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Water chemistries currently used in WWER reaaors are potassium based water chemistry (KOH) to adjust
the pH with ammonia or hydrazine as oxygen scavenger.

Based on the measurement of Zr 95 which is a corrosion product of the zirconium cladding, it is shown
in this paper that the amount of corrosion products accompanying the reactor shutdown is smaller when
hydrazine is used. This is particularly obvious on PAKS 1 and 2 when Zr 95 measurements are performed
before and after switching the water chemistry from ammonia to hydrazine.

It is concluded that the main advantage of using the hydrazine water chemistry is to decrease the
thickness of the corrosion product layer formed on the fuel cladding, therefore the fuel temperature can
be kept low. It is estimated that the fuel temperature increase due to the layer of corrosion products is 120
deg. C for KOLA 3 which is operated with ammonia water chemistry.

HYDRAZINE - HYDRATE WATER REGIME AND OPERATION OF

FUEL ELEMENTS

It is well known, that corrosion products in an operating reactor are situated on the

surface of fuel elements. The amount of corrosion products originated directly from

constructional material of reactor is less than 15% of the total amount of corrosion

products.

As a result of changes in reactor operation (power increase or decrease,

hydrodinamical changes, etc.) corrosion products' transport to coolant will increase.

The radioactivity of primary coolant will consist of fission, products, activated
14N,24Na,42K and corrosion product, like ^Co, 58Co, 59Fe, MMn, *Mn, 11OwAg, 95Zr.

The latest corrosion products are present in form of dispersed material mainly and they

absorb onto the surface of fuel element rods where they will activate and decrease the

heat transfer between the coolant and fuel element cladding. As a consequence of

deterioration of heat transfer the fuel element cladding temperature — which consists of

Zr-Nb alloy — will increase and the operation safety will decrease.
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As the effect of hydrazine-hydrate the degree of sorption will decrease for all the

constructional materials, so for zirconium alloy. The crud coming from the surfaces are

caught by CVCS while there is no possibility for the production of new crud because

of checked corrosion of constructional materials and of restricted sorption on the

surface respectively. Consequently the continuos dosing of hydrazine-hydrate will

result in removing of corrosion products from the surface of fuel element cladding.

The analyzes of data from backwashing of CVCS filters (1) makes sure that

depending on the time range of effect of hydrazine-hydrate the amount of corrosion

products will decrease. The radioactive corrosion products (^Co, 59Fe, ^Mn, 51Cr)

will be washed out from fuel element cladding so that they radioactive concentration

will increase towards the washing out of deeper corrosion layers. As the result of these

processes the amount of corrosion products settled on the fuel element cladding will

decrease.

Results make possible the modeling of corrosion products' transport in the close

vicinity of fuel element cladding. The supposed model is shown on Fig. 1.

Corrosion products in the coolant pass through the field of fuel element cladding in

case of steady power. During this process in case of positive temperature stress (+AT)

a crud layer will be produced on the surface of the fuel element cladding having uneven

density and radioactivity. The layer with the highest density is situated directly on the

cladding wall and its radioactivity is the highest as well. As the effect of hydrazine-

hydrate the crud will be dissolved gradually into the coolant and will be caught the

CVCS.

It is confirmed by a great number of experiments that the increase of average

temperature of fuel element as an effect of corrosion layer settled onto the fuel element

cladding is between 60 °C (Connecticut - Yankee, USA) and 120 °C (Kola NPP).

Experiments have been carried out in Kola and Armenian NPP to determine

reactivity change as the consequence of removal of corrosion layer from fuel element

cladding. At Unit 1 in Kola NPP there was a continuous hydrazine dosing in January

1980 in sufficient amount to produce 60 Nml/kg dissolved hydrogen concentration in

primary coolant. The flow rate to the CVCS filter was 30 t/h. The excess amount of

hydrogen was incinerated with 6 t/h flow rate.

The amount of corrosion products removed from the fuel element cladding surfaces

determined by the change of radioactive concentration of 56Mn. In order to determine

positive reactivity released the following critical parameters were measured:
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- thermal power of reactor,

- average temperature of reactor coolant,

- position of control rod groups,

- boric acid concentration.

The change of reserve reactivity during experiment agrees with that of calculated by

BIPR program after making some experimental correction of basic data.

During the 10.8 effective day long experiment there was no change in reserve

reactivity, that is only 0.32% reserve reactivity was released.

Taking into consideration the heat transfer coefficient of corrosion layer

— 0.002 W • cm"1 • °C"1 — the thickness of this layer according to the calculation was

12-15 urn. On the base of back washing of CVCS filters during the change of water

regime of WER-440 type units to hydrazine addition chemistry the specific activity of

corrosion layers could be determined as the function its thickness at steady power and

standard boric-ammonia-potassium water regime.

In addition of the above mentioned facts the reduction of fuel element cladding

temperature will improve the operational conditions of Zn-Nb alloy.

In order to determine the amount of corrosion products at Paks NPP samples were

taken during shut-down periods at given time intervals. After filtration corrosion

products on a 0.45 jam pore size filter were measured be gamma spectroscopy. The

amount corrosion products from the corrosion of fuel element cladding was

determined by the help of ^Nb. Due to that at Paks NPP Unit 3 and 4 operate with

standard boric-ammonia-potassium water chemistry and since 1991 Unit 2 and since

1992 Unit 1 have been operated with hydrazine dosing water chemistry we had the

possibility to compare the effects on Zr-Nb alloy fuel element cladding.

The change of 95Nb radioactive concentration during shut-down of Unit 1, 2, and

3 can be seen on Figs. 3, 4 and 5. It can also be seen that following the change to

hydrazine addition water chemistry the amount of 95Nb has considerably decreased.

The measure of decrease can be determined according to the maximum concentration

or area under the curves during shut-down periods. For example at Unit 1 ~ hydrazine

addition water chemistry has been used since 1992 — the amount of 95Nb washed out

from fuel element cladding surface was 12 times less than during previous shut-down

in 1991 (Fig. 3). Figure 4 shows that in case of a long lasting hydrazine addition water

regime the amount of 95Nb continuously decrease and will stabilize on a lower

concentration than before. The Figure 5 shows the change of 95Nb concentration in
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a. transport of corrosion products in
case of boric acid-ammonia-
potassium water regime,
Ept~-50mVSHE.

b. transport of corrosion products from
fuel element cladding to the coolant
in case of power decrease,
Ept~-50mVSHE.

Where: AT - heat production
L - thickness of corrosion product layer
1 - fuel element cladding
2 - fuel element pellets
3 - stream of coolant
4 - direction of corrosion products' transport

c. transport of corrosion products in the
vicinity of rue! element cladding in case
of strongly reducing water regime
(N2H4. H2O) Eft ~ -350 mV SHE.

FIG. 1.
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FIG. 2. Distribution of corrosion products on the fuel element cladding surface (+AT).
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FIG. 3. Unit 1.
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FIG. 4. Unit 2.
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FIG. 5. Unit 3.
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the primary coolant of Unit 3 having the standard boric acid-ammonia-potassium water

regime. The decrease of 95Nb concentration is due to the decrease of corrosion rate of

fuel element cladding material and of sorption of corrosion products on the fuel

element cladding surface.

Basing on these facts the following conclusions can be drawn:

- as the effect of hydrazine addition water chemistry corrosion products will be

washed out from the surface of fuel element cladding.

- washing out of corrosion products leads to the decrease of fuel element cladding

temperature that results the improvement of operational conditions of Zr-Nb

alloy.

- as the effect of hydrazine addition water chemistry the amount of corrosion

products from the fuel element cladding material will considerably decrease.
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