
XA9743707
SOME OBSERVATIONS ON HYDRAZINE AND AMMONIA
BASED CHEMISTRIES IN PWRs

J. BRUNNING, P. CAKE, A. HARPER, HE. SIMS
AEA Technology, Oxon,
United Kingdom

Abstract

This paper presents a comparison of factors related to activated corrosion product transport in
pressurised water reactors (PWRs)operating hydrazine and ammonia-based chemistries.

Measurements of the concentrations of corrosion products in the coolant of reactors operating
both chemistry regimes are compared under steady operation and during shutdown. These
data allow some comparisons to be drawn of corrosion product transport under ammonia and
hydrazine based chemistries. Experimental measurements of electrochemical potential under
PWR conditions in the presence and absence of radiation fields and under hydrazine and
ammonia chemistries are also presented.

1. INTRODUCTION

The transport of activated corrosion products from the reactor core to other parts of the
primary circuit via the coolant is an important source of occupational radiation exposure in
Pressurised Water Reactors (PWRs) especially at shut-down. A number of approaches to
reducing this phenomenon have been applied to operating plants, with varying degrees of
success. Identification of those changes which have been effective is complicated by two
factors. Often a number of changes have been made simultaneously, thus precluding a simple
assessment of effective practices. Furthermore inter comparison of data from different plants is
complicated by differences in reactor design. Identification of those measures which have been
most effective therefore requires careful assessment of the available evidence.

Experience at PWRs of the VVER type has suggested that minimising the amount of cobalt-
containing alloys in the primary circuit together with the use of an ammonia/potassium
hydroxide chemistry has achieved low out-of-core doserates at a number of VVER stations
[1]. Further reductions in radiation fields have been claimed following trials dosing with
hydrazine rather than ammonia [2,3]. This report presents an evaluation of the relative
effectiveness of hydrazine and ammonia-based chemistries in reducing the amount of both
activated and non activated corrosion products in the primary coolant, and thus the relative
propensities for the build-up of out-of-core radiation fields under the two regimes.

As noted above there are significant complications in comparing data from different plants;
especially where these plants are of different detailed design. Differences in materials inventory
affects the source term, which can have a major effect on measured values; this is extremely
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difficult to factor out with any precision. In order to overcome this difficulty it is desirable to
compare data from installations where measurements are available spanning a change from
ammonia to hydrazine chemistry. This approach has the merit that it removes variability due to
materials inventory, although the cycle to cycle variations due to differences in operating
conditions remain. A change from ammonia to hydrazine based chemistry has been made at
Paks, and a body of data established [4]. This information will be used as the basis for a
comparison of the levels of corrosion products in the coolant under steady state conditions and
at shutdown under ammonia and hydrazine based chemistry regimes. In addition some
experimental measurements of electrochemical potential under PWR conditions in the
presence and absence of radiation fields and under hydrazine and ammonia chemistries will be
presented.

2. PRIMARY COOLANT MEASUREMENTS AT PAKS

The levels of corrosion products have been measured under steady power operation and
shutdown at Paks units 1 and 2 during their 8th and 7th cycles [4]. Both units commenced
operation following the standard VVER ammonia-potassium hydroxide primary coolant
chemistry. Injection of hydrazine in place of ammonia was introduced at Paks 2 shortly after
the beginning of the 7th cycle. A concentration of 40 jig kg"1 hydrazine was maintained in
the primary coolant. Elemental transition metal species and associated radionuclides were
determined using high pressure liquid ion chromatography and gamma spectrometry
respectively.

The sampling arrangements are shown in Figure 1. Coolant was sampled from the clean-up
loop after cooling, but before the flow controlling orifices, upstream of the ion exchange beds
(sample point TV20). At this point the coolant is at reactor pressure but at less than 60°C.
This line was resampled under pressure using a capillary line and allowed a continuous
representative flow from the primary coolant to be delivered to the analytical equipment. The
flow passed through a 0.45jim Millipore filter to collect paniculate species and then through a
degasser. The sample for the ion chromatograph was extracted from the degasser. Soluble
transition metal species were determined using a DIONEX high pressure liquid ion
chromatograph following concentration of the species from up to 1 kg of coolanl Insoluble
species collected by the Millipore filter, after passage of at least 500 kg coolant, were
dissolved after fusion with potassium hydrogen sulphate and analysed using ion
chromatography. For selected samples eluent from the chromatograph was collected and
analysed by gamma spectrometry.

