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Thas report is a collection of three papers on the
subject of water treatment practices for cormosion
prevention in hot water district heating systems. The
first paper is a translation of a manual prepared by
Nordviirme, the district heating association of Nordic
countries in Europe, The second paper describes
chemical additives which are commonly used o
prevent corrosion in North American heating systems.
The third paper describes two North American district
heating systems which have adopied these different
approaches and compares the water treatment
programs in each on the basis of cost and
effectiveness.



PREFACE

The International Encrgy Agency (IEA) was established in order to
strengthen the cooperation between member countries.  As one element of
the International Energy Program, the participating countries undertake
cooperative activities in energy research, development and demonstration.

District Heating and Cooling is seen by the IEA as a means by which
countries may reduce their dependence on oil and improve their energy
efficiency. It involves the increased use of indigencous or abundant fuels,
the utilisation of reject heat from industrial or other processes.

IEA's Program of Research, Development and Demonstration on District
Heating was established at the end of 1983, Ten countries participated in
the program.

In May 1993 a decision was made to proceed with Annex IV in which the
participants will continue their cooperation for another three-vear period,
Projects in this phase include:

{1} Design guide for integrating CHP and district cooling

(2} Advanced transmission fluids

{3} Heat distribution technology

{4) Network supervision

(5) Efficiem substations and installations

(6) District heating piping

{7) Development of long term cooperation with East European countries

General information about the [EA Disirict Heating Project is available
through:

The TEA Secretariat Tel: +33-1-45249975
Mrs. Gudrun Maass Fax: +33-1-45240088
2 Rue Andri-Pascal

F - 75775 Paris Cedex 16

France

ar

NOVEM Tel: +31 46 4 202 202
Netherlands Agency for Energy and the Fax:  +31 46 4 528 260
Environment

Mr. I'. van Bussel

P.O. Box 17

NL-6130 AA Sittard

The Netherlands

NOVEM has been the Operating Agent for the program since 1987,
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SUMMARY

This report oullines the European approach 1o
wiler ireatment and corrosion prevention in

hot water district heating sysiems,
specifcally ihe appronch advocated by
Wordvarme, the diswrict heating association of
Mordic countrees in Europe.  The mtent of
this repont is to make information and
operating expenences on the Nordvirme
approach available o Nonh American system
operaiors a8 well as o describe common
North American water treatment methods.

An interest in the European approach to
wader treatment has grown recently becayse
of developments in advanced fluids for
district heafing and cooling systems.  MNew
additives are somedimes incompatible with
chemicals traditionally added in North
America to prevent corrosion in hot and cold
wiler systems. In particular, some corrosion
inhibitors have been shown o be
incompatible with the use of friction reducing
ndditives.

Friction or drag redocing additives reduce the
frictional bosses from water in turbulent flow
by suppressing the formation of wrbalent
cddies. This results in lower pumping
energy requirementts pnd costs.  Inlerest in
these additives has grown over the last few
viears and the additives have been
successfully demonstrated in several systems,
ingluding a transmission system in Heming,
Denmark in which pumping energy
reqquirements were reduced by TO% ond
overall opersting costs were reduced by
S0%.

Inn North America, corrosion of @eel district

heating pipes has tradimonally been provenied
by adding corrosion inhibitors which prodect

the pipe by forming a profective passivaling

filim on the imemal surfaces.

Most corrosion inhibitors are inorganic
okidizing subsiances which passivate the
metal surfoce by forming an impervioas film

which imerferes with the anodic or cauhodic
cormokion reactions. These inhibitors work
with metals that exhibil active-passive
iraasitions such as iron, nickel, chrombum
and alloys containing these metals,

As well, chemicals are sometimes added
which react with and remove dissolved
oxygen. This limbs cormosion by limiting the
oaygen reducing cathodic reaction,
Resiricting either the cathodic or anodic
reactions will linit the overall corrosion rate
since these processes are dependent on one
pnather. The electrochemical mechanisms of
corrosion are explained in more detall in the
first paper in this repon, "Corrosion and
Waier Treatment in Mordic District Heating
Systems, Experience and Pracyice®,

The owerall treatment strategy also includes
filtering and demineralizing (or softening)
sysiem water and raising the pH. The
second paper in this report describes
chemical sdditives which are curresmly used
to prevent corrosion in Morth American
closed cold and hot water distribution
systems and explians some of the advaninges
and disadvantages of ench.

Passivators:
chromate
borte nitrite
silicate
molybdate
(hypen scavengers:
hydrazine morpholine
sulphite caustie soda'soda psh

The strategy mecommended by Nondvirme s
simply io maintain high quality water in the
system through contimeal filtering, deaeratbon
and demineralization (or sofiening) and o
maintain the pH between 9.5-10 by adding
sodiom hydroxide. The procedure requines
careful monitoring of the chemistry of the



sysiem wider, The corfosion rale must also
be monitored through the use of corrosion
coupons or piping samples insened in the
Mow, Demineralization is preferable to
softeming because i reduces the 10ial jonic
ConcenirEtion.

filigr

demineralize or soften

deacrae

raise pH 0 9.5-10 by adding sodium
hydroxide {NalH)

monitor cormosion rate and concentmations

The first paper in this report s an English
translation of the Nondvinme witer tresimen
manual for district heating sysiem opermtors,
This manusl was prepared by expen
representatives from five member couniries
of the Nordvirme working group on waler
vrestment. In it, Nordvirme gives
recommended ceiling copcemimtions for
chemicals in the sysem waoler,

Summaury of guideline values
of dissolved species in district heating
wuter

9.5.10.0
< 0,02 mg Oykg

pH =t 25°C

Oy gen concentratiomn
Ammonia concentration < 10 mg NHkg
Total iren concenbiation < 0.1 mg Fefkg
Total copper concentration < 0,02 mg Culkg

The Mordviirme appreach has been
successfully applied (o 1the rwo district
heating systems in Prince Edward Tsland,
Cannda, In these sysiems raw wWaler énfering
ihe network is filiered, softened and
defcraied. Water in the system is comtinually
filtered. The pH is maintained between 9
and 9.5 by adding sodiom ydmexide,

In the St. Paul, Minnesota district heating
sysiem in the Unpited Siates, water is
pretreated by fillering and softening and o
corrosion inhibitor is added to the system.
The cout of this trestment is 50. 12 per gallon
af makeup water compared with $0.05 per
gallon of makeup water in the P.EL
systems. The oosl of waler trealment in the
P.E.L sysiems however, |5 dependent on the
cosi of laboraiory analyses. In the 51, Paul
syatem, testing 15 included a5 a service with
the purchase of the cormesion inhibitor,

The experiences in the PUE.0 and S1. Paul
sysiems are oullined in the paper beginning
on p. 44 of this report. This paper was
presented af the annual conference of the
International Disrict Energy Association in
Indianapolis in June 1995, and again ai the
IDEA'S distribution workshop in 51, Paul in
Movember 995,

Feedback from the audience at the IDEA
conferences indicared thal many Morth
American operalors were more comiortable
comtracling oul waler trealment activities.
Even if there anre savings to be made,
operaions prefer a complete treatment
“service”, where providing the chemicals and
monitoring the system are both the
respansibility of the chemical company.
Waler (reatmeni activities sometimes equine
bath time and a level of expertise that plant
siafT do not have,

Conversations with plant staff have indicated
that in baisy scasend, waler treatment
monitoring is sometimes the first activity pat
on hold although it is vital 1o the long-term
health of the sysiem. The assumpiion is
sometimes made that if a given method has
worked well in the past, it will continue o
work. Stopping monitoring, however, can
lead to unexpected problems. A number of
conditions in the svstém can change such as
the chemistry of the makeup water, and the
operaiion of the deserstion and dejontzation
equipment and chemical feed equipment.



Comparison of Nordviirme approach and

the wse of corrosion inhibitors
Mordviirme approach
(Carried ot by plant staff)
Advantages
®  gvoids the peed 10 add cormsion

inhibitors

if corrosion mie INCTCASCS, COITDSION
inhikitors

® can be added later

#® can be cheaper

Disadvaninges

L]

requires careful monitoring

Corrosion inhibitors (chemical sapply
and monitoring by chemical company)

Ad
.

VaNLages

will protect pipe surfoces regurdless of
raie of oxypen infiliration

& addition and monitoring ane the
responsibility of the chemical company

Disadvantages

&  opee corrosion inhibilors are betng wsed
in a sysiem it is difficult 10 stiop

&  n the future, use of some common

cofroesion inhibivors may be resiricted
ecause of environmeital impact and
regulntions

i






CORROSION AND WATER TREATMENT IN
NORDIC MSTRICT HEATING SYSTEMS:
EXPERIENCE AND FRACTICE

MNordvilrme Association

1 FOREWORD

In its meeting on 8 June 1989 in Helsinki, the
Board of Mordvinme decided 10 se1 up 3 working
group for water treatment, which would prodoce a
praciices in this area. The area is limited to waler
issues related 1o district heat distribution and
subsiations.,

The Working Group, which had its first meeting in
Uppsala on 5 Ociober 1989, consisted of the
following members:

Bjarne Anstrup Herning Municipal Works
(Denrmark)

Egil Evensen Trondheim Electricity Plan
(MNorway)

Einar Gunnlougsson Reykjavik Heating Plant
{lceland)

Trygve Surnndel] Vantaa Eleciracity Plam
{Finland)

Haakan Westas Uppsala Energy Lid

{Sweden), Chairman
The Working Group has had five mectings.

The present report is intended primarily for minor
and medium-sized plants with general knowledge of
corrodion and water treatmend issues. The Working
Giroup hopes that the report will be used as a
practical manunl in the plante. The repon was
presented at the Third Nordic District Heating
Symposium in Reykjavik on 5-8 June 1990,

2 SUMMARY

In a district heating sysiem, water quality depends
it the quality of the raw water and varies from
nov-denerated raw waler 10 de-acrased, todally
desalinated water, Water quality plays a big role in
the corrosion of district heating systems. Corrosion
risks are furnther increased by the leaking in of raw
waler angl air. The degree of the cortosion is
mfluenced by the selection and combination of

materigls. A sysrem is subject o corresion aitack
during both operational and in operational periods.
Corrosion aitacks are electrochemical in nature,
and they are mostly characterized a8 oxypen-
reducing or hydrogen-generating corrosion.

Oxygen-reducing corrosion is coused by oxygen in
the water, while hydrogen-generating cormsion is
caused by & low pH, that is, by acid water,
Therefore, the water st be oxygen-free and the
pH wvalpe sufficiently high. Low comnductivity
reduces the corrosson risk as well,

Problems are caused also if the water contains salts
and wolid particles, which form corrodion Hilms
This refers o hardness-causing apgents such as
enlcium and magnesivm and corresion products in
the form of ferric and copper oxides.

To achieve a good water quality, different
purification methods are ysed. Salis are removed
through lon exchange by means of water sofieners,
cation filiers and amion filers, Oxygen is removed
by thermal or chemical deasration of the water,
while solid paricles are removed with mechanical
filrers.

Analytical guideline values have been developed
with the intent to make trouble-free operation
possible, primarily in view of corrosion and
deposition, and 1o provide a foundation for a good
operaling economy. The recommended vahees that
are presented are based on experiences with
different types of modern plants.

The presemt report discusses sampling and analyses
as well and provides recommendations for analyses
and the intervals 2t which they should be
performed.

Current statistics on damages in disirict heating
sysiems show that keakage from the network
generally increases with increasing age. Therefore,
it i important o find leaks quickly, before water
losses become excessive. The repon discusses the
el coanmon leak detection methods,

In recenl years, environmenial ssues have received
increasing aliention. Environmenial issoes and
prodective equipment to be used with chemical
inhibators. are discussed in the report as well,



District heating plants in leeland are mostly
different, becaise loeland uses geothermic water
which poes directly 1o consumers.

JINTRODUCTION

The Nordic countries praciisc exiensive distribution
of district heat, which contribuies io a flexible
encrgy manngement in heating and hol water
heating, A& district heating system has three main
companems: production plant, district heating
network, and subsiations, all connecied o cach
oiher.

