS-66,1M MDMT reduction = 5.8 G, {coincident raio — 0,8988) UGS-66 governing thickness = 18.22 mm.

8. Nezzle is impact test exempt to -105 °C per UCS-66(b)(3) (coincident ralio = 0.3478).
Pad impact test exemption femperature from Fig UCS-66M Curve B =-41.06 °C g N . .

8. Fig UGS-66.1M MOMT reduction — 6.3 C, {caincident ratlc  0.8872) UGS-66 governing thickness = £9.05 mm.

16. Nozzie is impact fes exempt to -105 °C per UCS-66(b)(3) {ceincident ralio = 0.2293),
Pad impact test exempiion temperaiure from Fig UCS-66M Cuive D =-42.1 °C y ’ " _

M | Fig UCS-66.1M MDMT reduction = 5.8 °G, {coincident ratio = 0.8957) UCS-66 governing lhickness = 13.22 mm.

i2. Nozzle is impact iest exempt to -165 °C per UCS-66(b){3) (coinckien ratio = 0.2334).
Pad impact test exemplion temperaiure from Fig UCS-66M Curve D = -41.06 °G ’ N B

18 {Fig UG5-66.1M MDMT reduction = 6.2 °C, (coincident ratio = 0.889) UCS-66 governing thickness = 19,05 mm.

14, Nozzle is impact test exempt per UG-20(f) UCS-66 governing thickness = 18.05 mm.

15. Nozzle is impact test exempt to -185 °C per UCS-66(b}{3) (coinckient ratio = 0.1458),
Fad impact tast exemption lemperature from Fig UGS-66M Curve D =-48 °C

16, Fig UCS-66.1M MDMT redustion = 5.8 °C, (coincident ralio = 0.8963) UCS-66 governing thickness = 127 mm.
Rated MDMT of -53.8°C s Timited to -48°C by UCS-66(b){2)
Nozzle impact test exemplion temperature from Fig UCS-66M Curve D = -41.06 °C y . . _

17- | Fig UCS-66. 1M MDMT reduction = 2.3 *C, {coincident ratio = 0.9585) UCS-86 governing thickness = 19.05 mm.
Nozzle impact test exemption lemperature from Fig UCS-66M Curve D = -41.08 °C . . . _

B 1 Fig UCS-66.1M MDMT reduction — 2.1 *C, (colncident ratio — 0.9629) UGS-66 governing thickness = 19.05 mm.

Design notes are avaitable on the Satiings Summary page.

R2
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Hydrostatic Test
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Shop test pressure determination for Chamber bounded by BOTTOM HEAD and TOP HEAD based on MAWP

per UG-99(b)

Shop hydrostatic test gauge pressure is 1,354.04 kPa at 10 °C {the chamber MAWP = 1,041.57 kPa)

The shop test is performed with the vessel in the herizontal position.

Local test | Test liquid | UG-99(b) | UG-99{b} S.tress Aliowable Stress
Identifier pressure | static head | stress |pressure |during test | test stress excessive?
kPa kPa ratio factor MPa MPa
TOP HEAD (1) 1,302.44 38.4 1 1.30 135.003 235.8 No
Siraight Fiange on TOP HEAD 1,392.4 38.36 1 1.30 123.552 235.8 No
3962 mm 0.0, SHELL 1,392.37 38.33 1 1.30 144,004 235.8 No
Stralght Flange on BOTTOM HEAD | 1,302.4 38,36 1 1.30 123.552 235.8 No
BOTTOM HEAD 1,392.43 38.39 1 1.30 120.065 235.8 No
BOTTOM MANWAY (42} 1,370.09 16,05 1 1.30 157.718 351 No
MEDIA REMOVAL (N3A) 1,380.99 26.96 1 1.30 145,856 851 Ne
MEDIA REMOVAL (N38) 1,363.96 9.92 1 1.30 144.057 351 No
PSV/VENT (N4) 1,368.26 14,22 1 1.30 116.187 361 No
SIGHT GLASS (SG1A) 1,387.53 33.49 1 1.30 142.901 351 No
SIGHT GLASS {8G1B} 1,387.53 33.49 t 1.30 142.901 351 No
TOP MANWAY (1) 1,366.11 12,08 1 1.30 166,705 351 No
WATER INLET (1) 1,374.65 20.62 1 1.30 126,599 351 Ne
WATER OUTLET (N2) 1,376.14 22.11 1 1.30 136.337 351 Na

Notes:

{1) TOP HEAD limits the UG-99(b) stress ratio.
{2} P, stresses at nozzle openings have been estimated using the method described in PVP-Vol. 399, pages 77-82.
{3} 1.5*0.9*Sy used as the basis for the maximum local primary membrane siress at the nozzle intersection P,.
{4) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top-most

flange.

The test temperature of 10 °C is warmer than the minimum recommended temperature of -12 °C so the brittle
fracture provision of UG-99(h) has been met.

R2
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Field test pressure determination for Chamber bounded by BOTTOM HEAD and TOP HEAD based on MAWP

per UG-99(b)

Field hydrostatic test gauge pressure (s 1,354.04 kPa at 10 °C (the chamber MAWP = 1,041.57 kPa)

The field test is performed with the vessel in the vertical position.

Local test | Test liguld | UG-99(b) | UG-99(h) S_tress Allowable Stress
Identifier pressure |static head | stress |pressure | during test | test stress excessive?
kPa kPa ratio factor MPa MPa
TOP HEAD {1) 1,368.73 14.7 1 i.30 132.704 235.8 No
Straight Flange on TOP HEAD 1,368.73 14,7 1 1.30 121.452 235.8 Mo
3962 mm O.D, SHELL 1,392.12 38.09 i 1.30 144.069 235.8 No
Straight Flange on BOTTOM HEAD 1,383.12 38.09 1 1.30 123.616 235.8 No
BOTTOM HEAD 1,402.74 487 1 1.30 $30.02 235.8 No
BOTTOM MANWAY (M2) 1,406.35 52.01 1 1.30 161,892 3561 No
MEDIA REMOVAL (N3A) 1,394.37 40.33 1 1.30 147.269 351 No
MEDIA REMOVAL (N3B} 1,394.37 40.33 1 1.30 147.269 33 No
PSV/VENT (N4) 1,359.1% 5.16 i 1.30 114.424 351 No
SIGHT GLASS (SG1A) 1,374.07 20.03 1 1.30 141.514 351 No
SIGHT GLASS {8G1B) 1,378.87 24,83 1 1.30 142,009 351 No
TOP MANWAY {M1) 1,350.83 5.79 1 1.30 165.937 a5t No
WATER INLET (N1) 1,358.44 4.4 1 1.30 125106 351 No
WATER OUTLET (N2} 1,408.55 54.51% i 1.30 135.047 35 No

Notes:

{1) TOP HEAD limits the UG-99(b) stress ratio.
(2) P, stresses at nozzle openings have been estimated using the method described in PVP-Vol. 399, pages 77-82.
(3) 1.5"0.9“8y used as the hasis for the maximum local primary membrane siress at the nozzle intersection P,

The test temperature of 10 °C is warmer than the minimum recommended temperature of -12 °G so the brittle
fracture provision of UG-98(h) has been met.
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Nozzle Schedule
Nozzle - - Impact - . "
mark Service Size Malerials Tested Mormalized | Fine Grain Flange Blind
SA-106 B Smis, NPS 24 Class
M1 |ToP MANWAY  |NPs2axsDNeoo | N7 | pips No No No NPS 24 Class 150 | {54
WHN A105 A105
Pad SA-516 70 No Yes Yes
v |BOTTOM NPS 24 XS DNeoo | Moz ?f"mﬁ B Smis. No Na No NPS 24 Class 150 :"gas 24 Class
2 MANWAY pe WN A105 Ao
Pad SA-516 78 No Yes Yes
SA-106 B Srals.
Nt |warER NeET NPS 12 Sch 60 DN 300 | M072€ | pipe No No No ms;izogms 150 f o
Pad SA-516 70 No Yes Yes
SA-106 B Smis,
Nz |WATEROUTLET  [NPS 12 Scheo DN 200 | V922 {opne No No No NPS 12 Class 150 1,
WN A105
Pad SA-518 70 Ne Yes Yes
NPS 4 Ciass 150 | NPS 4 Class 150
N3A | MEDIA REMOVAL {139.7 OD x 19.05 Nozzle | SA-105 No No No LW A105 A105
NPS 4 Class 150 | NPS 4 Class 150
N38 | MEDIA REMOVAL |130.7 OD x 19.05 Nozze | SA-105 No No No LWN A105 A105
SA-106 B Smis.
Me  |PsvivenT NPS 3 Sch 160 BN 80 | Vo728 pine No No No NPS 3 Class 150 |\,
WM A105
Pad |SA-51670 No Yes Yes
SGIA | SIGHT GLASS 255 0D x 4.5 Nozzle |SA-516 70 No Yes Yes N/A No
SG1B [SIGHT GLASS 265 0D x 54.5 Nozzle | SA-516 70 No Yos Yes NIA No
R2 3/25/2013
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Nozzle Summary
Shell Reinlci),r::ment
Nozzie | OD ti_| Req t 237 | Ag? Comrr A.fAr
mark | gmm). | (i) | ] Nomt | Designt | Usert | Width | 1 tmm) | ey
tom | nm) | omm) [ gmm) { B

M1 609.6 ia.? 6.88 Yes |Yes [18.22* :16.67 i52.4 222 3.2 100.4
M2 605.6 {127 |68 ves |ves |19.05* |17.26 16182 |222 {3z |1043
N1 32385 [14.27 [13.18 |Yes [Yes [18.22* [16.65 63.5 222 (32 f1ovy
Nz, 323.85 | 14.27 | 13.18 Yes {Yes [19.05% |17.20 89.85 22.2 3.2 3051
naa  [1387 [19.05 {892 |ves {ves ]i0.05 {1850 NiA wa |3z 1048
N3B  }t30.7 ]19.05 883  |ves |ves 1005 j1as0 NFA A J32  |1048
N4 88.9 11.13 |9.14 Yes |Yes |18.22* |16.68 5(.8 12.7 3.2 128.7
SG1A | 255 545 11.31 Yes lYes |19.05 |18.39 N/A N/A 3.2 127.9
G1B |285 [s45 11131 |ves |ves {1905 |18.46 N/A NA |2 |1270

iy Nozzle thickness

Reqt: Nozzle thickness required per UG-45/UG-16

Nomi: Vessel wall thickness

Design t: Required vessel wall thickness due to pressure + corrosion allowance per UG-37

Usert: Local vessel wall thickness (near opening)

A Area available per UG-37, governing condition

A Area required per UG-37, govemning condition

Gorr: Corrosion allowance on nozzle wall

R2

Head minimum thickness after forming
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Thickness Summary
Component Materiar | Diameter { Length { Nominalt § Designt | Total Corrosion | Joint | | 4
Identifier {mmy} {mm} {mm} {mm} {mm) E
JOP HEAD SA-516 70 3,962 0D (999,61 i8.22* 18.12 3.2 1.00 |Esternal
raight Fiange on TOP HEAD SA-51670 |3.8620D |51 222 18.2% 32 100 |internal
3962 mm O.0 _SHELL SA-516 70 |3,9620D |2,387 18.05 18.54 3.2 1.00 | Internas
Stealght Flange on BOTTOM HEAD [ SA-516 70 |3,9620D |102 22.2 1856  |a.2 100 §lInternal
BOTTOM HEAD SA-51670 [8,9620D [1,000.08 |$19.05* 18.6 32 1.00 | tntornal
Nominal t: Vessel wall nominal thickness
Design it Required vessel thickness due to governing loading + corrosion
Joint E: Longitudinal seam joint efficiency
* Head minimum thickness after forming
Load
internal:  Circumferential stress due to internal pressure governs
external:  External pressure governs
Wind: Combined longitudinal stress of pressure + weight + wind governs
Seismic: Combined longitudinal stress of pressure + weight + seismic governs
R2 3/25/2013
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Weight Summary
Walght { kg) Coniributed by Vessel Elements
Component Metal Metal nsulation |, . Piping Operaling Liguid Test Liquid Surla:: Area
New' | Corroded” sulation Supports Hning |, Liguid | wew |corroded | Mew |corraded
TOP HEAD 2,618.4 |2,166.2 bl 9.1 208.6 |0 8,668.1 {8,725.7 8,562.1 {8,566 19.27
3962 mm O.0. SHELL |4,396.9 |3,661.2 2821 9.1 3586 |0 28,6554 |28,749.3 [28,655.4 |28,655.4 ]29.61
BOTTCOM HEAD 2,837.9 2,371 177.2 8.1 218.9 {¢ 9,246.2 |9,306.2 9,134.8 |9,138.3 14.88
SUPPORT LEG 888 888 & 43 ¢ 0 0 ¢ 4] ¢ 15.69
TOTAL: 10,741.2 [9,086.5 640.3 27.2 7861 f0 46,569.7 146,781.2 |46,352.3 ]46,369.8 |84.44
* Shells with attached nozzles have weight reduced by material cut out for opening.
Weight { kg} Contributed by Attachmenls Surface
Component Body Flanges N;;::;:S& Packed | Ladders & Trays Tray Rings & | Verlical An:eza
Beds Platforms Supports | Clips Loads
MNow | Cotroded | New | Corroded
TGP HEAD & 0 659.1 508.6 39.5 1] G 0 ¢ 0 298
3962 mm 0.0, SHELL |0 0 334 29.4 1,848.7 {0 ¢ 0 152.5 10,474 {0.62
BOTTOM HEAD 0 0 666.7 821.6 79 0 [u} ] 20.6 10,409* 13.1
SUPPORT LEG 0 ] 0 0 4] 0 0 ¢ 0 Y] 0
TOTAL: ] 1] 1,349.2 |1,259.6 1,967.2 |0 ] [ 12341 20,883 [6.61

* This number includes vertical loads which are not present in all conditions.
* Nozzle weight includes lining.

Vessel operating weight, Corroded: 81,554 kg
Vessel operating weight, New;
Vessel empty weight, Cotroded:
Vessel empty weight, New:

Vessel test weighi, New:

Vessel test weight, Corroded:
Vessel surface area:

83,087 kg
26,210 kg
27,954 kg
63,898 kg
62,161 kg
91.05 m2

Vessel center of gravity location - from datum - lift condition

Vessel Lift Weight, New: 25,987 kg
Center of Gravity:

Vessel Capacity

Vessel Capacity™ {(New):

636.47 mm

46,

134 liters

Vessel Capacity** (Corroded): 46,134 liters
**The vessel capacity does not include volume of nozzle, piping or other attachments.

R2
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TOP HEAD
ASME Section Vill, Division 1, 2010 Edition, A11 Addenda Metric

Component: Ellipsoidal Head

Material Specification: SA-516 70 (lI-D Metric p.18, In. 19)
Material impact test exemption temperature from Fig UCS-66M Curve D =-42.1 °C
UCS-66 governing thickness = 18.22 mm

Internal design pressure: P = 1,034 kPa @ 120 °C
External design pressure: P, = 103.42 kPa @ 120 °C
Static liquid head:

P.= 14.2 kPa (8G=1, H,=1449 mm Operating head)

P, = 38.4 kPa (SG=1, H;=3819.21 mm Horizontal test head)
P,= 14.2 kPa (8G=1, H,=1449 mm Vertical test hoad)

Corrosion allowance:  Inner G = 3.2 mm Outer C = 0 mm
Design MDMT = -28.89°C No impact test performed
Rated MDMT = -42.1°C Material is normalized

Material is produced to fine grain practice
PWHT is not performed
Da not Optimize MDMT / Find MAWP

Radiography: Category A joints - Full UW-11(a) Type 1
Head to shell seam - Spot UW-11{a){5)(b) Type 1
Estimated weight*: new = 2,618.4 kg corr = 2,166.2 kg
Capacity™: new = 8,427.2 liters coir = 8,427.2 liters
* includes straight flange
Cuter diameter = 3962 mm
Minimum head thickness = 18.22 mm
Head ratio D/2h = 2 (new)}
Head ratio D/2h = 1.9968 (corroded)
Straight flange length L = 51 mm
Nominal straight flange thickness t;, = 22.2mm
Insulation thk*: 38 mm density: 256.2965 kg/m®  welght: 170.9506 kg
insulation support ring spacing: 2,438.4 mum individual weight: 9.0718 kg total weight: 9.0718 kg
Lining/ref thk*: 6.35 mm density: 1,922.214 kg/m®  weight: 208.6338 kg

* includes straight flange if applicable
Results Summary

The governing condition is internal pressure.

Minimum thickness per UG-16 1.5 mm+ 3.2 mm =47 mm

Design thickness due to internal pressure (t) = 18.12 mm
Design thickness due lo external pressure (1,) = 13.41 mm
Maximum allowable working pressure (MAWP) = 1.041.57 kPa
Maximum allowable pressure (MAP) = 1,279.83 kPa

Rz 3/25/2013
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Maximum allowable external pressure {MAEP) = 224.31 kPa

K (Corroded)

K=(1/6Y*[2 + (D / (2*h))?|={1/6)*[2 + (3,931.96 / (2*384.59))%]=0.997835

K {New)

K=(1/6)*[2 + (D / (2*h))?l=(1/6}*[2 + (3,925.56 / {2*981.39))%]=1

Design thickness for internal pressure, (Corroded at 120 °C) Appendix 1-4(c)

1 P*D,*K / (2*S*E + 2*P*(K - 0.1)) + Corrosion

1,048.2*3,962*0.997835 / (2*138,000*1 + 2*1,048.2*(0.997835 - 0.1)) + 3.2
18.11 mm

o

The head internal pressure design thickness is 18.12 mim.
Maximum allowable working pressure, (Corroded at 120 °C) Appendix 1-4(c)
P = 2*S*Et/(K'D,- 21K - 0.1)) - P,

2*138,000*1*15.02 / (0.997835*3,962 - 2*15.02%(0.997835 - 0.1)} - 14.2
1,041.57 kPa

o

The maximum allowable working pressure (MAWRP} is 1.041.57 kPa.
Maximum allowable pressure, (New at 10 °C) Appendix 1-4(c)

P

2*S*E*t/ (KD, - 2 (K - 0.1)) - P,
2*138,000%1*18.22 / (13,962 - 2*18.22*(1 - 0.1)} - 0
1,279.83 kPa

The maximum allowable pressure (MAP) is 1.278.83 kPa.
Design thickness for external pressure, (Corroded at 120 °C) UG-33(d)

Equivalent outside spherical radius (R_)

R, = K/ D,
= (.8918*3,962
= 356333 mm
A = 0125/(R, /1Y)
= 0.125/(3,533.3/10.21)
= £.000361
From Table CS-2 B - 35.7978
Metric: ~ MPa

P, B/(R,/1)
35,797.83/(3,533.3 / 10.21)
103.4213 kPa

t = 10.21 mm + Cotrosion = 10.21 mm + 3.2 mm = 13.41 mm
Check the external pressure per UG-33({a}{1) Appendix 1-4{c)

R2 3/25/2013
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t = 1.67*P,;"D,*K/ (2*S"E + 2*1.67"P*(K - 0.1)) + Corrasion
1.87103.42*3,962*0.997835 / (2*138,000*1 + 2*1.67*103.42*(0.997835 - 0.1}) +
3.2
= B.B7 mm

The head external pressure design thickness (t.) is 13.41 mm.

Maximum Allowable External Pressure, (Corroded at 120 °C) UG-33{d)

Equivalent oulside spherical radius (R )

R, = KD,

= 0.8918*3,962

= 3,583.3mm
A = 0.125/(R,/1)

= 0.125/(3,533.3/15.02)

= 0.000531
From Table G8-2 g . 92768
Metric: T MPa
P, = B/R/1Y)

52,767.98/(3,533.3/ 15.02)
224.3097 kPa

Check the Maximum External Pressure, UG-33{a)(1) Appendix 1-4{c)
P 2"STEM f (KD, - 21K - 0.1)}"1.67) - P,

2*138,000%1*15.02 / {(0.997835*3,962 - 2*15.02*(0.997835 - 0.1))*1.67) - 0
632.19 kPa

o

The maximum allowable external pressure (MAEP) is 224.31 kPa.
% Extreme fiber elongation - UCS-79(d)

EFE

]

(75*/RY*(1 -R/R,)
(75%22.2 / 678.45)*(1 - 678.45 / cc)
2.4541%

The extreme fiber elongation does not exceed 5%,
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3962 mm O.D. SHELL

ASME Section Vill Division 1, 2010 Edition, A11 Addenda Metric

Component: Cylinder

Material specification: SA-516 70 {II-D Metric p. 18, In. 19)
Material impact test exemption temperature from Fig UCS-66M Curve D =-41.06 °C
Fig UCS-66.1M MDMT reduction = 1.4 °C, {coincident ratio = 0.9748)

UCS-66 governing thickness = 19.05 mm

Internal design pressure: P = 1,034 kPa @ 120 °C
External design pressure: P, = 103.42kPa @ 120 °C

Static liquid head:

38.09 kPa (SG =1, H, = 3,887 mm,Operating head)
{8G =1, H, = 3,912.03 mm, Horizontal test
head}

8

P, = 38.33kPa

P, = 38.09kPa (SG =1, H, = 3,887 mm, Vertical test head)
Corrosion allowance Innér C = 3.2 mm OCuter C = 0 mm
Design MDMT = -28.89 °C No impact test performed
Rated MDMT = -42.46 °C Material is normalized
Material is produced to Fine Grain Practice
PWHT is not performed

Radiography: l.engitudinal joint - Full UW-11{a) Type 1

Top circumferential joint -  Spot UW-11(a)(5)(b} Type 1

Bottom circumierential joint - Spot UW-11(a)}(5)(b} Type 1
Estimated weight New = 4,396.9 kg corr = 3,661.2 kg
Capacity New = 28,678.89 liters corr = 28,678.89 liters
Oob = 3,962 mm
Length _ 5 387 mm
LG
t = 19.05 mm
Insulation thk: 38 mm density: 256.3 kg/m?® Weight: 292.1 kg
Insulation Support individual Support Total Support
Spacing: 2,438.4 mm Weight: 9.1kg Weight: 9.1kg
Lining/Refractary - a N
thickness: 6.35 mm density: 1,922.21 kg/m Weight: 358.6 kg

Design thickness, (at 120 °C) Appendix 1-1
{ P*R, /{S'E + 0.40*P)} + Corrosion

1,072.09*1,981 / (138,000%1.00 + 0.40%1,072.08) + 3.2
18.54 mm

o

Maximum allowable working pressure, (at 120 °C) Appendix 1-1
P S*E*t/ (R, - 0.40™) - P,

138,000*1.00"15.85/ (1,281 - 0.40*15.85) - 38.09
1,069.57 kPa

nmonon
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Maximum allowable pressure, (at 10 °C) Appendix 1-1

P

S*E*t/ (R, - 0.40*)
138,000%1.00*19.05 / (1,981 - 0.40*19.05)
1,332.18 kPa

I

External Pressure, (Corroded & at 120 °C) UG-28(c)

L/D, = 3,196.26/3,962 = 0.8067
D,/t = 3,962/11.564 = 343.4494
From table G: A = 0.000269
From table CS-2
Metric: B = 2664 MPa
P, = 4B/ (3"(D,/t})

= 4*26,640/{3*(3,962/11.54))

= 103.42 kPa

Design thickness for external pressure P, = 103.42 kPa

= 14.74

t, = t+Corrosion = 11.54+3.2 mm

Maximum Allowable External Pressure, (Corroded & at 120 °C) UG-28(c)

L/D, = 3,196.26/3,962 = 0.8067
D/t = 3,962/15.85 = 248.9748
From table G: A = 0.000418
From table CS-2
Metric: B = 41.508 MPa
P, = 4*B/(3%(D, /1)

= 4*41,508.05/ (3*(3,962 / 15.85))

221.4kPa

% Extreme fiber elongation - UCS-79(d)

EFE

i

(50*t/R)*(1 - R,/ R,)
(50%19.05 / 1,971.48)(1 - 1,971.48 / =)
0.4831%

H]

il

The extreme fiber elongation does not exceed 5%.

External Pressure + Weight + Seismic Loading Check (Bergman, ASME paper 54-A-104)

P, =W/ @n*R,) + M/ (n*R,2)
= 98.03*17,381.9 / (2*n"1,973.08} + 10000*34,208.7 / (n*1,973.08%)
= 165.4676 N/cm
o =P, /(P D)
= 100*165.4676 / (103.42"3,962}
= 0.0404
n =7
m = 1.23/(L/D,)?
R2
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=1.23/(3,196.26 / 3,962)°
= 1.8900
Ratio P, = (N*-1+m+m*a)/(n?-1+m)
= (72-1 + 1.8900 + 1.8900%0.0404) / (72 - 1 + 1.8900)

= 1.0015
Ratio P * P, < MAEP design cylinder thickness is satisfactory.

External Pressure + Weight + Seismic Loading Check at Bottom Seam{Bergman, ASME paper 54-A-104)

P =W/ ('R} + M/ {(n*R..2)
= 98,03*-62,474.3 / (2*1*1,973.08) + 10000*5,638.6 / (n*1,973.08?)
= -489.5850 N/cm
o =P,/ (P D,)
= 100%-489,5850 / (103.423,962)
=-0.1195
n =7
m =1.23/(L/D?
=1.23/(3,196.26 / 3,962)?
= 1.8800
Ratio P, = (n?-1+ m+m*a)/(n?-1+m)
= {721+ 1.8900 + 1.8800*-0.1195)/ {7 - 1 + 1.8000)

= 1.0000
Ratio P, * P, < MAEP design cylinder thickness is satisfactory.

v

Design thickness = 18.54 mm
The governing condition is due to internal pressure.

The cylinder thickness of 19.05 mm is adeguate.

