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Abstract

The paper presents fuel management practices at Ignalina Nuclear Power Plant (NPP) with
two RBMK-1500 units. Present thermal rating of each unit is 4200 MW. Changes in fuel
management practices and reactor operation following the Chernobyl accident are described. Special
emphasis is given to the reduction of void reactivity coefficient by increase of the number of control
rods and transfer to the integrated burnable absorber (UO2-0.41% Er2O3) fuel with increased (up to
2.4%) enrichment.

1. FUEL MANAGEMENT PRACTICES

The Ignalina NPP comprises two generating units with capacity of 1500 MW each. Each of the two
reactors has a design thermal rating of 4800 MW. At present both reactors are running at the
prescribed reduced power of 4200 MW. The first reactor start- up took place on 2 November 1983
and on 31 December 1983 the first turbine generator was connected to the grid. The power output
achieved its design level of 1500 MWe in May 1985.

The second reactor was started up on 4 January 1987. The reactor commissioning commenced on 18
August 1987. Soon the generating power output of the second reactor came to 1400 MW and it was
operated at this power until 11 August 1988. Due to the decision taken to restrict the thermal rating
of the Ignalina reactors to 4000 MW, the reactors were operated at this power within three years. In
August 1991 on the basis of further calculations, it was decided to raise the thermal rating limit for
RBMK-1500 to 4200 MW which is still in force for both units.

As of 1 November 1996 Ignalina has generated 154,6 Billion KWh. To clearly understand the INPP
contribution into the Lithuanian electricity generation, have a look at Table 1 showing the total
annual generation of electricity in Lithuania, ENPP electricity generation (MkWh).and its
contribution (percentage wise) into the total Lithuanian electricity generation.

Table 1.

Lithuanian electricity generation
INPP generation
Ignalina contribution(%)

1989
29130
16646
57,1

1990
28236
17033
60,3

1991
29248
17000
58,1

1992
18178
14638
80,5

1993
14081
12260
87,1

1994
9942
7706
77,5

1995
13844
11822
85,4

Following the accident at the Chernobyl Unit 4 the priority measures to improve RBMKs -safety
were developed. Under this programme the measure to reduce the void reactivity coefficient was
executed on the stage-by-stage terms.
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As the first step the minimum acceptable ORM was increased to 30 manual control rods and ORM at
stable on-power condition to 53-58 control rods. That allowed to make the void reactivity coefficient
lower to+1,70.

The purpose of the second step was to reduce the void reactivity coefficient down below
+1,0 (3. That was accomplished at the RBMK-1000s by stage-by-stage moving to the 2,4% enriched
fuel and installing of 80-90 additional absorber (AA) rods into the core.

At the RBMK-1500s the same task was completed by inserting 50-H55 AA rods. But there was
decrease in fuel burnup to 14,0+14,5 MWday/kgU and increase in reactor refuelling frequency.

2. INTEGRATED BURNABLE ABSORBER FUEL

The next step in reducing the void reactivity coefficient down is to move RBMK-1500s to 2.4%
enriched fuel with BURNABLE absorber. Although it had been suggested some time ago, the
anticipated calculations did not give favorable results. It was not until the end of 1992, with the aid of
WIMS code, the efficiency of burnable absorber use was proved. The different type burnable
absorbers were considered to be used, namely, boron, dysprosium, hafnium and erbium. Gadolinium
was not considered because some preliminary tests proved to be inefficient in neutron flux flattening
comparing with boron. In addition, in case of gadolinium there was no significant decrease of the
void reactivity.

From the results obtained it was specified that the most efficient neutron flux flattening between fuel
channels could be achieved when either erbium or boron was used. The advantage of erbium is in
decrease of the campaign average void reactivity of three times comparing with boron. The natural
mixture of erbium isotopes in the form of Er2 O 3 was advised to add into fuel matrix. Among the six
erbium isotopes making the natural mixture, the isotope with atomic weight of 167 has great
resonance at energy 0,47 eV. This causes the decreasing of the neutron multiplacation factor under
the primary circuit loss of coolant. The content of this isotope in the natural mixture is 22,9%.

The optimal weight content of erbium in the new fuel was selected on the basis of the following
conditions:

• The unloaded fuel bum-up is not less 22 MWd/kg when there are no AA rods in the core;
• The void reactivity coefficient is not higher +1.0 beta;
• The maximum power level of a fresh fuel assembly with 2.4% enrichment does not exceed the

corresponding power level of a fuel assembly with 2% enrichment.

The first condition defines the upper limit of the initial weight content of erbium which is equal to
0,48%. The other two conditions define the lower boundary - 0,4%. On the basis of the calculations
0,41% was selected as the value of the erbium optimal weight content.

Mechanical and thermo-physical properties of uranium-erbium fuel pellets and their compatibility
with the Zr+1% Nb alloy were tested.

Finally the properties of the new enriched fuel appeared to be insignificantly different from the old
fuel and therefore they came to the decision that it would be unreasonable to modify either fuel
assembly or fuel element design.