Building a district heating system has very high
invesiment costs, aid acchdenis! breakdowns in the
EYSIEM may have SCrious coonomic CONSOQUERCES,
Therefore, s operation has 1o be systematically
maniiofed (o maintain a satisfaciony quality of s
componenis, especially in the case of direct
conmnection. It is important that the quality of the
disirict heating water is monitored cancfully, as
corrosion may otherwise develop in the pipe
network and 1he components and resoli in the long
term in high cosis and serious imerruptions in
BETVICE.

Several types of corrosion can amack distract
heating pipes. Satisfaciory monitoring and
operation require that the quality of materials and
service conditions are correctly sclected, and not
leant, that the quality of the water is good. Most
district heating plams have caperienced corrosion
and/or water leakage in their neswork. To reduce
Rervice inerruptions (o & minimum, several
methods are applied (o prevent corrpdion and o
comtral and detect beakage.

The present report describes corrosion conditions
and provides recommendations for reducing
problems and maintaining an accepiable monitoring
of the system.

4 CORROSION AND DEPOSITION
4.1 Materials and corrosion ivpes
4.1 General

Depending on the quality of the raw water, waler
quality varies in district heating systems from non
deacrated raw waler 1o de-acrated, iotally
desalinated water. Corrosion risks are increased by
the leaking in of raw water and air (Ref, 100.5.1
and 10.5.2). The corrosion degree is influenced by
the selection and combination of materials, The
materials most commonly used in district heating
SYSICmS are:

Carbon steel

Used i piping. valves and condensing tubcs
Copper

Used in piping and heat exchangers
Acidprool steel

Used i heat exchangers and pump imgellers
Stainless steel

Used in compensators and heat exchangers
Brass
Lised in valves and meicrs
Red brass
Used in valves and pump impellers
Cast steel
Used in pump housings, pump impellers and
valves
Modular graphite cast steel
Used in pump housings, pump impellers and
valves
Plastic and rubber
Used in pipes and seals
Enamel
Used in water bexicrs

Corrosion damage occurs during both opersiional
and in operntional periods, Corrosion attacks are of
electrochemical origin, and they consist mostly of
oxygen-reducing or hydrogen-generating attacks
taking the following forms:

- General corrosion

- Galvanic corrosion

- Stress corrosion cracking
= Pinting corresion

- Erosion corrosion

= Prop corrosion
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Fig. 4.1.1 General corrosion. Fluciuaing anodic and cathodic surfaces distribute corrosion products
aniformly over metal surface. Ferroas (1) hydrozide (Fe(OH),) dissolves in the electralyte.

- Sulphide corrosion
= Deposit corrosion
= Selective corroskon

Several of these corrosion types frequendly result in
point corresion of the material and in some cases in
a more extensive, even loss of maierial. The
corrosion iypes listed sbove arc discusscd briclly in
ihe following.

4.1.2 General corrosion and magnetite formation

General corrosion means that a metal surface is
attacked uniformly over all parts covered by the
electrolyte, The corrosion rate is expressed cither
as weight loss per surface and time unit, or more
commonly, by practical evaluation of thickness loss
per 1ime unit, such as pm/ycar or mmiyear. Thus,
general corrosion is characierized by that the entire
surface in question is uniformly eroded, which is
duie 1o Muctuating anodic aid cathodic surfaces, See
Fig. 4.1.1.

Under continising effect of oxygen, the ferrous
hydroxide is oxidized further to ferric (111)
hydroxbde, This oxide is the well-known reddish
Tusk:

4 F: [ﬂl‘": + ﬂ, =+
4 FeOOH + 2 H,O
rust}

Hydrogen-generating corrosion takes place in low
pH water, for example on steel, in accordance with
the anode process formula

Fe + 2H® = Fe'* + H,

The metal gocs inio solution, that is, it corrdes
while hydrogen (H;) forms. The corrosion
accelerates with declining pH values and increasing
temperatures. At a pH exceeding 9.0, cormosion
can be considered pegligible. Hydrogen-generating
corroski occurs mostly in the form of general
corrasion. Il the water is calcium-precipitating, the
precipitant may prevent corrosion by forming a
film on the metal.

Thus, rusting of steel requires a simuliancous
presence of water and oxygen of the steel surface.

The cathadic and mnodic surfaces ihat are formed
are dependent on the composition and structure af
the sieel. Sieel is a combination of from and carbon,
and ks manufaciuring process does nol allow a
homogeneous mixture, Therefore, some parts of
the surfsce are richer in carbon than others and
form cathodic surfaces, while the more iron-
containing parts become anodes and go inlo
solution a8 lons.

Al o temperamare exceeding 200°C, for example in
o bodler, carbon sicel oxidizes according 10 the
following simplified formula and forms magnetite

[Feyly) :
iFe + dH,O - Fey0, + 4 H,
Magnetite is 2 black oxide with magnetic propertics

and very low solubility at pHl 9.5, Magnetite forms
& very dense film on a sieel surface, preventing
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Fig. 4.1.2 Example bi-metallic cell

further oxide formuation and protecting the sieel
against further corroshon,

Muagnetile is formed also af lower lemperatures,
based oo the formula

3 Fe (OH), —> Fe,0, + IH,0 + H,

The magnctite that forms in this moanner docs niot
comstinde 4 protective film as good &5 and as dense
as the one formed m higher temperatures, that s,
direcily by oxidation of sieel. Also, it docs not
attach as well o the sieel surface, and lots of oxide
is transported anound in tee system, where it
fastens o heat-losded surfaces.

Gieneral corrosion of copper is relatively minor
even o high oaygen contents such as those
oceurring in fascet warm water (appros. D
pmtyear), and thus, f is insignificand in this
condext, The prerequisite is, however, that the pH
lics between B and 9.5. This leads 10 precipittion
of corrosion products such as copper oxides and
copper hydroxides of the carbonate type, which
proiect the metal against further cormosion. The
COrrosion increases again ot pH 9.5,

4.1.3 Galvanic corrodion

Galvanic corfosion occurs in bi-metallic cells. An
example i illustrated in Fig. 4.1.2. The cell
consists of an electrolyte, in which a piece of siee]
{Fe) and a piece of copper (Cu) are immersed.
Table 4.1 shows that Fe has a negative electrode
potential (0,44 V) and Cu a positive one {+ 0.34
V), which means that the siec] piece becomes
apidic in the cell and corrodes, while Cu becomes
cathodic and develops reduced corrosion rate or
bocomes fully protecied, which is whait cathodic
protection is in principle based on.

Thiese examples show that different mietals cannot
be combined arbitrarily. Corrosion attacks may be
highly localized, and they may kead 1o perforation
of the less noble material. Also galvanic microcells
originating from settling out of metallic copper on
steel may lead fo corrosion. Corrosion increases
with increasing conductivity of waler, which is
generally assumed fo be valid for most corrosion
iyped, Galvanic corrosion requires the presence of
ORYEET.
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Wlaaaiiiiiia

Fig. 4.1.3 Example of drop corrosion. Concentration differences in axvgen provide sufficient driving
force o make the metal under a drop become anodic and cormode. Cathodic surface develops at the
muargin of the drop against the meial, where O, coment is higher,

Table 4.1 Example of electrode potentials, listed in
the order of an electromative force series

Li nc | F 3045V
K - Kt 205V
Al . A -1,660 ¥
Zn - In'* 0,763 V
Fe - Fet* (b 440 V
Cd - Cd** (0,403 V
Ni - Nt 0,250 V
5n - Sn'* 0,136 ¥
/M, - H* 0,000 V
Cu - Cu'* +0357TV
Co: RN 1 [ § +1,360 V
Au - Au't +1,500

F - 1R2F, +2.870 V
4. 1.4 Pining

Some specific corrosive media, for example
chlorides, are capable of comribwting 1o local
perforations of the protective film (passive film)
which ocours narally on centaln maerials, eg..
stainbess steel, A microanodic area and a refatively
large cathodic arca are formed in each perforation,
currend density becomes high, and this results in
point corrosion which forms a cavily in the
muierial. The corroded area is very limited, with
the corroston acting depih-wise and eating inlo the

A
Low % coment //
Ml

metal - & phenomenon that can have serious
practical consequences. Pitting is seen in certain
materials frequently also under different deposit
films, where acration cells with dissolved oxygen
in the electrolyte ocour,

Dissolved oxygen in water contributes so that the
mectal in the system is atacked and goes ino
soluthon. This is known a8 OXYREn-CONSUMINE
corrosion, and it is frequently localized. The muack
usually results in pining of the material, in the
form of cither pit or poind corrosion,

The corrosion rate accelerates with rising
iemperatures in closed sysiems., In open sysiems,
ihe corroskon rale accelerates bus reaches i
maximam a S0P, because ihe solubaility of oxygen
decreases with a rise in temperatane.

Low pH walue (usually <7.00 and a low
bicarbonate/sulphate ratio (HOO,/S0, usually <1
calculated by mg/L) in the water can result in pit-
IVpe corrosion on copper matcrials,

4.1.5 Drop corrosion

Moisture stays on metal surfaces in pressurized or
open systems that have been drained and exposed
i the atmosphere, Acration cells are formed, and
ihe metal begins o commode. 5ee Fig. 4.1.3.
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Fig. 4.1.4 Example of deposit cotrosion. Concentration differences in oxygen contents provide
sufficient force (o0 make the metal under the deposit form an anodic surface and corrode, The higher O,
content in the elecirolyie functions as a cathodic surface.

4.1.6 Deposit attack and crevice corrosion

Acration cells may form in areas with restricied
liguid fMlow and lead 10 atlack on the material, The
corrokion is intensified by accumulstion of

nonflowing liguid (elecirolyie) under depositz, In

this case, the attack originates at deposits. See Fig.

4.1.4. or in narrow cracks, which is known as
crevice corrosion. See Fig. 4.1.5. Even chloride
concentrations, e.g., in crevices in siainless sieel
lead 10 corrosion. The pH of the trapped liquid

frequently drops below the pH of the surrounding
meeddium,

Anodic and cathodic surfaces, cansed by
concentration differences in Oy coment, appear in
struciures with narrow crevices, The prerequisiie
is, however, thal an clecirolyle can enter the
crevice, See Fig. 4.1,5, Frequenily the pH of the
trapped clectrolyie deops, which contribuses 10 an

\\\\\\\\\

pocelerntion of corroaion.

4.1.7 Stress corroakon

Risk of coacking agpears n an alloyed material in
the presence of interaction between internal and/or
external static tensile stresses and 3 specific
corrosive medium, This anack is known as siress
corrosion cracking, and it frequesily leads 1o brinle
fractures in the alloved malerial. Chloride jons and
ammonia are among the specific ions tha can
result in stress corrosion eracking, e.g., in siainless
steel (poientiometers and heat exchangers) and
copper allovs, Stress corrosion cracking in
stninless steel i indoced, however, by relatively
high chloride concentrations, and generally,
evaporation of water must lirst take place on the
surface; belore the corrosion process bepins,
Temperaiure alfects the corrosion raic as well.

Mom-Now g electrolyte with low 0y comen

\'c
#

#,
o

Fig. 4.1.5 Example of crevice corrosion. Concentration differences in oxygen confent provide
sufficient force for the formation of anodic and cathodic surfaces. The metal in the erevice corrodes.
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Humid environment with high % content

e e



4.1.8 Ercsion corrosion

Damages caused by interaction between erosion
and corrosion appear primarily on copper and
copper-alloved material. Known as erosion or
wrbulence corrosion, this type of corrosion occurs
in the presence of soypenaled waler and high ow
velocites (or disturbed Dow) and results in erosion
of the protective copper-oaide Nlm and exposure of
the copper 10 water. The attack is aggravated by
the presence of gas bubbles and/or solid particles in
the water, The corrosion rate increases with
aggressive water, that ks, with dropping pH valuses
and rising carbon dioxide comtent, IF the waler s
high ammonia comtent and dissolved oxygen, the
copper becomes subject to damages which, to some
degree, resemble erosion corrosdon attacks, Ercslon
corrosion has proven 10 be the main case of
damage on copper materials in district heating
SYSIEMS.