R2 3/25/2013




WO. 12-32

32125-D-2202-01

Thickness Required Due to Pressure + External Loads

18/146

Allowable

Stress

Before UG-23

Req'd Thk Due

. Pressure P { Temperature { Corrosion G Req'd Thk Due to to
Gondition kPa) Stress °c) {mm) Logalion Load Tension (mm) Compression
Increase ( (mim)
MPa)
S Sc
Operating, Het & Corroded 4,034 138 {84.8 12¢ 3.2 Top Seismic | 7.27 .23
Bottom Seismic [7.71 7.1
Operating, Hot & New 1,034 138|899 {120 0 Tap Seismic _|7.25 721
Botiom Seismic | 7.7 77
Hot Shut Down, Cofroded 0 138 {sas  |[120 32 op Seismic ] 0.73 62
Bottom Seismic |0.36 .35
Hot Shut Down, New 0 138 [se20 120 0 Tep Seismic_| .13 0.2
Beitom Seismic { 0.36 0.36
Ermpty, Corroded o 138 848  |21.19 3.2 iop Seismic_ 0.15 0-18
Bottom Seismic | 0.09 0.09
Empty, New 0 138 [89.29 |21.11 0 Top Seismic 015 018
Bottom Seismic 0.1 0.09
Vacuum -103.42 138 {ses  |120 a2 Top Selsmic 133 139
Bottom Seismic | 6.61 0.62
ot Shut Down, Corroded, Top Weight a.16 017
\:(')Vr:allght & Eccentric Moments 0 138 |ads 120 39 .
Y Bottem Weigit  {0.36 0.36
R2 3/25/2013
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BOTTOM HEAD

ASME Section VI, Division 1, 2010 Edition, A11 Addenda Metric

Component: Ellipscidal Head

Material Specification: SA-518 70 (II-D Metric p.18, In. 19)
Material impact iest exemption temperature from Fig UCS-66M Curve D = -41.06 °C
Fig UCS-66.1M MDMT reduction = 1.2 °C, {coincident ratio = 0.9784)

UCS-66 governing thickness = 19.05 mm

Internal design pressure: P = 1,034 kPa @ 120 °C
External design pressure: P, = 103.42 kPa @ 120 °C
Static liguid head:

P.= 48.73 kPa (SG=1, H ;=4973.18 mm Operating head)

Py,= 38.39 kPa (8G=1, H,=3918.38 mm Horizontal test head)
P,~ 48.7 kPa {SG=1, H,=4969.98 mm Vertical test head)

Corrosion allowance: Inner G = 3.2 mm Quter G = 0 mm
Design MDMT =-28.89°C No impact test performed
Rated MDMT = -42.26°C Material is normalized

Material is produced to fine grain practice
PWHT is not performed
Do not Optimize MDMT / Find MAWP

Radiography: Category A joinis - Full UW-11{a) Type 1
Head 1o shell seam - Spot UW-11(a}(5)(b) Type 1
Estimated weight*: new = 2,837.9 kg corr = 2,371 kg
Capacity™; new = 9,028 liters corr = 9,028 liters
* includes straight flange
Quter diameter = 3962 mm
Minimum head thickness = 19.05 mm
Head ratic D/2h = 2 (new)
Head ratio D/2h = 1.9867 (corroded)
Straight flange length L = 102 mm
Nominal straight flange thickness t;, = 22.2mm
insulation thi*: 38 mm density: 256.2965 kg/m®  weight: 177.2262 kg
Insulation support ring spacing: 2,438.4 mm individual weight: 9.0718 kg {otal weight: 9.0718 kg
Lining/ref thk*: 6.35 mm density: 1,922.214 ka/m®  weight: 218.9171 kg

* includes straight flange if applicable
Resuits Summary

The governing condition is internal pressure.

Minimum thickness per UG-16 1.5 mm + 3.2 mm = 4.7 mm

It i

Design thickness due to internal pressure (f) 18.6 mm
Design thickness due fo external pressure (i) = 1341 mm
Maximum allowable working pressure (MAWP) = 1,065.8 kPa
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Maximum allowable pressure (MAP) 1.338.64 kPa
Maximum allowable external pressure (MAEP) = 250,06 kPa

K (Corroded)

K=(1/6)*[2 + (D / (2"h))?]=(1/6)*[2 + (3,930.3 / (2*084.18))?]=0.997834

K (New)

K=(1/8)"[2 + (D / (2*h))2]=(1/8}"[2 + (3,923.9 / (2*980.98))2]=1

Design thickness for internal pressure, {Corroded at 120 °C) Appendix 1-4(c)

t P*D,*K/{2"S*E + 2*P*(K - 0.1)) + Corrosion

1,082.73%3,962*0.997834 / (2*138,000*1 + 2*1,082.73*(0.997834 - 0.1)} + 3.2
18.6 mm

o n

The head internal pressure design thickness is 18.6 mm.

Maximum allowable working pressure, (Corroded at 120 °C) Appendix 1-4{c)

P = ZCEM/ (KD, - 21%(K-0.1)) - P,
= 2%138,000"1*15.85/ (0.997834*3,962 - 2*15.85*(0.997834 - 0.1)) - 48.73
= 1,065.8 kPa

The maximum allowabie working pressure (MAWP) is 1,065.8 kPa.

Maximum allowable pressure, (New at 10 °C) Appendix 1-4{¢c)
P 2*S*EM/ (K*D, - 2*t*(K - 0.1)) - P,
2%138,00071*19.05 / (1*3,962 - 2*19.05*(1 - 0.1)) - 0
1,338.64 kPa

I u

The maximum allowable pressure (MAP) is 1,338.64 kPa.
Design thickness for external pressure, (Corroded at 120 °C) UG-33(d)

Equivalent ouiside spherical radius (R,)

Ro = KO*DD
= 0.891473,962
= 3,631.84 mm
A = 0425/(R,/1)
= 0.125/(3,5631.84/10.2)
=  0.0003861
From Table CS-2 B . 357978
Metric: - MPa
P, = B/(R,/Y
= 35,797.85/(3,531.84/10.2)
= 103.4214 kPa
1 = 10.2 mm + Corrosion = 10.2 mm + 3.2 mm = 13.4 mm
R2
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Check the external pressure per UG-33{a)(1) Appendix 1-4(c)
t = 1.67PSD,K/(2*S*E + 2*1.67"P_*(K - 0.1)) + Corrosion
1.67"103.42*3,96270.997834 / (2*138,000*1 + 2*1.67°103.42*(0.997834 - 0.1)) +
= gg? mm
The head external pressure design thickness {t,} is 13.4 mm.

Maximum Allowable External Pressure, (Corroded at 120 *C) UG-33(d)

Equivalent outside spherical radius (R )

R, = KD,
= 0.8914*3,862
= 3,531.84 mm
A = 0125/(R,/Y)
= 0.125/(3,531.84/15.85)
= 0.000561
From Table CS-2 B - B55.7213
Metric: - MPa

P

a

B/(R,/1)
55,721.34 / (3,531.84 / 15.85)
250.0571 kPa

H

I

Check the Maximum External Pressure, UG-33(a)(1) Appendix 1-4(c)
P 2*S'E*/ ((K'D, - 21K - 0.1)}*1.67) - P,

2*138,000*1*15.85 / ((0.997834*3,962 - 2*15.85%(0.997834 - 0.1))*1.67) - 0
667.38 kPa

nn

The maximum allowable external pressure (MAEP) is 250.06 kPa.
% Extreme fiber elongation - UCS-79(d)

EFE =  (75%/R)*(1 - R/R,)
= (75"22.2/678.16)*(1 - 678.16 / ca)
= 2.4552%

The exireme fiber elongation does not exceed 5%.

R2
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WATER INLET (N1)

ASME Section Vill Division 1, 2010 Edition, A11 Addenda Metric

254

Nole: round inside edges per UG-76(c)

Location and Orientation
Located on:

Orientation;

End of nozzle to datum line:
Calculated as hillside:

Distance to head center, R:
Passes through a Category A joint:

Nozzle

Material specification:

Description:

Inside diameter, new:

Nominal wall thickness:

Corrgsion allowance:

Projection available cutside vessel, Lpr:

Internal projection, b,

Projection available outside vessel to flange face, Li:

Local vessel minimum thickness:
Liguid static head included:
Longitudinal joint efficiency:

Reinforcing Pad
Material specification:
Diameter:

Is spiit:

ASME B16.5-2009 Flange
Description;

R2

k- 6.35

Lygowen = 18.22 mm
Leg,, = 9.53 mm
yuppeny = 22.2 MM
Leg,, = 127 mm
leg,,= 6.35mm
Nw = 254 mm
D, = 450.85 mm
[ 22.2 mm

TOP HEAD

0°

3,989 mm

No

0 mm

No

SA-106 B Smis. Pipe (II-B Metric p. 10, In. 40}
NPS 12 Sch 60 DN 300
285.3 mm

14.27 mm

3.2 mm

338.43 mm

254 mm

452.73 mm

18.22 mm

45816 kPa

1

SA-516 70 (II-D Metric p. 18, In. 19) (normalized)
450.85 mm
No

NP8 12 Class 150 WN A105

22/146
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Bolt Materiak:
Blind included:
Rated MDMT:
Liguid static head:
MAWP rating:
MAP rating:
Hydrotest raling:
PWHT pertformed:

Circumferential joint radiography:

R2

32125-D-2202-01

SA-193 B7 Bolt <= 84 (II-D Metric p. 334, In. 32)
No

-48° G per UCS-66{b}{1}{Db)}

0 kPa

1,694 kPa® 120°C

1,960 kPae 10°C

3,000 kPa@ 10°C

No

None UW-11{c) Type 1

23/146
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Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cm?)

For ¥ = 1,046.15 kPa @ 120 °C
The opening Is adequately reinforced

UG-45
Nozzle Wall
Thickness
Summary
(mm)

The hozzle
passes UG-45

A

A
required available

A Az Aa

A

As welds

‘req tmin

41.0175 |44.1876 |4.6781 16.248 |2.6511 |28.194 |2.4155 {11.53 |12.49

UG-41 Weld Faifure Path Analysis Summary (N)

All failure paths are sironger than the applicable weld loads

Weld load | Weld load Path 1-1 Weld load Path 2-2 Weld load Path 3-3
W Weg strength Wa.o strength Waa strength
505,581 1508273 {1.057.615 {173,154 12,265.967 1584.489 (1.440.724

UwW-16 Weld Sizing Summary

Required weld | Actual weld

Weld description alze (mm) aize (mm) Status
Nozzle to pad fillet {Lega1} 8 6.67 weld size is adequate
Pad to shell fillet {Legan) 7.51 8.89 weld slze Is adequate
Nozzle to pad groove (Upper) | 7,75 222 weld size is adequate

Calculations for internal pressure 1,046.15 kPa @ 120 °C

Fig UCS-66.2 general note (1) applies.

Nozzle is impact test exempt to -105 °C per UCS-66(b)(3) {coincident ratio = 0.2293).

External nozzle loadings per UG-22 govern the ceincident ratic used.

Pad impact test exemption temperature from Fig UCS-66M Curve D =-421 °C

Fig UCS-86.1M MDMT reduction = 5.8 °C, {coincident ratio = 0.8957).

Nozzle UCS-66 governing thk: 12.49 mm
Nozzle rated MDMT: -105 °C
Pad UCS-66 governing thickness: 18.22 mm
Pad rated MDMT: -47.9 °C

Parallel Limit of reinforcement per UG-40

L

1

R

1

R2

MAX(d, R, + (t,- C,) + (t- C))
MAX(301.7, 150.85 + {14.27 - 3.2} + (18.22 - 3.2))
301.7 mm
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Outer Normal Limit of reinforcement per UG-40

It

L, MIN(@.5%(t - C), 2.5*(t, - C,) + 1)
MIN(2.5%(18.22 - 3.2), 2.5*(14.27 - 3.2) + 22.2)

37.55 mm
Inner Normal Limit of reinforcement per UG-40

Il

L, MIN(2.5*(t - C), 2.5%*(t,- C, - C)}
MIN(2,5*(18.22 - 3.2}, 2.5%(14.27 - 3.2 - 3.2))
= 18.869mm

Nozzle required thickness per UG-27(c)(1)

tw = P*R,/(8;E-0.6"P)
= 1,046.1486*150,85/(118,000%1 - 0.6%1,046.1488)
1.34 mm

I

Required thickness t_from UG-37{a)(c)

i

. P*K,*D, / (2*S’E + 0.8"P)
1,046.1486*0.8985%3,962 / (2*138,000*1 + 0.8%1,046.1486)
13.45 mm

1§

Area required per UG-37(c)

Aliowable stresses: 5, =118, 5, = 138, Sp =138 MPa
i,y =lesserof 1or S, /8, = 0.8551

lo=lesserof 1or§, /S, = 0.8551

fa =lesserof f, or 5,/ S, = 0.8551

f4=losserof 1or§,/8 =1

A d*LF + 2° 1 F (-1 )
(301.7*18.45*1 + 2*11.07*13.45*1%(1 - 0.8551)) / 100

41.0175 em?

1

]

Area available from FIG, UG-37.1

A, = larger of the following= 4.6781 cm?

(E - FUE) - 21, (E, - P (1 - )

1t

4.6781 cm2

R2

(301.7*(1*15.02 - 1*13.45) - 2*11.07*(1*15.02 - 1*13.45)(1 - 0.8551)) / 100
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2%t + 1) (B - PR - 2% E - ) - 1)
(2*(15.02 + 11.07)*(1*15.02 - 1*13.45) - 2711.07*{1*15.02 - 1*13.45)*(1 - 0.8551}) / 100
0.7677 cm?

|

= smaller of the following= 6.249 cm?

= Bt -t Pt

= (5*(11.07 - 1.34)*0.8551*15.02) / 100
=  6.249 cm?

= 2% -1 )M(R5M, + 1),

= (2*(11.07 - 1.34)*(2.5*11.07 + 22.2)*0.8551) / 100
= B.3026 cm?

smaller of the following= 2.6511 cm?

= B,
= (5*15.02*7.87°0.8551) /100
= 50566 cm?

= S

= (5*7.87'7.87*0.8551) /100
= 255! 1 cm?

= 2,
= {2*250.8'7.87*0.8551) /100
= 337747 em?

= Leg®i,
= {9.53%*0.8551} / 100
= 0.7755 cm?

= Legz*fm
= (12.77*1)/100
= 1.6129 ¢m?

= Legaif@
= {1.78%*0.8551}/100
= 0.0271 cm?

= (Dp -d- 2*tn)*te*fr4
= ((450.85-301.7 - 2*11.07)"22.2*1) / 100
= 28.194 cm?

= A +A A AL F AL+ At Ay
= 46781 +6.249 +2.6511 + 0.7755 + 1.6129 + 0.0271 + 28.194
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= 44,1876 ¢cm?

As Area >= A the reinforcement is adequate.

UW-16(c)(2) Weld Check

inner fillet: t =lesser of 19 mmort, ort, = 11.07 mm
tymig = le88€r0f 6 Mmor 0.7°1 , =8 mm

lyfaouay = 0-7°Leg = 0.7°9.53 = 6.67 mm

min

Outer fillet: & = lesser of 19 mm or k, or t = 15.02 mm
tw(min) = O'S*tmin =7.51 mm
Lytagnay = 0-7"Leg = 0.7°12.7 = 8.89 mm

s

UG-45 Nozzle Neck Thickness Check

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

toueey = P*R/(S*E-0.6"P) + Corrosion
= 1,046.1486°150.85 / (118,000%1 - 0.6*1,046.1486) + 3.2
= 454 mm

tbugee = 5.33mm

ty = max[t, yg27 s tyugee ]
= maxf[4.54,5.33]

[ = 18.08 mm

ts = max(ty, b yas ]
= max[18.08,4.7]
= 18.08 mm

tb = m‘n[ lb3 3 tb1 ]
-  min[11.53,18.08]
= 11.53mm

tygas =  max{t 4]
= max[b.33,11.53]
= 11.583 mm
Available nozzle wall thickness new, t_ = 0.875"14.27 = 12.49 mm

The nozzle neck thickness is adequate.

R2
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Allowable stresses in joints UG-45 and UW-15(c)

Groove weld in tension: 0.74*138 = 102.12 MPa
Nozzle wall in shear: 0.7°118 = 82.6 MPa
Inner fillet weld in shear: 0.49*118 = 57.82 MPa
Quter fillet weld in shear: 0.49*138 = 67.62 MPa
Upper groove weld in tension: 0.74*138 = 102,12 MPa
Lower fillet weld in shear: 0.49*118 = 57.82 MPa

Strength of welded joints:

{1) Inner fillet weld in shear
{n/2YNozzle OD*Leg"S, = (r / 2)*323.85*9.53"57 .82 = 280,160.5 N

{2) Outer fillet weld in shear
{r/2)*Pad OD*Leg"S, = (n / 2)*450.85"12.7*67.62 = 608,178.28 N

{3) Nozzle wall in shear
{n / 2}*Mean nozzle dia”kﬂ*Sn = (n/2)*312.78*11.07°82.6 = 449,436.31 N

{4) Groove weld in tension
(m / 2)*Nozzle OD*t S = (r / 2)*323.85"15.02*102.12 = 780,248.65 N

(5} Lower fillet weld in shear
{m / 2)*Nozzle OD*Leg"S, = (r / 2)*323.85*1.78"57.82 = 52,296.63 N

{6) Upper groove weld in tension
{m/2)"Nozzle OD™t,*S = (= / 2)'328.85'22.2*102.12 = 1,153,261.07 N

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

W

It

il

(A- A, + 27T (B, - F)'S,
(4,101.7530 - 467.8055 + 2*11.07+0.8551*(1*15.02 - 1*13.45))*138
505.581.34 N

(Ao + Ag + Ay + A)'S,
{624,902 + 2,819.4 + 77.5482 + 161.29)"138
508.27342 N

{Ag + Ayt Ay + Agg + 270 '11,)S,
(624.902 + 265.1074 + 77.5482 + 2.7097 + 2*11.07*15.02*0.8551)*138
173.154.19 N

(A + Ay + Ag + Ay + Ay + Ay + 24,1178,
{624.902 + 265.1074 + 2,819.4 + 77.5482 + 161.29 + 2.7087 + 2*11.07*15.02*0.8551)*138
584.489.47 N

Load for path 1-1 lesser of W ar W, = 505,581.34 N

Rz

28/146

3/25/2013




L

WO. 12-32 32125-D-2202-01

Path 1-1 through (2) & (3) = 608,178.28 + 449,436.31 = 1,057.614.59 N
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, , = 173,154.19 N
Path 2-2 through {1), (4), (5), (6) = 280,160.5 + 780,248.65 + 52,296.63 + 1,153,261.07 = 2.265.966.84 N
Path 2-2 is stronger than W, , 50 itis acceptable per UG-41(b){1).

Load for path 3-3 lesser of W or W, ; = 505,581.34 N

Path 3-3 through (2), (4), (5) = 608,178.28 + 780,248.65 + 52,296.63 = 1.440,723.56 N
Path 3-3 is stronger than W so it is acceptable per UG-41 (0){2).

R2
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Applied Loads

Radial load: P.=-9,880 N
Gircumferential moment: M, = 12,390 N-m
Circumferential shear: V, = 12,100 N
Longitudinal moment: M, = 12,390 N-m
Longitudinal shear: V,=12,100 N

Torsion moment: M, = 17,520 N-m
Internal pressure: P= 1,046.15kPa
Head yield stress: S, = 236 MPa

Maximum stresses due to the applied loads at the pad edge (includes pressure)
Mean dish radius R = 3,554.18 mm

U=r,/Sar(R,"t) = 0.876
Pressure siress intensity factor, | = 1 (derived from PVP-Vol. 399, pages 77-82)

Local pressure stress = I"P*R, / (2"} =123.52 MPa

Maximum combined stress (P +P +Q) = 266.86 MPa
Allowable combined stress (P +P +Q) = +-3'5 = 4+-414 MPa

The maximum combined stress (P +P +Q) is within allowable limits.

Maximum local primary membrane stress (P ) = 145.62 MPa
Allowable local primary membrane stress (P ) = +-1.5S = +-207 MPa

The maximum local primary membrane stress (P ) is within allowable limits.

R2
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Stresses at the pad edge per WRC Bulletin 107

Figure |value| A, A B, B, C, C, D, D,
SR-2* 0.0684 2992 2.982 2.892 2.892 2.9¢2 2.982 2.992 2.692
SR-2 0.0366 |9.618 -9.618 |9.618 -9.618 9.618 -0.618 9.618 -9,618
SR-3* 0.0804 |0 0 0 0 -8.112  j-19.112 (19492 [16.112
SR-3 00781 |o o 0 0 -111.392 [111.302 | 111392 [-111.392
sra* loosed jae112 J-e12 [1e112 Jienia o 0 0 0

SR-3 0.0781 |-t18.392 |111.382 | 141392 |-111.382 |0 0 0 0

Pressure stress* 123.52 123,62 |t23.52 {123.52 123.62 123.52 |123.62 [123.62

Total Oy stross 5626 1200.173 | 266634 {24614 [5626  [209.173 |266.634 |24.614
:‘tf;"s‘;[a“e Ox 1074  |107.4 |145624 | 145624 [107.4 {1074 |145.624 | 145604
szt [oo212 loosr  lossr  |es3t Josar  fosst  Joszt  |osas  o.sst
SR-2 0011 |2880 |-28s0 |2889 |-2880 |28s0 |-2888 |2869 |-2s80
SRa*  |00242 |0 0 0 0 575 |575 |s78 575
SR-3 0.0235 |o 0 o 0 33515 |33516 {3355 |-23.515
sRa*  |oozdz |s75 |s75  |[s75  |s75 o 0 0 0
SR3 00235 |-33515 33515 |a3sis |a3sis [o 0 o o

Pressure siress” 123,62 123,52 112352 {12352 123.52 123.52 |123.52 |123.62

Total Oy stress 88.074 |149.327 | 166,605 |93796 |esova |149.327 |166.505 | 9378
i‘if:g“"" Oy 1187 {1187 |130.201 [130201 {1187 1187  |[130.201 [130.201
Shear from Wy 3664 |3654 {3654 |ae54 [3654 |3.654 |ass4  |3.654
Shear from V- 0 0 o 0 438 |-1138 {1138 |18
Shear from Va 1138 |tiss  [-tass [-1138 Lo 0 0 0

Tatal Shear stress | 4,792 4.792 2,517 2.517 2517 2.517 4.792 4.792

Comblined stress

88.349 209,552 | 266.696 [ 93.886 88.149 209.277 | 266.862 | 84,127
(PL+Pp+Q)

Notes: (1) * denotes primary stress.

{2) The nozzle is assumed to be a rigid {solid) attachment.

Maximum stresses due 1o the applied loads at the nozzle OD (includes pressure)
Mean dish radius R = 3.554.18 mm

U=r,/Sar(R,") = 0.445
Pressure stress inlensity factor, | = 0.47135 (derived from PVP-Vol. 399, pages 77-82)

Local pressure stress = I'P*R;/ (2*1) =58.219 MPa

Maximum combined stress (PL+Pb+Q) =109.39 MPa
Allowable combined stress (PL+PQ+Q} = +-3*S = +-414 MPa

The maximum combined stress (P +P +Q} is within allowable limits.

Maximum local primary membrane stress (P ) = 63 MPa
Allowable local primary membrane stress (P ) = +-1.5*S = +-207 MPa

R2
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The maximum local primary membrane stress {P, ) is within allowable limits.
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Stresses at the nozzle OD per WRC Bulletin 107
Figure [value | A A B B, c C D, D,

L] u 1]
SR-2* 0.1465 |1.048 i.048 j1.048 1.048 1.048 1.048 |1.048 1.048

SH-2 0.0933 §3.002 -3.992 |3.992 -3.992 |3.982 -3.992 |3.992 -3.982
SR-3* 0.15618 |0 L] 0 ¢ -3.73 -3.73 |3.73 3.73
SR-3 0.285 0 0 o} ] -42.081 |42.061 {42,061 |-42.051
SR-3* 0.1518 |-3.73 -3.73 1373 3.73 0 0 g \]

SR-3 0.285 -42.0561 [42.051 | 42,051 |-42.061 |0 0 0 ¢

Pressure slreas* 58.21% |58.219 | 5B.219 158.219 |58.210 |58.219 |58.219 |56.219

Total Oy stress 17.478 {93.596 {109.041 {16.954 {17.476 |93.596 |109.041 |16.954

g!::;nsgzane Ox 55537 |55.537 62007 |ezser |s5537 |[55.537 |62.597 |ez.007

sR2*  fopdse [oat  Jom1  Joad 031  fo31  {est  joai 0.31

SR-2 cozed 1213 |-1213 1213 |1zms 1213 a2z [12s fazs

sra*  |oo4e3 |o 0 0 0 438 |-1.138 1138 |1.138
SR-3 0.0872 |0 0 0 o 12.866 [12.866 |12.866 |-12.866

SR-a*  [o.o0463 {1128 [-i138 |38 [1138 o o 0 0

SR-3 00872 |-12.866 |12.865 | 12.866 |-12.866 |o 0 ) o

Pressure stress” 58.219 |58.219 {58.219 |58.219 |58.219 |58.219 |58.219 |58.219

Total Oy stress 4574 |69.044 | 73746 [45588 Y4574 |so044 |73.745 |45.588
Z’It':;“szr,a“" Oy 57302 |57.302 |50.667 |se.867 |57.392 |s7.392 |50.687 |50.887
Shear from M; 2.85¢ |2.854 {2854 jzas4 |2854 |2854 (2854 (2854
Shear from V1 0 0 0 9 0.641 |-0.641 [0.841  }0.641
Shear from Vy 0641 0641 |-0841 |-.0841 Jo 0 ¢ 0

Total Shear stress | 3.496 3496 32.293 2.213 2.213 2213 |3.496 3.496

Combined stress

46,167 §94.086 |109.178 |45.761 j45.812 {93.796 | 109.385 | 46.009
(PrLePp+Q)

Notes: (1) * denotes primary stress.
{2) The nozzle Is assumed to be a rigid {solid) attachment.
Longitudinal stress in the nozzle wall due to internal pressure + exiernal loads
O pmy = PR/ (2°) - P/ (RS2 - RA) + MR /1
= 1,046.15/ 1000150.85 / (2*9.29) - -9,880 / (r*{161.932 - 150.857)) + 1.7522E+07*161.93 / 1.3324E+08
= 30.695 MPa

The average primary stress P (see Division 2 5.6.a.1) across the nozzie wall due to internal pressure + external
loads is acceplable { £ S = 118 MPa)

Shear stress in the nozzle wall due to external loads
Oshear = (VLZ + V02)0.5 / (R*Ri*tn}

= (12,1002 + 12,1002)05 / (n*150.85*11.07)

=3.26 MPa

cFtc)rsion = Mt / (2*E*Ri2*tn)
= 17,520 / {(2*x*150.852*11.07)

R2 3/25/2013
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= 11.064 MPa

Giatal = Oshear T Clorsion
=3.26 + 11.064

= 14.325 MPa

UG-45: The total combined shear stress {14.325 MPa) is below than the allowable (0.7*S, = 0.7"118 = 82.6 MPa)
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Reinforcement Calculations for MAEP

32125-D-2202-01

UG-37 Area Calculation Summary {cm?)

For Pe = 224,31 kPa @ 120 *C
The opening |s adequately reinforced

UG-45
Nozzle Wall
Thickness
Summary

{mm)
The nozzie
passes UG-45

A A
required | avallable A1 Ay A3 As welds freq tmin
22.898 [39.3231 1-- [6.0626 [2.6511 |28.194 |2.4155 16.41 |12.49

UG-41 Weld Failure Path Analysis Summary

pressure

Weld strength calcuiations are not required for external

UW-16 Weld Sizing Summary

Weld description Regi::?;:f!d Asci:;a(l,::‘l)d Status
Nozzie ta pad fillet (Legq) B 6.67 weld size is adequate
Pad to shell fillet {Leg4p} 7.51 B.89 weld size is adequate
Nozzls to pad groove (Uppery {7.75 222 weld size is adequate

Calculations for external pressure 224.31 kPa @ 120 °C

Parallel Limit of reinforcement per UG-40

i}

Ln

n

= 301.7 mm
OQuter Normal Limit of reinforcement per UG-40

L

It

H

MAX(d, R, + {t,- G} + {t - C))
MAX(301.7, 150.85 + (14.27 - 3.2) + {18.22 - 3.2)}

MIN(2.5%(t - C), 2.5%(t, - G} + 1)
MIN(2.6%{(18.22 - 3.2), 2.5*(14.27 - 3.2) + 22.2}
37.55 mm

jnner Normal Limit of reinforcement per UG-40

L

It

11

il

MIN(2.5%t - C), 2.5*(%, - C, - C))
MIN(2.5(18.22 - 3.2), 2.5%(14.27 - 3.2 - 3.2))
19.69 mm

Nozzle required thickness per UG-28 t,, = 1.63 mm

From UG-37(d)(1) required thickness t, = 15.02 mm

R2
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Area required per UG-37{d)(1)

Allowable stresses: S, =118, 5, = 138, Sp =138 MPa

fy =lesserof 1 orS /S, = 0.8551

fr,=lesserof1orS /8, =0.8551

fs =lesseroff, or§,/S, = 0.8551

f=lesserof 1or§ /8, =1

li

0.54(d""F + 2t *t *F*(1 - )
(0.5%(301.7*15.02*1 + 2*11.07*15.02*1*(1 - 0.8551))} / 100
22.898 cm?