Tables 1 and 2 present the average values for soluble and insoluble elemental corrosion
products and corrosion product activity during steady power operation at Paks 1 and 2. It is
apparent that for soluble species only the nickel concentration is significantly different for each
plant and is lower by a factor of 3 at Paks 2. Differences in the values for insoluble species are
more pronounced between the 2 plants. Concentrations were a factor of 2-3 lower for Cu, Ni,
Zn, and Mn, a factor of 5 lower for Co and a factor of 10 lower of Fe at Paks 2. Soluble
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FIG 1 FLOW DIAGRAM OF SAMPLING MODIFICATIONS AT PAKS 1 AND 2.
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activity values for Co-58, Co-60 and Mn-54 were about 30% lower at Paks 2, however there
is no clear correlation between these reductions and the behaviour of the parental elemental
species. Thus specific activities for Co-60 are comparable whilst for Co-58 appeared to be
higher at Paks 2. Insoluble activity levels were reduced at Paks 2 but these reductions were
less than the corresponding reductions in elemental nickel and cobalt. This resulted in an
increase in the specific activity values.

Figure 1 show the release of soluble elemental nickel and cobalt during the shut down. The
release of cobalt was similar at each plant, reaching a maximum of 450 ng kg"1, the only
difference being the initial release at Paks 1 at the time of boration. Release of nickel occurred
on a similar timescale and was a factor of 1.5 greater in Paks 2. The release of soluble iron
and manganese were similar at each plant. The release of Co-58 and Co-60 closely followed
the release of elemental nickel and cobalt. It is clear that the activity released at Paks 2 was
less than at Paks 1 for comparable elemental releases. Limited data for Co-58 and Co-60
release during the previous shutdown at Paks 2 are also shown and it is apparent that these
values are a factor of 3 greater than for cycle 7.

Comparison of the plant data under steady operation must take account of the different
coolant chemistry conditions during the analysis period.(Table 2). Ammonia levels at Paks 2
were twice those at Paks 1 and hydrogen levels were also higher. Likewise potassium and
lithium levels were significantly greater at Paks 2. Due to these differences it is not possible to
conclude whether the small differences in corrosion product levels under steady operation
were as a result of the use of hydrazine at Paks 2 or due to other coolant chemistry
considerations. The high ammonia levels at Paks 2 are a direct result of the use of hydrazine
and this itself may have a significant effect.

Activity released at shutdown will depend on cycle history but it is clear that the release of
activity at Paks 2 after the application of hydrazine during the 7th cycle was significantly less
than at Paks 1. It is also apparent that there was a significant reduction in activity release at
Paks 2 when compared to the 6th cycle.

3. ELECTROCHEMICAL POTENTIALS IN AMMONIA AND AMMONIA-
HYDRAZINE SOLUTIONS

It has been suggested that the presence of hydrazine reduces the electrochemical potential
(ECP) of stainless steel in VVERs below the values obtainable with ammonia [2]. The
consequent reduction in steel corrosivity is suggested as part of the mechanism by which
hydrazine reduces the transport of activated corrosion products and thus the build-up of
radiation fields. Measurements of the ECP of 321 stainless steel have been made in ammonia
and hydrazine solutions, in the presence and absence of radiation fields, to investigate this
possibility.

The experimental arrangement is shown in Fig. 4. Water with controlled chemistry was
preheated and pumped at 280°C into an autoclave installed in a Co-60 irradiation cell.
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FIG 4 SCHEMATIC DIAGRAM OF EQUIPMENT FOR ECP MEASUREMENTS

Provision was made for the measurement of ECP within the autoclave using electrodes made
of Pt and 321 stainless steel. A Ag/AgCl reference electrode was also available. After passage
through the autoclave the water was cooled, depressurised, and passed to an analysis train.

Some initial experiments were undertaken to validate the experimental method and to test the
operation of the equipment. Introducing the Co-60 source into the g-irradiation cell increased
the ECP measured by the 321 stainless steel electrode in contact with water at 280°C
containing 250 ppb O2 from -50 mV to 0 mV. Addition of hydrogen reduced this ECP slightly
as a result of the radiolytic recombination of hydrogen and oxygen. These data are consistent
with observations reported by other workers, and thus give confidence that the experimental
arrangement was behaving satisfactorily.

