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ASSDA About ASSDA 

ASSDA aims to increase the consumption and proper 
use of stainless steel in Australia. 
§  Not-for-profit industry group, about 169 member 

companies 
§  Tech. advice: http://www.assda.asn.au/technical-hotline 
§  Australian Stainless magazine; Reference Manual, generic 

stock guide (both under revision) 
§  Accreditation scheme – look at www.assda.asn.au 
§  17 module, home study, web based SS specialist course – 

including one specifically on castings 



ASSDA Water Industry 

Water treatment Distribution 

Plumbing Waste water  treatment 



ASSDA Some other Water Industries 

Desalination Rainwater collection 

Industrial recycling Swimming pools 



ASSDA Water Treatment Works  

Duplex 2205 (1.4462)  
Originaly carbon steel with epoxy coating 
Original weight in CS was 140 tonnes 
Newly optimised in stronger duplex is  75 
tonnes 

Minimal maintenance   
Predicted for 60 years 
due to use of laser 
welded channels of 
duplex 2205 
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ASSDA 
Basics of SS and a common problem 

protective passive ”chromium  oxide” film 

stainless steel 

Particle of embedded steel 

397B 

The message?     Clean and, as we see later, smooth. 
 
Removing  steel contamination: 
Do not grind or abrade as it will spread steel. 
Pickle if it is lumps or passivate if it is smears 
 



ASSDA 
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Families of stainless steels 

2. Ferritic: 430, “445” Fe – Cr                    [4xx] 

1. Austenitic: 304, 316 Fe - Cr – Ni             [3xx] 
Fe-Cr-Mn                [2xx] 

3. Duplex: “lean”, 2205 50 : 50 - ferrite : austenite  
[xxyy –%Cr, %Ni] 

4. Martensitic: 420, 440 Ferritic with high C  [4xx] 

5. Precipitation 
hardening 
eg. 17-4PH; grade 630 

Stainless steels of various 
structures strengthened by 
the formation of fine 
precipitates. 
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ASSDA SS in the atmosphere.. 

§  Rural areas - 304L 
§  Coastal areas - 316L 
§  Occasional wash down 

to remove deposits 
 

§  Care with roughness <0.5μm Ra 

§  May require passivation or 
electropolishing 



ASSDA 

Selecting the correct grade of stainless steel  - 
the important parameters are: 
 
§  chloride level  
§  chemicals used in treatment 
§  pH  
§  flow rate of water 
§  presence of oxidant 

Criteria in water handling systems 



ASSDA 
Stainless Steel - effect 
of water flow 

§  General corrosion rates:  less than 2μm/year 

§  Corrosion rate remains very low up to flow velocities 
greater than 40m/s – but the pumps may use a lot of 
power 

§  Erosion by particulates (dirt or sand) not usually an issue 
but can use other alloys – e.g. 2205 has about 3 times  
the erosion resistance of 316/316L 



ASSDA Maximum chloride Cl- levels 
EU guidelines in plumbing systems 

Assumes no crevices 

Cold water Hot water 

Grade 304L 200 50 

Grade 316L 1000 250 

When materials may be used in either hot 
or cold water lines, the guidelines for hot 

water should be used 



ASSDA 
Potential Stainless Steel Localised 
Corrosion Mechanisms  in Waters 

§  Crevice corrosion 

§  Pitting corrosion 

§   Stress corrosion Cracking 

§  Microbiologically Influenced Corrosion 

§  Galvanic Corrosion – but very rarely of the 
stainless steel  
  

Chlorides 

§  Pitting attack – often at a micro level in the atmosphere 
(tea staining) but more severe immersed 

§  Microbially influenced corrosion (MIC) – usually in raw 
waters or under sludge but stagnant conditions are bad  



ASSDA Crevice corrosion  

Grade 316 used in a Victaulic 
coupling for seawater reverse 
osmosis desalination.  It was 
successfully replaced with a 6% 
Mo stainless steel with higher PRE 

Crevice corrosion  

Occurs in areas which are wet and 
where it is difficult for oxygen to 
reach – such as under the head of 
a bolt or under a deposit . 

Best to design out the crevice or 
use a higher alloy. 
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ASSDA 

14 

Crevices are caused by: 

§  Narrow, deep gaps still allowing access. Polymers are 
worse than metals as they deform. 

§  Large external area feeding small crevice. 
§  High oxygen or oxidiser, chloride or sulphate levels in bulk. 
§  Higher temperatures (the usual x2 rate increase per 10oC 

rise). 
§  Flow or diffusion around cathodic area outside the crevice 

must be adequate to feed the reaction in the crevice/pit. 
§  pH: the crevice becomes acidic and generally higher in 

chlorides.   