Area available from FIG. UG-37.1

A, = larger ot the following= 0 cm?

R2

1l

1]

d*(E "t - F*) - 2°1 Mt - FR*(1 - £,)
{301.7%(3*15.02 - 1*15.02) - 2*11.07*(1*15.02 - 1*15.02)*(1 - 0.8551)} / 100
0 cm?

2@+ En)"(E1 - F*tr) - 2*'£n*(E1*t - F*Tr)*(‘l - fﬂ)
{2*(15.02 + 11.07)*(1*15.02 - 1*15.02) - 2*11.07*{1*15.02 - 1*15.02)*(1 - 0.8551)) / 100
0 om?

smaller of the following= 6.0626 cm?

BA(t, - 1),
{5%(11.07 - 1.63)*0.8551*15.02) / 100
6.0626 cm?

2*(tn - tm)*(2.5*tn + te)"fr2
(2*(11.07 - 1.63)*(2.5*11.07 + 22.2)*0.8551) / 100
8.0548 cm?

gmaller of the following= 2.6511 cm?

5t

(5*15.02*7.87%0.8551) / 100
5.0566 cm?
ST,

(5*7.87*7.8770.8551) / 100
26511 cm?
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= 2y,
= (2*250.8*7.87*0.8551) /100
= 833.7747 cm?

Ay = Legz*fra
= (9.532*0.8551) /100
= 0.7755 cm?

A = Leg™f,
- (12.721) /100
= 16129 cm?

Ay = Legz*fra
= {1.78%*0.8551)/100
= 0.0271 cm?®

Ay = (D,-d- 27,4,
= ((450.85 - 301.7 - 2*11.07)*22.2*1) / 100
= 28194 cm?

Area = A+ A +A A +ALFAL+ A
= 0+6.0626 +2.6511 +0.7755 + 1.6129 + 0.0271 + 28.1%4
= 39.3231 cm?

As Area »= A the reinforcement is adequate.

UW-16{c)}{(2) Weld Check

Inner fillet: t .,  =lesserof 19 mmort, ort, = 11.07 mm
L = 188SCr of 6 mm or 0.7, = 6 mm
totaotuay = 0-7°Leg = 0.7*9.53 = 6.67 mm

Outer fillet: 1, = lesserof 19 mmort, or t = 15.02 mm

tw(min) = 0.5, = 51 mm
Ywiacnay = 0-7"Leg = 0.7*12.7 = 8.89 mm

UG-45 Nozzle Neck Thickness Check

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

ta UG-28 = 4.83 mm
touge = 453 mm
R2
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max[ t, ygzs + taug-22 |
max[ 4.83 ,4.53 |
4.83 mm

6.41 mm

max( .+ by ugis ]
max[ 6.41, 4.7 ]
6.41 mm

minl tya, byl
min[ 11.53, 6.41 ]
6.41 mm

max[t, , 1]
max[ 4.83,6.41]
6.41 mm

Available nozzie wall thickness new, t, = 0.875"14.27 = 12,48 mm

The nozzle neck thickness Is adequate.

External Pressure, (Corroded & at 120 °C) UG-28(c)

L/D, = 452.73/323.85 = 1.3980
D,/t = 32385/1.63 = 198.2439
From table G: A = 0.000337
From table CS5-2
Metric: B = 33.3504 MPa
P, = 4"B/(3*(D,/1))
= 4*33,350.43 /(3*(323.85/ 1.63}}
= 22431 kPa

Design thickness for external pressure P, = 224.31 kPa

R2

= 4,83

t+ Corrosion = 1.63 + 3.2
mm
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tugoweny = 19.05 mm
Leg,, = 9.53mm
Lypupper) = 22-2 MM
Leg,, = 12.7 mm

D, = 463.79 mm

p

i, = 22.2 mm

Note: round inside edges per UG-76(c)

Location and Orientation
Located on:

Orientation:

End of nozzle to datum line:
Calculated as hillside:

Distance to head center, R:
Passes through a Category A joint:

Nozzle

Material specification:

Description:

inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Opening chord length:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

Local vesssl minimum thickness:
Liguid static head included:
Longitudinal joint efficiency:

Reinforcing Pad
Material specification:
Diameter:

is spilit:

ASME B16.5-2002 Flange
Description:

R2

BOTTOM HEAD
180°

-1,574 mm

Yes

152 mm

No

SA-106 B Smis. Pipe {II-D Metric p. 10, In. 40)
NPS 12 Sch 60 DN 300
295.3 mm

14.27 mm

3.2 mm

301.93 mm

459,69 mm

573.98 mm

19.05 mm

54,3224 kPa

1

SA-516 70 {II-D Metric p. 18, In. 19) (hormalized)
463.79 mm
No

NPS 12 Class 150 WN A105

3/25/2013
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Bolt Material:
Blind inciuded:
Rated MDMT:
Liquid static head:
MAWRP rating:
MAP rating:
Hydrotest rating:
PWHT performed:

Circumferential joint radiography:

A2

32125-D-2202-01

SA-193 B7 Bolt <= 64 {II-D Metric p. 334, In. 32}
No

-48° C per UCS-66(b}{1}{b}

54.5086 kPa

1,694 kPaa 120°C

1,960 kPa@ 10°C

3,000 kPae 10°C

No

None UW-11(c) Type 1
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (cm?) Thickness
For P = 1,095.89 kPa @ 120 °C Summal'y
The opening 15 adequately reinforced (mm)
The nozzie
passes UG-45
A A
requited | available A1 A2 A As welds lreq tmin
42.9946 |45.2076 |5.2561 |6.5497 |-- 131.0134 |2.3884 [11.53 |12.49

UG-41 Weld Failure Path Analysis Summary (N)

AH failure paths are slronger than the applicable weld loads

Wold load | Wold load Path 1-1 Weld load Path 2-2 Weld load Path 3-3

w strength Woo strength Wag strength
525,389 |551.330 |1.075.072 |1142.514 }2.256.7 592 757 449

UW-16 Weld Sizing Summary
Required weld | Actual weld
Weld description size (mm) size (mm) Stalus

Nozzle to pad fiiet (L.egqs) 3] 6.67 weid size is adeqguate
Pad to shell fillet (Legap) 7.92 8.89 weld size is adequate
Nozzle fo pad groove (Uppery {7.75 229 weld size is adequale

Calculations for internal pressure 1,095.89 kPa @ 120 °C

Fig UCS-66.2 general note (1} apphes.

Nozzle is impact test exempt to -105 °C per UCS-66(b){3) (coincident ratio = 0.2334).

External nozzle loadings per UG-22 govern the coincident ratic used.

Pad impact test exemption temperature from Fig UCS-66M Curve D = -41.06 °C

Fig UCS-66.1M MDMT reduction = 6.2 °C, {coincident ratio = 0.889},

Nozzle UCS-66 governing thk:

Nozzle rated MDMT:

Pad UCS-66 goveming thickness;

Pad rated MDMT;

12.49 mm
-105 °C

12.05 mm

-47.26 °C

Parallel Limit of reinforcement per UG-40

La

It

It

1}

R2

MAX(d, R, + (t, - C) + (t- C})
MAX(301.93, 150.96 + {14.27 - 3.2) + {19.05 - 3.2))
301.93 mm
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Quter Normal Limit of reinforcement per UG-40

It

MIN(2.5*(t - C), 2.6%(t, - C) + 1)
MIN{2.5*(19.05 - 3.2), 2.5%(14.27 - 3.2) + 22.2}
38.62 mm

Nozzle required thickness per UG-27(c)(1)

Ly

11

t

P*R,/ (S,"E - 0.6'P)
1,095.8895*150.85 / (118,000*1 - 0.6*1,095.8895)
1.41 mm

1]

il

Required thickness t, from UG-37(a)(c)

{ P*K,*D, / (2'S*E + 0.8*P)
1,095.8895%0.8985%3,962 / (2*138,000*1 + 0.8*1,095.8895)

14.09 mm

fl

t

1

1

Area required per UG-37(c)

Allowable stresses: 5, =118, 8, =138, 5, = 138 MPa
t,=lesserof 1 or 5 /5, = 0.8551

f,=lesserof1or 5 /5, =0.8551

f, = lesser off, or S,/ 8, = 0.8551

f4=lesserof tor 5, /S, =1

>
It

d'tF + 24, " P (1 - £p)
(301.93*14.09*1 + 2*11.07*14.09*1*(1 - 0.8551)) / 100
42,9946 om?

It

Area available from FIG. UG-37.1

A, = larger of the following= 5.2561 cm?

= dU(E, - F) - 24 (Bt PR - 1)

= (301.93*(1*15.85 - 1°14.09) - 2*11.07*(1*15.85 - 1"14.09)*(1 - 0.8551}) / 100

= 5.2561 ecm?

= 2+ t)M(E M- P - 29, 5(E, - P - 1)

= (2*(15.85 + 11.07)*{1*15.85 - 1*14.09) - 2*11.07%(1*15.85 - 1*14.09)*(1 - 0.8551)) / 100

= 0.891 cm?

A, = smaller of the following= 6.5497 cm?

R2
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= Bt - t,) T
- (5*(11.07 - 1.41)*0.8551*15.85) / 100
= 6.5497 cm?

= 2Mt -t MM, + 1),
= (2%(11.07 - 1.41)*(2.5*11.07 + 22.2)*0.8551) / 100
= 8.2458 cm?

A4'| = Legzifra
= {9.532*(0,8551} / 100
= 0.7755 cm?

Ap = Leg™i,
- (12.721) /100
= 18129 cm?

A; = (Dy-d-24)1,

= ((463.79 - 324.09)*22.2*1) / 100
= 31.0134 cm?2

Area= A+ A, +AL+AL+ A
= 5.2561+ 6.5497 + 0.7755 + 1.6129 + 31.0134
= 452076 cm?

As Area >= A the reinforcement is adequate.

UW-16{c)(2) Weld Check

Inner fillet: t ., = lesserof 19 mmort, ori, = 11.07 mm
tomim = l@SSErof 6 mmor 0.7%,, = 8 mm
totactial = 0.7*Leg = 0.7"9.53 = 6.67 mm

Outer fillet: 1, = lesser of 19 mmor t, or { = 15,85 mm
t =0.5% . =7.92 mm

wimin} min

fwiacay = 0-7°L€g = 0.7*12.7 = 8.89 mm

UG-45 Nozzle Neck Thickness Check

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

tbussy = P*R{(S*E-0.6"P) + Corrosion
= 1,096.0756™150.85/ (118,000 - 0.6*1,096.0756) + 3.2
= 461 mm

R2
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tbugee = 5.37mm

ta = max[t, yg.e7  thug-ez |
= max[4.61,537]
= 537 mm

iy = 1879 mm

Ly = max{ty .t yae]
= max[18.79,4.7]
= 18,79 mm

t, = min[t,, by ]
= min[11.53,18.79]
= 1153 mm

tuaas = max{t, 4]
- max{5.37,11.53]
= 1153 mm

Available nozzle wall thickness new, t, = 0.875*14.27 = 12.49 mm
The nozzle neck thickness is adequate,

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

Groove weld in tension:
Nozzle wall in shear:
Inner fillet weld in shear:
Outer fillet weld in shear;

0.74*138 = 102.12 MPa
0.7118 = 82.6 MPa
0.49*118 = 57.82 MPa
0.49*138 = 67.62 MPa

Upper groove weld in tension: 0.74*138 = 102.12 MPa
Strength of welded joints:

{1} Inner fillet weld in shear
{n/ 2y*Nozzle OD*Leg*S, = (r / 2)*323.85%9.53*57.82 = 280,160.5 N

{2) Outer fillet weld in shear
{(n/2)*Pad OD*"Leg*S, = (n/ 2)*463.79"12.7*67.62 = 625,635.56 N

(3) Nozzle wali in shear
(n / 2)*Mean nozzle dia*t,*S, = (n / 2)*312.78*11.07*82.6 = 449,436.31 N

{4} Groove weld in tension
{(n/ 2)*Nozzle OD™1,*S, = (n / 2)*323.8515.857102.12 = 823,366.07 N

(6) Upper groove weld in tension
{r / 2)*Nozzle OD™","S, = (n / 2)*323.85"22.27102.12 = 1,153,261.07 N
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Loading on welds per UG-41{b)(1)

W = (A-A+ 27 (E M- FR)'S,
= (4,299.4557 - 525.6119 + 2"11.07*0.8551*(1*15.85 - 1*14.09))*138
= 525389.29 N

Wi = (A, +Ag+ Ay +ALNS,
= (654.9664 + 3,101.34 + 77.5482 + 161.29}"138
= 55133004 N

Woo=  (Ay+ Ay + Ay v Ay + 29 0T, )°S,
= (654.9664 + 0 + 77.5482 + 0 + 2*11.07*15.85°0.8551)*138
- 14251373N

Woa=  (Apr Ag+Ag e Ay + AL+ Ay + 271 TS,
= (654.9664 + 0 + 3,101.34 + 77.5482 + 161.29 + 0 + 2*11.07*15.85*0.8551)*138
= 582,756 73 N

Load for path 1-1 lesser of W or W, , = 525,389.29 N
Path 1-1 through (2) & (3) = 625,635.56 + 449,436.31 = 1,075,071 87 N
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, , = 142,513.73 N
Path 2-2 through (1), {4), (6} = 280,160.5 + 823,366.07 + 1,153,261.07 = 2.266.787.63 N
Path 2-2 s stronger than W, , so it is acceptable per UG-41(b){1).

Load for path 3-3 jesser of W or W, , = 525,389.29 N

Path 3-3 through {2), (4) = 625,635.56 + 823,366.07 = 1.448.001.62 N
Path 3-3 is stronger than W so it is acceptable per UG-41(b){2).
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Applied Loads

Radial load: P =-9,880 N
Circumferential moment: M, = 12,390 N-m

Circumferential shear: V,= 12,100 N

1

Longitudinal moment: M, =12,380 N-m
Longitudinal shear: V,=12,100 N

Torsion moment: M, = 17,520 N-m
Internal pressure: P= 1,095.89kPa
Head yield stress: Sy = 236 MPa

Maximum stresses due to the applied loads at the pad edge (includes pressure)
Mean dish radius R, = 3,554.59 mm

U=r,/8qgr{R,*)=0.976
Pressure stress intensity factor, | = {1 (derived from PVP-Vol. 399, pages 77-82)

Local pressure slress = ["P*R,/ (2"1) =122.616 MPa

Maximum combined stress (P +P +Q) = 248.24 MPa
Allowable combined stress (P +P, +Q) = +-3*S = +-414 MPa

The maximum combined stress (P +P_+Q) is within allowable limits.

Maximum local primary membrane stress (P ) = 142.01 MPa
Alfowabile local primary membrane stress (P} = +-1.5"S = +-207 MPa

The maximum local primary membrane stress (P, ) is within allowable limits.
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Stresses at the pad edge per WRC Bulletin 107

Figure [value | A, A, B, B, C, o4 D, D,
SR-2* 0.0684 |2.689 2.689 2.689 2.689 2.688 2.689 2.689 2.689
SR-2 0.0366 |8.639 -8.639 8.638 -8.63% |8.639 -8.639 8.639 -8.639
SA-3* 0.0804 {0 i 0 0 -16.706 |-16.706 |16.706 [16.706
SR-3 0.078t |§ 0 0 0 -97.376 {97.375 97375 |-97.375
SR-3* 0.0804 [-16.706 |-16.706 )16.706 16,7066 |0 G ] 0

SR-3 0.0781 -97.375 |97.375 |97.375 |-97.375 |0 0 0 4]

Pressure siress* 122,616 [122.616 1122616 | 122,616 §122.618 122,616 | 122,616 | 122616

Tatal Oy stress 19.864 |[197.335 [248.025 {35998 [19.864 [107.335 [248.025 | 35.908
2’:‘::;‘;‘?“‘*0* 108.599 | 108,500 | 142.011 | 142011 |108.509 [108.500 142,011 [14z.011
sR2*  [po2i2 (0834 {0834 {0434 [0.834 {0834 fo834 (0834 |0.834
SR-2 0.011  |26592 |-a6e2 f[e2s5e2 |-2592 |2502 |eser [2se2  |-2502
sra |oozaz o 0 a o 5026 |-5.006 |5026 |5.026
SR 00235 |0 0 0 0 29296 §20.206 {20095 |-20.006
sRa  Inoz2 |-5028 |so02s |50z lsoze o 0 0 0

SR-3 0.0235 120206 |29.208 )20208 ]-20.206 |o 0 ) 0

Pressure siress* 122,616 |122.616 | 122,616 | 122.616 | 122616 [ 122616 {122,616 | 122.616

Total Oy stress 91.721 145,428 | 160.365 § 96.569 81.721 145.128 | 160.365 | 96.589
gi’;‘;{a"e Oy 118,424 | 118.424 | 128.477 |128.477 [ 118424 [ 118.424 | 128477 1128477
Shear from My 3275 |azs  |sevs |sers laers lsers |sors  |sers
Shear from V4 o 0 ¢ 4] -1.048 -1.048 1.048 1.048
Shear from Vo 1.048 1.048 -1.048 |-1048 |0 0 [ 0

Total Shear stress | 4.323 4,323 2.227 2.227 2227 2.227 4,323 4.323

Combined stress

(PL+Py+Q) 91,983 [197.693 {248.08 |96.671 |91.79 197.431 | 246,239 {96,899

Notes: (1} * denotes primary stress.

(2} The nozzle is assumed to be a rigid (sclid} attachment.

Maximum stresses due to the applied loads at the nozzle OD {includes pressure)
Mean dish radius R = 3,554.59 mm

U=r,/Sqr(R,*) = 0.44
Pressure stress intensity factor, 1 = 0.51997 {derived from PVP-Vol. 399, pages 77-82}

Local pressure siress = I"P*R, / (2*1) =63.756 MPa

Maximum combined stress (P +P _+Q) = 113.02 MPa
Allowable combined stress (P +P +Q) = +-3*S = +-414 MPa

The maximum combined stress {P,+P, +Q) is within allowable limits.

Maximum local primary membrane siress (P ) = 68.31 MPa
Allowable local primary membrane stress (P} = +-1.5"8 = +-207 MPa
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The maximum local primary membrane stress (P, ) is within allowable limits.
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Stresses at the nozzle OD per WRC Builetin 107

Figure [value | A, A, B, B, C, C, D, D,
SR-2* 0.148 1.007 1.007 1.007 1.607 1.007 1.007 1.007 1.007
SR-2 0.0946 |3.875 |-2.875 |36876 [-3.875 |2.875 |-3.875 |3.475 |-3875
SR-3* 0.1526 |0 o 0 o -3.551 |-3.851 (3581 [3.551
SR-3 0.29 ¢ L+ 0 Q -40.493 | 40.493 |40.493 {-40.493
SR-3* 01526 }-3.551 }-3.651 |356% Jass1 o 0 0 0

SR-3 0.29 -40.493 |40.493 |40.493 |-40.493 o 0 0 0

Pressure stress” 63.766 | 63.756 {63.756 |63.756 [63.756 |63.766 |63.756 |63.756

Total Oy sltess 24504 {97.83 |[112.681 {23.945 {24504 [97.83 [112.681 {23.945
:';?:;t;aneox 81212 {61.212 |68313 |68.313 |s1.212 |6i.212 |68313 (68313
SR-2* 00444 [0303 (0203 {0303 (0303 (0303 {0303 {0.303 Jo.303

SR-2 o0zee [1479 1-1.479 [1478 {1478 |17 [-1a79 |1478  |-ui79
SR-3* 0.0466 {0 0 ) o 082 {-toez [1.082 1082

SR3 o.0884 |o 0 o 0 12342 [12.342 {12042 [-12342
SR-3* 00466 |-1.082 {1082 [1082 {1082 jo 0 0 o

SR-3 0.0884 {-12.242 |12.342 | 12342 }-12.342 |0 0 o 0

Pressure siress* 63,756 |63.756 | 63,766 |63.756 |63.756 [G63.706 163.766 |&63.756

Total Oy stress  |51.814 |74.139 | 78.862 |51.621 |51.814 |74.138 |78662 |51.621
;"“:e“;';[a“e Qy 62.077 |62977 |65.142 les.adz |ezo77 62077 |64z |es.142
Shear from My 2792 |27 |2702 |o7ez |27e2 o702 {azee  [2700
Shear from V4 o 0 0 0 0827 |-0.627 Jo.e27 o627
Shear from V3 0.627 |0627 |-0827 |-0627 |o B 0 0

Total Shear slress ]3.42 3.42 2.165 2.165 2.165 2165 |3.42 3.42

Combined stress

{PL+Pp+Q) 52235 |98.312 {112.819 |51.787 {51.986 |98.023 [113.019 |52.035

Notes: (1} * denotes primary stress.
(2) The nozzle is assumed to be a rigid (solid) attachment.
Longitudinal stress in the nozzie wall due to internal pressure + external loads
Sopm = PR/ (27) - P/ {(m*(R2 - RPY) + MR, / |
= 1,095.89 / 1000*150.85 / (2*9.29) - -9,880/ {r*{161.932 - 150,85%)) + 1.7522E+07*161.93 / 1.3324E4+08
= 31.099 MPa

The-average primary stress P (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external
loads is acceptable { < S = 118 MPa)

Shear stress in the nozzle wall due to external loads
Ogpoar = (V7 + V203 [ (W*RM,)

= {12,100% 4 12,1002)%5 / (x*150.85*11.07)

=3.26 MPa

Siorsion = Mt/ (Z*E*Riz*tn)
= 17,620 / (2*n*150.852*11.07)

R2 3/25/2013




L,

WO. 12-32 32125-D-2202-01 50/146

= 11.064 MPa

Oiotal = Pshear T Clarsion
=3.26 + 11.064

=14.325 MPa

UG-45: The total combined shear stress (14.325 MPa) is below than the allowable (0.7*S = 0.7*118 = 82.6 MPa)
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Reinforcement Calculations for MAEP

32125-D-2202-01

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (cm?) Thickness
For Pe = 250.06 kPa @ 120 °C Summary
‘The gpening is adequatsly reinforced (mm)
The nozzle

passes UG-45

A A A
required | avaitable | A1 Az A3 As welgs | Yen Fmin
24.1817 139.634 |-- 16.2322 |- |31.0134 |2.3884 |6.78 [12.49

UG-41 Weld Failure Path Analysis Summary

Weld strength ealculations are not required for external

pressure

UW-16 Weld Sizing Summary

Weld deseriptlon Re:]:ler?:‘x;ald A:Ilzi:ag::)d Status
Nozzle to pad fillet {Leg4+) ] 6.67 weld size is adequate
Pad to shell filet {Leg o) 7.82 8.89 weld size is adequate
Nezzle to pad groove (Upper) §7.75 2092 weld size is adequate

Calculations for external pressure 250.06 kPa @ 120 °C

Parallel Limit of reinforcement per UG-40

Ly

1

MAX(d, R, + (1,-C) +(t-CY)
MAX(301.93, 150.96 + (14.27 - 3.2)
301.93 mm

+(19.05 - 3.2))

Outer Normal Limit of reinforcement per UG-40

I

Ly

1

MIN(2.5%(t - C), 2.5%(1, - C,) + 1)

MIN{2.56%(19.05 - 3.2), 2.5%(14.27 - 3.2} + 22.2)

39.62 mm

Nozzle required thickness per UG-28 t, = 1.88 mm

From UG-37(d){1) required thickness t, = 15.85 mm

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

Allowable stresses: S, =118, §, = 138, Sp =138 MPa

f,=lesserof 1 or 8 /8, = 0.8551

R2
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f,=lesserof10rS /85, = 0.8551

fs = losserof f, or S/ §, = 0.8551

ls=lesserof 1orS,/5, =1

0.5*(d*t*F + 21, "t *F*(1 - ..))
{0.5*(301.93*15.85*1 + 2*11.07*15.85*1*(1 - 0.8551}}) / 100
24,1817 cm?

Area available from FiG. UG-37.1

A, =larger of the following= & cm?

R2

d*(E " - F*L) - 2*1 *(E, "t - Fr)*(1 - £ )
{301.93*(1*15.85 - 1*15.85) - 2*11.07*(1715.85 - 1*15.85)*(1 - 0.8551)} / 100
0 ecm?

24t + )4 (E "t - FALY - 2 HE M- FRy(1 - 1,,)
(2*(15.85 + 11.07)*(1*15.85 - 1*15.85) - 2*11.07*(1*15.85 - 1*15.85)*(1 - 0.8551)) / 100
0 cm?

smaller of the foliowing= 6.2322 cm?

5*(t, - 1),
(5*(11.07 - 1.88)*0.8551*15.85) / 100
6.2322 cm?

24, - L)T25T + ),
(2*(11.07 - 1.88)*(2.5"11.07 + 22.2)*0.8551) / 100
7.8471 cm?

Leg®*i,,
{9.532*0.8551)/ 100
0.7755 cm?

Leg®'i,
(12.721} / 100
1.6128 em?

(D, - d - 2')"t. ',
((463.79 - 324.09)*22.2*1) / 100
31.0134 cm?
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Area= A +A+A+AL+A;
0+6.2322 + 0.7755 + 1.6129 + 31.0134
39.634 cm?

]

As Area »>= A the reinforcement is adequate.