Figure 5 shows the observed behaviour of ammonia/hydrazine systems. The initial composition
of the feedwater was 1.4X10"4 mol kg"1 NH3 and 3.3x10"5 mol kg"1 hydrogen, with KOH and
boric acid added to maintain a pH of 7.0 at 20°C. The temperature of the water in the
autoclave was maintained at 280°C throughout the duration of the experiment. This Figure
shows that exposing the solution to a radiation field produced a modest increase in hydrogen
concentration. There was no change in the potential at the Pt electrode, nor was there any
significant change in the rate of drift of the ECP measured by the 321 stainless steel electrode.
Removing the radiation source produced no change in the behaviour of either electrode, whilst
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Table 1 Summary of Average Elemental and Radionuclide Values at Paks 1 and 2
During Steady Operation

Elemental Data

Element
Plant

1991
Paks 1

1992
Soluble

1991
Paks 2

1992
Paks1 1991

Insoluble
Paks2 1991

Copper

1.6

1.7

3.1

3.8
6.3

1.7

Nickel

34

20

11

11
8.2

2.7

Zinc

19

59

18

28
4

2

Cobalt

1.0

0.4

0.9

0.5
0.19

0.04

Manganese

185

89

147

116
5.1

3.5

Iron

22

94

26

46
607

62

Corrosion Product Activity (Bci/kg) and Specific Activity (GBq/g)

Plant

Soluble

Insoluble

Paks 1

Paks 2

Paks 1

Paks 2

1991

1992

1991

1992
1991

1991

Corrosion Product
Activity (Bq/kg)

Co-58
12

15

8.3

7.2
2.3

1.9

Co-60
18

18

14

9.7
1.4

1.0

Mn-54
275

299

177

163
2.8

0.5

Specific Activity
(GBq/g)

Co-60/Co
17

44

17

25
16

53

Co-58/Ni
0

0

0

0
0

0

4

8

8

9
5

9

Table 2 Summary of Primary Circuit Chemistry Parameters During Steady Full
Power Measurements at Paks 1 and 2

Mean Boron Value (mg kg-1)
Ammonia (mg kg:1)
Hydrogen (ml kg:1)
Potassium (mg kgr1)
Lithium (mg kg*1)
Sodium (mg kg*1)
Equivalent Potassium (mg kg-1)
Equivalent Lithium (mg kg-1)
Calculated ) 300°C
pH at ) 282°C
Temperature ) 270°C

PAKS 1
176
25
44

2.63
0.51
0.20
6.0

0.98
7.244
7.083
7.012

PAKS 2
381
55
51
7.7
1.3

0.26
15.0
2.68
7.447
7.272
7.190
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the hydrogen concentration returned to its original value. Introducing hydrazine (2.5xlO"5mol
kg'1) in addition to the starting level of ammonia produced no change in measured ECP values
or the standing level of hydrogen in the absence of irradiation. Introducing a radiation source
caused a marked increase in hydrogen concentration; this was greater than that observed for
ammonia alone, and may be ascribed to the radiolytic degradation of hydrazine. No change
was observed in the potential at either the Pt or the stainless steel electrode.

These results do not support the contention that hydrazine reduces the ECP of stainless steels
below those attainable with ammonia. In the context of VVER it should be noted that the
hydrazine concentrations used in the present experiments were substantially above those
employed in practice, and the hydrogen concentrations substantially below; It might therefore
be expected that the effects of hydrazine in the present experiments would be greater than
those observed in reactor.

4. CONCLUSIONS

The results of the sampling measurements at Paks indicate that the addition of hydrazine may
reduce corrosion product and activity levels in primary coolant, however the laboratory results
show that the ECP is unchanged in the presence of ammonia. Thus the hypothesis that
hydrazine reduces the corrosivity of steel and thereby reduces the transport of activated
corrosion products is not supported. Under a hydrazine chemistry the standing level of
ammonia in the coolant for a given hydrogen concentration are double those for direct
ammonia injection, whilst the standing level of hydrazine is small. It is therefore entirely
possible that any differences in behaviour are due to the different ammonia concentrations.
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