ASSDA Chloride limits for crevices  
Neutral pH, no microbes, ~22oC. Note effect of temperature. 
254SMO is a 6% Mo super austenitic; 2507 is a super duplex. 



ASSDA 
Chlorine Guidelines 
 (not to be confused with chloride!) 

§  304L suitable for chlorine levels up to 2ppm 
§  316L suitable for chlorine levels up to 5ppm 
§  Short term dosing, say 25-50ppm, for 

sterilisation purposes of 24-48 hours 
acceptable if effectively flushed through 
afterwards. 



ASSDA 
Handling oxidants 

Stainless steels resist oxidants used in water 
treatment, such as: 

•  Chlorine* 

•  Chloramines* 

•  Ozone or UV treatment 

•  Chlorine dioxide* 

•  Potassium permanganate (as a pre-clean) 

•  Even  hydrogen peroxide has been used 
* Provides residual effect 



ASSDA 
Precautions when feeding oxidants 

§  Good dispersion is essential.  It requires turbulent flow and 
often an atomiser quill. 

§  Never inject near the edge of a tank or pipe. 
§  In a pipe, always inject more than 3 diameters from a bend 

and preferably more. 
§  Do not slug dose concentrate infrequently – several stages of 

dilution better. 
§  Oxidant vapour may dissolve  
§  in condensed water films and  
§  cause severe “atmospheric”  
§  corrosion unless washed. 



ASSDA 

 
Surface pitting corrosion on pipes 
carrying cold water  

 
Avoided by venting or 
regular wash downs 

Corrosion by chlorine vapour in confined space  



ASSDA 
Buildup of chlorides over time 
on the wall of a tank in the vapour space 

Chloride Cl- 
concentration 

Liquid 
phase 

17 months 

15 months 

6 months 

3 months 

1526 

Results of a 
Japanese study 

pH 



ASSDA 
Other treatment chemicals? 

§  Floculants such as aluminium chloride or the more aggressive 
ferric chloride require care. 

§  Granular activated carbon is only a problem if the stainless 
steel surface is not passive – from too high chlorides or heat 
tint or contamination. 

§  Sulphuric acid is aggressive from low to high concentrations – 
and chlorides make it worse. 316 is better than 304 but 
specialist grades such as 904L or 2205 are more reliable. 

§  Caustic soda is not corrosive to SS at ambient temperatures. 



ASSDA 
Microbiologially Influenced Corrosion 

Stagnant conditions 
with raw waters can 
lead to 
microbiologically 
influenced corrosion 
(MIC) 

Rarely just one type as 
they act 
synergistically, e.g. 
oxygen tolerant ones 
form deposits which 
cut off oxygen and 
allow SRB to function. 



ASSDA  MIC by Raw Water 



ASSDA 

•  Chlorina)on	not	well	
maintained	

•  No	internal	purge	during	
bu5	weld	

•  Note	the	spiral	weld	was	
pickled	and	is	OK	

•  316	and	low	chlorides	

Microbially	Influenced	Corrosion	in	
potable	water	
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ASSDA Preventing MIC in Stainless Steels 

§  Remove heat tint 
§  Avoid prolonged stagnant conditions 
§  Biocide treatment 
§  Standby or shutdown: 

 Drain and dry 
 Circulate water 1hr/day 



ASSDA Guideline summary 
§  Choose stainless steel grade appropriate for chloride  

and oxidant levels 
§  Maintain flowing conditions where possible. 
§  Good fabrication practices.  
§  Drain water after hydrotesting 
§  Avoid excessive dosing of chlorine. 
§  Vent or regularly wash down areas where moist 

chlorine vapours can collect 

A shining example 
 after 25 years! 



ASSDA 

316 handrails at 
Bondi Beach 

Tea stained – No4 finish, 
exposed horizontally 

Not tea stained – pickled 
No4 near the weld, treated 
when the weld was pickled 

Not tea stained – a high 
polish finish and at child 
hand height! 

Stained – the weld was not 
pickled well enough, there 
was low chromium layer 
left in the recesses 

Atmospheric corrosion:  
why is it tea-staining? 

0.37,	
0.39	µm 
	

0.46,	
0.62,	
0.68	μm	
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ASSDA The condition of the surface? 

§  Free of steel contamination 
§  Smoother is better – 320 grit polish achieves the 0.5 µm 

guideline (EN 10088.2 finish 2K) but smoother improves 
the corrosion resistance in the air and immersed. 