UW-16(c)(2) Weld Check

Inner fillet: tmin = lesser of 19 mm or tn or te =11.07 mm
L = lesser of 6 mm or 0.7*_;,, = 6 mm
tc(aclual) = 07*Leg = 07*9.53 = 6-67 mm

Outer fillet: = lesser of 19 mm ort, ort= 15.85 mm

tw(min} = 0'5*tmin =792 mm
tyactuay = 0.7°Leg = 0.7712.7 = 8.89 mm

UG-45 Nozzle Neck Thickness Check

Interpretation VII1-1-83-66 has been appiied.

ta UG-28 . = 508 mm

ta UG-z ) 455 mm

t, = max[t, ygeg 1 taugee ]
= max[5.08,4.55]
= 5.08 mm

tb2 = 678 mm

tp = max{{, .t uge ]
= max[6.78,4.7)
=  B.78 mm

t, = min[ty,1,]
= minf11.53,6.78]
= 6.78 mm

tUG-45 = maX[ ta ] tb }
= max[5.08,6.78]
= B6.78mm

Avaitable nozzle wall thickness new, 1, = 0.875™14.27 = 12.49 mm

The nozzle neck thickness is adequate.
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External Pressure, (Corroded & at 120 °C) UG-28(c)

L/D, = 686.61/323.856 = 1.8114
D,/t = 323.85/1.88 = 172.4849
From table G: A = 0.000328
From table CS-2

Metric: B = 32.3485 MPa
P, 4*B/ (3"(D, /t))

4*32,348 52 / (3*(323.85 / 1.88))
250.06 kPa

Honou

Design thickness for externai pressure P, = 250.06 kPa

t - t+Corrosion = 188432 - 208
mm

R2

54/146

3/25/2013




ton,

WO. 12-32
MEDIA R

32125-D-2202-01

55/146

EMOVAL (N3A)

ASME Section Vi Division 1, 2010 Edition, A11 Addenda Metric

twoweny = 19.05 mm
Leg,, = 22mm
B
19.05) A 19.05) | [N |
T T T T
Note: round inside edges per UG-76{c)
Location and Orfentation
Located on: BOTTOM HEAD
Orientation: 250°
Nozzle center line offset to datum fine: -76 mm
Calculated as hillside: Yes {perpendicuiar)
Distance to head center, R: 2,184 mm
Passes through a Category A joint; No

Nozzle

Material specification:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Opening chord length:

Projectlon avallable outside vessel, Lpr:
Projection available outside vessel to flange fage, Lf:
Local vessel minimum thickness:

Liquid siatic head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

Liquid static head:

MAWP rating:

MAP rating:

R2

SA-105 {(lI-D Metric p. 18, In. b}
101.6 mm

19,05 mm

3.2mm

109.19 mm

179.16 mm

203.04 mm

19.05 mm

40.3288 kPa

1

NPS 4 Class 150 LWN A105

SA-193 B7 Bolt <= 64 {II-D Meftric p. 334, In, 32}
Yes

-48°C per UCS-66(b)(1)(b)

39.831 kPa

1,684 kPa@ 120°C

1,960 kPae@ 10°C
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Hydrotest rating:
PWHT performed:
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3,000 kPa@ 10°C
No
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (cm2) Thickness
For P = 1,081.9 kPa @ 120 °C Summary
The opening s adequately reinforced (mm)
The nozzle
passes UG-45
A A A
required { available A1 Az A3 1 A5 | eids | Ve tmin
16.803 [17.5677 |0.5032 |12.2245 |- |-- {4.84 {8.93 |19.05

UG-41 Weld Failure Path Analysis Summary

per UW-15(b}(1)

The nozzle is exempt from weld strength calculations

UW-16 Weld Sizing Summary

Weld description

Reqguired wold
throat size {mm}

Actual weld
throat size (mm)

Statlus

Nozzle to shell filiet (Leg4q) 4]

15.4

weld size is adequate

Calculations for internal pressure 1,081.9 kPa @ 120 °C

Nozzle is impact test exempt per UG-20(f).

Nozzle UCS-66 governing thi:

Nozzle rated MDMT,
Parallel Limit of reinforcement per UG-40

]

in

= 109.19 mm
Outer Normal Limit of reinforcement per UG-40

L

1

H

= 39.62mm
Nozzle required thickness per UG-27{c){1)

t

m

It

0.42

R2

mm

-29

P*R, /(S,"E - 0.6°P)
1,081.8959*54 / (138,000*1 - 0.6*1,081.8959)

19.05 mm
°C

MAX(d, R, + (t, - C,) + (t- C))
MAX(109.19, 54.59 + (19.05 - 3.2) 4 {19.05 - 3.2))

MIN(2.5%(t - C), 2.5%(1,- C,) +1,)
MIN(2.5*(19.05 - 3.2), 2.5*(19.05 - 3.2) + 0)
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Required thickness t, from UG-37(a)

t

r

P*D,*K / (2*S*E + 2*P*(K - 0.1))
1,081.9%3,962+0.997834 / (2*138,000*1 + 2*1,081.9%(0.997834 - 0.1))
15.39 mm

Area required per UG-37{c)
Allowable stresses: 5, = 138, 8, = 138 MPa
f,=lesserof10ar5, /8§, =1

f,=1lesserof 1 or8 /S, =1

I
1l

d*F + 271 " F( - )
(109.19%15.39*1 + 2*15.85*15.39*1*(1 - 1)} / 100
16.803 cm?

]

Area available from FIG. UG-37.1

A, = larger of the following= 0.5032 cm?

= dMEM- P - 2 ME - PO - 1)
= (109.19%(1*15.85 - 1*15.39) - 2*15.85*(1*15.85 - 1*15.39)*(1 - 1)}/ 100
= 05032 cm?

= 2t L(E - FRY) - 2% H(E - Frr( - )
= (2*(15.85 + 15.85)*(1*15.85 - 1*15,39) - 2*15.85*(1*15.85 - 1*15.39)*(1 - 1)}/ 100
= 0.2923 cm?

A, = smaller of the following= 12.2245 ¢cm?
= B, - )M

= (5*(15.85 - 0.42)*1*15.85) / 100
= 12.2245 cm?

= Si(in - trn)*fra*tn

= (5*(15.85 - 0.42)*1*15.85) / 100
= 12.2251 ¢m?

Ap = Leg™fp
= (222*1} /100
= 4.84cm?

Area= A +A +A,

R2

58/146

3/25/2013




o

o

WO, 12-32 32125-D-2202-01

0.5032 + 12.2245 + 4.84
17.5677 cm?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t,,, = lesser of 19 mmort ort=15.85 mm

toqming = lesser of 6 mm or 0.7* ,, =6 mm

ctactualy = 0-77Leg = 0.7°22 = 15.4 mm

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

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

t,ucey = P*R/(S*E-0.6*P) + Corrosion
= 1,081.8859"54 / (138,000*1 - 0.6%1,081.8959) + 3.2
= 3.62mm

ta = max[ ta uG-27 1 ta tG-22 ]
= max[362,0]
= 382 mm

[ = 1859 mm

Ty = maxfty .l ugie ]
= max[18.59,4.7]
= 1859 mm

t, = min[ty,,t,]
= min[8.93, 18.59 ]
= 8.93mm

gas = maxlty, ]
= max[3.62,8.983]
= 8.93 mm

Available nozzle wall thickness new, t, = 19.05 mm

The nozzle neck thickness is adeguate.

R2
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Reinforcement Calculations for MAEP

32125-D-2202-01

For Pe = 250.06 kPa @ 120 °C
The opening is adeqgualely reinforced

UG-37 Area Calculation Summary (cm?)

UG-45
Nozzie Wall
Thickness
Summatry

(mm)
The nozzie
passes UG-45

A A A
required | available A1 A2 A3 (A5 yelgs | Yres tmin
8.653 |16.7903 i-- {11.8503 1-- |- |4.84 |6.78 {19.05

UG-41 Weld Failure Path Analysis Summary

external pressure

Weld sirength calculations are not required for

UW-16 Weld Sizing Summary

Weld descriptlon Required wald

Actual weld
throat size (mm) | threat size (mm)

Status

Nozzle to shell fiflet {Legq) |8 15.4

weld size is adequate

Calculations for external pressure 250,06 kPa @ 120 °C

Paralfe! Limit of reinforcement per UG-40

If

La

Il

=  108.19 mm

MAX(d, R, + (t, - G,) + {t- C)}
MAX(109.19, 54.59 + (19.05 - 3.2) + (19.05 - 3.2))

Outer Normal Limit of reinforcement per UG-40

by

38.62 mm

MIN(2.5%(t - C), 2.6%(t, - C,} +1,)
MIN(2.5*(19.05 - 3.2), 2.5*(19.05 - 3.2) + 0)

Nozzle required thickness per UG-28 t,_ = 0.77 mm

From UG-37(d}(1) required thickness t, = 15.85 mm

Area required per UG-37(d)(1)
Allowable stresses: §, = 138, S, = 138
f,=lesserof10orS, /8§, =1

fo=lesserof1or§ /5, =1

R2
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A

fl

0.5Hd'LF 4 2 F (1 - 1))
(0.5%(109.19"15.85*1 + 2*15.85*15.85*1*(1 - 1))) / 100
8.653 cm?

i

Area available from FIG. UG-37.1

A, = larger of the following= 0 cm?

= dHE - B - 24 (E T PR )
= (109.19*(1*15.85 - 1*15.85) - 2*15.85*(1*15.85 - 1*15.85)*(1 - 1)) / 100
= Qcm?

= 2%+ E)M(E - PR - 2 (Bt - FRYr(T - 1)
= (2*(15.85 + 15.85)*{1*15.85 - 1*15,85) - 2*15.85*(1*15.85 - 1*15.85)*(1 - 1)}/ 100
= Decm?

A, = smaller of the following= 11,9503 ecm?

= 51, - tm)*frz*t
= (5*(15.85 - 0.77)*1*15.85) / 100
= 11.9503 cm?2

= 5*(tn - trn)*frz*tn
= (5*(15.85 - 0.77)*1*15.85) / 100
= 11.9509 cm?

A, = lLeg®,
= (222*1}/100
= 484 cm?2

Area= A+ A+ Ay
= 0+ 11.9503+4.84
= 16.7903 cm?

As Area »>= A the reinforcement is adequate.

Uw-186(c) Weld Check

Fillet weld: t,, = lesserof 19 mmor{ ort=15.85 mm
t lesser of 6 mm or 0.7*t, = 8 mm
=0.7*Leg = 0.7"22 = 15.4 mm

clactual) —

aminy ©

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

R2
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UG-45 Nozzle Neck Thickness Check

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

ta uG-28 = 3.97 mm

t, = max{t, ygos s tyucee ]
= max[3.97,0]
= 3.97 mm

ton =  6.78mm

to = max[t,, tuge]
= max[6.78,4.7]
= B6.78 mm

L = min[t,, t,]
= min[8.93,6.78]
= 6.78 mm

thoas = max[f, 1]
= max[3.97,678]
= B.78mm

Available nozzle wall thickness new, t, = 19.056 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 120 °C) UG-28(c)

L/D, = 224.18/139.7 = 1.6047
D/t = 139.7/0.77 = 181.41562
From table G: A = 0.000343
From table GS-2
Metric: B = 34.0228 MPa
P, = 4B/ (3*(D, /1)
= 4*34,022,83/(3*(139.7/0.77))
= 250.05 kPa

Design thickness for external pressure P, = 250.05 kPa

= 3.97

1 = t+ Corrosion 077 + 3.2 mm

It

R2
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MEDIA REMOVAL (N3B)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

tw(lower) = 19.05 mm

Legy = 22mm

Note: round inside edges per UG-76(c)

Location and Orlentation

Located on:

Qrientation:

Nozzle center line offset to datum line:
Calculated as hillside:

Distance to head center, R:

Passes through a Category A joint:

Nozzle

Material specification:

inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Opening chord length:

Projection available outside vessel, Lpr:

Projection available outside vesse! o flange face, L{:

Local vessel minimum thickness:
Liquid static head included:
Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included;

Rated MDMT:

Liquid static head:

MAWRP rating:

MAP rating:

R2

BOTTOM HEAD
60°

=76 mm

Yes (perpendicular)
2,184 mm

No

SA-105 (HI-D Metric p. 18, In. 5)
101.6 mm

19.05 mm

3.2 mm

109.19 mm

179.16 mm

203.04 mm

19.05 mm

40.3288 kPa

1

NPS 4 Class 150 LWN A105

SA-193 B7 Bolt <= 84 {II-D Metric p. 334, In. 32)
Yes

-48°C per UCS-66(b){1){b)

39.831 kPa

1,684 kPae 120°C

1,960 kPa@ 10°C
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Hydrotest rating:
PWHT performed:

R2

32125-D-2202-01

3,000 kPa@ 10°C
No
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Reinforcement Calculations for Chamber MAWP

uUG-45
Nozzle Wall
UG-37 Area Calculation Summary (cm?) Thickness
ForP =1,081.9kPa @ 120 °C Summary
The opening is adequately reinforced (mm)
The nozzle
passes UG-45
A A A
required | avallable A Az Az 1 As | elds | Yred trin
16.803 |17.5677 |0.5032 [12.2245 |- |-- |4.84 [8.93 }19.05

UG-41 Weld Failure Path Analysis Summary

pet UW-15(b}(1)

The nozzle is exempt from weld strength calculations

UW-16 Weld Sizing Summary

Required weld Actual weld

Wold description throat size (mm) | throat size (mm)

Status

Nozzle to shell fillet {Leg4s) | B 15.4

weld size Is adequate

Calculations for internal pressure 1,081.9 kPa @ 120 °C

Nozzle is impact test exempt per UG-20(}}.

Nozzle UCS-66 governing thk; 19.05 mm
Nozzie rated MDMT: -29 °C
Parallel Limit of reinforcement per UG-40

Ln MAX(d, R, +(1,-C,) + (- C))

It

= 109.19 mm
Quter Normal Limit of reinforcement per UG-40

by

I

MIN(2.5*1 - C), 2.5(t, - C.} + 1)

i

= 39.62mm
Nozzle required thickness per UG-27(c)(1}

MAX(109.19, 54.59 + (18.05-3.2) + (19.05- 3.2)}

MIN(2.5%(19.05 - 3.2), 2.5%(19.05 - 3.2) + 0}

t, = P*R,/{SE-0.6'P)
= 1,081.8959*54 /(138,000 - 0.6"1,081.8959)
= 0.42 mm

R2
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Required thickness t_from UG-37(a)
t P*D K/ (2*S"E + 2*P*(K - 0.1))

1,081.9%3,96270.997834 / (2*138,000%1 + 2"1,081.97(0.997834 - 0.1))
15.39 mm

¥

I u

Area required per UG-37(c)

Allowabie stresses: 5, = 138, 5, = 138 MPa
fy=lesserof1orS /S, =1
f,=lesseroftor3 /5, =1

A = dPF 2P - 1)

(109.19*15.39%1 + 2*15.8515.39*1%(1 - 1)) / 100
16.803 cm?

i}

1

Area available from FIG. UG-37.1

A, = larger of the following= 0.5032 cm?

= d(E,- PR - 2 ME - P - 1)
= (109.19%(1*15.85 - 1*15.39) - 2*15.85*(1*15.85 - 1*15.39)*(1 - 1)) / 100
= 0.,5032 cm?

= 2%t+ tn)*(E1*t - F*tf) - 2*tn*(E1*t - F*t{)*(1 -f)
= (2*(15.85 + 15.85)*{1*15.85 - 1*15.39) - 2*15.85*(1*15.85 - 1"15.39)*(1 - 1)) / 100
= 0.2923 cm?

A, = smaller of the following= 12.2245 cm?

= &'t -t YL
= (5*(15.85 - 0.42)*1*15.85) / 100
= 12.2245 cm?

= 5*(tn - tm)*frz*tn

= (5*(15.85 - 0.42)*1*15.85) / 100
= 12.2251 cm?

Ay = Leg®f,
- (227*1)/100
=  4.84 cm?

Area= AL+ A+ A,

R2
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0.5032 + 12.2245 + 4.84
17.5677 cm?

1l

As Area >= A the reinforcement is adeqguate.

UW-16(c) Weld Check

Fillet weld: t,,,, = lesser of 19 mmort ort=15.85 mm
toqminy = lesser of 6 mm or 0.7*,_, = 6 mm
tc:(ar:tu:al

,=0.7"Leg = 0.7*22 = 15.4 mm

The fitlet weld size is satistactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, skeich {c-e).

UG-45 Nozzle Neck Thickness Check

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

tugey = P*R/(S'E-0.6*P) + Corrosion
= 1,081.8959"54 / (138,000"1 - 0.6%1,081.8959) + 3.2
= 3.62 mm :

ta = max[ ta UG-27 1 ta UG-22 ]
= max[3.62,0]

= 3.82mm
tyq = 1859 mm

toy = maxit, . 1 ueis )
= max[18.59,4.7]
= 18.59 mm

t, = minft,, ty]
= min[8.93, 18.59]
= 893 mm

tygas = maxit,, 4]
= max[3.62,893]
= 883 mm

Available nozzle wall thickness new, t, = 19.05 mm

The nozzle neck thickness is adeguate.

R2
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Reinforcement Calculations for MAEP

UG-37 Area Calculation Summary (cm?)

For Pe = 250,06 kPa @ 120 °C
The opaning is adecdguately reinforced

UG-45
Nozzle Wall
Thickness
Summary

{mm)
The nozzle
passes UG-45

A A
required | available

Ay

Ap

A3

As | welas | ren

tmin

8.653 {16.7903

11.9503

19.05

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for

external pressure

UW-16 Weld Sizing Summary

Weld deseriptlon

Required weld

throat size (mm}

Actual weld
throat slze (mm}

Sialus

Nozzle 1o shell fillet {(Legq1)

[+

154 weld size is adequate

Calculations for external pressure 250.06 kPa @ 120 °C

Parallel Limit of reinforcement per UG-40

L

I

R

MAX{d, R, + {t,-C.) + (t- C))
MAX(109.19, 54 .59 + (19.05 - 3.2) + (19.05 - 3.2))
= 109.19 mm

Outer Normal Limit of reinforcement per UG-40

L

H

11

I

MIN(2.5%{ - C), 2.5"(f, - C ) + 1)
MIN(2.5*{19.05 - 3.2), 2.5*(19.05 - 3.2) + 0}
39.62 mm

Nozzle required thickness per UG-28 t,, = 0.77 mm

From UG-37(d){1) required thickness t, = 15.85 mm

Area vequired per UG-37(d)(t)

Allowable stresses: 5, = 138, S, = 138 MPa

f,=lesseroflor5, /S, =1

R2

f,=lesserof 1orS /5, =1
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A 0.5%(d"t *F + 21, "t *F*(1 - f.1))
(0.5%(109.19*15.85"1 + 2*15.85%15.851*(1 - 1))) / 100

8.653 cm?

il

Area available from FIG. UG-37.1

A, = larger of the following= @ cm?

= df(EM- PR - 2 M(E - PR - )
= {109.19*(1*15.85 - 1*15.85) - 2*15.85*(1*15.85 - 1*15.85)*(1 - 1)}/ 100
= Qom?

= 2+t (EM - P - 2% ESM - PR - 1)
= (2%(15.85 + 15.85)*(1*15.85 - 1*15.85) - 2*15.856*(1715.85 - 1*15.85)*(1 - 1)) / 100
= Qcm?

A, = smaller of the following= 11.9503 cm?

= Bt -t M
= (5*(15.85- 0.77)*1*15.85) / 100
- 11.9503 cm?

= 5*(tn - trn)*frz*tn
= {(5*(15.85 - 0.77)*1*15.85) / 100
= 11.9509 cm?

An = Leg®t,
= (2221)7100
= 4.84 cm?

Area= A +Ay+ Ay,
= 0+ 11.9503 + 4.84
16.7903 cm?

As Area »= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: 1, = lesserof 19 mmort, ort = 156.85 mm

tominy = l€Ss€r 0f 6 mm or 0.7°1, = 6 mm

ttactuay = 0.7°Leg = 0.7°22 = 15.4 mm
The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, skeich (c-g).

R2
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UG-45 Nozzle Neck Thickness Check

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

Luges = 397mm

t, = max[t, yaes » tauces ]
= max[3.97,0]
= 3.897 mm

tho = 6.78mm

tho = max{t, .t yaes ]
= max[6.78,4.7]
= 6.78 mm

tb = min[ tbﬁ 3 tb2 ]
= min[8.93,6.78]
=  B.78 mm

tuges =  max[t, 4]
= max[3.97,6.78]
= B6.78 mm

Available nozzle wall thickness new, t, = 19.05 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 120 °C) UG-28(c)

L/D, = 224.18/139.7 = 1.6047
D/t = 139.7/0.77 = 181.4152
From table G: A = 0.000343
Fromtable CS-2 o _ 44 4505 MPa
Metric:
P, = 4'B/(3*D, /1)
= 4%34,022.83/ (3*(139.7 / 0.77))
= 250.05 kPa

Design thickness for external pressure P, = 250.05 kPa

= 3.97

{ = t+ Cofrosion 0.77 + 3.2
mm

i

R2
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PSVIVENT (N4)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda Metric

= < 50.8

9.52—3

12'?L

Note: round inside edges per BG-76(c}

Location and OEEentation
Located on;

Crientation;

End of nozzle to datum line:
Calculated as hillside:

Distance to head center, R:
Passes through a Category A joint:

Nozzle

Material specification:

Description:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Opening chord length:

Projection available outside vessel, Lpr:
Projection available outside vessel to flange face, LE:
Local vessel minimum thickness:

Liquid static head included:
Longitudinal joint efficiency:

Reinforcing Pad
Material specification:
Diameter:

Is split:

ASME B16.5-2009 Flange
Description:

R2

tygowen = 18.22 mm
Leg,; = 8 mm
Yyuppeny = 12.7 mm
legp,= 953 mm
D, = 192.42 mm
i, = 12.7 mm

]

TOP HEAD
45°

3,989 mm
Yes

762 mm
No

SA-106 B Smis. Pipe (II-D Metric p. 10, In. 40)
NPS 3 Sch 160 DN 80
66.65 mm

11.13 mm

3.2mm

74.66 mm

447.42 mm

517.27 mm

18.22 mm

5.3352 kPa

1

SA-516 70 (II-D Metric p. 18, In. 19} {normalized)
192.42 mm
No

NPS 3 Class 150 WN A105
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Bolt Material:
Blind included:
Rated MDMT:
Liguid static head:
MAWRP rating:
MAP rating:
Hydrotest rating:
PWHT performed:

Circumferential joint radlography:

R2

32125-D-2202-01

SA-193 B7 Bolt <= 64 (II-D Metric p. 334, In. 32)
No

-48°C per UCS-86(b){1)(b)

0 kPa

1,694 kPae 120°C

1,960 kPa@ 10°C

3,000 kPaw@ 10°C

No

None UW-11{c} Type 1

721148
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzie Wall
UG-37 Area Calculation Summary {cm?) Thickness
ForP =1,046.9 kPa @ 120 *C Summary
The opening is adequately relnforced (I'HITl)
The nozzle

passes UG-45

A A
reguired avallable

10.3595 113.3284 (1.1271 |4.2258 |- |7.4284 10.5471 |8 9.73

Ay Az As As trag tmin

welds

UG-41 Weld Failure Path Analysis Summary (N}

All fallure paths are stronger than the applicable weld loads

Weld load | Weld load Path 1-1 Weld load | Path 2-2 Weld load Path 3-3
W Wi strength Wa.2 strength Waa strength

130,320 168,377 (277.940 |93.959 (459,887 1196.470 [408.861

UW-16 Weld Sizing Summary
Weld description He;::z::‘ x;ﬂd A‘;t;;a(ln\;t:;l)d Status
Nozzla to pad fillet (Lega1} 5.55 hE weld size is adequate
Pad to shell fillet (Legap) 6.35 B.67 weld size is adequate
Nozzle to pad groove (Upper) |5.55 12.7 weld size is adequate

Calculations for internal pressure 1,046.9 kPa @ 120 °C

Fig UCS-86.2 general nate {1) applies.

Nozzie is impact test exempt to -105 °C per UCS-66{b)(3) (coincident ratio = 0.1458).

External nozzle loadings per UG-22 govern the coincident ratio used.
Pad impact test exemption temperature from Fig UCS-66M Curve D = -48 °C

Fig UCS-66.1M MDMT reduction = 5.8 °C, {coincident ratio = 0.8963)
Rated MDMT of -53.8°C is limited to -48 °C by UCS-66(b){2).

Nozzle UCS-66 governing thi: 9.73 mm

Nozzle rated MDMT: -105 °C
Pad UCS-66 governing thickness: 12.7 mm
Pad rated MDMT: -48 °C

Parallel Limit of reinforcement per UG-40

1§

MAX(d, R, + (1,- C,) + (t- C))
MAX(74.66, 37.33 + (11.13 - 3.2) + (18.22 - 3.2))
74.66 mm

g

i

1§

R2
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Outer Normal Limit of reinforcement per UG-40

1

Ly MIN(2.5(t - C), 2.5*(t, - C,) + 1)
MIN(2.5%(18.22 - 3.2}, 2.5*(11.13 - 3.2} + 12.7)
= 3251 mm

Nozzle required thickness per UG-27{c)(1)

t P*R, /{S,'E - 0.6P)
1,046.9022*36.52 / (118,000*1 - 0.6*1,046.9022)

0.33 mm

m

il

Required thickness t,_from UG-27(a){c)

t

F

1

P*K,"D, / (2"8*E + 0.8*P)
1,046.9022*0.8985*3,962 / (2*138,000"1 + 0.8"1,046.9022)
13.46 mm

Hl

Area required per UG-37(c)

Allowable stresses: 5, =118, S, = 138, §, = 138 MPa
f,y = lesserof 1 or §,/ S, = 0.8551

fp =lesserof 1 0or S /S, = 0.8551

fa =lesser of f, or 5,/ 8, = 0.8551

t4=lesserof 1orS;/ 8, =1

A

d",F + 2, -1 )
(74.66%13.46™1 + 2*7.983*13.46*1*(1 - 0.8551)) / 100
10,3595 cm?

f

Area available from FIG. UG-37.1
A, = larger of the {following= 1.1271 cm?
= dYE"-F) - 2% (B - PR - )

= {74.66*(1*15.02 - 1*13.46) - 2*7.93*(1715.02 - 113.46)*(1 - 0.8551)}/ 100
= 14271 cm?

= 2ME+)ME M - P - 2 (B - PR (T - 1,)
= (24(15.02 + 7.93)*(1*15.02 - 1*13.46) - 2*7.93*(1*15.02 - 1*13.46)*(1 - 0.8551)) / 100
- 0.6787 cm?

A, = smaller of the following= 4.2258 cm?

R2
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= Bt -t )t
= (5*(7.98 - 0.33)*0.8551*15.02) / 100
= 4.8806 cm?2

= 2, -t 725 + ),
= (2*(7.93 - 0.33)*(2.5%7.93 + 12.7)*0.8551) / 100
=  4.2258 om?

A, = Leg®f,
= (82*0.8551) /100
= 05471 ¢m?

A, = Leg®i,
= (02*1)/100
= 0em?

{Part of the weld is outside of the limits)

Ag = (D,-d-2' ),
= ((149.31-90.82)*12.7*1)/ 100
=  7.4284 cm?

Area= A+ A+ Ay A, + A
= 11271 + 4,2258 + 0.5471 + 0 + 7.4284
o 13.3284 cm?

As Area >= A the reinforcement is adequate.

UW-16(c)(2) Weld Check

inner fillet: t .,  =lesserof 19 mmort ort, =7.93 mm
tymmy = 168801 0f 6 mm or 0.7*,,. = 5,556 mm
toacay = 0.7°Leg = 0.7°8 = 5.6 mm

Outer fillet: t . =lesserof 19 mmort,ort=12.7 mm

tw(min) = 0-5*tm-,n = 6.35 mm
tw{acmal} = 0.?*Leg ] 0.7*9-53 = 6_67 mm

UG-45 Nozzle Neck Thickness Check

Interpretation VI1i-1-83-68 has been applied.

tLuger = PR/{S*E-0.6"P)+ Corrosion

R2
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= 1,046.9022*36.52/ (118,000*1 - 0.6%1,046.9022) + 3.2
= 3.53 mm

Lugee = 415mm

ta = max[ ta uG-2ry v ta uG-22 ]
= max[3.53,4.15]
= 415 mm

s = 181 mm

tos = max]ly . Yugie
= max]18.1,4.7]
= 181 mm

t, = min[t,, t,]
= min[8,18.1]
= 8mm

lheas = maxit, 4]
= max{4.15,8]}
= 8 mm

Available nozzle wall thickness new, t, = 0.875"11.13 = 9.73 mm
The nozzle neck thickness is adequate.