4.1.9 Sulphidé corrosion

When the water contains hydrogen sulphide (H,5),
like, e.g., geothermic water dpes, or when sodiem
sulphite (Na.S0,) s used 1o bind oxygen, sulphide
may form and react with copper and copper alloys
in paping and valves. This leads 1o formation of
copper sulphide (CuS), which is loosely bound o
the metnl and therefore easily separates under the
effect of changes in pressure or {low. This means
that the water will condaln solid pariicles.

IF geothermic water confains hydrogen sulphide or
has been treated with sodium sulphite 1o remove
OXYEE, COpper pipes muost not be wsed.

4,110 Selective cormmsion

In selective corresion, the less noble componemt of
a binary alloy becomes dissolved. Derdncilication
of brass is an example of this. The process is
infitinied because of bocal variations in the
composition, According o whether the more noble
micta] is preserved or dissolves, the corroshon
process iself creates & galvanic clement. In the
dezincification of brass b water solution, tne goes
imlo solutka and dissslves out a8 zine carbonoie,
while the copper attains a porous form with poor

resistance properties, Corrosion resistance of alloys
depends on their composition and usually ncreases
with decreasing concentration of the less noble
metal in the alloy,

4.2 Measurement of cormosion

Corrosion can be measured simply and relishly
with corrosion coupons placed in the Nowing
medinm. The coupons are made of the ame
material as the system 1o be examined. A coupon
lolder and measuring station are shown in Fig.
4.2.1. Normally, four coupons are used
simulianeously, They are removed, cleaned,
welighed and examined visually afer 1, 4. B, and
12 weeks, for example. The method has been
siandardized in the USA (ASTM D 2688-75
Methad B). The Standard describes in detail b
ihe equipment and the evaluation method (Rel,
1.5.7 and 10.5.8).
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Fig, 4.2.1 Statbon for corroskon measurement

Electronkc instruments for cormosion measerement
cant be found on the markel. These are coupled 1o
probes, which are placed in the pipe sysiem, A
joint Mordie research project (Rel. 10.1.3)
contained a sub-project titled "Corrosion
Measurements in Hot-Waler Sysiems”, in which
measurements were performed with
*Corratersond”, “Corrometersond” [sond = probe]
and corrosion coupons. The project showed that
clecironic measurements did not provide rellable
resulis for disirict healing systems. The
experiments carried out within this project with o
reconstmucbed probe for measuring crevice
corrosion give ambiguous results.

In many cases, it may be better 1o place the
coupons in the main current instead of a by-pass.
This way, the resulis reflect the service conditions
and the process wsell,

o e S
plastic coupon holder

a8zt
1102 & 1 Ammi

coupon

L i

Adtermsative Installation

Coupon holders are used to avoid closing the
system when coupons are inspecied, The holders
pass through a suffed -4 in. sop valve. See Fig,
4.2.2, If compared with the ASTM Standard, the
only difference here is that the coupons are inseried
in the main currend. Such equipment bas been tried
by district beating plants in leeland with favorable
resulis for major periods.

S L i



4.3 Corrotion ms and deposits 5 WATER TREATMENT TECHNOLOGY

Corrosion films form on pipe surfaces and beat Treatment of dilution water for district hesting
exchangers hecause of the dissolution or plants

decrysiallization of one or several compounds,

which requires that the water-solubility of ihese Defndtions/explanations for ierms used in this
compounds is exceeded, In district heating systems,  puide:

this usually involves the hardsess-inducers caloium

and magnesium, which dissolve out as carbonaies,  lon exchange:

sulphates or silleates, This s because these A process by which positive lons and negative jons
compounds have negative solubility coefficient, that  are replaced by desirable bons. Positive joms are
is, their solubility decreases with increasing called catbons, negative lots, anions.
Iemperatunes.
Soltener:

District heating water contains almost always larger A filier for softening waler, confaining a caton
of smaller amounts of suspended material, which mass in sodium form. Regenerated with sodium

may become deposited in undesirable locations. chlaride (NaCT).
This refers to rust, welding slag, sand, cormosion
producis, elc. Soflened waler:

Water that has passed through a softening filier,
Corrosion films and deposits possess a high heat where calcium (Ca) and magnesium {Mg) ions
resistance and therefore o poor heat transfer have been exchanged ngainst sodium (o) hons.
capability. Also, they lead 10 an increasing Anions are not replaced.
pressure drop, which resulis in poor business
economy. In the presence of oxygen, cormosim
may star under the corrosion films and deposits as
well.

1-1/4% Cormoion Coupon Holder
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Fig. 4.2.2 Measuring station for corroshon measuring



Cation flver:

A Tieer that removes cations by means of cation
mass in hydrogen form. Regenerated with a strong
acid such as hydrochlorie acid (HCH).

Amion Titer;

A filier thar removes anjons by means of anion
mass in hydroxide form, Regenerated with sodium
hydrate (MalH),

Reverse osmosis:

RO is an environmentally friendly process used for
example for desalination and removal of organic
substances from raw water. The process is based
on the use of semipermeable membranes. These let
pure water through but bar substances exceeding a
given molecular size (ion size); that is, they
perform separation at the molecular level.

Diesnlinsited waler:

Water from which salis have been removed by
passing i through a cation and an ankon Tlier. All
jons are thus replaced by hvdrogen and hydroxide
ions, meaning that the salis of the raw waler are
transformed 10 waler. Salis can be removed in a
reverse osmosls facility as well, Desalinated vwater
in also called delonized, totally desalinated, or
demincralized water,

Mechunical filtration I:
Mechanical filtration of raw water before it goes 1o
a softening facility,

Mechunical filtration 11
Mechanical filtration by partial flow cleaning of
chroulating weater in & disirict heating system.

Examples of different ireatment methods for
district heating water are described in the

Appeneix,
5.1 Softened waler

Soflening of waer removes calcium and
magnesium ions which would otherwise form films
and shudge in the district heating system, The jons
are replaced by sodium jons by passage through a
filber with cation mass in sodium form. As
softening does not reduce the sall content, the risk
of oxygen-caused corrosion will not be reduced
gither (cf. desalinasted wader).

The design of a facility depends on the raw
water caomposition and the capacity desired, and
thercfore, dimensiming the facility requires
expertise. Sodium chloride (NaCl) bs used as a
regeneration agent, and the consumption amomis
1o about 300% of the theoretical quantity.

5.1.1 Description of facility

Figure 5.1.1 is a diagram of a sofiener. Calcium
and magnesium are replaced by sodium from the
sali-regenerated mass, while anjons pass through
untindencd.
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5.0.2 Water quality

Quunlity of treased water is expressed in - hardness
degress | "d |. In sofiewed water, hardness degree
is <0.1"d. The remaining salis consist mainly of
NaCl, Na,50; and NaHCO,.

Conductivity of softened water is of 1the same order
as that of aw water, namely 300 - 1000 uSfcm in
Morway and 25-8B00 pmfcm in Sweden. The
conductivity of the geothermic water used in
leeland ranges from 200 to 3 pS/cm.

5.1.3 Advantages and disadvaniages

Examples of the advantages of softened dilution
waler:
- boiler scale formation is neticeably
reduced

sludge formation is noticeably reduced
initial expenies are low

operating costs are low

B
Selly

Examples of disadvamages:

' if raw water has a high conmtent of
bicarbonate jons, which are nol removed
by softening, imsulficient alkalization of
circulating water will promote corrosion
water has a high tdal salt content, which
proamotes. corroskon and resuls in sali
accumulations at leaks
higher expenses for chemical additives (pH
adjustment)
chioride content of water increascs risk of
point corrosion, e.g., in radiniors (refers
1 direct oonmeciion )

- chloride lon contend of witer favors stress
corrosion cracking in stainbess sieel

5.2 Desalinsted water - jon exchange
Deesalination of water removes almost all salis,
which makes iis conductivity drop 1o 1-10 gS/om,
as agninst the conductivity of softensd water, which
targes from 25 to 1000 S/cm,

As conductivity s a prerequisite for the formation
of cormoaion processes in disirict heating sy sbems,
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Fig. 5.2.1 Demincralization facility

desalinathon essentially reduces the rate of oxygen
COITOshon.

In its simplest form, a desalination facility consists
of a cation filier and an anion filter for removal of
cations and anions. In principle, this facility is
sufficient for producing desalinaied water, and i is
used by smaller plants.,

If the raw water has a high bicarbonate content, 4
carbon dioxide (CO,) expeller is needed, 0
improve chemical economy.

Mljﬂrplmuhjmlhnirdﬂltlnﬂbmﬁ:iliﬂnwim
a view 1o pn oplimal economical solution with both

weak and strong jon exchange masses,

The design of the fecility is based on raw water
composition, on requirements concerning quality of
the water produced, and on the plant’s capacity.

This requires cooperation with supplicrs or
ndvisors.

5.2.1 Description of faciliry

Figure 5.2.1 shows the typical strociure of a small
facklity. This is a counterflow-regencrated facility.
Addition of chemicals during regeneration takes
place in a direction reverse io thai during
operation. This saves chemicals and resulis in
cleaner waler,
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Regeneration chemicals include, e.g.. HCI for the
cation mass and NaDH for the anion mass.

The advantage of a counterflow-regenerated facility
is that the chemicals are wilized better, and
therefore, fresh chemicals are obained in the leasi
loaded part of the jon exchange mass, which resulis
in a higher regencration level (g of chemical/L of
ion exchange mass) and a smaller salt leakage.

Counierflow-regenerated facilitics have proven 1o
be almost always the most economical, Even at |
m'/h (3600 m'/year; operating time being abouwt 10
h'd), the counterflow facility is more
advantageous,

A concurrent facility, where regeneration takes
place in the same direction as during operation,
uses 300 - 350% of the theoretical quantity of
chemicals, while a counderflow facility uses 100 -
I70% of ihe theoretical quantity.

5.2.2 Water quality

After desalination, the quality of the water is
charcterized by low conductivity.

The conductivity must be < 10 xS/cm and carbon
dioxide conten < 10 mg/L.  (cf. requiremenis
concerning dilution witer and circulating water).
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Fig. 5.3.1 Soltcning and reverse csmosis

5.2.3 Advantages and disadvantages

Examples of the advantages of desalinated dilution
waler:
. oxygen-related corrosion is essentially
reduced due to the removal of all sales,
whereby the corrosion flow also diminishes
and the oxygen content becomes less
gritical

bodler scale formation is prevenled

sludge formation is prevented

smaller risk exists of polnt corresion and
siress corrosion cracking on stainless steel
low chemical inhibitor expenses

Etmmln of disadvaniages:
initial expenses higher than those of a

soflentng facility
operating costs for regeneration higher
than at a softening faciliny

53 Desalinated water - feverse osmesis

A reverse esmosis facility §s where water b passed
under high pressure through a sufficlendy fine-
perredd membrane that the majority, about 90%, of
safts in the raw waler is retained,

5.3.1 Description of facility

Figure 5.3.1 shows a sofiener followed by
reverse oamosis faciliny.

FEVETEE DRSS

— Desallnated water

10% of salis entering + 510, and CO;

A a0,
Faai0ly
fened water
L [
:Efn' A Operation
20} T Riegenermion
5.3.2 Waler quality

About 10% of the salts remaining in the water afier
it has gone through a sofiencr is estimated 1o pass
through the reverse osmosis facility, together with
253% of the silica ($10,) contained by the water and
all free carbon dioxide (COy), Thus, the quality of
the cleaned water will depend on the quality of the
raw WaleT,

5.3.3 Advantages and disadvanmges

The advaniages of using reverse osmesis are
similar o those mentioned in section 5.2.3 for
desalinated water, with the following additional
features;

- low pperating costs
. more environmentally fricndly

Eumplﬁ of disadvanages:
higher initial expenaes than with woflening
and desalination with kon exchange
(depends on dimensions as well)
membranes are expensive, with limited
service life

- water losses amount (o 25% compared
with the 10% in jon exchange [acilitics

13



54 Deacration (0,) methods
541 Thermal deacratbon

Boiling expels oxygen and other gases from waler.
Baoiling can be performed cither by steam injection,
that is, with slight overpressure and a temperature

> 100*C, or with vacuum and lower lemperafures,
which i more commeen in district heating plams,

5.4.2 Chemical deseration

Chemical deaeration is performed by adding agems
which react with oxygen.

