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ABSTRACT 

Remote corrosion measurements in the A—l reactor 
serve to the frequent supervision of corrosion situation 
in heavy water circuit and to the control of inhibitor 
dosage,. 

Corrosion environment consists of heavy water, satu­
rated with carbon dioxide at temperature of 90° С and 
pressure of 65 at. It circulates in primary circuit at a 
velocity up to 3 m/secj, water temperature varies from 
40° to 90° C. 

As a basis for this measurement and control, corro­
sion probes, placed in piping of heavy-water circuit out 
of the reactor, are used. Bach probe is used for two ty­
pes of measurements: instantaneous corrosion rate and 
instantaneous corrosion attack behaviour. 

For measurement of the instantaneous corrosion rate 
method of polarization resistance, according to Stern and 
Gearyt is used» Determination of corrosion attack, beha-
vic:;.r is carried out on the basis of current transients 
observed in macroelement, which consists of two electro­
des,, both made frcm the same metal cf interest» 
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CorrosioEJproblems connected with the use of Al-Mg-Si 

type of aluminium alloy for the active core callandria9 
some piping and mechanisms that are working in the A-l 

reactor under heavy-water environment (pH = % 5 and high 

conductivity as a result of dissolved carbon dioxide un­

der high pressure) have enforced the use of inhibitor and 

the creation of device system for tracing of corrosion si­

tuation during reactor operation* 

Electrochemical methods, decrioed below, serve as a 

part of this above mentioned system. 

These methods are used for current supervision of the 

inhibition effect and by tbis way undirectly to the super­

vision of effective inhibitor concentration* This is very 

significant for operational control of periodical inhibitor 

dosage into circuit* Moreover they currently give information 

on the corrosion attack character in measuring point and by 

this way they undirectly serve as treshold indicators of dan­

ger jus component concentrations in water* 

Described electrochemical measuring methods have been 

able to realize in the A-l reactor only in very simplified 

form) that's why all measured values must be criticized ve­

ry carefully and every possible opportunity might be used 

for their comparison with real corrosion situation * 

Measuring equipment, realized in the A-l reactor* enables 

to trace the instantaneous corrosion attack character and to 

measure the instantaneous uniform corrosion rate in Al-Mg-Si 

type of aluminium alloy in heavy-water circuit* For both ty­

pe? of measurements the same probes are used. 

Corrosion attack character is traced according to the 

Czechoslovak patent, based on the principle of characterictic 
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current transitions in macroelement created by two elec­
trodes both made from the same material of interest. In 
the case of uniform attack the current of this macroele­
ment is constant in time; in the case of pitting attack, 
which is accompanied by gas bubbles formation in pits, 
characteristic time changes of current take place* 

X&5tantaneo'.2s uniform, corrosion rate is measured by 
the method of polarizaticn resistance, proposed by Stern 
and Geary* This method has been elaborated in detail for 
our purpose to present reproducible values in wide inter­
val of corrosion rates* 

Scheme of probes locations in heavy-water circuit is 
given iл Pig, I, 

One temporary probe was built-in into hot-collector 
luring so-callei reactor complex tests, which were carried 
. .- In non-active conditions and with light-water environ­
ment. Forp^se of these tests lies in the confirmation of 
*he serviceability of individual devices before physical 
start-up* This prcce worked under pressure of 65 at and 
^emp^rat'ire up to 90° C. but it was not designed for radio­
active operation» Original probes, which moreover must suit 
re^J-rements :n radiation stability of sealing and insula­
ting materials, were prepared in that time; they will bo 
V-ilt-in before physical start-up. Original probe No. 1 
will be built-in into cold-collector and original probe 
No. 2 into hot-collector. 

Temporary probe which successfully wcrkod for 2»600 
hours during reactor complex tests is seen in Fig. 2. 