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

Groove weld in tension: 0.74*138 = 102.12 MPa
Nozzle wall in shear: 0.7"118 = 826 MPa
inner fillet wald in shear: 0.49"118 = 57.82 MPa
Outer fillet weld in shear: 0.49*138 = 67.62 MPa

Upper groove weld in tension: 0.74*138 = 102.12 MPa
Strength of welded joints:

{1) Inner fillet weld in shear
(m f 2)*Nozzle OD*Leg*S, = (n/ 2)*88.9"8"57.82 = 64,593.64 N

{2) Outer fillet weld in shear
(r/2)*Pad OD*Leg*S, = {r / 2)*192.42"9.53"67.62 = 194,675.29 N

(3) Nozzle wall in shear
(= / 2)*Mean nozzle dia*t,*S = {n / 2)80.97*7.93"82.6 = 83,264.54 N

{4) Groove weld in tension
{n / 2)*Nozzle OoD*,'S, = {rn/2)*88.9*15.02*102.12 = 214,185.9 N

{8) Upper groove weld in tension
{r / 2)*Nozzle OD*T“,*Sg = {x /2)*88.9*12.7*102.12 = 181,107.42 N

R2
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Loading on welds per UG-41(b}{1)

W

(A- A+ 2, E - FLPS,
= (1,035.9528 - 112.7095 + 2°7.93*0.8551*(1*15.02 - 1*13.46))*138
= 130.32047 N

Wig= (As+ A+ Ay +ALNS,
= {422.5798 + 742.8372 + 54,7086 + 0)"138
= 168.377.49N

W= {Ay+ A+ Ay + Ay + 2°011,)S,
= (422.5798 + 0 + 54.7096 + 0 + 2*7.93*15.02*0.8551)*138
= 9395872N ‘

Woa= (As+Ag+Ag v Ay, + AL+ AL+ 2 TS,
= (422.5798 + 0 + 742.8372 + 54.7096 + 0 + 0 + 2"7.93*15.02*0.8551)*138
= 196.470.27 N

Load for path 1-1 lesser of W or W, = 130,320.47 N
Path 1-1 through (2) & (3) = 194,675.29 + 83,264.54 = 277.939.33 N
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, , =93,958.72 N
Path 2-2 through (1), {4), (6} = 64,593.64 + 214,185.9 + 181,107.42 = 459,886.96 N
Path 2-2 is stronger than W,_, so it is acceptable per UG-41(b)(1).

Load for path 3-3 lesser of W or W, , = 130,320.47 N

Path 3-3 through (2), (4) = 194,675.29 + 214,185.9 = 408.861.2 N
Path 3-3 is stronger than W so it is acceptable per UG-41(b}{2).
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Applied Leads

Radial load: P,=-1510 N
Circumferential moment:M, =585  N-m
Clrcumferential shear:  V,= 1,850 N
Longitudinal moment: M, =585 N-m
Longitudinal shear: V,=1,850 N
Torsion moment: M =825 N-m
Internal pressure: P= 1,046.9kPa
Head yield stress: S, =23 MPa

Maximum stresses due to the applied loads at the pad edge (includes pressure)
Mean dish radius R, = 3,554.18 mm

U=r,/8ar(R,") = 0.412
Pressure stress intensity factor, | = 1 {derived from PVP-Vol. 399, pages 77-82)

Local pressure stress = I"P*R, / (2™) =123.602 MPa

Maximum combined stress (P +P_+Q) = 152.02 MPa
Allowable combined stress (P +P +Q) = +-3'S = +-414 MPa

The maximum combined stress (P +P +Q) is within allowable limits.

Maximum local primary membrane stress (P,) = 126.42 MPa
Allowable local primary membrane stress (P)=+1.5"S = +-207 MPa

The maximum local primary membrane stress (P, ) is within allowable limits.

R2
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Stresses at the pad edge per WRC Bulletin 107

Figure |value | A, A B, B, C, C, D, D,
SR-2* 3.1564 1.048 1.048 1.048 1.048 1.048 1.048 1.048 1.048
SR-2 01018 | 4.098 -4,095 4,095 -4,095 4.095 -4.695 4,095 -4.095
SR-3* 0.1571 9 0 0 ¢ -1.765 -1.765 1.765 1.765
SR-3 0ats |0 0 0 o 21416 |21.416 [21.416 [-21.415
SR-3* 0.157¢ |-1.785 |-1.765 |t766 |1.765 |o 0 0 0

SR-3 0.318 -21.416 {21415 |21.4156 |-21415 |0 1] i 0

Pressure stress* 123.602 |123.602 | 123.602 | 123.602 | 123.602 | 123.602 | 123.602 | 123.502

Tolal Oy stress 105.566 |140.206 1151.926 {100.905 | 105.566 | 140.245 |1581.926 | 100.905

Membrane Ox 122.885 | 122.885 | 126.415 |126.415 [122.885 | 122,885 [126.415 | 126.415

stress*

SR-2* 0.0469 0.317 0.317 0.317 0.317 0.317 0.317 0.3t7 0.317
SR-2 0.031 1.248 -1.248 | 1.248 -1.248  §1.248 -1.248  }1.248 -1.248
SR-3" 0.0483 |0 [ 0 0 -0.545  |-0.545 |0.545 0.545
SR-3 0,0851 |0 0 0 0 -6.405 |6.405 6.405 -6.445
8R-3* 0.0483 |-0.546 |-0.545 |0.545 0.545 0 0 0 0
SR-3 6.0951 |-6.405 |6.405 6.405 -6.405 [0 0 1] 0

Pressure stress* 123.602 |123.602 | 123.602 | 123.602 | 123.602 | 123.602 | 123.602 | 123,602

Total Oy stress 118.218 | 128.532 | 132.117 {116.891 |118.218 | 128.632 | 132117 [ 1i6.811
i"tf;‘;?“e Oy 123.375 |123.375 | 124.464 |124.484 | 123375 [ 123,375 {124.454 [ 124,484
Shear from My 0865 (0965 |oses |oses |o9ss josss |ooes | 0.965
Shear from V4 Q 0 0 0 -0.414 -0.414 |0.444 0.414
Shear from V2 0.414 0.414 -0.414 -0.414 0 0 ¢ 0

Total Shear stress | 1.379 14379 $.552 0.552 0.552 0.652 1.379 1.379

Combined stress | 14 460 {140,363 | 15104 |116.8s2 [ 118.288 [140.232 | 152.023 | 116,028

(PL+Pp+Q)

Notes: (1} * denctes primary stress.

(2) The nozzle is assumed to be a rigid (solid) attachment.

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)
Mean dish radius R, = 3,554.18 mm

U=r, / Sor(R, 1) = 0.142
Pressure stress intensity factor, | = 0.42229 (derived from PYP-Vol. 399, pages 77-82)

Local pressure stress = I*P*R, / (2*1) =562.2 MPa

Maximum combined stress (P +P, +Q) = 72.53 MPa
Allowable combined stress (P +P +Q} = +-3"S = +-414 MPa

The maximum combined stress (P +P +Q} is within allowable limits.

Maximum local primary membrane stress (P ) = 53.04 MPa
Allowable local primary membrane stress (P ) = +-1.5'S = +-207 MPa

R2

79/146

3/25/2013




WO. 12-32 32125-D-2202-01

The maximum local primary membrane stress (P ) is within allowable limits.
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Stresses at the nozzle OD per WRC Bulietin 107

Figure jvalue | A, [ A | B, | B, | €, | € DB, | b
sa-2* 0254 Joa4ss 0495 |o.ass {o4es |o4o6 |od4es o406 fo496
SR-2 02512 |2985 |[-2.965 {2965 [-2.966 [2965 |[-2.065 [2.955 [-2.965
SR-3* 0.1426 |o 0 o 0 -0.345 |-0345 {0345 0345
SR-3 1008 lo 0 0 0 15,943 | 15,948 |15.948 | -15.948
SR-3* 0.1426 |-0345 [-0345 losas |oass o 0 0 0
SR-3 1.096 |-15.948 {15.048 | 15948 |-15.048 |0 0 0 0
Pressure stress® 52.2 52.2 522 522 522 52.2 52.2 52.2
Total Oy siress 39369 |65.335 | 71.954 {34.120 |30.369 |65.335 | 71.954 |34.120
g‘r’;‘;{a"eo* 52352 |52.352 |53.041 | 53041 [52862 |s52.352 |53.041 |53.041
sR-2*  |00773 |oa52 |oasz foas2 loasz [oas2 lease |oasz |oas2
sa-2 0.0732 Jo.ssz |-0.862 |osez j-0862 |06z |-0.862 j0.862 |-0.862
SR-3* o043 o 0 o 0 0103 |-0.103 [0.103 |o.103
SR-3 0.340¢ |o 0 0 0 4957 (4957 |4.957 |-4.957
SR3*  food3 |-0103 }-e103 jotos |oo3 |o 0 0 0
SR-3 0.3404 }-4.957 |4.957 |4.957 j-4957 o o 0 o
Pressure stress* 522 |se2  |sz2  |sz2  |sz2  [s22 |se2  [s2z
Tolal Oy stress 48.153 156344 |58.274 |46.636 |48.153 |56.344 |68.274 |46.636
;“;;i;[a“eo" 52,248 |52.248 |52.455 {52456 |52.248 |52.248 [52.455 |52.455
Shear from M; 2399 2390 |2399 [2388 {2308 |2389 [2398 |2.399
Shear from V4 ) 0 0 0 0.476 [-0.476 |0.476 |0.476
Shear from Vg 0476 (0476 |-.0476 |-0.478 |0 0 0 0
Total Shear stress  |2.875 |2.875 [1.924 1824 |1924 [19024 |2875 |2875
Combined stress |, 143 |gg.176 | 72.016 |46.026 |48.553 |65.728 [72.503 |47.264

(PL+PR+Q)

Notes: (1) * denctes primary stress,

Longitudinal stress in the nozzle wail due to internal pressure + external loads

Oy oy = PR/ (2,) - P/ (57 (R,2 - R2)) + M*R, /|
= 1,046.9 / 1000*36.52 / (2*6.53) - -1,510 / (n*(44.452 - 36.522)) + 827,314.7°44.45 / 1,668,246

=25.718 MPa

(2) The nozzle is assumed to be a rigid {solid) attachment.

81/146

The average primary stress P (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external
loads is acceptable { = 5 =118 MPa)

Shear stress in the nozzle wall due to external loads

Ogpoar = (V1 + V2)02 / ("R,
= (1,8502 + 1,850)05 / (1*36.52"7.93)
= 2.877 MPa

Gtorslon

= M,/ (2*n*R2*,)

= 825/ (2*%*36.522°7.93)

Rz
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=12.419 MPa

igtal = Fshear T Trorsion
=2.877 +12.419

= 15.286 MPa

UG-45: The total combined shear stress (15.296 MPa) Is below than the aliowable (0.7*S, = 0.77118 = 82.6 MPa)
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Reinforcement Calculations for MAEP

32125-D-2202-01

UG-45
Nozzle Wall
UG-37 Area Calculation Summary {cm?) Thickness
For Pe = 224,31 kPa @ 120 °C Summary
The opening is adequately reinforced (mm}
The hozzle
passes UG-45
A A A
requlted | avallable {1 Az A3 As welds trag Tmin
57789 111.9168 {-- |3.9413 |-- [7.4284 {0.5471 i6.41, {9.73

UG-41 Weld Failure Path Analysis Summary

pressure

Weld strength calculations are not required for external

UW-16 Weld Sizing Summary

Weld description He;:g?i:’:;ﬂd A;;L;ag:::)d Status
Nozzie 1o pad fillet (Legaq} _5_55_ 5.6 weld size is adequate
Pad 1o shell fillet {Legaz) 6.35 68.67 weld size is adequate
Nozzle fo pad groove {Uppery | 5.55 12.7 weld size is adequate

Calculations for external pressure 224.31 kPa @ 120 °C

ParaHel Limit of reinforcement per UG-40

Lr

]

= 74.66 mm

MAX(d, R+ (t, - C_} + {t - O))
MAX(74.66, 37.33 + (11.13 - 3.2) + (18.22 - 3.2))

Outer Normal Limit of reinforcement per UG-40

L

I!

H

I

32.51 mm

MIN(2.5%(t - C), 25(t, - C) + 1)
MIN(2.5*(18.22 - 3.2), 2.5%(11.13 - 3.2) + 12.7)

Nozzle required thickness per UG-28t, = 0.84 mm

From UG-37(d){1) required thickness t, = 15.02 mm

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

Allowable stresses: S5, = 118, 5, = 138, 5, = 138 MPa

f, =lesseroft1or§ /§, = 0.8551

R2
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fo=lesserof1or§, /38, =0.8551
f, =lesser of f, or S, /S, = 0.8551

f,=lesserof 1 or§,/ 5, =1

>
[

0.54(d"t,"F + 2", *F*(1 - f.,))
(0.5%(74.66*15.02*1 + 2*7.93*15.02*1*(1 - 0.8551))) / 100
5.7789 em? .

Area available from FIG. UG-37.1

A, = larger of the following= 0 cm?

= dMEM-FUL) - 24 (ET- FRYT - 1)
= (74.66*(1*15.02 - 115.02) - 27.93*(1*15.02 - 1*15.02)*(1 - 0.8551)) / 100
= 0Ocm?

= 2t t)ESE - PR - 290 (E - PR - o)
= (2%(15.02 + 7.93)*(1*15.02 - 1*15.02) - 2*7.93*(1*15.02 - 1*15.02)*(1 - 0.8551)) / 100
= Qem?

s
r
a

smaller of the following= 3.9413 em?

= Bt - trn)*frzit
= {5%(7.93 - 0.84)"0.8551*15.02) / 100
= 45516 cm?

= 2%, - )25, + 1),
= (2*(7.93 - 0.84)*(2.5*7.93 + 12.7)*0.8551) / 100
=  3.9413cm?

Ay = Leg™ig
= (82°0.8551)/ 100
= 0.5471 cm?

Ap = Leg®t,
= (071)/100

= Qem?

{Part of the weld is outside of the limits)

A5 = (Dp -d- Z*tn)*te*fm
= {{149.31 - 80.82)*12.7*1) / 100
= 7.4284cm?
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Area= A+ A+ AL +AL+A;
0+3.9413 +0.5471 + 0 + 7.4284
11.9168 cm?

As Area >= A the reinforcement is adeauate.

UW-16(c)(2) Weld Check

fnner fillet: t,,  =lesserof 19 mmort, ort, =7.93 mm
touny = lesserof 6 mm or 0.7, = 5.556 mm
tc(autual} = 0.7*Leg =0.7"8 = 5.6 mm

Outer fillet: t = lesser of 19 mm ort, ort=12.7 mm

togoimy = 0.5, = £.35 mm
Yiacay = 0-7°Leg = 0.7%9.53 = 6.67 mm

UG-45 Nozzle Neck Thickness Check

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

. lﬂ ua-28 = 4.04 mm

Luger = 387 mm

ty = max[t, yg.as » fhuc2e |
= maxf4.04,3.87]
= 4.04 mm

oo = 641 mm

tpo = max{ ., byas ]
= max[6.41,4.7]
= 641 mm

ty = minftg, ]
= min[§,6.41]
= 6.41mm

tygas = max[t,, b]
= max[4.04,6.41]
= 641 mm

Avaitable nozzle wall thickness new, t, = 0.875*11.13 = 9.73 mm
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The nozzle neck thickness is adequate.
External Pressure, (Correded & at 120 °C) UG-28(c)

L/D, = 535.97/889 = 6.0289

Doft = B88.9/0.84 106.1560
From table G: A = 0.000181
From table CS-2
Metric: B = 17.8584 MPa
P, = 4B/ (3*(D, /1)

= 4*17,858.37 /(3*(88.9/0.84))

= 2243 kPa

Design thickness for external pressure P, = 224.3 kPa

t = L+ Corrogion = 0.84+32 4.04
mm
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TOP MANWAY (M1)

ASME Section VIl Division 1, 2010 Edition, A11 Addenda Metric

— k—152.4

12,73 & =

22.2\h_m -
[

tugoweny = 18.22 mm
Leg, = 9.53 mm
by fuppey = 22.2 MM

B [—9.62 Leg,, = 127 mm
: D, = 942.38 mm
te= 22.2 mm

(=]

Note: round inside edges per UG-76(c)

Location and Orientation
Located on:

Orientation:

End of nozzle to datum line:
Calculated as hiliside:

Distance to head center, R:
Passes through a Category A joint:

Nozzle

Material specification:

Description:

Inside diameter, new:

Nominal wall thickness:

Cotrosion allowance:

Opening chord length:

Projection available outside vessel, Lpr:

Projection available oulside vessel to flange face, L

Local vessel minimum thickness:
Liguid static head included:
Longitudinal joint efficiency:

Reinforcing Pad
Material speclfication:
Diameter:

Is split:

ASME B16.5-2009 Flange
Description:

R2

TOP HEAD
00

3,989 mm
Yes

1,016 mm
No

SA-106 B Smis. Pipe (II-D Metric p. 10, In. 40)
NPS 24 XS DN 600
584.2 mm

12.7 mm

3.2 mm

618.14 mm

363.63 mm

516.03 mm

18.22 mm

5.9681 kPa

1

SA-516 70 (li-D Metric p. 18, In. 19) {(normalized)
942.38 mm
No

NPS 24 Class 150 WN A105

3/25/2013
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Bolt Material:
Blind included:
Rated MDMT:
Liquid static head:
MAWRP rating:
MAP rating:
Hydrotest rating:
PWHT performed:

Circumferential joint radiography:

R2

32125-D-2202-01

SA-193 B7 Bolt <= 64 {II-D Metric p. 334, in. 32}
Yes

-48°C per UCS-66(b)(1)(b)

0 kPa

1,694 kPa@ 120°C

1,960 kPae 10°C

3,000 kPa@ 10°C

No

Spot UW-11({b) Type 1

88/146
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (cm?2) Thickness
For P = 1,047,54 kPa @ 120 °C Summary
The opening is adequately reinforced (mm)
The nozzle

passes UG-45

A A A
required | avallable M Ay Az Ag welds

83.6347 |183.9972 9.5355 |4.4077 67.6656 |2.3884 [5.84 |11.11

treg tmin

1
3

UG-41 Weld Failure Path Analysis Summary (N)

All failure paths are stronger than the applicable weld toads

Wold load Weid load Path 1-1 Weld toad Path 2-2 Weld load Path 3-3
w Wi strength Wog strength Ws.a strength
1.026.043 |1.027 572 i2.010.912 |105.203 |4.166.909 |1.061.247 |2.739.930
UW-16 Weld Sizing Summary
. Required weld | Actual weld
Weld deseriptlon size gmm) alze (mm) Status
Nozzle 1o pad fillet {Leg41) 3] B.67 wold size is adequate
Pad to shell filet (Leg4p} 7.51 8.89 weld size is adeguate
Nozzle io pad groove (Upper) | 8,65 22.2 weld size is adequate

Calculations for internal pressure 1,047.54 kPa @ 120 °C

Fig UCS-66.2 general note (1) applies.

Nozzle is impact test exempt to -105 °C per UCS-86(b}{3) (coincident ratio = 0.3331).
Pad impact test exemption temperature from Fig UCS-66M Curve D =-42.1 °C

Fig UCS-66.1M MDMT reduction = 5.8 °C, {ceincident ratio = 0.8968).

Nozzle UCS-66 governing thk: 1111 mm

Nozzle rated MDMT: -105 °C
Pad UCS-66 governing thickness: 18.22 mm
Pad rated MDMT: -47.9 °C

Paraliel Limit of reinforcement per UG-40

Ln

]

MAX{d, R, + (1,-C,) + (1-C}))

MAX(618.14, 308.07 + (12.7 - 3.2) + (18.22 - 3.2))
= 8618.14 mm

Outer Normal Limit of reinforcement per UG-40

Ly MIN(2.5%(t - C), 2.5*(t, - C) + 1)

MIN(2.5%(18.22 - 3.2), 2.5*(12.7 - 3.2) + 22.2)

i
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= 3755 mm
Nozzle required thickness per UG-27(c)(1)

t P*R_/(S,"E - 0.6°P)
1,047.5351*295.3 / (118,000*1 - 0.6*1,047.5351)

2.64 mm

n

]

Required thickness t, from UG-37(a)(c)

Il

1 P*K,*D,/ (2*S*E + 0.8"P)
1,047.5351*0.8985%3,962 / (2*138,000%1 + 0.8*1,047.5351)

13.47 mm

f

It

Area required per UG-37(c)

Allowable stresses: S =118, S, = 138, 5, = 138 MPa
fy=lesserof t or S /G, = 0.8551
f,=lesserof1or§,/8, =0.8551

fs = lesserof f, or 8,/ S, = 0.8551

fy=lesserof 1 or§, /5, =1

A

fl

d*t*F + 2 PR - )
{618.14*13.47*1 + 2*9.5"13.47*1*(1 - 0.8551)) / 160
83.6347 cm?

]

Area available from FIG. UG-37.1

A, = larger of the following= 9.5355 cm?

= dME - P - 20 (E M- PR -8

= (618.14*(1*15.02 - 1*13.47) - 2*9.5*(1*15.02 - 1*13.47)*(1 - 0.8551)} / 100

= 9.5355 cm?

= 2+ )MET-FR) - 27 0(E T - PR - )

= (2*(15.02 + 9.5)"(1*15.02 - 1¥13.47) - 2°9.5*(1*15.02 - 1*13.47)*(1 - 0.8551)} / 100

= 07174 om?

™
n
1

smaller of the following= 4.4077 cm?

5t -1, )t
(5*(9.5 - 2.64)*0.8551*15.02) / 100
4.4077 cm?

fl

R2
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= 21, -1, )M25M, + )M,
= (2*(9.5 - 2.64)*(2.5"9.5 + 22.2)*0.8551} / 100
= 5.3935 cm?

Ay = Leg®iy
= (9.532*0.8551) /100
= 0.7755 em?

Ap = Led®i,
= (12.72*1) /100
= 1.6129 cm?

As = (D,-d-2)tM,
= ((942.38 - 637.58)*22.2*1) / 100
= 67,6658 cm2

Area= A+ A, +A, 1AL+ A
9.5355 + 4.4077 + 0.7755 + 1.6129 + 67.6656
= 83.9972 cm?

As Area »= A the reinforcement is adequate.

UW-16(c)(2) Weld Check

Inner fillet: t,,  =lesserof 19 mmort, ort, =95 mm
topminy = lesSEr of 6 mm or 0.7, = 6 mm

tc{actuai) =0.7'leg = 0.7*9.53 = 6.67 mm
Quter fillet: = lesser of 19 mm or 1, or t = 15.02 mm

tming = 09", = Z.81 mm
tuacay = 0-7"Leg = 0.7"12.7 = 8.89 mm

W

UG-45 Nozzle Neck Thickness Check (Access Opening)

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

t,ugoy = P*R/({S*E-0.6"P) + Corrosion
= 1,047.5351*295.3 7 (118,000"1 - 0.6*1,047.5351) + 3.2
= 584 mm

t, = max[t, yae7r  Lugee ]
= max[5.84,0]

R2
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= 584 mm

Available nozzle wall thickness new, t, = 0.875712.7 = 11.11 mm

The nozzle neck thickness is adequate.

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

Groove weld in tension: 0.74*138 = 102.12 MPa
Nozzle wall in shear: 0.7"118 = 82.6 MPa
Inner fillet weld in shear: 0.49"118 = 57.82 MPa
Quter fillet weld in shear: 0.49%138 = 67.62 MPa

Upper groove weld in tension: 0.74%*138 = 102.12 MPa
Strength of welded joints;

(1} Inner fillet weld in shear
{n/2)*Nozzle OD*Leg*S, = (n / 2)*609.6*9.53*57.82 = 527,360.82 N

{2} Outer fillet weld in shear
(r/2)*Pad OD*Leg*S, = (n/2)*942.38*12.7°67.62 = 1,271,226.21 N

{3) Nozzle wall in shear
{n/2)*Mean nozzle dia™,*S, = (n / 2)"600.1*9.5"82.6 = 739,685.65 N

{4) Groove weld in tension
{n/2)'Nozzle OD" S = (n / 2)"609.6*15.027102,12 = 1,468,703.3 N

{8} Upper groove weld in tension
{m/2)"Nozzle OD*t,'S = (n / 2)'609.6"22.2*102.12 = 2,170,844.31 N

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

w

i}

(A- A, + 2" ", (€, - F))S,

n ‘rl

= {8,363.4683 - 953.5465 + 2°9.5*0.8551%(1*15.02 - 1*13.47)}"138

[

1.026.043.39 N

Wig= (Apt Ag+ Ay + Ag)'S,
= (4407733 + 6,766.56 + 77.5482 + 161.29)*138
= 1.027571.82N

Woo = (Ap+Ag s Ayt A+ 2711 )'S,
= (440.7733 + 0 + 77.5482 + 0 + 2*9.5*15,02*0.8551)*138
= 105.203.42 N

Wog= (A, + A+ A +A + AL+ A+ 2% L )'S,

= {440.7733 + 0 + 6,766.56 + 77.5482 + 161.29 + 0 + 29.5*15.02*0.8551)*138

= 1.061246.85N
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Load for path 1-1 lesser of Wor W, , =1,026,043.39 N
Path 1-1 through (2) & {3) = 1,271,226.21 + 739,685.65 = 2.010,911.87 N
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,,, = 105,203.42 N
Path 2-2 through (1), (4), (6) = 527,360.92 + 1,468,703.3 + 2,170,844.31 = 4,166,908,53 N
Path 2-2 is stronger than W, _, so it is acceptable per UG-41{b)(1).

Load for path 3-3 lesser of W or W, , = 1,026,043.39 N
Path 3-3 through (2), (4) = 1,271,226.21 + 1,468,703.3 = 2,739,920 51 N
Path 3-3 is stronger than W so it is acceptable per UG-41{b}(2).

