
Design of Vessels
and Tanks

Master Checklists
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WHAT IS THE
BROAD INDUSTRY

AND PROCESS

NOTE: COATINGS, PAINTS, INKS, 
ADHESIVES, GENERAL PROCESSING

EXPECT MIXING

WHAT IS THE BROAD AND SPECIFIC 
TANK SERVICE OR FUNCTION?

NOTE: FOOD, BEVERAGES,
PHARMACEUTICALS, FEEDS

EXPECT HYGIENE, ADDITIVES

IS THE PROCESS
CONTINUOUS?

ARE THERE ANY CHEMICAL
OR BIO-CHEMICAL REACTIONS?

IF NO:  WHAT ARE THE
INTENDED BATCH SIZES
AND NUMBER PER DAY?

IF YES: WHAT ARE THE PLANNED 
FLOW RATES PER HOUR?

IF YES: 
REFER TO REACTOR 

DESIGN CHARTS

IF EXOTHERMIC OR ENDOTHERMIC
REACTIONS (H2SO4, NaOH,,Etc.)

REFER TO REACTOR DESIGN CHARTS

PROCEED TO 
SELECTION CHARTS 

MATERIALS

RECORD IF LOW LEVEL REACTIONS
E.G. PRESERVATIVES CAUSING

MAJOR PRODUCT BEHAVIOUR CHANGE

MASTER DESIGN 
SYSTEM, SCOPE, INFO. ANALYSIS 

CHECKLIST 1
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WHAT ARE THE DETAILS OF FLUID & SOLIDS COMPONENTS?
1. STATE (E.G. GAS, MOLTEN, LIQUID, SOLID), CONCENTRATIONS, SG, VISCOSITY?
2. DETAILS OF ANY CORROSIVE BEHAVIOUR LIKELY TO OCCUR?
3. DETAILS OF ANY ABRASIVE BEHAVIOUR LIKELY TO OCCUR?
4. CONTAMINANTS (e.g. FIBRES OR ABRASIVE SOLIDS)?

WHAT ARE THE MINIMUM, AVERAGE, MAXIMUM AND CYCLING 
OR PROCESS GENERATED EFFECTS (SUCH AS HEAT OF DILUTION,  REACTION OR EVAPORATION)

TEMPERATURE CONDITIONS?

ARE THERE ANY
SPECIAL PRESSURE OR VACUUM CONDITIONS?

SPECIAL LOADS OR FORCES  e.g. WIND, OTHER EQUIPMENT, OR ENVIRONMENTAL LOADS?

ARE THERE ANY SPECIAL PROCESS DESIGN NEEDS?
SPECIAL MIXING, OTHER EQUIPMENT DESIGN?

SPECIAL FEED OR DISCHARGE DESIGNS? 
SPECIAL INTERNALS DESIGN?

ARE THERE ANY PARTICULAR HAZARDOUS OR OTHER RISK DESIGN NEEDS?  
HAZARDOUS CHEMICALS?
EXPLOSION OR FIRE RISK?

OTHER EHS RISK?
HYGENIC DESIGN CONDITIONS?

MASTER DESIGN – SYSTEM, SCOPE, INFO. ANALYSIS CHECKLIST 2
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UNDERSTANDING FIRST LEVEL DESIGN FACTORS 
IN MATERIALS SELECTION

From the systems, scope and information analyses, and the master design checklists, a 
range of data and knowledge will have been extracted that is essential in material 
selection. 
Some key further considerations for selection follow from this data. 
1. OSH Act, environmental legislation and regulations (e.g. pressure) will impact the 
material selection such as eventual spillage, etc.
2. Hazardous products identified will require special considerations.
3. Hygiene requirements identified will require special considerations. 
4. The external and internal process parameters should have been fully considered. 
Temperature, pressures or vacuum and all static, dynamic and cyclical loads are 
essential information.

5. Fluid compositions and anticipated corrosion or abrasion conditions are also 
essential.
6. Position and location, whether a tank, pipe or part is important.
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MASTER DESIGN – MATERIAL SELECTION CHECKLIST 3
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UNDERSTANDING SECOND LEVEL DESIGN 
FACTORS IN MATERIALS SELECTION

• STRUCTURAL SUPPORTS

• COMPOSITES (Focus on Polymers)

• ALLOYS (Focus on Metals)

• BARRIERS

• DESIGNED FAILURE LIMITS

• ENGINEERING STANDARDS
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MASTER DESIGN – MATERIAL SELECTION CHECKLIST 4
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REVIEW
BROAD INDUSTRY, APPLICATION
AND PROCESS AS APPROPRIATE

REVIEW MATERIAL SELECTIUON
CORROSION, ABRASION, PRESSURES AND LOADS

NOTE: FOOD, BEVERAGES,
PHARMACEUTICALS, ANIMAL FEEDS
EXPECT HYGIENE CONSIDERATIONS

REVIEW THE MAIN SYSTEM NEEDS?
UPSTREAM & DOWNSTREAM IMPACTS (TAP)

SPECIAL INTERNALS - MIXING OR REACTIONS?
OTHER MATERIALS - WIPERS, SIGHT GLASS?