5.4.2.1 Sodium sulphite (Na,50,)

As sodium sulphite rescts with oxygen, it
transforms to sodinm sulphate. The dosage & aboul
B g of sodium sulphite per gram of oxypen, Na,50,
+ 1120, —> Na,50, Normally, an excess of
30-50 mg/L, calculated as Na,50,, is peeded.
Sodium sulphite counieracts oxygeh cormosion on
sieel but | accompanied by increased risk of
sulphide anack on copper and some solder metals,
Sali content increases as well. Sodium sulphine
must pot be used al lemperaiures exceeding 250°C
{W bil']'.

5.4.2.2 Hydrazine (N;H,)

Hydrazine B a deoxidizing addiive, which reduces
oxygen dissolved in the water and therefore,
provided that the reduction is thorough, renders
axygen-reducing corrasion impossibde. In the
femperature range 23°C- 73°C, reaction between
dissolved oxygen and hydrazine ks sioichlometric
according 10 the formula

NH, + 0, —> N, + 2H,0

The final producis are nirogen (M,) and water

(H,00. At higher remperatures, hydrazine
decomposes (o form ammonis acconding 1o the

formuls

3”;"; ¥ '.NH| + H|

Decomposition of hydrazine 1o form ammonka and
nitrogen can take place cven al lemperatures below

14

100™C, if oxygen is not present. The degree of the
decomposition depenils on the time factor,
emperature and possible cmalynic forces. For
example, the presence of copper kons has a
catalyzing effect on the reaction. The reaction rate
depends on the pH. Higher pH values lead 1o
incrensed reaction rates.

Al the same time, pH-adjusting agents (for example
sodivm hydroxide) and deoxidizing agemns can be
added 1o district heating water fo achicve a fully
satisfaciory corrosion prolection. These will
preveni both the hyvdrogen-geperaling and the
oxypen-reducing cormosion.

In Denmark, hydrazine may be used in the primary
circuit, which imerchanges heat with the secomdary
circuil, which then delivers the heat 10 individual
consimers (Rel. 10.1.2).

In Sweden, the maximum permissitde hydrazine
conceniration is 0.5 mg NH,/L.

5423 Tannins

Tannins are complex organic compounds of
vegetable origin, with a molecular weipht beoween
600 and 2000, Thus, great differences may exist
between different tannin products. Tannins are
active in an alkaline environment, They are capable
of absorbing oxygen dissolved in water in a manner
similar w that of sodium sulphite. In alkaline form,
S0ME tanning ocour as salts, and for example
sodium tannate is used for similar purposes as
hyddrazine. Complete reduction of 1 g of oxygen
requires 2 g of sodiem tannaie, and the renciion
raie for oxygen binding is similar io that of
cotalyzed sodium sulphite. The oxyvgen absorpiion
capacity of natural tannins is difficult to express
directly by reaction formulae. Considering the
properties of hydrolyzable tannins, 40 mg of tannin
showlbd bind 1 mg of Oy,

Tannins are believed to be siable up 1o 2.8 MPa
(the information found in the lierature varies). Its
decomposition products are partly volatile (CO,),
Tannins are used also as corrosion nhibilors due o
their capability to form a proteciive film of ferric
tannate complex on & metal surface. Tannins are



comudered environmentally-friendty (Ref. 1511
and 10.5.12),

5.4.2.4 Organic oxygen-reducing agents (Ref.
10.5.4)

In recent years several new organic oxygen-
reducing agens have been put on the market as
substitutes for hydrazine. It Is recommended that
when these chemicals are used, the supplier be
responsible for documentation conceming their
effectivensss, contend, and toxicity, and this applics
to reaction products as well, Dosing and control
miust be performed in accordance with the
supplier's instructions. Follow up consists of
oxypen and ron analyses. In Denmark, reference i
made (o the Environmental Protection Agency’s
Announcement No. 144 of 14 April 1982,
concerning probibition againg using poisons in
cerain heating Syslems.

5.4.2.5 Camlytic reduction of oxygen

Catalytic reduction is carried oat by adding
hydrogen. Hydrogen and oxygen react with cach
othicr in o container holding & calalyst, amd form
water. Excess hydrogen is blown off with niirogen.,
Experience with this method is sall very limited
(Ref, 10.4.4).

5.5 Corresion protection
5.5.1 Chemical inhibitors

Desalinated water is dosed with sodium hydroxide.
The dose shall be approximately 2 g of NaOH/m’,
to obdain & pH of aboul 9.8, Reverse osmosis does
not remove free carbon dioxide, and therefore,
larger quantsties of sodm hydroxide have 1o be
used o raise the pH.

Deacration removes 95% of carbon dioxide, which
saves some chemicals.

Addinonally, sofiened water requires NaOH for
hinding (newtralizing) carbon dioxide. The inhibitor
dose b therefore dependem on bicarbonate contenl.
For example, sofiened waler with a content of

HCO, = 2.95 val/m" requires 50 g of NaOH/m®
for a vear o afiain a pH between 9.53.9.7,
compared with desalinnted water which requires
about 2 g'm’, A higher content of bicarbonate
requires a larger dose of sodium hydroxide.

Both ammaonia and hydrazine rase the pH valoe. If
desalinated water is used, it may be sufficient 1o
se only one of these.

5.5.2 Ready chemical mises

Sometimes heating plants purchase ready chemical
mixes. [f o plant uses ready mixes, if has io
invesiigate first wheiher the mix copiains only
substances permissible for use in district heating
WalEr.

Also, the plant has to consider whether the ready
mix is suitable for the facility in question under
different operating conditions.

For example, if a mix of sodium phosphate and
saclium ssilphite is used, the mixing condlitons may
be sauch that normal dilution with sefiencd water
results in the comect surplus in the circulating
water. If raw water is leaking info the system,
sodim phosphate consumption increases, and the
dosige must be increased as well, This will then
lead 1o an overdose of sodium sulphite.

5.6 Mechanical filiration 1 - Raw waler treatment

When raw water is pretreated with a mechanical
Mlier, conaminants are removed from the waler as
solid partiches.

Mechanical filtration is wsually applied when
surface wader from the city waler supply is used as
dilution water for the district heating system.

3.6.] Description of facilin

Figure 5.6. 1 shows the placement of a mechanical
filier in a sofieming facility, where raw waler

5



e WS

Raw waler »
-
-
Caloy
] oS50
Mechanical Filter | msgso, [
Calily
Malls e
et Ma™ o0 exchange
S0
softened water
o
& | MEC0 s
- Pk B0
i Wal!
‘ﬂ:ll | mr
L T

——e——  Operation

——— g — =

Hogeneration

Fig. 5.6.1 Mechanical filier in series with softening filier

always passes through the filler before emering the
softening facility.

The meechanical filter may be o samd filler o &
cartridge-iype filier. The pore size of & canmidge
filter ks determined by the filtration requirement in
guestion and varics between 2 and 50 gm.

5.7 Mechanical filtratbon 11 - Partial Now cleaning

A partial Nlow cleaning Facility i3 an instaliation
used for cleaning shudpe and possibly salis from
circulating district heating water,

Usually, a fraction corresponding 1o 1-3 % of the
circulating waper quantity is drawn from the bottom
of the main reiurn pipe after the water has passed

horizontally for at least § pipe diamesers,
preferably over a longer disance.

5.7.1 Description of facility

Sludge is removed by a mechamical filter os
mentioned above. The composition of the sludpe
may vary depending on whether the plant is
recently established or the operation is normal.
Therefore, il is important to choose the correct
cartridge pore size, U, for example, operation s
just saruing, i may be necessary to have a filter
pore size of 20-40 um and change i <2 am
aficr a time. The smaller ihe pore size the greater
the possibility of removing magnetite, which may
creaie probiems for some flow mcasuremenis.



Chemical cleaning can be set up in series with the
mechanical filier by installing a softener or a
desalination facility, depending on water quality
specifications of the system in question. If jon
exchange fillers arc used, some of the fine-particled
sludge is reduced.

A magnetic filicr removes magnetic cormsion
prodhucts from the circulating wader, such as
magnetite, Il the filerable substances are limited, a
mechanical filter must follow the magnetic filber.

Afier passing the mechanical filter, the return
wiler must have a lemperature <60°C, if a
desalination facility is to be installed, However,
some types of lon exchange masses tolerate only
0°C.

Partial Mow cleaning:

I R

Betumn line

Fug, 5.7 Mechanical filter in combinstion with
magnetic filter

6 WATER QUALITY

The causes of intermal damages in a district heating
SYSlEm can in most cases be attributed o
insufficient treatment of dilution water and/or
crrculating waler. Correct treatment of the waler is
important i view of both cormosion and film
depokition,

6.1 Guideline values for circulating water

Table 6.1 mdicates the values customarily applied
in order 10 avoid imernal corrosion and deposits in
districi heatlng networks and boilers.

B.1.1 Amabytical guideline valises; commenis

pH value

The corrosion rate of steel is af its lowest af pH
9.5-10. This pH is also sufficiently low 1o keep the
rate of dezincification of brass low.,

When copper alloys are used, pH should not
exceed 10, Therefore, the pH interval 9.5-10 has

been chosen as the optimal range. Aluminium
muest nid be wsed ai these pH values,

Hardness

The hardness-causing ions in water are calciom
(Ca'*) amd magnesium (Mg**}. For example
calcium carbonaie (CaCO,) dissolves out fogether
with bicarbonate and weiiles on lube surfaces. The
dissolution depends on the concentration of
different salts and the \emperature. The hardness-
causing agenis have negative solubdlity coclficient,
ihai is, their solubility decreases wiih rising
iemperaires. This is the reason for choosing
different guldeline values for direct and indirect
syslem conneclion. Water analyses indicase at what
iemperaiure dissolution lakes place,

Oxygen

Dissolved oxypen in wabter leads 1o corrasion of
steel, As the corrosion rate is dependent on the
oxypen concentration, the oxygen contend must be
as low as possible. lceland has a guideline valoe of
<001 mg O,/L. See also secton 4,1, on materials
anl COTTOSEM [ypes.

Amumnasnin
High comlents of ammonia may cause stress

corrosion eracking in copper and copper alloys, If
the content b < 10 mg NH kg, this is avodded.

Iron and copper

Iron and copper concentrations in disirict heating
waler provide an indication of the level of
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corresion. Ai the pH vilues in question, most fron
and copper jons occur in oxide and hydroxide
form, which results in solid particles and sludge in
the system. The majpority of the ferric oxide oocurs
as magnetite {Fe;0y), which fastens fo flow meters
and causes erroneous readings. Magnetite may also
canse erosion in pipe elbows and controls,

il and fat
Oil and fat in the network water may cause
deposits on botler fubes and stalling in flow meters,

Conductivity

Conductivity is a measure of the salt contemt of
wiater and varies therefore relatively strongly in
raw water, depending on soil conditions and on
whether the water is surface or groundwater,

The combuctivity of sofiened water does not differ
appreciably from that of the raw waier, while
desalinated water has a very low conductivity due

Guideling values for conductivity have not been
issued, bt it can be generally stated that the lower
the conductivity, the lower the cormosion rate, Due
tor corrosion, some plants have changed over 1o
using desalinsted water as dilution water for the
disirict heating network.

Induciive flowmeiers require > 25 pSicm.

Salid particles

Solid particles in the circulating water are partly
corrosion products and partly slag, gravel, erc,
from the installation phase, To avoid scizures and
crosdon, solid particle content must be kept as low
as possible,

6.2 Guideline values for dilution water

IF the dilution water has the followisg qualities,
ehould be possible 1o maintain the guideline values
mentioned previously in connection with circulating

to the removal of its salis. water (Table 6.1).