R2
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Reinforcement Calculations for MAEP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (cm?) Thickness
For Pe = 22431 kPa @ 120 °C Summary
The opening is adequately reinforced (mm)
The nozzle
passes UG-45
A A Aq Az Az Ag A treq {min

required [ avallable welds

46.6259 174.343 {0.0006 |4.2884 [-- |67.6656 {2.3884 16.02 {11.11

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external

pressure
UW-16 Weid Sizing Summary
Weld description Flegl::?:‘.:;ald A;Izi.;a(l:;l)d Status
Nozzle to pad filiet (Legaq) B B8.67 weld size is adequate
Pad to shell fillet {Legaz) 7.51 B8.89 weld size is adequate
Nozzle to pad groove {Upper}  {6.65 282 weld size Is adequale

Calculations for external pressure 224.31 kPa @ 120 °C

Parallel Limit of reinforcement per UG-40

Ln MAX{d, R+ {,-C)+ {t-C))

MAX(618.12, 309.06 + (12.7 - 3.2) + (18.22 - 3.2))
= 61812 mm

Outer Normal Limit of reinforcement per UG-40

1l

1l

L, MIN(2.5%(1 - C), 2.5(t, - C,) +1,)
MIN(2.5%(18.22 - 3.2), 2.5*(12.7 - 3.2) + 22.2)

37.55 mm

It

Nozzle required thickness per UG-281 = 2.82 mm
From UG-37(d)(1) required thickness t, = 15.02 mm
Area required per UG-37{(d)(1)

Allowable stresses: S, = 118, 5, = 138, 5, = 138 MPa

f; =lesserof 1 or 5 /S, = 0.8551

R2 3/25/2013
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t,=lesserof1 or§5, /S, = 0.8551
f3 = lesserof f, or S, /S, = 0,8551

fq=lesserof1orS /S, =1

>
1

0.5*(d"t"F + 2°1*t *F*(1 - £,))
(0.5*(618.12*15.02*1 + 2*9.5*15.02*1*(1 - 0.8551}))} / 100
46,6259 em?

Area available from FIG. UG-37.1

A, = larger of the following= 0.0006 cm?

= dME M- F) - 2,ME - PR £
= (618.12*(1*15.02 - 1*15.02) - 2'9.5*(1*15.02 - 1*15.02)*(1 - 0.8551)} / 100
= 0.0006 cm2 .

= 2% t)(E - PR - 29 (B - PR - 1)
= (2*(15.02 + 9.5)*(1*15.02 - 1*15.02) - 2*9.5*(1*15.02 - 1*15.02)*(1 - 0.8551)}/ 100
= 0Qocm?

b
3
Il

smaller of the following= 4.2884 cm?

s B, -t )M
= (5%9.5-2.82)*0.8551*15.02) / 100
= 4.2884 cm?

= 2t -1 )25, + 1),
= (2*(9.5-2.82)%(2.5*9.5 + 22.2)*0.8551) / 100
= 52477 cm?

Ay = Leg™ig
= (9.532*0.8551) / 100
= Q.7755 cm?

Ap = Legz*frr&
= (12.72*1)/100
= 16129 cm?

A; = (D,-d-2% )",
= ((942.38 - 637.58)*22.2*1) / 100
= 67.6656 cm?

R2
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1

Area ALt A HAL+ALTHA,
0.0006 + 4.2884 + 0.7755 + 1.6129 + 67.6656

74.343 cm?2

1

As Area >= A the reinforcement is adequate.

UW-16{c)(2) Weld Check

Inner fillet: t,,  =lesserof 19 mmort, ort, = 9.5 mm
= lesser of 6 mm or 0.7",,, = 6 mm
=0.7'Leg = 0.7°9.53 = 6.67 mm

tc(min)

t

c{actual)

Quter fillet: t = lesser of 19 mm or t, or t = 15.02 mm
tw(min) = O‘S*tmin =7.51 mm
tuiactuay = 0.7*Leg = 0.7*12,7 = 8,88 mm

mit

UG-45 Nozzle Neck Thickness Check (Access Opening)

Interpretation V111-1-83-66 has been applied.

touges = 6.02mm

ta = maX[ ta uG-28 ta ua-z2 ]
= maX[ 6.02 s 0 ]
= 8.02mm

Available nozzle wall thickness new, t, = 0.876*12.7 = 11,11 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 120 °C) UG-28(c)

L/D, = 703.89/6096 = 1.1548
D/t = 609.6/2.82 = 216.0111
From table G: A = 0.000367
From ftable CS-2 B = 36.3403 MPa
Metric:
P, = 4'B/(3*(D, /)

= 4*36,340.3/(3*(609.6 / 2.82))

= 22431 kPa

Design thickness for external pressure P, = 224.31 kPa

R = 6.02
t = t+ Corrosion = 2.82+3.2 mm

R2
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BOTTOM MANWAY (M2)

ASME Section VIil Division 1, 2010 Edition, A11 Addenda Metric

tugowen = 19.05 mm

Legy; = 9.53 mm

—3 — 161,92

_ Yyuppen = 22.2 mm

1273 : P Leg,, = 127 mm
D, = 951.77 mm

i, = 22.2 mm

22.2
—19.085;
i —, r—— g —

Mote: round inside edges per UG-76(c)

Location and Orientation
Located on:

QOrientation:

End of nozzle to datum line:
Calculated as hillside:

Distance to head center, R:
Passes through a Category A joint:

Nozzle

Material specification:

Description:

Inside diameter, new:

Nominal wall thickness;

Corrosion allowance:

Opening chord length:

Projection available outside vessel, Lpr:

Projection available ouiside vessel to flange face, Lf:

Local vessel minimum thickness:
Liquid static head included:
Longitudinal joint efficiency:

Reinforcing Pad
Material specification:
Diameter;

ls split:

ASME B16.5-2009 Flange
Description:

R2

BOTTOM HEAD
315°

-1,350 mm

Yes

863 mm

No

SA-106 B Smls, Pipe (lI-D Metric p. 10, In. 40)
NPS 24 XS DN 600
584.2 mm

12.7 mm

3.2 mm

608.66 mm

238.1 mm

390.5 mm

19.05 mm

52,1271 kPa

1

SA-516 70 (1I-D Metric p. 18, In. 19) (normalized)
951.77 mm
No

NPS 24 Class 150 WN A105

3/25/2013
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Bolt Material:
Blind included;
Rated MDMT:
Liguid static head:
MAWP rating:
MAP rating:
Hydrotest rating:
PWHT performed:

Circumferential joint radiography:

R2

32125-D-2202-01

SA-193 B7 Bolf <= 64 {|I-D Metric p. 334, In. 32)
Yes

-48°C per UCS-66(b){1)(b)

52.314 kPa

1,694 kPaw 120°C

1,960 kPa® 10°C

3,000 kPa@ 10°C

No

Spot UW-11{b} Type 1

98/146
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (cm?) Thickness
For P = 1,093.69 kPa @ 120 °C Summary
The opening Is adequately reinforced (mm)
The nozzle

passes UG-45

A A
reduired available

85.9763 189.6863 {10.8316 |4.5716 |- |71.8947 |2.3884 |5.95 [11.11

A

A Az d As welds

lmq tmin

UG-41 Weld Failure Path Analysis Summary (N)

All faliure paths are stronger than ihe applicable weld loads

Weld load Weld load Path 1-t Weld foad Path 2-2 Weld load Path 3-3

W W1 strength Wao sirength Wss strength

1.041.005 11.088.195 }2.023.586 {109,326 14,248 071 11.123.731 |2.833,766

UW-16 Weld Sizing Summary

Weld description Heg::'e(z:‘x;;ld A;::a(lmw:"}d Status

Mozzla to pad filet (Lega1} 5] G.67 weld size is adequats

Pad to sholl et {Lagap) ua_g B.89 weld size is adequale

Nozzle to pad groove (Upper)  [6.65 205 weld size is adequate

Calculations for internal pressure 1,093.69 kPa @ 120 °C

Fig UCS-86.2 general note (1) applies.

Nozzle is impact test exempt to -105 *C per UCS-66(b)(3) {coincident ratio = 0.3478).

Pad impact test exemption temperature from Fig UCS-66M Curve D =-41.06 °C
Fig UCS-66.1M MDMT reduction = 6.3 °C, {coincident ratio = 0.8872).

Nozzle UCS-66 governing thk: 11.11 mm
Nozzle rated MDMT: -105 °C

Pad UCS-66 governing thickness: 19.05 mm
Pad rated MDMT: -47.36 °C

Parallel Limit of reinforcement per UG-40

Lg

1§

MAX(d, R, + (i, - C,) + (i~ C))
MAX(608.66, 304.33 + (12.7 - 3.2) + (19.05 - 3.2))

=  608.66 mm
Outer Normal Limit of reinforcement per UG-40

I

1l

L, MIN(2.5*(t - C}, 2.5*(t, ~ C,) + t,)

MIN(2.5%(19.05 - 3.2), 2.5*(12.7 - 3.2) + 22.2)

R2
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= 39.62 mm
Nozzle required thickness per UG-27{(c){1)

t

11

P*R,/(8,'E - 0.6*P)
1,093.6942*295.3 / (118,000*1 - 0.6*1,093.6942)
2.75 mm

m

1

1l

Required thickness t, from UG-37(a)(c)

t

P*K,*D,/ (2*'S*E + 0.8"P)
1,093.6942*0.8985%3,962 / (2*138,000%1 + 0.8%1,093.6942)
14.06 mm

T

Area required per UG-37(c)

Allowable stresses: S, = 118, S, = 138, §, = 138 MPa
t,=lesserofiorS, /S, =0.8551

fo =lesserof 1 or § /S, = 0.8551

fs = lesseroff, or S,/ S, = 0.8551

fy=lesserof1orS, /8§, =1

g
I

AF + 27 P - 1)
{608.66"14.06™1 + 2*9.5714.06"1*(1 - 0.8551)) / 100
86,9763 cm?

1

Area available from FIG. UG-37.1

A, = larger of the following= 10.8316 cm?

= dEt- P - 2 ME M- PRt - )

= (608.66*(1*15.85 - 1*14.06) - 2*9.5%(1*15.85 - 1*14.06)*(1 - 0.8551)) / 100

= 10.8316 cm?

= 2L (EM - P - 2 ME - PO -

= {2*(15.85 + 9.5)*(1*15.85 - 1*14.08) - 2*9.5*(1*15.85 - 1714.06)*(1 - 0.8551)}/ 100

= 08574 cm®

=
[
I

= smaller of the following= 4,5716 cm?

Bt -1, ),
(5*(9.5 - 2.75)*0.8551*15.85) / 100
4.5716 cm?

i

1

R2
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= 2%t - 1,)(2.5", + t) ",
= (249.5 - 2.75)(2.5*9.5 + 22.2)*0.8551) / 100
= 53019cm?

A, = Leg®f,
= (9.532*0.8551) / 100
= 07755 cm?

A, =  Leg®f,
= (12.72*1) /100
= 1.6129 cm?

As = (D,-d-2%)",
= {(951.77 - 627.92)*22.2*1) / 100
= 71.8947 cm?

Area=  Aj+A+ A+ AL+ A
10.8316 + 4.5716 + 0.7755 + 1.6129 + 71.8947
£9.6863 cm?

As Area >= A the reinforcement Is adequate.

UW-16(c)(2) Weld Check

Inner fillet: t., =lesserof 19 mmort, ort, = 9.5 mm
tyminy =lesserof 6 mmor 0.7° . =6 mm
toiaoay = 0-7'Leg = 0.779.53 = 6.67 mm

Outer fillet: t,, = lesser of 19 mm or i, or t = 15.85 mm
tw(min) = O-S*tmin =7.92 mm
tw(aclual) =0.7"Leg = 0.7*12.7 = 8.89 mm

UG-45 Nozzle Neck Thickness Check (Access Opening)

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

tuger = P'R/(S'E-0.6"P) + Corrosion
= 1,093,881*295.3/(118,000*1 - 0.6*1,093.881} + 3.2
= 595 mm

i = max{t, yeor s taugee |
= max[5.95,0]

R2
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= 5.95mm

Available nozzle wall thickness new, t, = 0.875*12.7 = 11.11 mm

The nozzle neck thickness is adequate.

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

Groove weld in tension: 0.74*138 = 102.12 MPa
Nozzle wall in shear: 0.7*118 = 82.6 MPa
inner fillet weld in shear: 0.49*118 = 57.82 MPa
Quter fillet weld in shear: 0.49*138 = 67.62 MPa

Upper groove weld in tension: 0.74*138 = 102.12 MPa
Strength of welded joints:

{1) Inner fillet weld in shear
{r / 2)*Nozzie OD*Leg"S, = (n/ 2)"609.6*9.53"57.82 = 527,360.92 N

(2) Outer fillet weld in shear
{(n/2)y'Pad OD*Leg"S, = (n/2)"951.77*12.7"67.62 = 1,283,900.31 N

{3) Nozzle wall in shear
{n/2)*Mean nozzle dia’i *S, = (x/ 2)*600.1*9.5"82.6 = 739,685.65 N

(4) Groove weld in tension
{n/ 2)*Nozzle OD*,*S, = (r / 2)*609.6*15.85"102.12 = 1,549,865.49 N

{8} Upper groove weld in tension
(m/ 2)*"Nozzle OD*,*S = (x / 2)"609.6*22.2*102.12 = 2,170,844.31 N

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

W

It

(A- A, + 2%, *(E, - F1)*S,

= (8,597.6263 - 1,083.1591 + 2*9.5"0.8551*(1*15.85 - 1*14.06))*138
= 1.041 004.67 N

Wii= (Ap+Ag+ Ay +AL)TS,
= {457.1604 + 7,189.47 + 77.5482 + 161.29)*138
1.088 19483 N

Woo=  (As+ Ay + Ay + Ay + 2707, )S,
= (457.1604 + 0 + 77.5482 + 0 + 2*9.5*15.85*0.8551)*138
= 109.325.75 N

Woas= (Ag+ A +Ag+ A+ AL+ AL+ 27 1 )'S,
= {457.1604 + 0+ 7,189.47 + 77.5482 + 161.29 + 0 + 2'9.56"15.85"0.8551)*138
1,123730.78 N
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Load for path 1-1 lesser of W or W,_, = 1,041,004.67 N
Path -1 through (2} & (3) = 1,283,900.31 + 739,685.65 = 2.023.585.96 N
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, , = 109,325.75 N
Path 2-2 through {1}, (4), {6} = 527,360.92 + 1,549,865.49 + 2,170,844.31 = 4,248.070.72 N
Path 2-2 is stronger than W, , so it is acceptable per UG-41(b}{1).

Load for path 3-3 lesser of W or W, , = 1,041,004.67 N

Path 3-3 through (2), (4) = 1,283,900.31 + 1,649,865.49 = 2.833.765.8 N
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2}).

R2
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Reinforcement Calculations for MAEP

UG-45
Nozzle Wall
For Pe = 250.06 kPa @ 120 °C Summary
The gpening is adequately reinforced (m m)
Tite nozzie

passes UG-45

A A A
required | available al Az Aa As welds treq tein
48.4523 }78.9315 |-~ |4.6484 |-~ 171.8947 12.3884 |5.84 {11.11

UG-41 Weld Failure Path Analysis Summary

|
|
\
UG-37 Area Calculation Summary (cm?) Thickness ‘
|
i
|

Weld strength calculations are not required for external

pressure
UW-16 Weld Sizing Summary
Weld description Regi;ier?:lx;ald A;;‘;a(l:;l)d Status
Nozzle to pad fillet (Legg4y) 6 6.67 weld size is adequate
Pad to shell filtet {Leg 42} 7.92 8.89 weld size is adequate
Nozzle to pad groove (Upper) |§.65 222 weld size is adequate

Calculations for external pressure 250,06 kPa @ 120 °C
Parallel Limit of reinforcement per UG-40

L

MAX(d, R, + (i, - G} + (- C))

MAX{608.65, 304.32 + {12.7 - 3.2} + {19.05 - 3.2))
= 608.65 mm

Outer Normal Limit of reinforcement per UG-40

R

Ly MIN(2.5*(t - C), 2.5*(t, - G,)) + 1)
MIN{2.5%(19.05 - 3.2), 2.5*(12.7 - 3.2) + 22.2)

39.62 mm

1l

Nozzle required thickness per UG-28 t, = 2.64 mm
From UG-37{d){1) required thickness t, = 15.85 mm
Area required per UG-37{d)(1)

Allowable stresses: 5, = 118, 5, = 138, 5, = 138 MPa

fy=lesserof 1 or 8, /8§, = 0.8551
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f, =lesserof 1 or §,/ 5, = 0.8551

fg = lesser of f, or S/ S, = 0.8551

fq=lesserof1or§ /8, =1

A

0.5M(dM*F + 2, F*(1 - 1))
(0.5*(608.65%15.85*1 + 2*9.5*15.85*1*(1 - 0.8551))} / 100
48.4523 cm?

1

li

Area avaitable from FIG. UG-37.1

A =

R2

larger of the following= 2 cm?

= d(E,"t- LY - 2YNE T PN - )
= (608.65%(1*15.85 - 1*15.85) - 2*9.5*(1*15.85 - 1*15.85)*(1 - 0.8551)) / 100
= Qom?

= 2%(t+ L)ME - PR - 25 (B, - PR -,
= (2*(15.85 + 9.5)*(1*15.85 - 115.85) - 2*9.5*(1*15.85 - 1*15.85)*(1 - 0.8551)) / 100
= 0cm?

smaller of the following= 4.6484 ¢cm?

RN LNl P
= (5%(9.5-2.64)"0.8551715.85) / 100
= 4.6484 cm?

= 2%t -1 )(2.5, + 1),
= (2*(9.5- 2.64)*2.5%9.5 + 22.2)*0.8551) / 100
= 53903 cm?

= Leg®™,
= (9.532*0.8551) /100
= (.7755 cm?

= lLeg®f,
= (12.721)/100
= 16129 cm?

= {Dp -d- 2"tn)"te*fr4
= {(951.77 - 627.92)*22.2*1) / 100
= 71.8947 cm?
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Area= A+ A+ Ay v Ay + A
0 +4.6484 + 0.7755 + 1.6129 + 71.8947
78.9315 cm?

Il

As Area >= A the reinforcement is adequate.

UW-16(c)(2) Weid Check

Inner fillet: t,,, = lesser of 19 mm or {, or t_ = 9.5 mm
ic(min) = lesser of 6 mm or D‘Y*tmin =6 mm
toacway = 0.7"Leg = 0.779.53 = 6.67 mm

Quter fillat: 1, =lesserof 19 mmort ort=15.85 mm
tw(rnin) = O'S*Imin = 7.92 mm
ttaciuany = 0.7*Leg = 0.7°12.7 = 8.89 mm

UG-45 Nozzie Neck Thickness Check (Access Opening)

interpretation VIlI-1-83-66 has been applied.

ta UG-28 = 5.84 minm

[ = max[t, g8 laugez |
= max[5.84,0]
= 584 mm

Available nozzle wall thickness new, t, = 0.875%12.7 = 11.11 mm
The nozzle nack thickness is adequate.

External Pressure, (Corroded & at 120 °C) UG-28(c)

L/D, = 542.21/609.6 = 0.8895
D,/{ = 609.6/2.64 = 230.8405
From tabie G: A = 0.000436
From fable CS-2 5 _ 43 9904 mPa
Metric:
P, = 4*B/(3*(D,/D)
= 4%43,202.45 / (3*(609.6 / 2.64))
- 250.06 kPa

Design thickness for external pressure P, = 250.06 kPa

= 5.84

t = 1+ Corrosion 264 +3.2
mm

1

R2
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SIGHT GLASS (SG1A)

ASME Section VIli Division 1, 2010 Edition, A11 Addenda Metric

A 952

~ _____ _______ T “I

19.05) | 4o 19.05) | |} |
o M il 7]
- g T '._—Sl:b‘.%

Note: round inside edges per UG-76(c)

Location and Orientation

Located on:

Orientation:

Nozzle center line offset to datum line:
End of nozzle to shell center:

Passes through a Category A joint:

Nozzle

Material specification:

Inside diameter, new:

Neminal wall thickness:

Corrosion alfowance:

Projection available outside vessel, Lpr:
Internal projection, h, ..

Local vessel minimum thickness:

Liquid static head included:
Longitudinat joint efficiency:

R2

3962 mm Q.D, SHELL
225°

2,018 mm

1,993.7 mm

No

twgowen = 19.05 mm
Leg, = 9.52mm
Leg,, = 6.35mm
h 25 mm

new =

Dwg shows 2028
-10mm will not change the calculation

SA-516 70 (II-D Metric p. 18, In. 19) (normalized)

146 mm
54.5 mm
32mm

12.7 mm

25 mm
19.05 mim
20.0279 kPa
1
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (cm?) Thickness
For P = 1,061.59 kPa @ 120 °C Summary
The opening is adequately reinforced (mm)
The nozzle
passes UG-45
A A A
required { available A1 Az Az As welds treq tin
27.9921 |35.791 §1.0013 |12.8806 |20.971 |-- {0.9381 {11.31 |54.5

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b){1)

UW-16 Weld Sizing Summary

Weld description

Required weld
throat size (mm}

Actual weld
throat slze (mm)

Status

Nozzls 1o shell fillet {Legaq)

&

6.66

weld size Is adequate

Calculations for internal pressure 1,061.59 kPa @ 120 °C

Nozzle impact test exemption temperature from Fig UCS-66M Curve D = -41.06 °C

Fig UCS-66.1M MDMT reduction = 2.3 °C, {coincident ratio = 0.9585).

Nozzle UCS-66 governing thk:
Nozzle rated MDMT:

br

It

)]

= 1524 mm

Outer Normal Limit of reinforcement per UG-40

Ly

39.62 mm

Inner Normal Limit of reinforcement per UG-40

]

L

39.62 mm

R2

19.05 mm

-43.36 °C
Parallel Limit of reinforcement per UG-40

MAX(d, R, + (t, - C,) + (t - C))
MAX(152.4, 76.2 + (54.5 - 3.2) + (19.05 - 3.2))

MIN(2.5*(t - C), 2.5*(¢, - C,) + 1)
MIN(2.5%(19.05 - 3.2), 2.5*(54.5 - 3.2) + 0)

MIN{2.5*(t - C), 2.5*(t, - C, - C)}
MIN(2.5%(19.05 - 3.2), 2.5*(54.5 - 3.2 - 3.2))
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Nozzle required thickness per UG-27(c)(1)

t

m

]

P*R, /{S,'E - 0.6*P)
1,061.5949*76.2 / (138,000*1 - 0.6*1,061.5949)
0.59 mm

Al

Required thickness t, from UG-37(a)

t PR,/ (S'E + 0.4*P)
1,061.5949*1,981 / (138,000*1 + 0.4*1,061.5949)

15.19 mm

1

T

il

1l

Area required per UG-37(c)
Allowable stresses: §, = 138, §, = 138 MPa
fq=lesserofi1or§ /8, =1

f,=lesserof1or§, /8, =1

p
|

d*F + 2%, F*(1 - ;) + Tapped hole area loss
{152.4*15.19*1 + 2*51.3"15.19*1*(1 - 1)} / 100 + 4.8387
27.9921 cm?

1

Area available from FIG. UG-37.1

A, = larger of the following= 1.0013 cm?

= df(E, - B - 24 (E - Pt - o)
= (152.4%(1*15.85 - 1*15.19) - 2*51.8*(1*15.85 - 1*15.19)*(1 - 1))/ 100
- 1.0013 cm?

= 2+t )MET- PR - 2 B - PN - 1)
= (2*(15.85 + 51.3)*(1*15.85 - 1*15.198) - 2*°51.3*(1"15.85 - 1*15.19)*(1 - 1))}/ 100
= 0.8826 cm?

p-3
n3
|

= smaller of the following= 12,8806 cm?

= 2*(tn - tm)*[rz*Lpr
= {(2*(51.3 - 0.58)*1*12.7)/ 100

= 12.8806 cm?
= 2*(tn - tm)*gi.‘?*Lpr

= {(2"(51.3-0.59)"1"12.7)/100
= 12.8806 cm?
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i

A, = smaller of the following= 20.971 cm?

= BT,

= (5*15.85"48.1"1) /100
= 38118 cm?2

= B,

= (5*48.1*48.1*1)/ 100
= 115.6786 om?

= 2,
= (2¥21.8*48.1*1}/ 100
= 20.971 cm?

Ay = Lleg®f,
- (9.5221)/100
= 0.9065cm?

An = Leg®f,
= (1.78%*1) /100
= 00316 cm?

Area= A +A +A+ A +A,
= 1.0013 + 12.8806 + 20.971 + 0.9065 + 0.0316
= 35791 cm?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: 1, = lesser of 19 mm or t ort=15.85 mm
tominy = lesser of 6 mm or 0.7*,, = 6 mm

ygaoway = 0-7°Leg = 0.7°9.52 = 6.66 mm

The fillet weld size is satistactory.

Weld sirength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch {c-e).

UG-45 Nozzle Neck Thickness Check

touger = P*R/{SE-0.6*P) + Corrosion
= 1,061.5949*76.2 / (138,000*1 - 0.671,061.5848) + 3.2
=  3.7%9mm

ta = max[, yge7 > tavgee ]

R2
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max[ 3.79, 0]
3.79 mm

P*R, / (S*E + 0.4"P) + Corrosion
1,061.594971,981 / {138,000*1 + 0.4%1,061.5949) + 3.2
18.39 mm

maxf b . b ugis |
max] 18.39, 4.7 ]

18.39 mm

minj ty, , tq 1
min[ 11,831, 18.39]
11.31 mm

max]t,,1,]
max[ 3.79, 11.31 ]
11.31 mm

Available nozzle wall thickness new, t, = 54.5 mm

The nozzle neck thickness is adequate.

R2
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Reinforcement Calculations for MAEP

32125-D-2202-01

throat size {mm)

tiroat size (mm)

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (cm?) Thickness
For Pe = 221.4 kPa @ 120 °C Summary
The opening is adequately reinforged (mm)
The nozzie
passes UG-45
A A A
required | available | ™! Az A A5 | welds troq tmin
16.8161 {34.8323 |- [12.9232 [20.971 |- 10.9381 16.38 |54.5
UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for
exiernal pressure
UW-16 Weld Sizing Summary
Weld description Required weld Actual weld Status

Nozzfe to shell fillet {Leg 44}

g

6.66

weld size is adequate

Calculations for external pressure 221.4 kPa @ 120 °C

Parallel Limit of reinforcement per UG-40

Ly

It

MAX(d, R, + (t, - C,) + (t- C))
MAX(152.4, 76.2 + (54.5 - 3.2) + (19.05 - 3.2))

152.4 mm

Outer Normal Limii of reinforcement per UG-40

Ly

MIN(2,5%(t - C), 2.6*(t, - C.) + )

MIN(2.5%(19.05 - 3.2), 2.5*(54.5 - 3.2) + 0)

39.62 mm

Inner Normal Limit of reinforcement per UG-40

L

n

Nozzle required thickness per UG-28 t | = 0.42 mm

From UG-37(d)(1) required thickness t, = 15.85 mm

R2

MIN(2.5%(t - C}, 2.5*(t, - C, - C))

MIN(2.5*(19.05 - 3.2), 2.5*(54.5 - 3.2 - 3.2))

39.62 mm
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Area required per UG-37(d){1)
Allowable stresses: §, = 138, 5, = 138 MPa
fy=lesserof1or§ /S, =1

fo=lesserofiorS, /5, =1

p-J
]

0.5%(d*",*F + 2"t,*1,*F*(1 - f,4)} + Tapped hole area loss
(0.5%(152.4*15.85"1 + 2*51.3*15.85%1%(1 - 1}}) / 100 + 4.8387
16.9161 em?

]

il

Area available from FIG. UG-37.1

A, = larger of the following= 0 cm?

= dMEM- PR - 28 HE M- PR - 1)
= (152.4*(1*15.85 - 1*15.85) - 2*51.3*(1*15.85 - 1*15.85)*(1 - 1)} / 100
= 0Ocm?