This probe consists of a container, in which polyami­
de filler is closely deposited. In this filler two pairs 
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of cylindrical electrodes made from materia?, of interest 

(Al-Hg-Si type of alopinion alley) are again closely depo­

sited* One pair is determined for regular measurement, 

the second ose for sem safpplemntary experiments. Functi­

onal sorfaees of elect redes are placed on faces in the pla­

ne ef inaaer surface ef tabing. By this way it is secured 

that electrodes do net interfere the flew character in mea­

suring point, fig* 3 shows the functional owfacos before 

the probe was built-in. Original probes far radioactive o-

peration will consist only from twe electrodes* 

In the place under the probe cover these electrodes 

are connected with Pyrotenax cable using feesnetic ceramic 

terminal of Perranti; Pyretenax jacket is soldered into the 

cover* In this place transducer for water leakage is also 

placed-in. This tramsda^ar weald indicate the case of the 

tighting of electrodes in filler asad-or eaatring of water to. 

contacts between electrodes a»d ^yretenax cables. 

Corrosion probe is built-in into piping according to 

Pig* 4. 

Translations! spood of the water flow in measuring point 

reaches 3-3 m/sec, which corresponds to the maximum velocity 

of water flow in flow-off tubing in reactor active core area. 

Corrosion probes are connected with the help of 60 m 

long cabel to the measuring equipment in block supervision 

room - see Fig* 5. Main parts of this measuring eqaipeent. 

that are operated from the front panel face, include recor­

der of BZ 4 typo* switch box and mirror galvanometer* Cir­

cuit diagram can be seen in Fig* 6. Switches are used, on 

the one hand, fer connecting of transducers No* 1 or No* 2b 

and en the other hand for choosing of measurement typo - eit­

her for tracing of corrosion attack character, or for measu­

rement of the instantaneous corrosion rate.- see Fig. 7 
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During tracing of corrosion attack character the cur­

rent transitions between two electrodes in the same probe 

are registered; both electrodes are connected in eater cir­

cuit through small resistance. To explain the signification 

of su^h a measurement we show results of one laboratory 

test.. During this test pitting corrosion was artificially 

caused in the same material using the anodic polarization; 

simultaneously the potential of studied electrodes with 

respect to the reference saturated calomel electrode was 

meas'.ired, current transitions between two studied electro­

n s were registered and corroded surfaces were microscopi­

cally cbserved* Scheme of this laboratory circuit diagram 

Is shown in Pig* 8, Results received during this experiment 

enabled to interpret the reasons of currtnfc instability in 

ma:rcolement9 frrmed by twc eleotrcdes from the same mate­

rial f during pitting type attack. 

Fig» 9 contains records of current transition in macro­

element: at different potentials with respect to the refe­

rence electrode» Abcve certain value of potential, characte­

ristic periodical changes began to appear; their frequency 

grew ao::rding to the showed cxrve. At simultaneous microsco-

pir observation it was found o~t tha+; pitting corrosion took 

part in single small pit which gas bubbles were released 

from. Frequency of bubbles creation and release precisely 

agreed with record. 

During another experiment similar measurements were 

carried cut, but with the help of microscopic examination 

it was determine! that pitting attack took part in several 

small pits. Interference of these several working pits was 

the reason for disturbing of record periodicity, as it is 

shown in Fig, 10. 
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On the basis of these experiments we impute the cur­

rent instability of macroelement at pitting attack to the 

bubbles ef gas released in corrosion pit; at the same ti­

me interference of more working points usually takes pla­

ce f btit periodical time behaviour also can appear in case 

of one working point. 

For completeness it is necessary to add that during 

these experiments it has not been determined the existen­

ce of socalled critical potential, that would reach some 

reproducible values for given material and corrosion envi­

ronment. On the contrary it was found out that first indi-

catiens of bubble release from corrosion points appear at 

different potentials depending on operations made with this 

electrode formerly. 