TANLY &1 ANALYTICAL GIUINELINE VALUES
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Fig 7.1 Placement of sampling points i o
waler treatment plant
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Transition probiems may occur in a district heating
sysiem in conmeclion with a change-over from
sollened water o desalinated water, becaise
desalinnted water dissolves deposits accumulased
during the softened water period. Similar problems
may arise by 3 iransjion from raw waler o
soflencd or desalinated waler, The dissolution gives
rese to a higher content of shsdge, which has o be
removed by mechanical filiers to avold stalling of
Nowmeters and beat exchangers.

T SAMPLING AND ANALYSES

T.1 General

District heating water must hove a continssus
acceplable quality conforming with the guideline
values For diluthen water; sec 6.2, Both the
frequency and the number of anulyses vary
depemding on operating conditions and the need
for dilution water.

Table 7.1 Frequency of analyses at sampling poms
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7.2 Sampling locations

Figure 7.1 shows placememt of sampling points in a
waier tneatment plant.

7.3 Analyses

Table 7.1 indicates proposed sampling points,
frequency of analyses and substances o be

analyzed.

As a general rule, the analytical results must be
fiked, so that they can be subsequently compared
with each other 10 detect possible changes.

The analyses must be performed according 1o
stamdardized anahytical methaods,

7.4 Sampling and analyses in locland

As leeland is in a special posithon, belng able to
use pedthenmic waber in iis disirict heating
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networks, sampling and chemical analyses take a
ifferent form. Regular chemical analyses of
geothermic water may facilitaie detection of
changes in the geothermic reservoirs, for example,
in connection with overexploitation. Chemibcal
follow-up of gootheTmic Waler reseTvoirs i
therelore very imponant. Sampling is
recommended m least once a year and even scveral
timcs a year, if watcr analyses thow changes.
However, the substances indicaing changes are
different under different conditions. Reduction in
the concentration of silica (560, and Nuorine is
umally indicative of overexploitation (overloading
of geodhermic reservoirs), Il i caused by the
flowing of cold groundwater into the reservoir.

B LEAKAGE CONTROL
B.1 Geperal

Some damage siatistics have been prepared for
district heating networks in the Nordic countries.
Figure 8,1 shows & damage frequency curve for
Swedish plants (Ref. 10.5.9).

The pronmnced peak seen at years 5-10 &
characteristic of the corrosion attack and leakage
caused by installation errors, Most of the damages

0

relade to the Jeaking in of rain or groundwater from
ouiside through the pipe jacker, which leads 1o
aitack on ihe pipes and plso reduced nsulating
properiies.

B.2 Leakage comrnol

Leakage control is always performed by measuring
ihe comsumption of makeup water. An increased
makeup water consumpiion indicates that there are
leaks from the system, while a reduced
consumption may be due oo leaks mio the sysiem,
for example, from an indirectly connected boiler or
from & substation,

Makeup waler conirol.:

Major planis are frequently equipped with
an increased conuEnption Warning sysiem,

Minor plams carmy ool daily manual
reading ol comswmpinn,

Measuring of the makeup water for leakage conirol

purposcs is frequently performed in combination
with several of the methods mentioned in the

following.



B.3 Leak detection methods

Several leak detection methods exist for locating o
damaged place:

Diistrict heating pipes with buili-in clectric
mioisture alarm: The system consisis of an
electric circuit registering changes in
misture content of insulation. The alarm
s set off by high moisture content, and the
damaged place can be found by means of
localized messurements 3l CoRMCCIn
paims

Thermophotography: Thermophosography
of stretches of culverts helps 1o detect
poims e bave kigher iemperamies
indlicating reduced insulation capaciy. A
mumber of plants thermophotograph vearly
the entire stretch of culveris o detect

pemssible external leakage/damage (Ref,
10.5.5 and 10.5.6)

Temperature measurement: Detection of
clevated lemperatures al points cxposed
(chambers, sub-smations, eich may indicate
leakage from the disirct heating network

- Pressure measurement: I increased
makcup waler coRsumpdeon is registencd,
the leakage poim can be located by shutting
off andl pressure-testing parts of the district
heating network

- Tracers: Tracers (c.g. the dye pyranine,
which has been tested in Sweden) can be
added for visual observation of leakage
(Ref, 10.5.3)

Amalysis of characteristic chemicals in
district heating network

Acoustic methods: Methods bated on the
use of listening control equipment for
locating the water sounds of leakage

- Visual observation: Visual observations of
strebches of disirict hesting piping roule,

with afiention o meling snow or sicam
development

Several leak detection methods can be used
similianeously o locale damage.

9 ENVIRONMENT
9.1 General

Disirict heating water ks alkaling, having typically a
pH-value of 9.5-10. Depending on what chemicals
are added 1o the water, it may e harmiul for the
environment if it is discharged in large quantitics.
Hydrazine-containing water may be harmfiul even
in small quantities if it is consumed as drinking
waler or splashed on skin.

Specifications concerning the internal environment
are drawn up by industrial safety authorities, while
those for the external environment are draw up by
environmental protection authorities. The
specificationd and the authorities responsible for
them vary from country to country, The safety
measires discussed here are therefore those
commonly accepled.

The owner of a plant is responsible for sesing 1o it
that walid regulations are observed.

9.2 Chemical inhibitors

Safety regulation brochures reganding handling and
transport have been issued for all chemicals
considered to constitute a risk for bealth or the
environment. They are available from the supplier.

Table 9.1 indscates the area of application and
protective equipment for the chemicals most
commanly used in the district heating Hicld. As the
wie of hydrazine is permiited and ar the same time
suhject 1o debate, it is discussed in more detail in
the following section.



§.2.1 Information about hydrazine
9.21.1 General

In sccordance with the insireciions of the Swedish
Industrial Safety Board (AFS 1987:12), hydrazine
is included in the lmit-valoe lisi, because:

it can be absorbed through skin

it hax cancer-inducing propertes

it has sensitizing {allergy-inducing)

propertics

The hygienic limit value for hydrazine
concentration in air, that is, for hydrazime as an air
pellutant, is set at 0.1 ppm or 0,13 mg/m’". The
concentrathon can be thus given cither in Hires of

gas {vapor) per million Hires of air {(ppm} or in mg
per m' of adr.

9.2.1.2 Toxkological effects

The limit value indicated above is not based on any
absolute or sharp limit set by medicing between
harmful and harmless concentrations, Even if a
hydrazine alr concentration that s equal 1o the limis
value poses, as a rule, no health risk or only an
insignificant health risk, an effort must be made 1o
keep hydrazine content as much as possiblc below
the limi value,

9.2.1.3 Absorption through skin

Hydrazine is a substance that casily penetraics the
akin. Therefore, special measures have o be taken
to prevent intake through skin, particularly when
working with copcentrated solutions, For example,
chemical protective clothing must be worn
whenever hydrazing is handied,

9.2.1.4 Handiing

The plants normally use a 15% hydrazine solution
{24% hydrazine hydraie), which is diluted further
for normal application doses. Thus, the work
imvolves very diluted water solutions of hydrazine,
which allows the assumption that the limit value is
not reached in premises where for example

i .r]

handling and dosing of hydrazine take place. This
is apparent also from the measurements conducted.
Should small quantities of hydrazine be spilled on
the Moor, the hydrazing in the air naturally
increases, and the Moor should e rinsed a8 soon as
possible with lols of water.
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9.3 Water treatment plants

When sofiening or desalination facilitics are

regeneratid, a surplus of regeneration chemicals
stays in the wastewnter. They may be harmful and

therefore need 1o be treated before discharge. 10.2  Finska referenser
Among other things, the pH of the water from a I, Limpdlaitosyhdisiys ry. Suositus
desalination facility must be adjusted. It is KK/ 1988 S

recommended thar the specifications of local F

authorities be fol} | 5 Lampdladiosyhdistys ry. Rapomi
KK4/ 1988

. 10,3 Islindsks referenser
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I0.1  Danska fefercnser Encrgy Utilization Syslems, Jamiary

1. Danske Fjernvarmevacrkers 1961. (DOE/RA/ZI006-1).
Forening: Vandbehanling ved 2. Eliasson, E.T. et al: Corrosion of

Mild Sieel in Wer from Feelandi
Low Temperature Geothermal

Fiermvarmevaerker. 1988,
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APPENDIX

Examples of different trestment methods for
district heating water

The following examples illustrate treatment of
district heating water ol plants representing different
sires

Example 1 (<35 MW)

This example refers 1o small and auxiliary neiworks
with plants of up 1o 5 MW with expansion tank
equipped with rubber bladder., Narmally, plants of
this size have small volumes of makewp water and
waier in the network. The makeup WaleT can consist
of mw water, provided that leaks are nol 100 lurge
and thai hardness level &5 nof too high. The waler
can be deacraicd chemically, thal s, by applyving
sotne oxygen-roducing chemical.

The pH is adjusted 10 >9.5 by applying sodium
hydroxide.

Control of makcup water gquantity is important.
Increased volume of makeup waler i accompanicd
by a risk of film formation and corrosion. IF
hardness exceeds 1 “d, doses of oxygen-reducing
chembcals miust be increased and softening with
mamal regeneration must be carmied out.

Control analyses shall include e anabyses indicated

in Table 6.1,
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Examples 2 and 3 (5-10 MW)

Examples 2 and 3 refer (o permanent plants ranging
from 3w 10 MW with expansion tinks equipped
with onc-way valves and stcam cushions. Makeup
waler quantities are normally relatively small, and
deacration is done chemically. If the hardness of
raw walcr exceeds 1 "d, it s recommended that the
waler be soflened by means of filiering, with
AuHnatic regeneralion.

Comtrod of makeup water quantity is imporiant.
Increased volume of makeup waler is

by a risk of film formation and cormosion. 1F this
happens, sofiening and increased dosing with
oxygen-reducing chemicals or thermal deaeration
mizsd be performed.

The pH is adjusted to >9.5 with sodium hydroxide
trentnient.

Analytical comtrol must include the analyzes
indicated in Table 6.1,
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Example 4 (10-50 MW)

Exnmple 4 illustrates permanent plants from 10 1o
50 MW, with feed water tank and thermal

deacration. Make up water is softened and network
warer is cleaned mechanically in bypass filier,
Partial fMlow through a filler is adjusted in
accordance with circulation flow; recommended
percemage is 1-3. 1T raw waler leaks in, it is
recommended that partial flow be equipped with a
sofiener in series with mechanical filter,

Control of makeup water quantity is imporant for
lcakage detection.

pH is adjusted 10 > 9.5 with sodium hydroxide
ireatment.

Analytical control must inchede the analyses
indicated in Table 6.1.
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Example 5 (> 50 MW)

Example 5 illastrates permaneis planis above 50
MW, with feed water tank and thermal deacration.

Makeup water is sofiened or desalinaied, and
network is cleaned mechanically and by ion
exchange in bypass filier, Pamial Mow through

filters is adapied 1o circulation Mow; recommended

percentage 15 1-3.

Control of makeup water quantity is importani for

leak detection.

pH 12 adjusted 10 >9.5 with sodium ydroxide
treatment.

Analytical control must include the analyses
inaticated in Table 6.1.
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NORDVARME :

DFF [Association of Danish Disirict Heating
Ploanes |

LLY [Registered Association of Heating Plants,
Finland]

FNE [District Hesting Association, Union of
Norwegian Encrgy Planis]

SIH [Association of lcelandic Heating Planis)

VVF [Swedish District Heating Organization]
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EVALUATION OF CLOSED WATER
CORROSION INHIBITORS AND IN SERVICE
REMOVAL OF CHROMATE DEPOSITS IN
CLOSED WATER SYSTEMS

Johin A. Gray, €. Chem.
Senjor Technical Consuliam
Gorace Dearborn Ine.

o the
Grace Dearborn Indusiry Seminar

Holiday Inn Crown Pluza
New York City, New York
19-Jul-94

Technological sdvances in closed hod and chilled
water sysiems have made necessary the assessment
of the available types of closed water treatments,

The ideal closed water inhibitor that will meet
todday’'s ten major water conditioning requircmenss
shaould bhave the following properiics:

L. Effective corrosion inhilitor for both
Nowing and static operating comnditbons,

l. High emperaiure - i water heating
system.

Il.  Low iemperature - chilled water
system.