= 2%t DM(EM- P - 241 (B - PR - )
= (2*(15.85 + 51.3)*(1*15.85 - 1*15.85) - 2*51.3*(1*15.85 - 1*15,85)*(1 - 1))/ 100
= Qecm?

™
[\+]
I

= smaller of the following= 12.9232 cm?

= 2%~ trn)*frE'kLlﬁr
= {2*(51.3 - 0.42}"1*12.7}/ 100

= 12,9232 cm?

= 21, -t ML,
= (2%51.3-0.42)*1*12.7) /100
= 12,9232 cm?

=
£
1§

smaller of the following= 20.971 cm?

= BMMM,

= (56*15.85"48.1*1) / 100
= B88.118 ecm?

= B,
= (5"48.1*48.1*1)/ 100
= 115.8788 cm?

= 2*h*ti*fr2
- (2°21.8%48.1%1)/ 100
= 20.971 cm?
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Area =

Leg?*f,
(9.522*1) / 100
0.9065 om?

Leg®*f,
(1.782*1) / 100
0.0316 cm?

Ag+ A+ Ag+ AL+ Ay
0 +12.9232 + 20.871 + 0.9065 + 0.0316
34.8323 cm?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t

i

clain} =

=lesserof 19 mmort, ort=15.85 mm

min

lesser of 6 mm or 0.7*t . = 6 mm

te(actuan = 0.7*Leg = 0.7"9.562 = 6.66 mm

The fillet weld size is satistactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch {c-8).

UG-45 Nozzle Neck Thickness Check

ta UG-28

R2

= 3.62mm

= max[1, g8 tauces ]
= max[3.62,0]

= 3.62mm

= P*R,/{(S*E + 0.4*P) + Corrosion
= 221.3986"1,981/(138,000"1 + 0.47221.3086) + 3.2
= 6.38mm

= maxf ty, .t uers )
= max{6.38,4.7]
= 6.38mm

= min[11.31,6.38]
= 6.38mm
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max[t,, 4]
maxf 3.62 , 6.38 ]
6.38 mm

g5

Il

Available nozzle wall thickness new, t, = 54.5 mm
The nozzle neck thickness is adequate.

External Pressure, {Corroded & at 120 °C) UG-28(c¢)

L/D, = 16.81/255 = 0.0659

D,/t = 255/0.42 = 604.2399
From table G: A = 0.001822
Fromtable C8-2 5 _ 1503343 MPa
Metric:

P, 4°B/ (34D, /1))

47100,334.25 / (3*(255 / 0.42))
221.4 kPa

(LI (|

Design thickness for external pressure P, = 221.4 kPa

. = 3.62
i = t+ Corrosion = 042 +3.2 mm

R2
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SIGHT GLASS (SG1B)

ASME Section VIiI Division 1, 2010 Edition, A11 Addenda Metric

Note: round inside edges per UG-76(c)

Location and Orientation

Located on:

Orientation:

Nozzle center line offset to datum line:
End of nozzle to shell center:

Passes through a Category A joint:

Nozzle

Material specification:
Inside diameter, new:
Nominal wall thickness:
Corrosion allowance:

Projection available outside vessel, Lpr:

Internal projection, h,,,

Local vessel minimum thickness:
Ligquid static head in¢luded;
Longitudinal joint efficiency:

R2

I3

wi{lower) =
Leg,, =

S Legy =
—] [9.52 B =

new

6.3%

39262 mm O.D. SHELL
225°

1,528 mm

1,993.7 mm

No

116/146

19.05 mm
9.52 mm
6.35 mm
25 mm

SA-516 70 (11-D Metric p. 18, In. 19) {normalized)

146 mm
54.5 mm

3.2 mm

12.7 mm

25 mm
19.05 mm
24,8294 kPa
i
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Reinforcement Calculations for Chamber MAWP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (cm?) Thickness
For P = 1,066.4 kPa @ 120 °C Summary
The opening is adequalely reinforced (mm)
The nozzle

passes UG-45

A A A
required | available A Az Aq As | welds

28.0966 |35.6859 |0.8968 |12.88 |20.971 {-- [0.9381 |11.31 |54.5

treq timin

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(1)

UW-16 Weld Sizing Summary

Weld description

Required weld
throat size (mm)

Actual weld
throat slze (mm})

Stalus

MNozzie to shell fittet (Legar}

6

6.66

weld slze Is adequate

Calculations for internal pressure 1,066.4 kPa @ 120 °C

Nozzle impact test exemption temperature from Fig UCS-66M Curve D = -41.06 °C
Fig UCS-66.1M MDMT reduction = 2,1 °C, {coincident ratio = 0.9629).

Nozzile UCS-66 governing thk:  18.05 mm
Nozzle rated MDMT: -43.16 °C
Paraliel Limit of reinforcement per UG-40

Ln MAX(d, R, + (i, - G} + {t- C))
MAX(152.4, 76.2 + (54.5 - 3.2) + (19.05 - 3.2))
= 152.4 mm

Outer Normal Limit of reinforcement per UG-40

1

It

Ly MIN(2.5%(t - G}, 2.5"(t, - C ) + t5)
MIN(2.5%(19.05 - 3.2), 2.5*(54.5 - 3.2} + 0)
39.62 mm

Inner Normal Limit of reinforcement per UG-40

1}

i

L, MIN(2.5%(t - C), 2.5*(%;- C, - C))
MIN(2.5*(19.05 - 3.2), 2.5*(54.5 - 3.2 - 3.2})

392.62 mm

]
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Nozzle required thickness per UG-27{c){1)

t

m

P*R,/ (S,E - 0.6*P}
1,066.3964%76.2 / (138,000*1 - 0.6*1,066.3964)
0.59 mm

il

il

Il

Required thickness t, from UG-37(a)

t

P*R,/ (S"E + 0.4"P)
1,066.3964*1,981 / (138,000*1 + 0.471,066.3964)
15.26 mm

r

Area required per UG-37(c)
Allowable stresses: S, = 138, §, = 138 MPa
fy=lesserof1or5, /S, =1

fo=lesserof1or§ /8, =1

p=2
]

d*t*F + 2"t "L'F*(1 - 1,,) + Tapped hole area loss
(152.4*15.26*1 + 2*51.3*15.26*1*(1 - 1)) / 100 + 4.8387
28.0966 cm?

il

Area available from FIG. UG-37.1

A, = larger of the foliowing= 0.8968 cm?

= (ES - FR) - 20 (B PR -8
= (152.4*(1"15.85 - 1*15.26) - 2"51.3*(1*15.85 - 1"15.26)*{1 - 1)}/ 100
= {.8968 cm?

= 2Mt+t)(E, - PR - 2% (- PR - o)
= {2%(15.85 + 51.3)%(1*15.85 - 1*15.26) - 2*51.3(1*15.85 - 1*15.26)*(1 - 1))/ 100
= 0.7903 cm2

>
S
il

smaller of the following= 12.88 cm?

= 2 (tn - trn)*frz*i‘pr
= {2%51.3-0.59)"1™2.7)/ 100

= 12.88 cm?
= 2't,- <tm)*frz*l"pr

= {2*51.3-0.59)*1*12.7)/ 100
= 12.88cm?

R2
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A, = smaller of the following= 20.971 cm?

= 5P,
= (5*15.85°48.1*1}/ 100
= 38.118 cm2

= S

= (5*48.1*48.1*1}/100
= 115.6786 cm?

= 2",
= (2*21.8*48.1*1)/100
= 20971 cm?

Ay = Leg™p
- (9.5221)/100
= 0.9065 cm?

Ay = Leg™f,
= (1.78%1)/100
= 0.0318 cm?

Area= A +A +A+ A+ A,
= 0.8968 + 12.88 + 20.971 + 0.2065 + 0.0316
= 356859 cm?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t
tc(min) =

tc(ac:tuai] =

min = lesser of 19 mm ort, ort = 15.85 mm
lesser of 8 mm or 0.7%, = 6 mm
0.7°Leg = 0.779.52 = 6.66 mm

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

touger = P*R/(S*E-0.6*P) + Corrosion
= 1,066.3964*76.2 / (138,000"1 - 0.61,066.3964) + 3.2
= 3.79mm

la = max[ ta UG-27 ¢ ta UG-22 ]

R2
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max[3.79,0]
3.79 mm

P*R,/ {S'E + 0.4*P) + Corrosion
1,066.3964*1,981 / (138,000*1 + 0.4*1,066.3964) + 3.2
18.46 mm

max] b, b ygie }
max] 18.46 , 4.7 ]
18.46 mm

ming t,, . 1y ]
minf 11.31, 18.46 ]
11.31 mm

max t, , t,]
max{ 3.7¢, 11.31]
11.31 mm

Available nozzle wall thickness new, t, = 54.5 mm

The nozzle neck thickness is adequate.

R2
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Reinforcement Calculations for MAEP

UG-45
Nozzle Wall
UG-37 Area Calculation Summary (cm?) Thickness
For Pe = 221.4 kPa @ 120 °C Summary
The opening Is adequalely reinforced (m m)
The nozzle

passes UG-45

A A
required avallable

16.9161 134.8323 |- [12.9232 {20.971 (- [0.9381 |6.38 |54.5

A

A Az A3 Ag walds

lreg tmin

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required far
external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld
Weld description throal size (mm) } throat size {mm) Status
Nozzle to shell fillet {Legsi) |G 5.66 weld size |s adequate

Calculations for external pressure 221.4 kPa @ 120 °C

Parallel Limit of reinforcement per UG-40

Lg MAX(d, R, + {t, - C) + (t - C))
MAX(152.4, 76.2 + (54.5 - 3.2) + {19.05 - 3.2))
- 152.4mm

Outer Normal Limit of reinforcement per UG-40

il

L

MIN(2.5*(t - C), 2.5*(t, - C,) +1,)
MIN(2.5%(19.05 - 3.2), 2.5*(54.5 - 3.2) + 0}
39.62 mm

Inner Normal Limit of reinforcement per UG-40

H

1§

L, MIN(2.5%1 - C), 2.5(4 - C, - C})
MIN(2.5*(19.05 - 3.2), 2.5%(54.5 - 3.2 - 3.2))

39.62 mm

1

1l

Nozzle required thickness per UG-28 t,, = 0.42 mm

From UG-37(d){1) required thickness t, = 15.85 mm

R2 3/25/2013
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Area required per UG-37(d)(1)

Allowabie stresses: S, = 138, §, = 138 MPa

i, =lessercfiorS /5, =1

f,=lesseroftorS /8, =1

=
1l

0.5"(d™'F + 2™t 't "F*(1 - {,)) + Tapped hole area loss
(0.5*(152.4*15.85*1 + 2*51.315.85*1*(1 - 1))}/ 100 + 4.8387
16.9161 cm?

It

Area available from FIG. UG-37.1

A, = larger of the following= 0 cm?

= d*(E,"t- FR) - 2% (B - PRyt - )
= (152.4*(1*15.85 - 1*15.85) - 2*51.3*(1*15.85 - 1*15.85)*(1 - 1)} / 100
= 0cm?

= 2+ )M(EM - P - 2 E - PR - )
= (2*(15.85 + 51.3)(1*15.85 - 1*15.85) - 2*51.3*(1*15.85 - 1*15.85)*(1 - 1)} / 100
= Dom?

A, = smaller of the following= 12.9232 cm?

= 2Mt,- trn)*frz*i"pr
= (2*(51.3-0.42)*1*12.7)/ 100

= 12,9232 cm?

= 2t~ trn)*frz*l'pr
= {2*(51.3-0.42)*1*12.7) /100
= 12,9232 cm?

=
3
Il

smaller of the following= 20.971 cm?

= 5T,
= (5%15.85*48.1"1} / 100
= 88.118 cm?

= B,
= (5%48.1°48.1*1)/100
- 115.6786 cm?

= 2,
= (2'21.8"48.1*1)/ 100
= 20,971 cm?

R2
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Ay = Leg™,
= (9.522*1)/ 100
= 0.9065 cm?

A,y = Leg®f,
= {1.78271)/100
= 0.0318 cm?

Area= A +A+A+A,+A,
= 0+129232 + 20.971 + 0.9065 + 0.0316
= 34.8323 cm?

As Area >= A the reinforcement is adequate.

UW-16({c) Weld Check

Fillet weld: t;, = lesser of 19 mmort, ort=15.85 mm
tomin) = 18867 Of 6 MM or 0.7, = 8 mm

saotua = 0.7°L6g = 0.7*9.52 = 6.66 mm

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-8).

UG-45 Nozzle Neck Thickness Check

Lugeg = 3.62mm
t, = max[t,ya.2s s tauges |
= max[3.62,0]
= 3.82mm
too = P*R,/(S"E + 0.4"P) + Corrosion
= 221.3986%1,981 / (138,000"1 + 0.4%221.3986) + 3.2
= 6.38 mm
tyo = max[{,. b ugs ]
= max[6.38,4.7]
= 6.38 mm
t, = minfty. ]
= minf 11.31,6.38]
= 6.38mm
R2
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maxit,, t, 1
max[ 3.62,6.38 ]
6.38 mm

tUG-45

[l

Available nozzle wall thickness new, t, = 54.5 mm
The nozzle neck thickness is adequate.

Externa! Pressure, {Corroded & at 120 °C) UG-28(c)

L/D, = 16.81/255 = 0.0659

D,/l = 255/042 = 604.2399
From table G A = 0.001822
Fromtable CS-2 5 _ 100.3343 MPa
Metric:

P, = 4'B/(3'D,/0)

4*100,334.25 / (3*(255 / 0.42))
221.4 kPa

nwnn

Design thickness for external pressure P, = 221.4 kPa

. = 3.62
t, = t+ Corrosion = 042 +3.2 mm

R2
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Seismic Code

Method of seismic analysis: NBC Canada 2005
Importance Factor: ig = 1.3000
Location: Fort McMurray, Alberta

5% Damped Spectral Response Accel. at T =0.2s  $,{0.2) = 0.1200
5% Damped Spectral Response Accel. at T = 0.58  §,(0.5) = 0.0560
5% Damped Spectral Response Accel. al T=1.0s  5,(1.0) = 0.0230
5% Damped Spectral Response Accel. at T =2.05  §,(2.0) = 0.0060

Site Class: D
Acceleration-based Site Coeflicient: F,=1.3000
Velocity-based Site Coefficient: F, = 1.4000
Dugctility-related force medification factor: R, = 2.5000
Overstrength-related force modification factor: R, = 1.0000
Vertical Accelerations Considered: No

Vessel Characteristics

Vessel height; 19.0735 ft (5.81 m)
Vessel Weight:
Operating, Corroded: 179,796 Ib {81,554 kg)
Empty, Corroded: 57,783 Ib {26,210 kg)
Vacuum, Corroded: 179,796 |b {81,554 kg)

Period of Vibration Calculation

Fundamental Period, T;
Operating, Cotroded: 0.484 sec (f = 2.1 Hz)
Empty, Corroded: 0.272 sec {f = 3.7 Hz)
Vacuum, Corroded: 0.484 sec (f = 2.1 Hz)

The fundamental! period of vibration T {above) is calculated using the Rayleigh method of approximation:
T=2"Pl™Sar{ {Sum(W, " y2 )}/ {g * Sum(W, * y, )} }, where

W, is the weight of the i lumped mass, and
y; is its deflection when the system is treated as a cantilever beam.

Seismic Shear Reports:

Operating, Corroded
Empty. Corroded
Vacuum. Corroded
Base Shear Calculations
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Seismic Shear Report: Operating, Corroded

Component Elevation of botiom | Elastic modulus E { Inertial { Seismic shear at | Bending Moment at
above base {mm} {MI*a} {m4) Botiom {N) Bottom {N-m)
TOP HEAD 4,763 196,800.0 * 4,973.2 71763
3962 mm O.D. SHELL (top) 2,376 166,800.0 ©.3825 17,682.1 34,2087
SUPPORT LEG V] 199,948.0 0.0352 22,865.5 $0,036.9
3962 mm O.D. SHELL {boltom) | 2,376 196,800.0 03825 |5,088.3 5,638.6
BOTTOM HEAD 2,376 196,800.0 * 5,026.7 5,510

*Moment of Inertia 1 varies over the length of the component

Seismic Shear Report: Empty, Corroded

Component Elevation of bottom | Elastic modulus E | inertial | Seismic shear at § Bending Moment at
above base (mm) {MPa) {rd) Bottom (N} Bottom {N-m)
TOP HEAD 4,763 202,272.2 * 19811 6,083.8
3962 mm 0.D. SHELL (top) 2,376 202,272.2 5.3825 |5,030.2 13,794.3
SUPPORT LEG 4] 199,948.0 0.0352 {9,266.9 37,983.3
3962 mm O.D. SHELL {boktom} 2,376 202,272.2 0.2825 4,092.8 4,926,9
BOTTOM HEAD 2,376 2022722 * 4,075 4,823.2

*Moment of Inetlia | varies over the length of the component

Seismic Shear Report: Yacuum, Corroded

Component Elevation ot bottorn | Elastic modulus E | Inertia | | Seismic shear at | Bending Moment at
above base {mm} (MPa) {m) Bottom {N) Boltom (N-m}
TOP HEAD 4,763 196,800.0 * 4,873.2 71761
3962 mm 0.0, SHELL {top) 2,376 196,300.0 0.3825 | 17,6821 34,208.7
SUPPGRT LEG 0 199,948,0 0.0352 | 22,865.5 90,036,9
3962 mm O.D. SHELL {botlors}  } 2,376 196,800.0 0.2825 15,0983 5,638.6
BOTTOM HEAD 2,376 198,800.0 * 5,626.7 5,510

*Moment of Inertia | varies over the length of the component

Base Shear Calculations

Operafing, Corroded
Empty. Corroded
Vacuum. Correded

Base Shear Calculations: Operating, Corroded

Fundamental Period computed by Rayleigh approximation: 0.484

The design spectral response acceleration, S(T,) per 4.1.8.4.(6): 0.0826
Higher mode factor, M, per 4.1.8.11.(5): 1.0000

V=2/3"S(T)*M,* . * W/ (R, " R,)
= 2/3*0,0826 * 10000 * 1.3000 * 179,796.4375 / (2.5000 * 1.0000)
- 5,147.9604 1b (2,335.08 kg)

Per 4.1.8.11.(2), the minimum lateral earthquake force, V, shall be no less than V-
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Vo =2/3 % S(2.0)* M, * I * W/ (R, * R)
= 2/3 * 0.0084 * 1.0000 * 1.3000 * 179,796.4375 / (2.5000 * 1.0000)
= 523,57 Ib (237.49 kg)

When R, is greater than or equal to 1.5, V shall be no more than V.

Vi = 2/372/3%5(0.2)* . * W/ (R, * R)
= 2/3*2/3*0.1560 * 1.3000 * 179,796.4375 / (2.5000 * 1.0000)
= 6,482.26 Ib (2,940.30 kg)

V = 5,147.96 Ib {2,335.08 kg)
Base Shear Calculations: Empty, Corroded
Fundamental Period computed by Rayieigh approximation: 0.272

The design speciral response acceleration, S(T,) per 4.1.8.4.(6): 0.1375
Higher mode factor, M, per 4.1.8.11.(5): 1.0000

V=2/3*S(T)"M,*I.*W/(R,*R,)
= 2/3*0.1375 * 1.0000 * 1.3000 * 57,783.3125 / (2.5000 * 1.0000)
= 2,753.9648 Ib (1,249.18 kg)

Per 4.1.8.11.(2), the minimum lateral earthquake force, V, shall be no less than vV, :

Von = 2/3%S(2.0)* M, * [ * W/ (R, * R)
= 2/3 * 0.0084 * 10000 * 1.3000 * 57,783.3125 / (2.5000 * 1.0000)
- 168.2650 Ib (76.32 kg)

When R, is greater than or equal 10 1.5, V shall be no more than V.

Viae = 2/3%2/3*S(0.2) * I * W/ (R, * R}
=2/3*2/3*0.1560 * 1.3000 * 57,783.3125 / (2.5000 * 1.0000)
= 2,083.2810 |b (944.96 kg)

V = 2,083.28 tb {944.96 kg)

Base Shear Calculations: Vacuum, Corroded

Fundamental Period computed by Rayleigh approximation: 0.484

The design spectral response acceleration, S(T,} per 4.1.8.4.(6}: 0.0828
Higher mode factor, M, per 4.1.8.11.(5): 1.0000

V=23*S(T) M, " "W/ (R, *R)
= 2/3 * 0.0826 * 1.0000 * 1.3000 * 179,796.4375 / (2.5000 * 1.0000)
= 5,147.9604 Ib (2,335.08 kg)

Per 4.1.8.11.(2), the minimum lateral earthquake force, V, shall be no less than V
Viain =237 820)" M, "L *W/(R,*R,)
=2/3 *0.0084 * 1.0000 * 1.3000 * 179,796.4375/ (2.5000 * 1.0000})
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=523.5673 Ib (237.49 ko)
When R, is greater than or equal to 1.5, V shall be no more than V
Vi =2/3*2/378(0.2) " . *W/ (R, * R,
=2/3 *2/3 *0.1560 * 1.3000 * 179,796.4375 / (2.5000 * 1.0000)
= 6,482.2607 |b (2,940.30 kg)

V =5,147.96 b {2,335.08 kg)

R2

max*

128/146

3/25/2013



WQO. 12-32 32125-D-2202-01 129/146
SUPPORT LEG

Leg material: CSA G40.21-350W

Leg description: W 10x49 {Flange in}

Number of legs: N= 4

Qverall length: 2,529 mm

Base to girth seam length: 2,376 mm

Pad length: 480 mm

Pad width: 358 mm

Pad thickness: 12.7 mm

Bolt circle: 3,781.86 mm

Anchor bolt size: 1 inch coarse threaded

Anchor bolt material: SA 36

Anchor bolis/leg: 2

Anchor bolt allowable stress: S, = 103.42 MPa

Anchor boit corrosion allowance: 0 mm

Anchor bolt hole clearance: 10 mm

Bage plate width: 330 mm

Base plate length: 330 mm

Base piate thickness: 25.4 mm (12.34 mm required)

Base plate aliowable stress: 165.474 MPa

Foundation allowable bearing stress: 5171 MPa

User defined leg eccentricity: 12,7 mm

Effective length coefficient: K= 1.2

Coefficient: C, =085

Leg yield siress: F,= 330 MPa

Leg elastic modulus: E= 1990947.953MPa

Leg to pad fillet weld: 17 mm (15.33 mm required}

Pad to shell fillet weld: 9.5 mm (3.14 mm required)

Legs braced: No

Note: The support attachment point is assumed to be 25.4 mm up from the cylinder circumferential seam.

Conditions Investigated (Only Governing Condition Reported)

Weight operating corroded
Weight operating new
Weight empty corroded
Weight empty new

Weight test new

Weight vacuum corroded
Seismic operating corroded
Seismic operating new
Seismic empty correded
Seismic empty new
Seismic vacuum corroded
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Force Axial Shear |Axial { Bending | Bending . :
. Leg ; Ratio | Ratio
Loading | attack osition ° end load |resisted | f, fix foy H H

angle ° |P N N |MPa| MPa MPa 11 T

0 192,087.8 2,934.7 20.677 }131.083 0 0.2368 0.2330

Gove|:|1_|ng 0 26 201,237.2 8,546,5 21.661 |8.349 23.067 0.2415 |0.2391
Condition

180 210,376.7 2,034.7 22,645 |31.842 0 0.2514 | 0.2457

Selsmic 270 201,237.2 B,546.5 21.66¢ |8.249 23.067 0.2415 |0.239%
operating

new 0 192,097.8 5,740.6 20.677 |39.94 10.956 0.3147 (03188

Moment = 45 90 192,097.8 5,740.6° 20.677 |39.94 10.956 0.3117 jo.3188

96,442.7 M- 180 2103767  |5,7408 22,645 |40.698 10,958 03265 |0.3314

270 210,376.7 5,740.6 22,645 |40.698 10.956 0.3265 |0.3314

0 192,097.8 6,791.7 20.677 }37.882 15.197 0.3196 §0.3282

56 ot 192,097.8 4,689.5 20.677 138.59 7.078 0.2920 ]0.2962

180 2103767  [6,791.7 22645 |38.64 15.197 0.3344 |0.3409

270 210,376.7 4,689.5 22645 |39.348 7.078 0.3068 | 0.3088

Leg Calculations (AISC manual ninth edition)
Axial end Ioad, P1 {Based on vessel total bending moment acting al leg attachment elevation)

P, =W,/ N+ 4*M,/ (N\*D)
= 804,948.88 / 4 + 4"163*36,442.7 / ( 43,987.4)
= 210.376.67 N

Allowable axial compressive stress, F, (AISC chapter E)

C, = Sar(2*n**E / F,)

= Sgr(2*n?*199,948 / 350)

=106.1914

K*/r=1.2%2,410.9/64.69 = 44,7234

a - (K RS (2*002))*Fy (573 + 3K/ /(87 C-{K*/r)y3/ (8*CR)

=1
1% (1 - (44.7234)2 / (2*106.19142))*350 / (5 / 3 + 3*(44.7234) / (8106.1914)-(44.7234)3 / (8*106.19143))
= 175.71 MPa

F

Allowable axial compression and bending (AISC chapter H)

F = 11292 / (28*(K*1 / 1)3)
= 1*12*72*109,048 / (23*(44.7234)2)
= 514.756 MPa

Fop = 191212 E / (23*(K"1 / 1)?)

= 1*12*n2*199,948 / (23*(26.2074)?)
=1,499.074 MPa

F, = 1°0.66"F,

= 170.66*350

=231 MPa

Compressive axial stress
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f,=P,/A
= 210,376.67 / 9,290.3038
= 22.645 MPa

Bending stresses

f,, = Frcos(o)L / (I, / G + P,*E /(L / C)
~ 6,791.73*cos(56)2,410.9 / (104*3,887.6013 / 127) + 210, 376.67*12.7 / (164"3,887.6013/ 127)
= 38.64 MPa

foy= F*sin(o)*L /{l, / C,)
%.791.73%sin(56}"2, 4”10 9/ (1e4*11,321.49 / 126.75)
= 15.197 MPa

AISC equation H, ,
H (= P+ Cp i A (1 -1,/ Fo ' Fud + C, g Ty /(1 - f/Fy}* by

2,645 / 175.71 + 0.85*38.64 / {(1 - 22.645 / 514.756)*231) + 0.86*15.197 / ({1 - 22.645 / 1,499.074)*231)
= 0.3344

AISC equation H,,

H = 1,1 (0.6°1°F,) 4 Ty / Fi + b / Fiy
- 22.645 /(0.6*1*350) + 38.64 / 231 + 15.197 / 231
0.3409

4, W 10x49 legs are adequate.
Anchor bolfs - Seismic empty corroded condition governs
Tensile loading per leg (2 bolts per leg)
=4*M [ (N'"BC)-W/N
= 4*37,983.3 / {(473.7816) - 257,033 /4
=-54,214 N
Thete is no net uplifi (R is negative).
1 inch coarse threaded bolts are satistactory.
Check the leg to pad fillet weld, Bednar 10.3, Seismic operating new governs

Note: continuous welding Is assumed for all support leg fillet welds.