EVALUATE LOCATION, CLEARANCES, BASES,   

STRUCTURES FOR HAZARDS (e.g. IMPACTS)
EVALUATE  VESSEL STRUCTURAL NEEDS, 

BARRIERS, ENGIN. STANDARDS (2ND LEVEL)

PRESSURE VESSEL, OTHER SPECIAL DESIGNS 
MAY BE REQUIRED.

IF HEAT REQD., EXOTHERMIC (e.g. DILUTION) 
OR OTHER HEAT EFFECTS

CONSIDER JACKETS, OTHER ARRANGEMENTS

REVIEW  SYSTEMS ANALYSIS 
REVIEW SCOPE ANALYSIS

REVIEW INFORMATION ANALYSIS
PREPARE UPDATED SCOPE

NOTE: CEMENT, COAL, MINING
EXPECT ABRASION CONSIDERATIONS

SUMMARY MATERIAL SELECTION
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MASTER DESIGN – MATERIAL SELECTION CHECKLIST 5
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PRESSURE EQUIPMENT REGULATIONS AND SANS 347 for VESSELS

DESIGN PRESSURE (PS)

> 50 kPag

STEAM OR 

SATURATED STEAM?

1) <10 Bar <300 litres PER as SEP applies

2) >300 litres CAT 1 applies

WATER 

(NOT SUPPLY SERVICES)

DANGEROUS SUBSTANCES

<10 bar <1000 LITRES

PER applies, but only SEP

>10 Bar  >1000 litres

PER applies, CATG. 1 typical

<10 Bar <300 litres

PER applies, SEP or CATG. 1

>10 Bar >300 litres

PER applies, CATG. 2

YES

YES

YES

NO

SUPPLY SERVICES
PIPING EXCLUDED

FLUID GROUP 1

FLUID GROUP 2

FLUID GROUP 1

EXCLUDED

YES

NO

STEAM JACKETS
LIKELY CATG. 1

COOLING JACKETS
LIKELY CATG. SEP

CATEGORY 1 is 
only internal 
control. AIA not 
required.

CATEGORY 1 is     
only internal 
control. AIA not 
required.
Exception very high 
steam pressure.

SEE ALSO STORAGE TANKS FOR 
HAZARDOUS CHEMICALS.

SANS 310-1: 2007.

IMPORTANT
Where PS is over
50 kPa mainly due
to static head in a 
storage tank, PER
does not apply.
IMPORTANT
Vacuum no longer 

falls under the PER.

Jacket of 25mm for 2m dia. x 2m H = 315 lit.
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MASTER DESIGN – TANK DESIGN 
CHECKLIST 6

NO
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MAIN DESIGN TOPICS - ASME VIII 

• Temperature and pressure ranges

• Material design and Material classes

• Shell thickness design

• Bottom and head or lid thickness design; other 
design considerations

• Nozzles design; manhole design

• Vent design details

• Other specialized design details
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OVERALL DESIGN CHECKLIST

SANS 310-1:2007
(Storage tank facilities for hazardous chemicals)

➢Use SANS 310-1:2007 as a master overall checklist
➢Even if the product is not hazardous, this is an excellent 
master tank design checklist
➢Risk assessment techniques are listed which are also 
relevant to non-hazardous stored products
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MASTER DESIGN – TANK DESIGN CHECKLIST 8
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FINAL REVIEW  CHART

DESIGN
CODES

DESIGN ENGINEER
MANUFACTURERS
LITERATURE

FABRICATION &
WELDING CODES or
STANDARDS

OBJECTIVES
FUNCTIONS
FAULT TOLERANCE
PERFORMANCE

MANUALS
TEXTBOOKS
DESIGN GUIDES

PRACTICAL
EXPERIENCE;
EXPERTS

CHECKLISTS
FROM 1 T0 6
CONTENT DETAILS
DATA BOOKS

CAPABILITIES
OF FABRICATORS
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MASTER DESIGN – TANK DESIGN CHECKLIST 9
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OUTLINE OF RANGES OF MAIN STANDARDS – METAL VESSELS

Deg. Celsius SA P.E.R. Regulations apply over 50 kPa guage. SANS 347 applies.

343 343 Degrees Celsius Carbon Steel w/o impact testing
320
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180 API 650 ASME 8
160
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60 API 620
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-29 -29 Degrees Celsius Carbon Steel w/o impact testing
-40

-60

-80

-100 ASME 8
-120

-140

-160

-180

-195 -195 Degrees Celsius Austenitic SS w/o impact testing
SA P.E.R. Regulations apply over 50 kPa guage. SANS 347 applies.

NB: ALL DESIGN PARAMTERS ARE TO STILL BE VERIFIED AGAINST DETAIL IN RELEVANT STANDARD.
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FIBRE-GLASS
VESSELS 
CATEGORIZATIONS

CHECKLIST 11
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