Fer corrosion probe used in reactor complex tests the­

re exists the record of pitting attack and of uniform at­

tack - see Fig. 11. This probe was tested in experimental 

loop ef the VUCHZ Brno at parameters analogous to the A-l 

case with the difference that in circuit only tap water 

circulated* In this environment pitting attack eccured; it 

was characterized by record which sample is placed in right-

hand part of this figure. In ene part of these tests even 

periodical effects appeared for short time, their oscillo­

graphic record is shown in Fig. 12. 

After the completion of tests in experimental loop the 

probe's face was mechanically machined and then whole pro­

be was built-in into heavy-water circuit of the A-l reac­

tor; during complex tests it was used at different inter­

vals for attack character tracing* In all cases only time 

behaviour according te uniform attack, was measured: see 

left-hand part of Fig, 11. During visual inspection of this 
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ргоЪе after complex tests it was confirmed that no pit­
ting took part. 

A great number of papers, dealing with question of 
uniform corrosion rate measurements by means of polariza­
tion resistance is collected up to this date, so we are 
pointing a at only some characteristic peculiarities con­
nected with its use in the A-l reactor. 

For thia type of measurement only one aluminium e-
lectrode in ргсЪе is connected, it functions as an indi­
cative electrode. As a reference and at the same time as 
a polarizing electrode serves the piping chassis* 

Measurements are realized by use of separate measuring 
actions, wLish persist of switching on the chosen constant 
polarizing current from hard power» supply between indica­
tive electrode and chassis for time interval unavoidably 
necessary for the determination of proper overveltage va­
lue to calculate the inverse value of polarizing resistan­
ce. Records of measuring actions at different corrosien 
rates are illustrated in Pigs. 13 and 14. 

Successfulapo.j.cation of polarization resistance mea­
surements depends en the determination of proper overvol-
tage values* This problem is very wide and that's why we 
point out only some practical conclusions? 
a) Measuring action must not last for unnecessarily long 

time, to avoid serious damaging of original surface con­
dition» 

b) Between two measuring actions there is necessary to en­
sure sufficient recovery period. 

c) In records, given in Pigs. 13 and 14, overvoltage value 
at higher corrosion rates corresponds to the fast chan-
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ge o Jist after switching on the polarizing current and 
the measuring action lasts for only several seconds» 
At lower corrosion rates, caused either by the effect 
of environment parameters or by the effect of inhibi­
tor, the overvoltage value corresponds to the steady-
-state value and the measuring action lasts for tens 
of seconds or longer. 

d) Polarizing current density must be chosen by such a 
way to range in the area of initial linear part of po­
larization curve. In all cases that дщу ос лиг čit 
the A-l reactor parameters, current densitiesь causing 
overvaltage values up to 20 mV„ can be used with safe­
ty. 
Polarizing current density divided by overvoltage va­

lue is equal to the inverse value of polarization resistan­
ce; using the callibration graph which has been determined 
previously, it is possible to find the instantaneous uni­
form carrosicn rate in units of mm/year* This callibration 
graph has been determined by special callibration experi­
ments carried out in simple laboratory conditions and in 
test pressure-water reactor loop* The results of electro­
chemical measurements were compared with the resul ts of 
conventional weight evaluation - see Fig* 15» 

During complex tests of the A-l reactor it appeared 
tc be very useful to record the potential of aluminium 
electrode against chassis not only at polarization measu­
rements but also during longer time intervals. Chassis has 
relatively constant potential even at different parameters 
of corrosion environment while potential of aluminium e-
lectrode depends on these parameters essentially* All it 
is clearly seen in Fig. 16, which represents the records 
obtained during the initial working period of the circuit. 
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At lew corrosion rates of aluminium alloy of inte­
rest its potential reached values around 300 mV (chassis •, 
aluminium alley - )• Gcod agreement has been received bet­
ween the low corrosion rate in this range of potentials 
and the overvoltage transients behaviour during the mea­
suring action, used for the determination of polarization 
resistance * Increase in corrosion rate was accompanied by 
the shift ;f the aluminium electrode potential towards the 
less noble values (up to 900 mV )« At the same time chan­
ged the overvoltage transient behaviour during the measu­
ring «.tticiu 

