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The analysis of ethanolamine (ETA) operation results water-chemistry condition (WCC) of the second circuit
power units No 1-4 Rivne NPP was provided. The control data in the experimental and industrial exploitation
ETA WCC (2006-2016 years), assessment and evaluation of the steam generators operating condensate systems
(FSD BOU) and clean steam generator blow down water (SVO-5) at maintaining the water-chemistry of ETA was

systematizated and summarising.
PACS: 82.20.-w,82.80.-d

INTRODUCTION

Maintains of the purity of the heat exchange surface
of the tubes of steam generators (SG) WWER is the
main condition for the prevention of stress corrosion
cracking of heat exchange tubes PG (steel Cr18Nil0Ti),
the composition of deposits on heat exchange tubes SG
consists mainly of iron and copper compounds-products
of corrosion of equipment and pipelines kondensatno-
feed circuit, entering the feed water to PG. For
suppressing corrosion and deposition of corrosion
products is a key factor in the pH the aqueous medium
formed on the metal surface by vapor condensation.

For domestic PWR NPP the hydrazine-ammoniac
water-chemistry of the second circuit power unit (HA
WCC) is a designed. When applying the HA WCC
design of chemical solutions, because of the high
distribution coefficient of ammonia, the aqueous phase
steam-water mixture has a lower pH, and does not
provide adequate protection of the metal, which leads to
increased corrosion.

At present it is completed the transition of Ukrainian
NPPs with the designed water-chemistry regimes on
dosing morpholine or ethanolamine (ETA) regimes.
ETA compared with morpholine has a smaller
molecular weight and larger dissociation constant and to
obtain the same pH, ETA requires less than morpholine.

In order to reduce erosion-corrosion deterioration of
pipelines and the second circuit power equipment, heat
exchangers reduce HA skid surfaces, in 2006 at unit
number 3 Rivne NPP trial operation commenced ETA
WCC, later in 2007, 2008, 2009, and similar work for
units number 4, 1, 2 Rivne was provided. Now, all
power units of Rivne work in commercial operation
with ETA WCOC.

ETAWCOC OF THE POWER UNITS
No 1-4 RIVNE NNP

Prior to dosing ETA at power units of Rivne NPP, in
accordance with the [1], the hydrazine-ammonia mode
was supported. When ETA WCC was introduced
regulated range of feed water pHys SG values ranged
rom 8.8 to 9.2 units, in purge water SG from 8.0 to 9.2
units. The average iron concentration in the feed water
in the management of ETA WCOC at the time of the
transition units at Rivne NPP water-chemistry ETA was

at a level of 8 to 15 ppb. Dynamics of average values
(for the number of power units 1-4 Rivne NPP) the
mass concentrations of iron and copper in the feed water
SG presented on Fig 1.
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Fig. 1. Dynamics of changes in the content of the
corrosion products in the feed water SG

The averaged values of nutrient and blow down
water quality indicators of SG at power units 1-4 RNPP
before transitions on this water-chemistry and dosing of
ETA are shown in Tables 1, 2, and additional
measurements the concentration of iron, copper and
pHys in different stream of the second circuit. Figs. 2, 3
shows the operating pH,s and mass concentration of
iron flows of the second circuit its at the SG and ETA
WCC.

Table 1
The average values of SG feed water quality parameters
at power units No 1-4 RNPP

pH, Xéls—lrjl}x ETA, N2H4 | NH3 | Fe | Cu
units | * o ppm ppb
8.8-9.2
>20 <15 <5
8.9- | <0.3 0.4-15 -
5.3)* ( ) (=10)* (£10)* | (<3)*
Average values at HA WCC
890 [ 018 | - [ 124 |284] 763 | 13
Average values at ETA WCC
907 [ 018 | 116 | 18 | 48 | 27 | <1
*Normalized values for ETA WCC [2]
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Table 2
The averaged values of SG parameters of quality
of blowdown water at power units No 1-4 RNPP

Blowdown water SG
pH, | yHb), cr [ so® | Na [ Li
units | uSm/cm mg/dm?
8.5-
9.2 <5.0 <100 <200 <300 -
(9.0- - - B -
9.8)*
Average values at HA WCC
884 178 [ 48 | 69 | 40 [ 34
Average values at ETA WCC
943 124 [ 37 [ 72 | 3B [ -
*Normalized values for ETA WCC [2]
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Fig. 2. pH valuer in the streams of the second circuit at
HA and ETA WCC
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Fig. 4. The values of organic acid anions mass
concentration in the streams of the second circuit at
ETAWCC

The overall balance of the corrosion products in SG
the conducted estimate of the accumulation of corrosion
product deposits in the steam generator at the HA and
ETA WCC. Tabl. 3 shows the calculated values of the
accumulation of corrosion products in the SG for units
1-4 Rivne.