18 Effective scale and studge inhibitor,

1. High iemperature - hof water heating

AyKbem.
. Non-putriem for biological growth,

IV, Wil not break down to form undestrable
1ype of products.

Y.  Low inorganic solids - will not affect
recirculating pumps, seals and glands.

V1. Buffers pH so that it will not be corrosive 1o

amphoteric metals or alloys,
VII. Non-polluting.
VI, Non-tokic.

¥. Colourless, non-sizining.

X.  Sumple and accurate lest method,

There are three potential major water conditioning
problems that must be effectively controlled in
onder 10 maintain o soccessiul waber conditioning

program.
. Corroshon,

.  Scale and sludge deposits.
. Microbiological growth.
1. CORROSION

Corrosion stiack n a closed water sysicm resulis in
the boss of metal and the formation of insoluble
cormosion products, Metal boss will result in cosly
repairs, possibly including replacement of
equipment and piping.

The various types of cormosion that may occur ina
closed waler system are:

I, Oaygen

Increasing the temperature of a closed water
Evkiem releases mascend oxygen and resulis in
an accelernicd incroise in corrosion {Figure
I, page 28).
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1.

Iv.

Alkaline ph

Alkalipe pH waloes above 9.5 will ansck
amphoteric metals and alloys such as
alumimim, brass, etc. The addition of
silicates will prevent this alkaline atmck up
i & pH of about 11,

cidic gl

As the pH value decreases from 3.5 in 4.5
the corrosion rale increases. Ata pH ol 4.5
or below, free mineral acidity (FMA) is
present and regardless of the corrodbon
inbibitor present or s concentration, o
serious cormosion ansck will occur,

Uneler Deposit Cell Type

The accumilation of suspenided solids on a
metn] surface may resoll in under-deposit
cell wvpe corrosion siack.

Anperobic Bacteria

Anacrotic sulphate reducing bacteria may
develop in the absence of oxygen on the
metal surface beneah deposits. This type of
anaerobic hacteria ks very corrosive and
regardless of the tvpe of corrosion mhibiwor
being used or its concentration, this serious
corroston aitack will continue,

However, thin anaeiolic bacteria can be
destroyed by

I. Removing the deposit buildup from the
metal surfsce.

2. Applying a suitable biochde that can
effectively penetrate through the deposit.

¥l

WIL.

High | ie Dlissolved Solid

As the conductivily or the ionkred inorganic
iodal dissolved solids, and in particular the
sulphiate and chloride ons increases, the
Corrosion rame i accelerated. The application
of sodivm sulphite in & closed system that
has a high air (oxypen) ingress could
accelerate i this type of corrosion attack.

Galvankc (Dissimilar Metals!

Conpecting two dissimilar metals that ate nol
close 1ogether in the electromalive series
without proper insulsiors will cause 5 serious
corrosion atack on the more reactive melal,
This corrosion mtack will occur regardless
of the corrosion inhibilor present oF jis
concentration. (Figure I, page 24,

SCALE AND SLUDGE DEPOSITS

The sccumulaiion of objectiomable scale and shdge
deposits interfiene with the normal operation of a
chilled waler sysiem bry:

L

ML

Iv.

Plugging or reducing flow rates through heat
exchanger ubes, onifices, valves, strainers
amd Teed lines 1o alomaric sensing
instruments.

Impeiding heat tranafer rares in beal exchange
L P

Retarding the formation of a strong
protective cormosion inhibitor film on the
meta] surface,

Provading an insulating environment for the
farmation or corrosive tvpes of anacrobic
bacteria such as the sulphate reducing
EpoCics.

Producing under deposit 1ype corresion cells
on ihe metal surface.

L]



L Calcium and Magocsium

The temporary hardness content of makeup
water, which is composed of calcium and
magnesiim bicarbonaie, will break down o
form scale and sludge deposits under the
following conditions:

High alkaline pH values, high metal skin
temperatures at the heat exchanger and high
hot waler temperatures (above 160°F) can
produce objectionable calcm carbonmbe and

magnesium hydroxide deposits.

The use of softened or dealkalized makeup water i
recommended whenever the makeup water has a
high temporary hardpess content and/or o large
volume of makeup waler 18 cominually being
required by & system.

1. Coposion Products

The reactlon prodicts of cormosion in a
ferrous and pon-ferrous chosed waler sysiem
are pormally the insoluble oxides of iron and

copper.
m. Chromae Reduction

The presence of organic contaminants,
glycol, oil, grease, eic. in a chromate treated
sysiem will result in the reduction of
chrosmaie which will form insolihle chromic
hydroxide deposits,

v, Silicale Treatment

The use of unsofiened makeup waler in 2
silicate treated system will result in the
formation of very objectionable cryvalline
deposits of calcium silicate.

MICROBIOLOGICAL GROWTH

Micrebiological growth (aerobic andlor anaerobic)
is objectionable in a closed water system singe i

n

1. Plugs or reduces flow rates through beat
exchanger fubes, orifices, valves,
strainers and feed lines 1o sutomatic

II. Impedes heat crapsfer rates in heat
exchange equipmenl.

IHl. Retards the formation of a strong
profective cormasion inhibitor film on the
meetal surface.

IV, Provides an mnsulating enviroament for
the formation of corrosive types of
anacrobic bacteria such as the sulphate
reducing species,

REVIEW OF CLOSED WATER CORROSION
INHIBITORS

In assessing what closed waler corrosion mhibitor i3
the most cost efficient and effective. for a paricular
syitem, it i necessary that their specific advamages
and disadvantages be evaluated.

L. CHROMATE INHIBITOR

Chromate was the first widely sccepied
corrasion inhibitor that has and il sets the
standard for corrosion prevention. However,
the pollution aspects of chromate and iheir
pitack on the seals and glinds of
recirculating pumps has resulted in many
sysiems beimg changed io more acceplable
type of inhibiiors.

CHROMATE
ADVANTAGES

L Excellent cormdion ishibitar for fernous amd
non-fermous metals in both Nowing and siatic
ookt

II. The pH of the closed waser can be
effectively bulfered by a blended alkaline
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Iv.

I,

product to the desired pH range of 9.0 10
9.5, (Figure I, page 30).

Bacieria may develop at chromate
conccmrations below 700 ppm, while al
chromaie levels higher than 700 ppm,
bacteria will not normally grow.

Duick and accurate colourimetnic titration
test methidd,

CHROMATE
DISADYANTAGES

Considered (o be a pollutang a1 the level
pormally maintained in a closed system,

The yellow codour of chromate will stain
carpets, drapes, eic.

May cause skin dermatitis reactions.

Will damage glands and seals of circulating
pumps when the chtomate concentration is
over 300 ppm as Cr0,*,

Requires a high level of treatment that
resulis in the formation of objectionable
deposiis wherever there is a leak in o sysiem.

Not compatible with organic compounds,
such as ethylens glycol, oil, grease, ewc. and
will form objectionable chramic hydroxide

deposing,

* MACE Task Group T-7G-1

BORATE-NITRITE INHIBITOR

Borme-mitrite inhibiors replaced chromane
peoducts in many systems. They are also
excellent corrosion inhibitors in both hot and
chilled water systems, Unforunaely, borae-
nitrite ireatment has gained disfavour as a
result of the nitrite Inhibilor being a nutrient
for bacterin, The growth of bacteria has

1.

118

v,

Y.

1.

caused objectionable deposils and odours,
Frequent shock dosages of biocide have ot
really been completely successul in
preventing the growth of baciena.

BOBATE NITRITE
ADVANTAGES

Excellen corrosion imhibior for ferrous and
newi-ferrois metals in both Nowing and static
conditions.

Considered 10 be non-polluting.

Compatible with ethylene glycol treated
Sy RICm.

The pH of closed water is builered 1o the
desirable range of 9.0 to 9.5 or about 10.5 if
a silicate inhibinor is presend.

Colourless and therelore is non-stainkng 1o
carpets, drapes, cic.

ubck and sccurale colourimetric tirnson
tesl meihod,

BORATE NITRITE
DISADYANTAGES

Promoles bacteria growih as o motrient that
results in the formation of objectionable
deposits and odours.

Requires a high kevel of reatmens tha
results in the formation of objectionable
deposits wherever there is a leak in a
system.,

HYDRAZINE MORFHOLINE
INHIBITOR

A hydrazine morpholine inhibiior was
introduced a3 & “non-solids® type treatment
that would pot affect the seals and glands of
recirculating pumps. However, since

33




L.

VL

VI,

Wil

hydrazing hns been reporied as & suspecied
carcinogenic compound, this product is being
replaced in many systems with ron-toxic
type treatments.

HYDRAZINE MORPHOLINE
ADVANTAGES

Good corrosson inhibitor for both ferrous and
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non-ferrous metals in both Nowing and static g

comsditsomns

Since hydrazine and morpholine are organic
compounds they will not affect the seals and
glands or circalating pumps.

Will not form objectionable deposits
wherever there is a leak in the sysiem since

both hydrazing and morpholine are organic
compounds.,

The pH of the closed water is buffered 1o the
desirable pH range of 9.0 10 9.5.

Mon-nuirient for bacteria growih.
Considered to be non-polluting.

Colourless amd therefore is non-staining 1o
carpets, drapes, ele.

Cuick and accurate colourimeinic thtration
teal method.

HYDRAZINE MORFHOLINE
DISADVANTAGES

Hydrazine i3 a suspecied carcinogenic
compsmEl,

Hydrazine, under cemain catalytic
comlitions, will break down o form
ammonia. Ammonia will in the presence of
oxygen, aggressively attack copper andfor
copper bearing alloys.

Ethylene glyeol contamination breaks down
over & periced of time 1 form acetic acikd
(Table 1, Page 31). Acetic acid will
neuiralize this alkaline ishibitor apd
depending upon the amount of acetic ackd
produced, it could lower the pH 1o a
corrosmve bevel. Additional morphaline
would therefore be rexquired 10 maintain the
PH value in the desired range of 5.0 to 9.5.

SULPHITE-CAUSTIC SODA OR SODA
ASHINHIBITOR

Soddium sulphite-coustic soda or sodium
sulphite-soda ash rype treatment s main
alvantage i§ s low toxicity and non-
polluting propenies. However, il a system
has air (oxygen) ingress problems, the
sodium sulphite dosage requitemens can
become cxcessive. The sodium sulphite
chemical reaction with oxygen s a follows:

INa,S0, + O, = 2Na,SO,

Sodinm Sulphite Oxygen Sodium Sulphate

.
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SULPHITE-CAUSTIC S0DA OR SODA
ASH ADVANTAGES

Good corrosion inhibitor for femmoas and
now-Terrous metals in both fowing and static
comditions,

Colourless and therefore is non-staining 1o
carpets, drapes, eic.

Considered 1o be a non-polluinmg and alse
Pan-oxic.

Non-nutrient for bacteria growth,

Compatible with ethylene glyveal tresizd
Fysicm,

Quick and accurate colourimelric titration
test method,
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SULPHITE-CAUSTIC SODA OR SODA

ASH DISADVANTAGES

Adr [oxygen) ingress in a system will result
in the formation of high sulphaie
contenrations. Excessive sulphate levels
may result in:

A, Damage w glands and scals of
circulating pumps.

B. Formation of objectionable deposits
wherever there is a leak in a system.

€. Corrosion polential increased.

Thie addition of cither caustic soda or soda
ash must be carefully controlled, so that the
pH of the closed water sysiem is pot allowed
1o rise above 9.5, If the pH exceeds 9.5, 2
serigus corrosion attack could ecour on any
amphoteric metal or alloy in the system
regardless of the sulphite content presemt.

Sulphite can be contributing factor in
cracking the mechanism of stainless steel
expansion bellows,

SILICATE INHIBITOR

A silbcate based treatments main advantage |5
that it is non-toxic, and a non-polluzant type
product. Unforunately, unsoftensd makeup
waler cannot be tolerated due to the
formation of ebjectionable crystlline silicale
iype deposits. Also, under prolonged "static®
conditions, a silicate inhibiior canpot provide
effective comrosion protection.