The following leg attachment weld analysis assumes the fillet weld is present on three sides (leg top closure plate is
used).

w=(2'b*d +d?%) /3
= (2*25.3492*11.81 + 11.812) /3
= 246.0747 cm?

={b+2*d)2/12-d2*{b + di2/ (b + 2*d)
"(25.3492 + 2°11.81)3/ 12 - 11.8124(25.3492 + 11.81)2 / (25.3492 + 2*11.81)
5,852.7376 cm®

II llC—
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E=d2/(b+2"d)
= 118,12/ {253.49 + 2*118.1)
=28.48 mm

Governing weld load f, = Cos(56)*6,791.73 = 3,797.89 N
Governing weld load f, = Sin(56)*6,791.73 = 5,630.6 N

f1 = F:.1 / Lwe!d
=210,376.67 / 48.9692
=4,296.1 N/cm (v, diroct shear)

fo= fy*Lleg*O.S*b fdy
= 5,630.6"241.09"0.525.3492 / 5,852.7376
= 2,939.74 N/fem (v forsion shear)

fy = fy / I"wel::l
= 5,630.6 / 48.9692
= 114.98 N/icm (Vc direct shear}

fy= fy*Lieg*E /d,
= 5,630.6*241.09*2.8482 / 5,852.7376
= 660.62 N/cm {V,, torsion shear}

fs = (f,"Lieg + P1*Ego) 1 2y,
= {3,797.89*241.09 + 210,376.67*1.27) / 246.0747
= 4,806.71 N/cm {M, bending)

fs = Ex / Lweid
= 3,797.89 / 48.9692
= 77.56 N/CM (Direct outward radiai shear)

fe Sqr((f, + f2)2 + (I + 54)2 + (fg + fs)e)
= 5qr{(4,296.1 + 2,939.74) + (114.98 + 660.62)2 + (4,806.71 + 77.56)%)
= 8,764.42 N/cm (Resullant shear load)

Required leg o pad fillet weld leg size (wetded both sides + top)

i, = f/(0.707*0.55*Sa)
= 876.44 / (0.707*0.55*138)
=16.33 mm

The 17 mm leg to pad attachment fillet weld size is adequate.

Check the pad to vessel fillet weld, Bednar 10.3, Seismic operating new governs
Z,=b'd+d?/3

= 356*460 + 4602/ 3

= 234,293.3 cmZ

Jy=(b+dpP/6

={35,6+46)°/6

= 90,556.42 cm?

fy = Py Lyeg

=210,376.67 / 163.2
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= 1,289.07 N/fcm {v, direct shear)

fy= fy*Lleg*O.S*b Idy
= 5,630.6*2,410.9*0.5*356 / 9,055,641.6
= 266,83 Nicm {V, torsion shear)

f3 = fy ! Lo
=5,630.6/163.2
= 34.5 N/cm {V, direot shear)

fy = £,"Leg 0.5 / d,,
= 5,630.6%2,410,9"0.5*460 / 9,055,641.6
= 344.78 N/cm (Vc sorsion shoar)

fs = {f"Lieg + P1"Egl) 1 Z,
= (3,797.89*241,09 + 210,376.67*12.7) / 2,342.9333
= 504.84 N/cm {M, bending)

fo = & / Lyea
=3,797.88/163.2
=23.27 N/em (Direct oulward radial shear)

f= Sqr{(f, + fz)z + (fy + f4)2 + {f5 + fs)z)
= Sqr((1,289.07 + 266.83)2 + (34.5 + 344.78)2 + (504.84 + 23.27)%)
= 1,686.29 N/cm (Resultant shear load)

Required pad to vessel fillet weld leg size (weided all around the pad odge)
t, = f/(0.707*0.55*S )

= 168.63 /(0.707°0.55*138)

=3.14 mm

9.5 mm pad to vessel attachment fillet weld size is adequate,

Base plate thickness check, AISC 3-106

= P/(B"N)

= 227,452.37 / (330"330)

= 2.089 MPa

m=(N-0.95"d)/2

(330 - 0.95253,49) / 2
44,59 mm

n=(B-0.8%)/2
= (330 - 0.8*254) / 2
= 63.4 mm

L =0.5%d +b)/2-Sqr{(0.5%d + b))2/ 4 - P/ (4*F.))

= 0.5*(253.49 + 254) / 2 - Sqr((0.5*(253.49 + 254)}2 / 4 - 227,452.37 / (4*5.171))

=55.46 mm
t, = Largest(m, n, L)*Sar(3*(, / S,

= B63.4*Sqr(3"2.089 / 165.474)
=12.34 mm
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Check the leg to vessel attachment stresses, WRC-107 {Seismic operating corroded

governs)

Applied Loads

Radial ioad: P = -4,042.08 N
Circumferential moment:M_= 0 N-m
Circumferential shear: V = 0 N
Longltudinal moment: M, = 12,367  N-m
Longitudinal shear: V, = 206,452.07N
Torsion moment: M,=20 N-m
Internal pressure: P= 1,079.65 kPa
Mean shell radius: R,=197468 mm
Local shell thickness:  t= 15.85 mm
Shell yield stress: Sy = 236 MPa

Maximum stresses due to the applied loads at the pad edge (includes pressure)

R, /t=1974.68/15.85 = 124,5883

C, =178, C, = 365.1 mm

Local circumferential pressure stress = P*R, /1 =133.972 MPa
Local longitudinal pressure stress = P*R,/ (2"t} =66.989 MPa

Maximum combined stress (P +P, +Q) = 179.38 MPa
Allowable combined stress (P +P +Q} = +-3"8 = +-414 MPa

The maximum combined stress (P +P +Q) is within allowable limits.

Maximum local primary membrane stress (P ) = 148.04 MPa

Allowabte local primary membrane siress (PL) = +-1.5*S = +-207 MPa

L

The maximum local primary membrane stress (P ) is within allowable limits.
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Stresses at the pad edge per WRC Bulietin 107
Figure (vaive( B | A, { A | B, [ B, (¢, | ¢ { D, | D
3c 6923 |0.5714 |0 0 0 0 0895 |o0.896 |o.8as |o0.898
ac 15.3861 |0.1467 |1.086 |1986 lioss 1886 |0 0 0 0
1G 00733 |0.4385 [0 0 0 0 7074 |-7074 |7074 |-7.074
26-1 0.04 04185 |3.861  [ame1 |ass1  [sset o 0 0 0
3A 48662 [0.1145 Jo 0 0 0 0 0 0 0
1A 0,074 [0.1192 jo 0 0 o 0 o 0 o
38" 10.9883 | 01455 |-12.087 |-12.087 |12.087 [12087 |o 0 0 0
1B-3 0.0234 |0.4274 [-27.476 |27.476 l27.476 |-27.476 jo 0 0 o
Pressure slress® 133.972 {133.972 [133.972 {133.072 |133.972 |133.972 | 133972 |133.972
Tolat circumferential stress | 100.257 | 147.486 |179.381 | 116.708 | 141.042 | 127794 {141.942 | 127,704
‘:{r'::fr;’;'a';i'g:::?;ss, 123.871 1123.87% | 148.044 {148.044 134.868 |134.866 |134.868 | 134.863
ac* 84277 |0.467 [1.089 1088 1080 [1.088 o 0 0 0
G 14,0098 [0.1714 {0 0 0 o 1.2 1.82 1.82 1.82
1G-1 00544 |0.1512 |5254 §-5254 |5254 |.5254 |o o o o
20 0.036 (61512 |0 o 0 0 3475 |-8.475 Jsars  |-3avs
ap 9331 o145 |o 0 0 0 0 0 0 ¢
24 0.0819 [0.1436 [0 0 0 o 0 0 0 o
4B* 45615 |04485 [-7.467 |-7.467 |7467 [7.467 |0 0 o 0
2B-1 0.0231 |[0.153 |-22.587 |22587 22587 |-22587 foO 0 0 o
Pressure siress* 66.989 {66989 [66.989 |65.989 |66.989% |656.9389 |66.9839 |66.989
Total longitudinal stress 43278 |77.945 |103.387 |47.705 |72.285 |e5.335 |72285 {65.335
E:r"r;;::l‘:““’;':l“‘;::::; 60612 160692 75546 75546 (6881  |6881 |63t |esa
Shear from My 0 0 0 0 o 0 o 0
Circ shear from V¢ 0 0 \] ¢ 9 0 0 4
Long shear from Vi 1] G 0 0 -8.922 |-8.922 8.922 8.922
Total Shear stress o 0 0 0 8922 |8oee |seez  [sgee
Combined stress (P +PL+@Q) §100.257 | 147.486 | 170381 {116.708 | 143.088 | 129.042 | t43.066 |129.042

Note: * denotes primary stress.

Maximum stresses due to the applied loads at the leg edge (includes pressure)

R,/t=1974.68/28.55 = 69.1665

G, = 126.75, C, = 93.74 mm

Local circumferential pressure siress = P*R, /1 =133.972 MPa

Local longitudinal pressure stress = P*R, / (2*t) =66.988 MPa

Maximum combined stress (P +P +Q) = 194.79 MPa
Allowable combined stress (P +P +Q} = +-3'S = +-414 MPa

The maximum combined stress (P +P +Q} is within allowable fimits.
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Maximum local primary membrane stress (P, } = 145.24 MPa
Allowable local primary membrane stress (P } = +-1.5"S = +-207 MPa

The maximum local primary membrane stress (P, } is within allowable limits.
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Stresses at the leg edge per WRC Bulletin 107
Figure {value | B A, A B, B, C, o D, D,
ac 122189 |0.0546 |0 0 0 0 0876 |o0s76 [o.876 {0.876
4ct 2278 |ooses |osss  |osss |osas [osss  |o 0 o o
1 61500 |0.0601 |0 0 0 0 4488 |[-4488 laass |-4.488
2C-1 o113z |ooso1 |a372 [a372 3372 {asve o 0 0 0
3 16404 |0058 |0 o 0 ) 0 0 o 0
1A 00988 |0.0846 0 0 0 0 o 0 0 0
ag* 53396 |0.0525 |-10.384 |-10.384 {10.38¢ {10384 o 0 o 0
184 0.0542 |0.0541 [-46.181 [46.181 [46.181 [-45.181 {o 0 0 0
Pressure stress* 133,072 |133.972 | 130972 | 130.872 |133.972 |433.972 {133,972 | 133972
Total circumferential stress | 81662 | 167.28% |194.791 {9s5.685 | 130.336 |130.350 {139.336 [ 130.959
B e et 124.471 £124.471 |145.238 | 145238 |134.848 | 134.848 |134.008 {134,848
ac 11,8358 00596 |os4e  |oses  [oass joses o 0 0 0
4ct 12.3682 |0.0546 |0 0 o 0 0889 |osse f[oese |oase
101 0.1565 |0.0565 4554 14654 [4654 [-4654 (o b 0 0
2¢ 0118 |0.0865 {0 0 0 0 3509 |-3.508 Jasos |-3500
4 22612 |0.088 |0 0 0 0 0 o 0 0
2A 0.0576 |o.0818 |0 0 b 0 o 0 0 0
4B 14808 jo.o525 [-267a [-2579 {2579 [2s79 o o 0 o
2B-1 008 |0.0548 |-75746 {75745 {75748 |-75.746 o ) 0 0
Pressure stress* 66.989 }66.989 |66.9889 |66.989 66.989 [066.989 |66.989 |66.989
Total longltudinal stress -5.833 136.351 {150.81¢€ |-9.984 71.388 |64.369 |71.388 |64.369
::r":;;';‘él'::m:::; 65.259 |65.259 |70.416 |70.416 |67.879 |67.870 |[67.879 |67.879
Shear from My 0 3 0 4] 0 0 0 ¢
Circ shear from Vg 0 0 0 0 0 ¢ o 4
Long shear from VL 0 0 0 0 19.285 |-19.285 |19.285 |19.285
Total Shear stress 0 4] 0 ¢ -19.285 1-19.285 |19.285 |19.285
Combined stress (PL+Py+Q) |-67.494 |167.281 {194.791 |-105.669 | 144.424 | 135570 | 144.424 | 135579

Note: * denotes primary stress.
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32125-D-2202-01

LIFTING LUG

Geometry Inputs

Attached To 3962 mm O.D. SHELL
Material A516-70

Distance of Lift Point From Datum 3,036 mm

Angular Position 90.00° and 270.00°
Length of Lug, L 547 mm

Width of Lug, B 254 mm

Thickness of Lug, t 32 mm

Hole Diameter, d 57 mm

Pin Diameter, Dp 50.8 mm

Lug Diameter at Pin, D 254 mm

Weld Size, t,, 22 mm

Weld Length, L, 152 mm

Length to Brace Plate, L, 165 mm

Load Angle from Vertical, ¢ 0.0000 °

Has Brace Plate Yes

R2
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Intermediate Values
Load Factor 2,0000
Vessel Weight (new, incl. Load Factor), W 51974 kg
. 103 kg
Lug Weight {new), W, (Qiy=2)
Distance from Genter of Gravity to Top Lug, | 53%99.53
Distance from Center of Gravity fo Tall Lug, I, 830.41 mm
Distance from Vessel Center Line to Tail Lug, I, ;fn?s'?s
Allowable Stress, Tensile, o, |1\A5|Z 200
a
104.800
Allowable Stress, Shear, o, MPa
. 235.801
Allowable Stress, Beating, S, MPa
. 172.921
Allowable Stress, Bending, o, MPa
Allowable Stress, Weld Shear, 7.5, 104.800
allowable MPa
Allowable Siress set to 1/3 Sy per ASME B30.20 No
Summary Values
Required Lift Pin Diameter, d 39.35 mm
Required Lug Thickness, t, 21.28 mm
Lug Stress Ratio, o, 0.91
Weld Shear Stress Raltio, 1, 0.95
Lug Design Acceptable
Local Stresses Acceptable
Maximum Out of Plane Lift Angle - Weak Axis Bending 10.11°

COMPRESS recommends a spreader beam be used to prevent weak axis bending of the top lugs.
No consideration is given for any bracing plate from the lug to the vessel.

Lift Forces
Lift force on lugs during rotational lift (0° < o < 90°):

2*Frop
Faa = W~ (2F)

R2

= W*{,*cos{a) + I"sin{a}} / {l;*cos(c} + |,"cos(e) + I;"sin{a) )
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Frop

1y

o [°]

FroniN] FigIN]

0 65,520.3 |378,652.7
15 §7,407.3 {334,878.7
30 107,128.8295,435.7
45 127,599.31254,484.6
60 152,229.4(205,234.5
75 187,726.9(134,235.5
80 254,846.6 Y
38! 117,771.7|274,148.9
382 117,771.71274,149.9

stress.

Lift angle at maximum lug

stress.

2Lift angle at maximum weld

Shell angle at lift lug [0.00°

Lug Pin Diameter - Shear stress

raqd

dreqd / Dp

¢/,

(2*F, 1 (1*c,))05
(2*254,846.6 / (1:*104.8))05

39.35/50.8
F,/A
F,/ (2*(0.25'n'D,2))

254,846.6 / (2*(0.25**50.82))

62.87/104.8

Lug Thickness - Tensiie stress

tfeqd

reqd /t

R2

F,/{(D - d)*s)
954,846.6 / ((254 - 57)*157.2) =

I

8.23/32 =

F,/A

v

32125-D-2202-01

= 39.35 mm
= 0.77 Acceptable
= B62.87 MPa
= 086 Acceptable
8.23 mm
0.26 Acceptable
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/o

i

F, /1 {(D-dy1)

254,846.6 / {(254 - 57)32) 40.43 MPa

]

40.43/157.2 = 0.26 Acceptable

Lug Thickness - Bearing stress

G/Gp

Fy /(Do)
254,846.6 / (50.8*235.8)

It

21.28 mm
21.28/32 = (.68 Acceptable

Fv / Abeaﬂng
F, /(D)

254,846.6 / (50.8%(32)) 156.77 MPa

156.77 / 235.8 = 0.66 Acceptable

Lug Thickness - Shear stress

reqd

Ted!

T/ o

{Fv / 0'5] / (Z*Lshear)
(254,846.6 / 104.8) / (2*105.79)

I

11.49 mm
11.49/32 = 0.36 Acceptable

Fv ! Ashear
F:v / (2*t*Lshear )

254,846.6 / {2*32"105.79) 37.64 MPa

[

37.64/104.8 = 036 Acceptable

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

Z1

R2

]

Il

It

1§

tH

55*Dp /d

55*50.8 / 57

49.0175°

05D -d)+ 0.5*Dp*(1 - cos{$})

0.5%(254 - 57} + 0.5*50.8*(1 - cos(49.0175))
107.24 mm

0.5*D - sqr(0.25*D*D - (O.S*Dp*sin(¢))2)

142/146

3/25/2013



WO. 12-32 32125-D-2202-01 143/146

= 0.5*254 - sqr{0.25*254*254 - (0.5*50.8*sin(49.0175)}3)
= 1.46 mm

Z-Z1
= 105.79 mm

shear
Lug Plate Siress

Lug stress, tensile + bending, during rotational lift:
S = [Flen / (Aien*ct)] + [Mbend / (Zbendicb)] <1

= [(Fyla)sin(o) )/ (t'Bo)] + [{8"F,,(x) *L*cos{e) )} / (I'B% * o)) < 1
117,771.7*sin(38.0} / (32*254*157.2) + 6*(117,771.7)*547*cos(38.0) /
(32*2542*172.92)
= 091 Acceptable

Weak Axis Bending Stress

Maximum [ift cable angle from vertical 6 = 10.11°

o, = M/Z (F*sin(e)*L,) /2

Frcos(6)= 0.5W => F=0.5"W/cos(8)

] arctan{ (2*c,"Z} / (W* L,})

0 _ arctan{ (2"172.92*(2564°32/6) ) / - 1041°
{509,693.3*165) )

Loading on brace plate and head are not considered.

Weld Stress

Weld siress, direct and torsional shear, during rotational lift:
Direct shear:

Maximum weld shear stress occurs at lift angle 38.00°; lift force = 117,771.7 N

R2 3/25/2013
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A= 0707, (2", + B)
= 0.707*22*(2*152 + 254} =8,679.13 mm?
T, = Froos(o) /Ay
= 117,771.7*cos{38.0) / 8,672.13 =10.69 MPa
T, = Frsinfo}/ A 4

117,771.7%sin(38.0) / 8,679.13 =8.35 MPa

Torsional shear:

Weld centroid:

Your = L2/ (205 + B)
1622/ (2*152 + 254) =41.41 mm
Second polar moment of area:

1§

J = 0.707°1,M(8'L,? + 6°L,B2 + B3 /12 - L*/ (2", + B))

0.707*22* { {8*1523 + 6*152°2542 + 254%) / 12 - 1524/ (2"152 + 254)) = 119040808 mm+

Radial distance from centroid to weld:

_1
I

sqr( (xbar)2 + (LS h Ybar)2 )
sgr{ (0.5*254) + (152 - 41.41)2} =168.41 mm

i

8, = arctan{(Ly - Yy} (X))
= arctan( 110.59/127) =41.05°
T, = M*'r/J

[Flo*cos{o)™(L + Ly - Yp 1" 1/ d
(117,771.7*c0s(38.0)"657.59)"168.41 / 119040804.1994
86.34 MPa

It

It

= sqar{ {7, -+ 1,"siN(® 1) + (3, + 7,"c08(8))2 } / Toypvatie S 1
sqr { (10.69 -+ 86.34"sin(41.05))% + {8.35 + 86.34*cos(41.05) )2}/ 104.8
0.95 Acceptable

ratic

WRC 107 Analysis

Geometry
Height{radiai): 32 mm
Width (circumferential): 254 mm
Length 152 mm
Fillet Weld Size: 22 mm
. {152 mm from top
Located on: 3962 mm O.D. SHELL end)
Location Angle: 90.00° and 270.00°

R2
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Appilied Loads

Maximum stress ratio ocours at lift angle = 90.00° with lift force = 254,846.6 N

Radial ioad: P.=0 N
Circumferential moment:M_= 0 N-m
Circumferential shear: V, = 0 N
Longitudinal moment: M = 4,077.55 N-m
Longitudinal shear: V| = 254,846.63N
Torsion moment: M= 0 N-m
Internal pressure: P= 0 kPa
Mean shell radius: R,=1,971.48 mm
Shell yield stress: S, = 262 MPa

Maximum stresses due to the applied loads at the lug edge {includes pressure)
R, /t=1,971.48/19.05 = 103.4895

C,=149,C, = 98 mm

Locai circumferential pressure stress = P*R; /1 =0 MPa

Local longitudinal pressure stress = P*R; / (2*1) =0 MPa

Maximum combined stross (P +P +Q) = 68.26 MPa

L

Allowable combined stress (P +P +Q) = +-3"8 = +-414 MPa
The maximum combined stress (P +P_+Q) is within allowabie limits.

Maximum local primary membrane stress {PL) =-8.73 MPa
Allowable local primary membrane stress (P ) = +-1.5*S = +-207 MPa

The maximum local primary membrane stress (P)) is within allowable limits,

R2
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Stresses al the lug edge per WRC Bulletin 107

Figure jvalue } B A, | A 1B | B |C, | C |D,]| B
3G* 16.8522 [0.0603 {0 G 0 [H ] 0 1] 4]

4G 17.4581 |0.0685 |0 0 0 o 0 ¢ 0 0

1C 0.117 0.0694 |0 H] 0 0 0 I 0 0

2C-1 0.080% 0.0694 |0 \] o 1] 0 0 0 \]

3A* 3.2014% 0.0657 |0 \] 4] 0 0 [ 0 0

1A 0.0813 0.0713 {0 ¢ 0 i+ 0 0 G [

3B 9.6855 |40.0572 |-B.720 |-8,729 |8.720 18,729 ¢ 4] 0 0

1B-1 0.0476 |0.0991 |-27.551 | 27,631 | 27.653% |-27.531 {§ ¢ 0 0
Pressure stress* 0 0 ] 0 1] o 0 o}
Total circumferential stress }-36.26 |18.802 }36.26 |-18.802 |0 0 0 4]
:{:&?\:‘;ﬁ'&ﬂ:}:{ as"';ss, 8720 |-8729 |a7ee ls72s o 0 0 0

3C* 15.6668 | 0.0685 |0 0 0 0 Q & 0 0

4c* 17.8502 {0.0603 |0 0 ¢ [ i+ 0 0 o

1G-1 012 0.0624 jO 0 0 [ 0 0 0 ¢

2C 0.089 00634 |0 4] 0 0 0 0 0 0

4A* 4,652 4.0657 |0 4] 0 0 0 4] ¢ 0

2A 0.0535 |0.0671 |0 0 o] o ¢ & ] 0

4B* 2.831 0.0672 |-2.062 [-2.062 [2.062 [2.062 0 0 0 [\

2B-1 0.0763 [(.0588 |-44.361 |44.361 {44361 |-44.361 |0 0 1] 4
Pressure stress* 0 0 0 0 0 0 ¢} 0
Total longitudinal stress ~4G.422 | 42,289 | 46.422 | -42.259 {0 ] 0 0

o T;]‘:L‘:’:“;’:‘t’::s“; 2082 |-2062 |2.062 2052 [o 0 0 0
Shear from My i} 4] 1] 4] 0 0 ¥} J

Circ shear from Vg [ [+ 0 [+ 0 0 0 [+
Long shear from V| 0 4 0 0 -34.129 {-34.129 134,129 [34.129
Total Shear stress 0 0 o ] -34.12% 1-34.129 {34,129 | 34129
Combined siross (PL+Pyp+Q) | -46.422 |42.209 | 46,422 |-42.299 | 68.258 |68.258 [66.250 | 68.258

Note: * denotes primary stress.
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*, P8VGas32125.xls page 2.
P A B | C oD | E F G H I J K L M N [}
~ 1 Jfile 32126\ 32126 PSVgas SMar-2013sc §

2

a B

4 This jcb does not Include PSV . This is estimated In case client want to put in PSV assuming there is

5 sustainable and prolonged fire. Csicis approximate. No basis was stated by client. Use this for aliowance

[ of nozzle,

7

8

9 |Relief valve Tag. By client

10 [Vesse] name and Tag: 3A-F-~208 A to G Afler Fillers
11 3AV-211 Ato F Primary and Pol WAG vesslels [identical dia and T/T ]
12

J ] I I
Prassure rellef for gas due to vesssel enquifed [n sustalned fire per APl 521, 2007, 5.15.2.2.1

0= 21,000 *F*A* D82
G= Total heat absorbed to wetted surface, Biuh
A= total welted area, fi2]
Recognizing large vessels are less likely to be completely exposed to flame
F= Enviror tal factor, Bare vessel F=1. Insulation not fire progfed F= 1

Qther basis: vessel location has good drainage fr point of view of fire protection,

[This Is slightly less conservafive than OHSA due to defination of A,

PN [ 1] 1) Y [Py Y PN Y Py ey
bd e b (e wed 1 Pt ) B o ] e

2:1 efilp head faciors 1.38
Calculation: F + D head faclor= 1.17
26 input Ares, fi2 Flat head faciar = 1
27 Vessal dia, . 13 368.3[head surface Hard factor usetl= 1.38
28 Vessel length or stralght sida, #t: 8.33 340.2|vessel side surface
28 Total surface area, #2 708.5
30
31 Qr=r=======z=> 21 000" AM.82 = 4665273 |bluih
3z PSV set P, psig i ] . 150 163,8|psia 856 |btu/lb, iatent heat
33 Relief press at 121% of Pset for fire, psig 1ELS 195.1tpsla 845|biu/ib, latent heat
34 Latent heat ai reltef press, biulb 846 btu/lb 380{F
35
36 Steam rellef rate, [b/h 5390.84i/h
37
38 Estimated crifice, in2 H, 0.8127 In2, ASME caic
39 Retief rate, Ib/h 17220 Ib/h at 10 % over P
40 |7900 Io/h at 21% over P
41 Estimated slze 1.8" x3" 150# ig Inlet, Censodidates 1900 ser
42
43 Aclual selection has to he done by valve supplier
A4 based on specific valve characfoerics _and piping config
45 .
A6
47
48

PSVGas32128.s
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X PEVGas32125.xis page 2
A ¢ | b ] E | F |1 @ H 1 J K L. 1 M | N 0

49 If adeguate drainage for fire flghting do notexist _ 25 Jun-2013sc updaled to

50 input Area, 2 add this basis

[ \feasel dia, ft 13 366.3 | head -approx 1.25 * flal surface

52 Vessel length or straight side, fi 8.33 340.2|vessel side sudace

53 Total surface area, #2 706.5

54 [

56 Q= 34,600 AM.82 = 7483662 htw/h

66 PSV set P, psig 150 163.8|psia 856 {biwlb, fatent heat

57 Retief press at 121% of Pset for fire, pslg 181.5 195.1|psla 845 btufih, 1atent heat

58 Latent heat &t rellef press, btuflb 8453btuib

58

50 Steam rellef rate, 1b/h + 8858.4|Ib/h

&1

62 Estimated ojifice, In2 J 1.496 In2, ASME calc

&3 Relief rate, Ib/ 11800 Ib/h at 10 % over P

B4 | 13000 Ib/h at 21 % over P

B5 Estimated size 2"x 3" 160# fig Inlet, consadidated 1900 ser

PSVGas32125.xis
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