Table 3
Calculated values accumulation of corrosion products
in SG for power units No 1-4 RNNP

;‘;’r 2005| 2006 | 2007 | 2008 | 2009| 2010
1 54 52 38 34 | 28 | 20
2 54 54 45 35 27 | 72
3 190 | 125 -115 | -184 | -180[ -170
4 | 331 ] 163 | 103 36 | -75| 6.4
PU, 2011 2012 2013 2014 | 2015| Total
year
1 29 26 -8 31 | -1 | 1548
R 2 70 | -44 77 48 | -45 | 1335
vaease SESEC awse ofgmm e 3 |-120 | -171 | -148 | -155 | -147] 1215
| HFe HAWCC mFs ETA WCC | 4 5.2 -9 -2 -4 -16 538

Fig. 3. The values of mass concentration of iron in the
streams of second circuit at HA and ETA WCC

Transition of the power units No 1-4 in the Rivne
NPP water-chemistry has allowed ETA to reduce the
iron concentration in the feed water by increasing the
pH of the two-phase media and alignment values pHys
in the steam streams and condensate-nutrient paths. In
the conduct of HA WCC the main contribution to the
nutrient pollution of water with corrosion products were
added: condensate of the heating vapor PVD, PND and
separatos SPP, at reducing of the pHys values in these
streams due to the high ratio of ammonia distribution.

ETA is an organic compound, by-products of
thermal decomposition (degradation) which may be
organic acids (formic acid, acetic acid, oxalic acid). A
quantitative estimation of the generation of organic
acids in the working medium flows in the management
of water chemistry ETA WCC. Averaged results of

When power unit HA WCC is operate the deposition
rate of iron compounds in SG depends on the
concentration of iron in the feed water and only slightly
dependent on the concentration of iron in the blowdown
water, the amount of precipitated iron is more than 60%
of the amount of iron entering the SG when ETA WCC
percentage of precipitation drops to 33%; iron output
from purging increases from 1% at the HA ETA WCC
to 7% of the amount of iron entering the SG [3]. ETA
causes loosening and removing corrosion products
previously deposited, as shown in Tabl. 3, after the
transition to ETA WCC negative values of receipt of
corrosion products within the SG volume are observed.

CONDITION OF THE POWER UNITS OF SG
No 1-4 RIVNO NNP AT ETAWCC

Under the adoption of the ETA WCOC was a
reduction of the specific values pollution heat exchange
tubes (HET) of SG. For power units 1, 2 (PGV-213,



WWER-440) with 149 to 75 g/m® for the number of
power units 3, 4 (PGV-1000M, the WWER-1000) with
90 to < 30 g/m*. Reducing the specific contamination of
internal surfaces of SG was due to “washout”, this
effect, namely, loosening and removing them in the
form of a fine slurry. While maintaining the water-
chemistry of ETA, the results of the inspection PGV-
1000M Rivne, on the bottom forming a cylindrical
bottom — no sludge.

Condition of internal surfaces of SG power units
No 1-4 at the Rivne NPP ETA WCC are shown in
Figs. 5-8. Dynamics of changes in the average values
of specific SG pollution TOT is shown in Figs. 9, 10.
The chemical composition of SG deposits with ETA
water-chemistry is shown in Tabl. 4.

Fig. 8. HET PGV-1000M power unit No 4
Rivno NNP (start-up 2004). Chemical cleaning SG
not provided
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Fig. 9. Average values of specific pollution HET
PGV-213 power unit No 1, 2 Rivno NNP
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Fig. 10. Average values of specific pollution HET
PGV-1000M power unit No 3, 4 Rivno NNP

Table 4
The chemical composition of the blanke internal
surfaces of the SG power units No 1-4 Rivno NNP

at ETAWCC
) FE§O3, SioOz, ano, CUO, ZnO, NIO, % CI’203,
N N % | % |MgO, % % % %
N
. . 0.001-
Fig. 7. HET PGV-1000M power unit 80-90 1-5| 1-10 | 0.26 | 0.2-2) 0.1-1 |~
No 3 Rivno NNP (start-up 1986), :

After the introduction of the ETA WCC clear
tendency to reduce and stabilize the indications for
metal thinning and reducing the number of jamming

Chemical cleaning SG was provided periodically from
1998 to 2007



HET SG scheduled. That is connected with a decrease
in erosion-corrosion wear of equipment and processes
under sludge reduce corrosion. Dynamics of HET SG
damping is shown in Fig. 11.
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Fig. 11. Dynamics of HET SG damping on power
units No 1-4 Rivno NNP

OPERATION OF ION-EXCHANGE FILTERS
OF THE POWER UNITS No 1-4 AT ETA
WCC RIVNO NNP

The influence of ETA on operation of the ion-
exchange filters block desalting unit (FSD BOU) and
CVO-5 power units 1-4 RNPP. To download the FSD
BOU and ion exchangers filters blowdown water SG
(SVO-5) on the Rivne NPP is used strong acid cationite
Amberjet 1500 and 4400 N strongly basic anion
exchanger Amberjet 4400 H.

