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Copyright
vgbe standards, hereinafter referred to as “works”, including all articles and images,
are protected by international copyright. vgbe energy owns and controls the copyright.

The term “work” includes this publication in both printed and digital form. Copyright
protection covers this work as a whole as well as parts or excerpts.

Any kind of use beyond the limits of copyright without the written permission of vgbe
energy is prohibited. Any unauthorised reproduction, translation, digitalization and
modification will constitute an infringement of copyright.

Disclaimer

vgbe standards are recommendations, the application of which is optional. They rep-
resent the state of the art at the time of publication. No claim regarding their complete-
ness and correctness is made as a matter of principle.

Application of vgbe standards is carried out at the user’s own responsibility and risk.
vgbe energy e.V. accepts no legal liability in the event of any claim relating to or result-
ing from the application of vgbe standards.

The German language version of this vgbe standard is the authoritative reference edi-
tion for translations.

Treatment of proposed amendments

Proposed changes can be sent to the e-mail address vgbe-standard@vgbe.energy.
For clear assignment of the content, the subject line should contain the short designa-
tion of the document concerned.
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Foreword

This vgbe standard “Cooling Water Systems and Cooling Water Treatment”, VGBE-S-
455-00-2022, replaces the previous VGB Cooling Water Guideline VGB-R 455e, the
second edition of which was published in January 2000.

This standard has been revised in great detail and consequently reflects the current
state of the art and legal requirements. It covers not only the cooling systems of clas-
sical thermal power plants, but also cooling systems in industrial applications such as
refineries and the chemical industry. European and international standards have also
been taken into account as far as possible.

The scope has been significantly increased from that of the previous version. One new
addition, for example, is the consideration of hygienic aspects for open cooling sys-
tems. On the one hand, the essential aspects of cooling water chemistry and cooling
water treatment are explained better and more precisely in order to present the most
important details to all parties involved. On the other hand, the standard is intended to
compensate, at least to some extent, for a loss of knowledge, without claiming to be a
textbook. Accordingly, many further reading references are included.

Essen, October 2022
vgbe energy e.V.

# Auszug: Inhalt / Excerpt: Contents #



VeOE VGBE-S-455-00-2022-12-EN

Authors

This standard was prepared under the auspices of the vgbe committees TG Cooling
Technology in Power Plants and TG Chemical Process Engineering. The editing was
performed by the following persons:

Andreas Auge, Siemens Energy

Jurgen Brinkmann, formerly RWE Technology GmbH
Martin Grenzer, Stadtwerke Dusseldorf AG

Christiane Holl, Hydro-Engineering GmbH

Dr. Rudolf Kohler, Engineering Office

Lothar Lefort, MAN Energy Solutions SE

Dr. Frank-Udo Leidich, formerly GE Power GmbH

Dr. Herbert Lindner, Lindner AUDi

Dr. Gerd Pohsner, formerly Alstom Power Systems GmbH
Jurgen Rudorf, formerly RheinEnergie AG

Michael Rziha, PPCHEM AG

Dirk Schneidereit, formerly E.ON New Build & Technology GmbH
Winfried Schulz, Balcke-Durr GmbH

Hans-Gunter Seippt, formerly Alstom Power Systems GmbH
Bernd Senger, Siemens Energy

Ulrike Stein, Vattenfall Warme Berlin AG

Matthias Weber, Calyptics

Knut Vicktor, MAN Energy Solutions SE

Rudolf Wieland, EnBW Kraftwerke AG

Heiko Woizick, RheinEnergie AG

Wolfgang Czolkoss, vgbe energy e.V.

Dr. Dittmar Rutschow, formerly VGB PowerTech e.V.

Dr. Andreas Wecker, vgbe energy e.V.

vgbe energy e.V. would like to thank them as well as all the others who actively partic-
ipated in the revision of this standard and the companies involved.