The first 150 experimental fuel assemblies of the new design with 2,4% enrichment and burnable
absorber were delivered to Ignalina on 9 June 1995 and on 28 June 1995 the first five fuel assemblies
were loaded into Ignalina 2 to provide the flux measurement with the reference detector. The
measurements results proven that the preliminary calculations for the power rate of the 2,4%
enriched fuel assembly were satisfactory. The maximum deviation was not more 5% and the power
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rate of a 2,4% enriched fuel assembly did not exceed the power of a fuel assembly with 2,0%
enrichment. On one side it supported the accuracy of the predicted results and on the other side it was
the first proof that the erbium concentration had been correctly selected.
The first 150 experimental fuel assemblies were loaded in a batch of 25. The void reactivity
coefficient a,, fast power reactivity coefficient o^ and period of the first azimuthal harmonic period
changing x 01 were carefully measured after loading each batch.

The measurement results obtained are given in Table 2.

Table 2 Reactor Parameters obtained during the experimental FA loading

Date
Number of FA
Reactor power
output, eff. days

c^.lO^pMW
T 0 1 , min

17.03.95
0
0

0,8
-1,8
22

25.07.95
25
90

0,7
-2,2
22

08.08.95
50
101

0,7
-2.0
26

15.08.95
74
106

0,6
-2,3
24

08.12.95
100
125

0,7
-2,0
22

05.01.96
125
147

0,6
-2,1
30

24.01.96
150
162

0,5
-2,1
26

By the end of charge of the 150 experimental FA there was decrease in fuel burnup in the core of 1%.
But in accordance with the predicted results decrease in fuel burnup was estimated to be about 3%.
However it should account that 24 local scram rods were replaced with rods of modified design with
the seven meter replacer during the 1995 scheduled maintenance outage. As a result of the rod
replacement the fuel burnup increased 1% and the void reactivity coefficient became up (-0,1 P).
Summarizing the above the core data obtained progressively comply with the predicted results.

Thus after the completion of 150 experimental fuel assembly loading the void reactivity coefficient
was decreased from 0,8 p to 0,5 P, the power reactivity coefficient was altered from (-1,8)-10 "*
p/MW to (-2,1)-10 "* p/MW, period of the first azimuthal harmonic changing increased from 22
minutes to 26 minutes. There was a satisfactory compliance with the preliminary predicted results for
neutronic RBMK-1500 parameters. That allowed to start the next step of the tests: loading of 500
2,4% enriched fuel assemblies with burnable absorber. At the same time a certain amount of the
additional rod absorbers should be extracted.

3. MODIFIED FUEL MANAGEMENT SHEMES

To find the proper strategy for the experimental batch loading the following parameters were
considered:

• the void reactivity coefficient should be within 0,4 and 0,8 P;
• the average fuel burnup should not decrease.

The procedure for loading was developed as follows:

Step 1: Loading of 45 FA, removing of 4AA rods - 4 cycles
Step 2: Loading of 60 FA, removing of 4AA rods - 3 cycles
Step 3: Loading of 96 FA, removing of 4AA rods, Loading of 44 FA- 1 cycle.

Thus, the first step includes the loading of 180 FA and removing of 16 AA rods to be completed over
4 cycles.
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The second step comprises the loading of 180 FA as well as removing of 12 AA rods within 3 cycles.
The third steps covers 140 FA to be loaded and 4 AA rods to be removed.

Accordingly to the experimental loading programme 32 AA rods are to be extracted from the core.
The increase of the number of the experimental FA which have to be loaded before unloading the
next 4 AA rods is caused by necessity to compensate erbium burnup in the previously loaded FA.
The implementation of that programme commenced in June 1996 at Ignalina 2. Before the reactor
was shut down for scheduled maintenance outage two cycles of the first loading step had been
completed.

The results of those cycles completed, the experimental reactor parameters and predicted results are
given in Table 3.

Table 3. Reactor parameters obtained from Experimental Programme

Date
Number of FA
Predicted number of FA
Reactor power output/effective days
Average FA burnup, MW/d
Number of AA, psc
a,,; measured

predicted
o^ 10 ~* measured

predicted
x 01, min

11.06.96
152
150
0

861
53
06

0,62
-2,0
-2,3
26

25.06.96
195
194
11

848
53
0,6
0,49
-2,4
-2,5
30

30.06.96
195
194
15

859
49
0,6
0,64
-2,2
-2,2
26

16.07.96
236
234
28
858
49
0,6

0,48
-2,3
-2,5
25

23.07.96
240
238
33
868
45
0,7

0,67
-2,3
-2,2
29

Table 3 shows that the procedure taken for the experimental FA loading and removing of AA rods
enables to maintain the void reactivity coefficient within 0,6-0,7 p which complies with the results
measured.

At present the Experimental Programme for 500 2,4% enriched FA with burnable absorber to be
loaded at Ignalina Unit 1 has been developed and is to commence in January 1997.

4. CONCLUSIONS

The predicted results indicate that the full replacement of the reactor with new uranium-erbium fuel
will enable to remove all AA rods from the core. The void reactivity coefficient is predicted to be
decreased up to zero. The magnitude of the negative fast reactivity power coefficient will increase
and result in stabilizing power distribution. The fuel burnup will be 30 35% up. Thus, the loading of
the uranium-erbium fuel into RBMK-1500 will improve both reactor safety and efficiency.
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