When FSD BOU operates at ETA WCC coefficient
of sodium purification ratios ranged from 1.0 to 3.0, and
the average is 1.38. The saturation of the cationite in the
FSD BOU ETA did not affect the values for sodium
purification factors. Ratio sodium selectivity for the
cationite for use ETA Amberjet 1500 N (containing
10...12% divinyl benzene) is 1.5, the coefficients of
selectivity, monovalent cations are present in the
condensate turbine are arranged in the following order:
NH,>Na>ETA [4].

According to the results of control within
1.5...2 months cationite work in the H-form FSD BOU,
electrical conductivity values y(H) for the treated
condensate FSD values were less than 0.1 uSm/cm, and
gradually increased to 0.154 uSm/cm. After moving to
the ETA form the value of this indicator has stabilized
at a level of 0.15...0.2 pSm/cm, to “breakthrough” of
sodium ions. When administered HA WCC FSD BOU
work only in the H-OH form.

Under insertion of ETA WCC the ion load increases
on the cation exchanger (CF) treatment plant blowdown
water SG CVO-5. The filters CF SVO-5 at the HA and
ETA WCC are the same and range from 45.000 to

O powerunits 4 |

65.000 m®. As a result of operation of CF SVO-5 at
ETA WCC on the possibility of operating cationite
SVO-5 in the form of ethanolamine was decision.

SUMMARY

The introduction of the ETA WCC at power units
1-4 RNPP leads to iron content in the feed water to SG
decreased from 8...15 to 2.0...3.5 pph. According to the
mathematical balance calculations of revenue of
corrosion products within the scope of SG at ETA, there
are negative revenues of corrosion products (~ 150 kg)
due to washout effect of ethanolamine. Reduction in
feed water of the corrosion products concentrations SG
units 1-4 indicates a decrease in erosion-corrosion wear
of the second circuit equipment

After the change to ETA water chemistry values of
specific contamination of heat exchange surfaces SG
power units 1-4 RNPP reduced and maintained at a low
level. Reduced specific pollution and maintaining it at a
low level processes under sludge reduced corrosion and
degradation of HET SG, which confirms the results of
control and sludge dynamics of HET SG.

Maintaining of ETA WCC eliminated the periodic
chemical cleaning of SG, chemical washing SG on
RNPP not held since 2007.

Implementation and maintenance of water chemistry
from the correctional treatment ethanolamine second
circuit at the power units 1-4 RNPP possible to reduce
erosion-corrosion wear of the second circuit equipment,
reduce the flow of corrosion products from the feed
water SG, reduce and maintain a minimum level of
specific pollution of SG heat exchange surface.
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BOJHO-XUMHYECKHWI PEXKUM BTOPOI'O KOHTYPA SHEPT'OBJIOKOB Nel—4
POBEHCKOMI A3C C KOPPEKIIMOHHOM OBPABOTKOM 3 TAHOJAMHAHOM

I1.H. Ky3neuos, A.1O. Tuxomupos

[IpoBeneH aHanMM3 pe3ynbTaTOB 3KCIDTyaTanuu dTaHonamMuHOBoro (DTA) BomHO-xmMmYeckoro pexxknma (BXP)
BTOPOTO KOHTypa Ha 3Heproomokax Nel-4 Posenckoit ADC, cucteMaTH3UpPOBaHbI U OOOOIICHBI TaHHBIC KOHTPOJIS
IOpY ONBITHOM M mpoMblnuieHHON »skcrutyatamuu OTA BXP (20062016 rr.), maHbl OLEHKH COCTOSIHUS
MaporeHepaTopoB, IKCIDTyaTannu cucteM KoHgeHcaToouncTku (PCI BOY) u oumcTkH HPOIYBOYHOW BOJBI
naporeHeparopoB (CBO-5) npu noanepxxarnnu 3TA BXP.

BOJHO-XIMIYHUH PEKUM JAPYTOI'O KOHTYPA EHEPTOBJIOKIB Nel—4
PIBHEHCBKOI AEC 3 KOPEKIIMHOI OBPOBKOIO ETAHOJIAMIHOM

II.M. Ky3ueyos, A.10. Tuxomupos

IIpoBeneno aHami3 pe3ynpTariB ekciuryaTamii etanomaminoBoro (ETA) Bomno-ximigaoro pexnmy (BXP)
Jpyroro KoHTypa Ha eHeproOiokax Nel—4 PiBHeHncobkoi AEC, cucremarn3oBaHi Ta y3arajibHEHI JaHi KOHTPOJIO MPU
JocniaHid Ta mpomucioBii ekcruryarauii ETA BXP (2006-2016 pp.), naHO OIHKM CTaHy NapOreHepaTopiB,
ekcruryartamii cucteM KoHmeHcatoounmmieHHs (D3] B3Y) 1 ounmeHHS NOpoayBOYHOI BOAM MapoOTeHEPaTOpiB
(CBO-5) mpu miarpumansi ETA BXP.