# Auszug: Inhalt / Excerpt: Contents #



VGBE-S-455-00-2022-12-EN VSIDG

Contents
1 INtroducCtion....... ... 9
2 Cooling Methods ... e 10
2.1 Once-through cooling with and without discharge cooling............. 10
2.2 Open-circuit evaporative cooling .............ccccceeeiiiiiiiiiiiiiicce e, 11
2.3 Process combination (open-circuit and once-through cooling) ...... 15
24 Closed-Circuit COOING..... oo 16
241 Closed-circuit cooling with surface condenser..................cccccooo. 17
242 Closed cooling water systems ... 18
3 Operating problems on the cooling water side...............ccceeuu.e. 19
3.1 Water QUAlity.........cooviiii s 19
3.2 Ingress of solid impurities .............ooviiiii i, 21
3.3 Deposits in cooling SysStems .........coviiiiiiiiiiiic e, 21
3.3.1 SCAlING e 23
3.3.2 FOUING ... snnnnnnnnnnnnnes 24
3.3.3 BIOfOUIING ..o 25
3.4 Biological growth in cooling Systems ................euvviiiiiiiiiiiiiiiiieeneee. 25
3.5 COITOSION ... 26
3.6 DOWNEIMES ... e 26
3.7 Environmental and safety aspects...........ccccvvieiiiiiiiiiiicii 27
4 Use of materials and interactions with cooling water

in once-through cooling and open-circuit cooling systems....29
4.1 1] (oo 18 o3 1o o IS 29
4.2 Materials and corrosion protection in heat exchangers.................. 29
421 Materials for tubes in heat exchangers..............ccoooiiiiiiiiiiicicns 29
4.2.1.1 Material recommendation based on cooling water properties........ 30
4.2.1.2 Influence of cooling water velocity on material selection ............... 35
4.21.3 Influence of temperature on material selection ..................c........... 36
4.2.1.4 Material-dependent shutdown and inspection/overhaul measures

for heat eXChanQers.........ccoooei i 36
422 Other materials in heat exchangers (except tubes) ...................... 37
4.2.3 Monitoring, maintenance and repair of heat exchangers............... 38
4.3 Materials and corrosion protection

in evaporative cooling SYStEMS............uuuuiiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeee 41
4.4 Materials and corrosion protection for other components in

contact with cooling water in open-circuit cooling water systems ..41
441 Passive corrosion protection of metallic materials ......................... 41
4.4.2 Water-side surface protection of concrete components................. 42
443 Cooling Water liNES .......cooiiiiiiiii 42
6

# Auszug: Inhalt / Excerpt: Contents #



VeOE VGBE-S-455-00-2022-12-EN

4431 OVEIVIBW....coiiiiiieeeeeee e 42
4.4.3.2 Cooling water piping made of glass fibre reinforced

PIASICS (GRP) ... 43
4.4.3.3 Coating of walk-in cooling water pipelines and fittings made of

UNalloyed Steel.........oovuiiii e 43
4.4.3.4  Mortar lining of cooling water pipes .........ccccccviiii 43
4.4.3.5 Active cathodic corrosion protection of cooling water pipes........... 43
444 Cooling Water PUMPS ......couvuiiiiiee e e e e e e 44
5 Cooling water treatment in systems with

once-through cooling.......ccccccciiiiiiimimiicrcc e 45
5.1 [ 1geTo [0 T3 { o] o FO PP 45
5.2 Mechanical water purification .............ccccciiiiii 45
5.3 Cooling water conditioning..........ccccooeiiiiiiiiiiii e 47
5.3.1 Treatment with bIOCIAES .........coooiiiiii e 47
5.3.1.1 Sodium hypochlorite (NaOCI) ... 48
5.3.1.2  Chlorine dioxXide (ClO2) .........uuuururiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeees 48
53.2 Thermal ShOCK ProCESS......coiviiiiiiiiiiiicie e 49
54 Notes on operation ..........ccoooiiiiiii i 49
5.4.1 Bar screens and filters ... 49
54.2 Heat eXChangers..........ooo oo 49
54.3 COMMISSIONING ... e e e e e eeeens 50
544 INSPECHION ..o 50
54.5 Cleaning ... 50
5.4.6 Preservation ... 51
54.7 Operation MonitoriNg .......coooeiiiiiiii e 51
54.8 Discharge COOING ..........uuuuuiuiiiiiiiiiii e eeeeeeeeeeeeenes 51
6 Cooling water treatment in systems