2ILICATE
ADYANTAGES

Good corrosion inhibitor for ferrous and
non-ferrous metals under flowing conditions.

Il. Mon-nutrient for bacteria growih,

. Coloorless and therclore s pon-siainmg o
carpets, drapes, eic.

I¥. Comidered 10 be a non-polluiam, wd also
non-loxic.

V. Compatible with ethylenc-glyeal treated
sysbem.

V9.  Most economical of all corrosion inhibiiors.

WIl.  Quick amd accurate colourimeiric comparator
method.

SILICATE
DISADVANTAGES

I. Mot suitable as a corrosion inhibitor for
*static* operating conditions for extended
periods of time.

1L, Sofiened (no hardness) makeup water is
required 1o prevent the formation of an
ohjectionable crysialline calcium silicate type
deposits,

MOLYBDATE INHIBITOR

A patenied molybdate based, newtralizing amine,
arole, polymer type product, was introduced 1o
provide a treatment that would climinate the
objections of the previously described closed water
inhibators.

The only problem observed with this treasment is
that acetic acid, which is the decomposition product
of ethylene glycol, will peutralize the amine present
in the molybdate formula, Therefore, additional
neutralizing amine is required 10 raise the pH of the
closed waier 1o 9.0 - 9.5 in order o prevent
corrosion from ocowrring in the sysicm.
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MOLYBDATE
ADYVANTAGES

Excellent corrosion inhiblior for ferrous and
mon-ferrous metals in boith Nowing and static
conditlons,

Colourless and therefore non-staining 1o

carpets, drapes, erc. Quick and accurnie
colourimeiric comparator method.

Considered 1o be o non-pollutant and also
pe-bax ke,

Mos-mutrient for bacteria growth,

The pH of the closed waler is buffered 10 the
desirable pH range of 9.01 9.5,

Compatible with ethylene-glycol reated
sysbems.

Low inorganic solids present in this inhibitor
and therefore, will ot damape scals and
glamts of circulming pumps.

Will not form objectionable deposits
wherever there is a beak in the system due (o
ihe low morganic solids preseot in the
product,

MOLYBDATE
DISADYANTAGES

Ethylene-glycol contaminathon can cause
break down over a period of time to form
scetic acid, Acetic acid will neutralize the
alkaline buffer. Depending upon the amound
of scetie scid produced it will lower the pH
o o corrosive level. Additional neutraliring
amine buifer must be added to maintain the
pH value in the desired range of 9.0 to 9.5 in
order 1o protect the system from corrosion.,

IN-SERVICE REMOVAL OF CHROMATE
DEPOSITS FROM CLOSED WATER SYSTEMS

Closed waler systems trepted with a chromeate
inhibitor has resulicd over the years in the
accumulntion of a contiderable amount of

objectionable deposits.

These deposits can cause the following operational
problems:

1. Plugs or reduces ithe flow through
orifices, valves, strainers and feed lines
to automatic sensing control
Instnsments,

Il Impede or prevent flow through heat
eachange equipment andlor piping,

1. Retards heat iransfer rabes through heat
exchange equipment.

IV, Increases the opporiunity for under

deposit cell type corrosion,

V. Inderferes with ihe formation of a sirong
corrosson inhibitor film oo the metal
surface,

V1. Provides an environment for the growth
of corrosive anserobic type bacteria.

Chermical analysis of ihese deposits show that they
are about Y chromous oxide, ¥ iron oxide and Y&
organic matter.

The chrommaie inhibitor b been redoced o the
insoluble chromic hydroxide by ethylene glycol
contmmination in the closed water system. This
contaminant has entered the system from the chilled
waler coils. When the cooling season is over these
coils are “winterized” with ethylene ghycol
antifreese, o protect them from freezing and
rupluring the coils.

Before these coils are put back inlo service they are
drained and Mushed, However, our expericnce has



shown that all the ethylene glycol is not always
compleiely removed from these coils and
unfortunately it enters the closed water sysiem when
they are pul back into service. Analyses of various
chilied water sysiems has shown the presence of up
o 1500 ppm of ethylene glycol presemt which has
resulied in the formation of objectional chromic
hydroxide deposils.

MoMaster University, Hamilton, Ontario have
developed a unique methed in which they have
modified their supply fan ducts so that a flexible air
duct can be connected to the chilbed water coil, The
coll is disconnected, drained and the supply sir duct
is attached. This procedure allows the coils 10 be
laid up dry and thesefore not require amy ethylene
ghycol.

Dur research depanment iried various iypes of
cleaners to dizsolve this deposit such as:

I. Chelating, complexing and sequestering
compeinds,

I1. Detergents, dispersants and wetting
agenis.

111, Polymeric compounds.

IY. Inhibited sulphamic acid.

V. Inhibited muriatic acid,

The above cleancrs were evalusied o determine
which onc or a combination of them was most
effective in dissolving this deposit. 1t was found that
a B 10% solution of inhibited meriatic scid at
pmbicnl temperanere for six hours, was the most
elfective and suitable type cleaner.

Unfortunaiely, inhibited muriatic acid will
aggressively pitack any amphoteric metal or alloy
such as magnesium or brass, Since these types of
msctals or alloys are normally present in closed
waler systema, therefore inhibited muriatic ackd
could mot be used,

Our research laboratory reasaned thal since this
deposit was formed from a “reduction” reaction,
could it not be reversed by introducing an
"oxidization® reaction?

Hydrogen peroxide was schecied ns the most sdeal
and effective oxidizing agenit for the Tollowing
TEASOMNSE!

1. Iowould oxidiee and redissolve the
chromic hydroxide deposit into soluble
sodium chromate, which would again
act a8 an effective corrosion inhibitor,

I, The strong oxidizing properiics of
hydrogen peroxide would desiroy any
living biomass and also burn up any
dead microbiological matier,

1. Hydrogen perotide s nop-cormosive 1o
ibe metals and alloys in a closed system
and it has no effect on the protective
chromae inhibitos fillm.

I¥. Rubber and symbetic type rubber

products, are unalfecied by hydrogen
peroxide,

¥. Any insoluble matter that is released by
this redox reaction can be effectively
removed from the closed sysiem by the
in-line filiers or o sand filier,

¥1. When the cleaning operation has becn
completed, it would nol be necessary o
drain, Mush and refill the sysiem with
fresh makeup water and a chemibcal
inhibitor.

This unique cleaning procedure was performed o
three Southern Ontario Universitics. All of these
universities hod used a chromate inhibitor for many
yvears and had experienced ethylene glycol
condamination in their chilled water systems,
Dbjectionable chromic oxide based deposits were
present and therefore they all agreed 1o using
hydrogen peroxide as an in service cleaner.

Hydrogen peroxide at a pH of 9.5 1o 10 will
redissolve chromic hyvdroxide by the following
redox chemical equation.

LT



HI0, + 2CHOH), + 4M8O0H = INa,CrO, + RH,O

103 e, 306 b V60 Ihs, X34 Ba. B4 e
Hydropen Cheomic  Caunsic  Sodiem  'Wier
Peroasle  Hydmoide Sods Chicinass

Therefore, 306 Ibs. of 33% reactive hydrogen
peroxide will redissolve 206 Ibs. of chromic
hydroxide.

Sufficient 35% hydrogen peroxide should be sdded
to provide 1000 ppm of 100% reactive hydrogen
peroxide concentration in the closed water system.

The hydropgen peroxide oxidizing reaction with the
chromic hydroxide deposit resulis in a lowering of
the pH of the chilled water. It is essemiial that for
this redox reaction to stoichiometnically go to
completion, the pH must be maintained between 9.5
0 10, Coaustic soda or soda ash should therefore be
applicd when required, 1o mainiain the pH value in
this desired range.

A 150,000 1.G. capacity chilled waler system was
cleaned with hydrogen peroxide while it was in
service,

The Iydrogen peroxide was pumped direcily from
the drum indo the chilled water expansion tank,
which had been partially drained prior 1o the
sddition of the oxidizing ¢leaner.

Approximately 5,000 [bs. of 35% reactive hydrogen
peroxide was added in two stages, in order to obtain
1,000 ppy of 100% reactive hydrogen peroaide in
the sysiem.

The in service cleaning operation was contimeed for
4% months, During the cleaning period about 592
fbs. of inzoluble chromic hydroxide as Na,Cr0, was
redissolved from the system. Caostic soda was also
madded when required throughout the cleaning, to
maintain the pH of the chilled water in the required
range of 9.5 o 10,

In addition o redissolving 592 Ibs. of chromic

hydroxide deposit as Na,CrQ,, the system was abo
sterilized and both dead and alive bacteria were
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desanoyed. The wtal bomass of be chilled waler
system was reduced from 2.8 nanograms’ml. 1o
0017 nanegrams’ml., which clearly indicates the
elfective disinfecting propenies of hydrogen
permnide.

Corrosion rates obtained during this 4% month
cleaning operation showed only 0.20 MPY and 0.29
MPY on steel and copper strip fYpe cormosion test
coupons respectively. (TABLE I1, Page 32). These
corrosion rates clearly show the effectiveness of the
redissolved chromate in providing excellent
corrosion protection during the cleaning period.
During the cleaning period 45,000 1.G. of makeup
witer was added to the systém and the chromage
level as Na,Cr0, averaged about 450 ppm. The
chromate content as Na,Cr0), prior to the addition
of hydrogen peroxide was 300 ppm and it increased
during the cleaning operation o 460 ppm, which is
an increase of 260 ppm as Na,Cr),. Therefore, a
chromale inhibior treatment was mol requaned
during the 4% month cleaning period, since the
hydrogen peroxide oxidized the insoluble chromic
hydroxide deposit back 1o the soluble chromate
{corrosion inhibior) siate,

No operational problems were encountered as a
result of the in service cleaning operation. It was
also not neocssary io drain and Mush the system
afier the cleaning was compleied since po
ohjectionable reaction products were produced. The
in-line filters were able o effectively remove any
suspended solids that were released by the hydrogen
peroxide and therefore the chilled water remained
clear,

CAUTION - All the required precautions for
handling a strong oxidizing chemical like hydrogen
peroxide should be carefully followed,

The author wiould personally like 1o thank John
Daly of cur Research Department for developing
ibe in service cleaning concept. We also preaily
appreciated the excellent co-operation and
assistance by ihe managemen and stafl of the
phiysical plant department af the universitics i the
universities which performed the cloaning of iheir
chivsed systems.
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CORROSION PROTECTION STRATEGIES
FOR HOT WATER MSTRICT HEATING
SYSTEMS: TWO CASE STUDES

Joanna Bellamy, Rob Brandon, CANMET,
Matural Resources Canada

ARSTHACT

Corrosion of steel district héating pipes can cause
premature failure of what s ofien the largest
imvestment of a new disirict heating system.  Two
general strategles cxist for preventing corrosion in
digiribution pipes. The first, and most comimion in
Morth America, involves the opgomg sdditben of
chemicals to pretreated sysiem waler that act as
corrosion inhibitors by forming passivating films on
pipe surfaces.

The econd method involves pretrenting feed water
Isefore it enters the sysiem @ remove dissolved
minerals and oxypen and maimaming this waler
fquality carefully, The only chemical adkded 1o the
system is NaOH in order 1o maintain a pH of 9.5-
10, Because of leakage from the systcm and the
need for ongoing makeup, many sysiems have
contimious trestment of a panial stream. This
sppraach is widely employed in European svstems.

The application of the two different srategies is
examincd in two existing North American systoms
and the two sirategics are comparcd on the basis of
elfectivencss and cost,

INTRODUCTION

Water treamment programs ane important for district
encrgy System Operators in order 1o prevent
shuidowns and replocement costs associaed with
corrosion of district heating pipes and other metallic
components in the system. A related problem is the
buildup of scale on pipe and heat exchange surfaces
which can lead 1o both poor heat transfer and high
returt iemperatures. as well as increasing the
pressure drop and hence the operating costs in the
diseribution system.

Although the objective of this paper is to look at the
engincering approaches for preventing corrosion
rather than examining in detail the chemistry
invodved i the corrosion proocases, i 13 IMporant
io understand the conditions which lead o
destruction of steel distribution pipes.