In later stages of complex tests similar effects we­
re observed if dosing the inhibitor* />t high corrosion ra­
te the potential reached values around lř000 mV and after 
the addition of inhibitor, when corrosion rate was lowered 
practically to zero, the potential shifted to values around 
200 mV, 

Moreover it was found out that the potential sensiti­
vely fcliows even those changes in corrosion environment 
parameters* which do not affect the instantaneous corre-
eicn rate -, hereby we can obtain different supplementary in-* 
formations. 

Ccxplex reactor tests, including operation pauses, 
when exchange of water in heavy-water circuit was realized, 
lasted almost for 5,000 hours,, but only for about 3»900 
hours the circuit was full of water,. Рог the main part of 
this time - i„ e* for 3*600 hours - corrosion measurement 
was carried oute Only for interval cf about 300 hours measu­
rement was interrupted beacuse of failure in sealing bet-
ween corrosion" cover and nozzle flange in piping* This was 
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tional application of above described corrosion methods; 

mere over it was caused by temporary building-in* This de­

fect cannot repeat during regular operation as the probe's 

cover will be welded to the nozzle flange* 

Simplified course of the instantaneous corrosion ra­

te daring complex tests is given in Fig* 17* Time inter­

vals of run I • run IV and operational interruptions are 

also marked in this diagram. 

At first stages cf the complex tests the corrosion 

environment parameters in heavy-water circuit (temperatu­

re > C02, flow) were very unsteady and changed in a wide 

range» The instantaneous corrosion rate followed very strong­

ly these parameter changes and varied in the range of 0.001* 

*0#ó8 mm/year. Only in the course of run IV the steady para­

meters were reached in the circuit - it enabled to carry 

out experimental inhibitor dosage and measurements of its 

effect on the instantaneous corrosion rate. 

Seme cases, selected from initial stage of complex 

tests illustrate the influence of the heavy-water pump stop­

page and repeated starting - Pig* 18. 

It is obvious that the instantaneous corrosion rate 

was influenced first of all by pump starting* accompanied 

by abrupt increase (almost of 35° C; in water temperature 

at measuring point* Rapid changes of proper translational 

flow velocity did not cause immediate changes of the instan­

taneous ccrresion rate* This conclusion follows from the 

course character in the neighbourhood of pump stoppage. 

One of the most important experiments, carried out 

with the equipment for remote corrosion measurements* dealt 

w' th the experimental dosage of inhibitor H,P04 into the 
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circuit« The record of this experiment is shown in Pig* 19* 

Rapid decrease of the initial corrosion rate value 

(0*35 mm/year), eccurred several minutes after the beginn­

ing of dosing operation, i. e. ijemediately at the moment, 

when water with inhibitor reached the me as tiring point» At 

the same mement the shift of potential te the noble region 

took place. Daring following hours this decrease slowly con­

tinued to unmeasurable values below 0*001 mm/year* In this 

way the inhibition effect continued for the whole root of 

the experiment, i. e» approximately for 2,000 hours, with 

exception of short-time transition interval when functio­

nal surfaces of electrodes became craefced as a result of 

polyamide filler dilatation (as it was later observed du­

ring visual checking of the probe)* By this way part of 

the fresh surface was denuded but it was again passivated, 

that's why the probe was again finding out practically ae­

ro corrosion rate* 

At the end it is possible to conclude that during cem-

plex tests of the A-l reactor the appropriation of descri­

bed electrochemical measurement for tracing of corrosion 

situation in heavy-water circuit was demonstrated. After 

building-in of original probes and after examination in 

active conditions daring energetic reactor starting-up, the 

described methods will become as a part of regular reactor 

operational control, 
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