with open-circuit COOoliNgG ..o e 52
6.1 INErOAUCTION ... 52
6.2 Make-up water treatment and partial flow filtration ........................ 52
6.2.1 Treatment of raw water to produce cooling tower make-up water .52
6.2.2 Circuit water treatment (partial flow filtration)....................... 53
6.3 Chemical conditioning of the circulating water...................cccoenans 54
6.3.1 ANLISCAIANES ..o 54
6.3.2 DISPErSaNntS......ciei e 55
6.3.3 Corrosion iNhibItors ..., 55
6.3.4 BIOCIAES ... 55
6.4 Notes 0N Operation ............ouiiiiiiiii i 60
6.4.1 Mechanical cooling water treatment ..., 60
6.4.2 Chemical @spects .......cooiiiiiiiii e 60
6.5 NOtES 0N OPEratioN .......cccoeiieiiieec e 61

# Auszug: Inhalt / Excerpt: Contents #



VGBE-S-455-00-2022-12-EN VSIDG

6.5.1 COMMISSIONING ... e e e e e aeeees 61
6.5.2 INSPECLION ..o 63
6.5.3 ClEANING .. e e 64
6.5.4 Preservation ... 64
6.5.5 Monitoring of operation ............ccooooiiiiiiiiiiie e 64
6.5.5.1  Monitoring of cycles of concentration (CoC)...........ccoooiiiiiiiiiiinnnns 65
6.5.5.2  SaMPliNG...ccooiiiiiiie 66
6.5.5.3  Monitoring parameters and analysis frequency ...............ccccceenene 66
7 Hygienic aspects of systems with open-circuit cooling .......... 68
71 HYQIENIC FISKS ..o 68
7.2 Hygienic design and dimensioning ..........ccoouveiiiiiiiiiiieeieeiie e 68
7.3 Hygienic operation..............coo i 69
8 Closed cooling systems — material use and

cooling water conditioning ..........ccovviiiniininnnn 70
8.1 INErOAUCTION ... e 70
8.2 Water quality and material-dependent conditioning....................... 70
8.3 Process engineering NOtES ............uuuuiiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeeee 74
8.4 (@] 011 =1 1] o F TSRS 74
8.4.1 Cleaning and COMMISSIONING .........ccovviiuiiiiieeee e eeeeeeaaaaes 74
8.4.2 Preservation ... 75
8.5 Requirements for operational monitoring............c.ccceeveevviiiiiceee.... 75
8.5.1 Monitoring parameters and freqUENCIES ...........ccovvreiiiiiiiiiieeeeeeeee. 75
8.5.2 Sampling points and eXeCution ..............ccoooeeeiiiiiiiiiiiiiie e 76
9 Analytical monitoring of open-circuit cooling systems............ 77
9.1 Chemical-analytical monitoring ... 77
9.1.1 Physico-chemical cooling water parameters.............cccovvvvviinnnnnn... 80
9.1.2 ANalysis MEthOdS..........uuiiiii e 83
9.2 Microbiological monitoring ...........covvvviiiiiiiii e, 85
9.2.1 Microbiological cooling water parameters...........cccccooeviiiiiiiinennnnnn. 85
9.2.2 ANalysis MEethod ...........oiiiiiii e 86
9.3 Monitoring of corrosion and deposit formation (scaling) ................ 86
9.3.1 Investigation methods/monitoring .................ceeeeiiiiiiiiiiiiiiiiiiiiinenes 87
9.3.2 Estimation of corrosion probabilities ...............ceeiiieiiiiiiiiii. 88
10 Literature ... 89
8

# Auszug: Inhalt / Excerpt: Contents #