Cormosion can be defined as any chemical or
clectrochemical reaction which leads 1o the
degradation of a metal. However, in the comext of
district heating pipes, it has been described as
osygen-reducing and hydrogen-generating attacks
that result in both uniform and localized
degradation of the inner and owter pipe surfaces,

The Mordvirme Association Working Group on
Water Treaiment proposes the following sirategy
11

1. Filter raw water to remove suspended

particulates, Ongoing filtration of a partial
siream s also recommended o remove

corrogion products and to minimize the

occurrence of erosion.

L &)
.

Solten water [o remove The Ca and Mg ions
respomsibde for the formation of deposits amd
scale through jon exchange. Alernaively, the
waler can be {more compleiely) dewonized
throwgh sequential bon exchange or through
MEvErse osmsis, 1o remove Ca, Mg and other
jons which comritue (o deposition, pitting and
stress cotrosion.  The conductivity of the water
will also be reduced in this way,

I should be noved thar mest inductive
flowmeters require a conductivity of =25
#8/5em [1]. Demineralization is more effective
ithan softening bul has higher associsted capil
and operating costs, Hecomménded hardness
levels [(mmol (Ca + Mghkg water)] are
<0.178 for indirect systems and < 0.018 for
direct systems 10-100 MW in size [1].

3. Remove oxyvgen through thermal deacration or
chemical deactivation, Deaeration distils off
oxygen a5 well as some dissolved carbon
dioxide and is usually accomplished by Mowing
water over a large heat exchange surface,
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coundercurrent 1o steam. [n chemical
deactivation the removal of dissolved oxygen is
achieved by reacting the oxygen with chemicals
such as sodium sulphiie or other oxygen
reducing agenis (including tanning).

Reaction of sodium sulphite with oxygen:
Na,50y + 1720, —> Na50,

The recommended level of oxygen in district
heating water is <0.02 mg Oykg water [1]

Raise the pH to 9.5-10 by adding NaOH 10
assist in preventing corrosion. Less MaOH
will be required for systems which employ
deacration in the system makeup water since
this process removes most of the C0, in
addition to O, present in feed water.

Monitor the system during operation. I ks
recommended ithat samples of the pipe material
bz placed in continmsous contsct with the
circulpting system water and extracied and
weighed afier various periods 1o determine the

extent of degradation.

The limitation for this five swep approach is that
ihe sysiem must be tighi, tart i, the leakage of
air or pxygenabed waler indo and ireated waler
from the sysiem must be minimal. In such
systemas the initial corrosion of the steel uses
up most of the dissolved oxygen and the sysiem
then siabilizes.

This paper outlines for hod water sysiem
operaiors the advaniages of each approach - as
well as limitations. CANMET also has an
interest in developing a water treatment
procedure that is compatible with the we of
drag reducing additives. We believe that the
European strategy might be o good way of
doing this as cernain corrasion inhibiors have
been found to inhibit the effectivences of these
new additives.

CHARLOTTETOWN AND UNIVERSITY OF
PEI SYSTEMS - An example of the Evropean
approach

Two separate district heating sysiems are owned
and operated by the PEl Energy Corporation,
{recently purchased by Trigen Canada), onc in
dowmsown Charboticiown and one ai the Universiny
of Prince Edward 1sland in Prince Edward Island,
Canada. Both systems are hot waler hased amd
provide heat year round at supply lemperiores
ranging from B0*C-120°C through a total of 18 km
of steel distribution piping. Currently the
combined systems have 72 buildings connected with
a peak load of approximately 21 MW,

When the systems were constructed, staff at the PE1
Energy Corporation decided to adopt the same
principles of the European sirategy for corrosion
protection. The objective was 1o keep the ireatment
as simple as possible; they fell that it would always
be possible 1o add inhibitors later if required, They
knew that the systems would be closed, and
expecied that they would be fairly tight and so
wiould be suitable candidates for this type of
ireatment approsch. @ was also el thal municipal
building inspeciors woubd be more comfortable with
the use of domestic hot water single wall hest
exchangers if the wse of chemical sdditives was

The PEI sysiems use the following water ireatment
sirategy.

During the initial filling of the sysiems the only
pretreatmen is 10 sofien the feed waler 1o reduce
ihe iodal hardness (o zero, Oxygen present in the
water is depleted rapidly through initial corrosion
reactions. The pH is raised 10 9 by adding sodhim
hydroxide.

The stralegy for cngoing treatmend is 1o

1. Maintain pH a1 9 by sdding sodium hvdroxide
1o raise the pH, or sulfamic acid 1o lower it.
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Fig. 1 - Water ireatment in the University of PEI district heating sysiem

2. Filier the system water through a bag filter 1o
remove magnetite (5% of the flow is filtered
per pass).

3. Inthe UPE] system, deacrated makeup water is
supplied to an expansion tank that has a steam

blanket 10 prevent oxygen pickup,
The treatment for makeup water i

I. In both systems, to soften the water through
solim zeolde on exchange.

2. In the Charlottetown sysiem dissolved gases in
the makeup water (CO, and 0) are removed
by stenm deacration from the boller makeup
sysicm.

The pH is held at % 10 prevent damage (o copper
pipes in the system's ELGE heat exchangers which
might occur at high pHs and 10 prevent damage to
steel pipes that occurs below this. Both sysiems
operate at a pH of 9-9.5 rather than 9.5-10 because
of (he proportions of copper and tron in the
syatems, Maognetite allowed to accumulate in the
SYSIEM Can cause croskon in tube bends and in
regulating valves and can cause incorrect melering
in induction Nowmeters. A schematic of the water
treatmend process in the university system ks shown
in Fig. 1.

Because the practice of using & simple waler
treatment approach was unusual at the time of
construction of the system, the corrodion rale wWas
monitored fairly carefully through the use of
corrosion coupons inserted in the system and
laboratary tests of the system water . The sivel
coupons were removed afier 30-day and 12-month
periods and indicated that a negligible amount of
corrosion ok place (Table 1). Laboratory
analyses of the water in the system confirmed this
by not showing an increase in metal products.

The use of coupons was fell o be a low cost
methad of monforing the bealih of the sysiem,
Monitoring was contracted to o water trealment
company on the premise that they would be
examining the test results very carefully. The
results showed an increase in corrosion products
when the system was exiended in 1990, The cause
wias iraced back 1o excessive use of a bodler plani
softcner sysiem during initial charging of a system
expansion al the PEl Home resulting in unsoftened
waler getting inso the sysiem.
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Tabile 1: Results of coffosian tests b the
Charlottetown and UPE] sysiems

Thate T peny Dy of  Corrosion raie
i Lalhur gy LR TE

U0 duly®s Mildmesl 30 0.0 mpy
6 June/O0  Mikdseel 23 0. 108 mypy
13 June] Ml wesl 368 0. 18 mpy
22 iyl Mikdsieel T 013 mpy

[mpy = mils per year. General corrosion rates of
< 0.5 mpy are considered moderate, <0.1 mpy are
considered good and <0.01 mpy are considersd
cxcellent. |

The sysiems have been operating for 10 years and
no failures have resulied due 1o corrosion, with the
exceplion of a small leak due 10 external cormosion
at @ joint muff where water had leaked into the
insulation,

Afer six years the monitoring by using corrosion
coupons was scalod back as the resulis did not
change. This summer, s1aff at the Encrgy
Corporation will stant the monitering process again
when the system is extended.

MSTRICT ENERGY 5T. PAUL DISTRICT
HEATING SYSTEM - Corrosion prevention
through wse of corrosion inhibitors

The 5t. Paul district heating system provides heal o
approximately 75% of the downtown 51, Paul area
through 47 km of steel and copper distribution
piping in two scparate networks. The peak load is
131 MW, The customers’ internal piping systems
are connecied to the hot water disiribution sysiem
through custiomer-owned heat exchangers. The
system is hot waler based with supply iemperatures
ranging from B8°C-120"C.

[nitially the sysiem was filled with unsofiened city
wader 10 which a corrosion inhibitor was sdded.
Makeup water is now softened before it is added 1o
the system. The system fuid is moniored every
other day by the plant operator 10 ensure that the
corrokion inhiblior concentration, conductivity,
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hardpess, iron concentration and pH levels are s
the recommended levels.

Labormory 1esting and waler treatment are
contracted oul o a chemical treatment company,
To confirm the effectiveness of this treatment
procedure corrosion coupons are useéd 10 monkbor
ihe rate of corrogion of a steel sample which is in
consant contact with the system Muid. A schematic
of the treatment process is given in Fig. 2

This treatment procedure has been very effective in
ihe 5. Paul sysiem. Recent inspeciion of
distribution pipes during 5 sysicm expansion
indicated ne visible occurrence of cormion. The
results of corrosion coupon testing shown in Table
2 below indicate the treatment’s effectivencis,

Tahble 2: Results of corroseon tess in the St Paul

Dhate Coupon Drays ol
muetallargy expurure Corrmisn rale

I8 Febi™  Copper " 04 myy
0 May ™ Copper i 0.1 myy
14 Do Copper ol 0.1 mgy
I hats  Copper A4 0.2 gy

I8 Febal WA sreed

- premested 1012 < (L1 mpy
05 May ME sbeel

- pretrabcd 99 = L1 mpy
I Jan®S MG sseel

- protrraied 440 o 0 gy
11 JanfSs Wi seeed

- pretreated  dl .0 mpy

mpy = mils per year
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Fig. 2 - Schematle of Disirict Energy 51, Paul district heating plant

COMPARISON BASED ON ANNUAL
COsT

Charlotietown (expressed in terms of $US)

L1925/
£T7.00/a

Cost of caustic

Cost of sulfamic acid

Cost of monitoring
corrosion coupon tests  $55, 30/ 1esi(/a)
chemical analyses S144,00Mesa(/n)

Annual makeup volume s apgproximately
G500 gallons

Cout of water 1reatment is 0,05 S/gallon
makcup waler added

St Paul (SUS)

Cost of chemical
irestment {cormosion
inhitators, elc. )
Cost of monifoning
corTosion coupon cosis $6/coupon
cOrroslon coupon
analysis free

S19, 0000 (avgh

Annuad makeup volume is approximately
[ 63,000 gallons (due to malnicnance, losses
during system expansions, and leakage)

Cos of waer teeatmsent is 0,12 3/gallon

muakcup water sdded
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The simpler water (reatment process has
lower costs per gatlon of makeup water.
Given the low cost of a regular moniioring
program it is feli that this should be a

confinuous process.

CONCLUSIONS

The low cormosion rabes scen i the PEL
systems fndicate that the European approach
for waier treatment in hot water sysiems as
described in reference | can be effective in
Morth American situations.  In this rreatmen
sirmegy the risk of corrosion is minimized by
removing oxygen from the feed water
through chemical or thermal deacration, by
raising the pH to ot least ¥ and by decreasing
the hardness by softening., Good water
quality monitoring and leak detection sysiems
are important elements of this type of water
ireatmeni program.

Operators of new hol waler sysiems mighi
want 1o copsider simple pH control as an
alternative to the mone comman Narth
American approaches. The trestment
sirmiegy is suitable when there is 3 slow rale
of makeup and when leakage into or from the
syatem is small. This strategy might be
especinlly suitable for systems considering
the wse of friction redocing additives, since
some corrosion inhibitors have been shown 1o
lower their drag reducing capabilities [4).

For the coses examined, the simpler approach
o wader treatment is less expensive. The
codt of maimaining corrosion inhibitors i e
51. Paul system excenled the cost of the
simpler approach in the Charletieiown
system,  Other conslderations which shoald
be taken into account include the amoum of
makeup required in the system, avablability of
steam for deacration, and the availability of
stafT o operaie the equipmen and moniioer
the water quality.

The authors would like to thank John Davey
and John e Ran of the PEI Encrgy
Corporatbon and Ron Cackoski of District
Energy 51, Payl for thelr belp in prepaning

this paper.
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Addendum 10 Paper 3: Evaluation of Closed Water Corrosion Inhibitors and In Service
Removal of Chromate Deposits in Closed Water Systems
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