§  Chemically clean – pickling in nitric/hydrofluoric acid is 
good but passivating in nitric acid only give better 
corrosion resistance 

§  Designing to avoid crevices and ponding points is also 
important 



ASSDA Fabrica)on	and	welding	of	SS	tube	

Tint	colour	starts	pale	straw	and	
moves	through	rose,	pale	blue,	dark	
blue,	brown,	grey	and	black	as	the	
oxide	layer	thickens	due	to	higher	and	
longer	)me	at	temperature.	

The	corrosion	resistance	does	not	
substan)ally	decrease	un)l	the	)nt	is	
worse	than	“pale	straw”	

	
Boulton & Avery 

Heat	)nt	reduces	corrosion	
resistance	–	as	measured	by	

piUng	poten)al	

316Ti 

304 
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ASSDA Exterior or mechanical heating 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rough	grinding	of	pipe	for	
weld	prepara)on	giving	
overheated	(blue)	area		
suscep)ble	to	a5ack.	PLUS,	
Ra>0.5μm	severely	
decreases	corrosion	
resistance	

O^ake	welded	to	pipe	externally	with	
inadequate	internal	gas	purging	



ASSDA 
Removing external heat tint 
 

Chemical  Pickle 
•  HNO3 – HF mixed acids 
•  Rinse with clean water 
•  Neutralise the effluent 
•  Protect personnel 
•  Covered by ASTM A380 

 
Mechanical removal also OK, but: 
•  Keep roughness <0.5μm  
•  Do not overheat surface – more heat tint 

 
 

(the discoloured scale, straw to black in colour, 
on the weld and heat affected zone) 
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ASSDA 
As-welded interior surfaces with no 
heat tint after purge welding 

Manual welding 
with 25ppm O2 
in purge gas 

Orbital welding 
EHEDG guide 
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ASSDA 

Distribution and 
plumbing 

33 



ASSDA Toronto: Upgraded Water Mains 

304 used for  five 15tonne 
risers under one of Toronto's 

busiest roads.  
 

Also used for  sections of 
exposed pipe in the valve 
chambers and shafting  

Ci
ty
	o
f	T

or
on

to
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ASSDA  ITALY-Trenchless Technology 

Turin: Connected 
in small chamber 

and inserted 
down existing 

old main 

Padua: 6m 
lengths inserted 
from an open pit 

down an old 
water main 

304 stainless 
steel 
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ASSDA 
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Prestige buildings: 
Shaanxi 
Telecommunications 
Centre, Xian, China 

150 m high, 38 stories 

Grade 304 stainless 
steel tube is used for 
hot and cold water 
supply throughout the 
building. 

Australian examples of 
replacing copper with 
stainless steel because 
of static pressure 

 

Plumbing in high-rise building 
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ASSDA 

820 

Pressfit system for joining 
stainless steel pipes 
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ASSDA 

824 

Sections through press fitting joints 
before and after pressing 

 

Before 
pressing 

After 
pressing 

Different designs from 
different manufacturers 38 



ASSDA Leakage rate in major cities 2014 
[OECD] 
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ASSDA 
Most leakage cases are in service pipe 

Mains   
5% 

Service 
pipes 
95% 

Taipei 

Mains 
0.4% 

Submains 
3.9% 

Service 
pipes 

95.7% 

Tokyo for 2014 

Tokyo 
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ASSDA 

Source: Bureau of Waterworks, Tokyo Metropolitan Government 

Non revenue water reduction from 15.3% (1980)  to 2.2% (2013) 

Tokyo reduced leakage rate 

41 



ASSDA Service pipe replacement, Tokyo 
§  10 year programme 
§  Leak-free – avoided need 

for a new reservoir 
§  Earthquake resistant 
§  Ease of installation 
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ASSDA 

Source: Tokyo Suido Services 

Easy to install and much less prone to leakage 

Corrugated stainless steel service pipe 
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ASSDA Partially Corrugated Water Tube (PCWT) 
– A	“FLEXIBLE”	Solu)on	

§ Long service life (100+ years) 
§ Corrosion resistant 
§ Hygienic – tube meets the requirements of AS/NZS 4020 
§ Non-reactive with water (no leaching concerns) 
§ Bendable, flexible:  
§ Resistant to accidental mechanical damage, soil movement 

(wet/dry or freeze/thaw), traffic vibrations, earthquakes 
§ Fewer connections, less prone to leakage 
§ Strong, Press-Fit and sleeve-in connections have a high pull out 

force  
§ Easy & Fast Installation – a Pressfit DN20 joint can be pressed 

within 6 seconds.   
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Advantages	of	Stainless	Steel	PCWT		with	Press-
Fit	or		Sleeve-in	Connec)ons	



ASSDA 

Thanks for your attention 
 

Any queries? 


