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ABSTRACT.

Polish high flux research reactor MARIA is a pool type reactor moderated with beryllium and water
and cooled with water. The fuel is 80% enriched uranium, in the shape of multitube fuel elements, each tube
made up of UAI,, alloy in aluminium. cladding.

MARIA reactor has been operated in the year of 1977 - 85 and then it was modernised and again put
into operation in December of 1992. The modernisation as regarded the reactor core comprised a beryllium
matrix expansion from 20 to 48 blocks.

Within the fame of the power start-up and tal operation the reactor has been extended from 12 to 18
fuel channels.

On that stage of reactor operation the power of mostly loaded fuel channels was constrained to 16
MW.

Reactor has been operated within the 100-hrs campaigns for an irradiation of target materials and for
performing measurements at the horizontal channels outlets.

In the previous time it has been noticed substantial differences in reactivity changes of the core in
similar campaigns of reactor operation. It concerns the reactivity losses during poisoning period of the reactor
within the first 30 - 40 hrs of operation as well as in the fuel burning up process.

An analysis of the reactivity variations during the core extension will made possible the fuel
management optimisation in further reactor operation system.

1. INTRODUCTION.

Modernisation of the MARIA research reactor as related to the core was connected with extension of
beryllium matrix from 20 to 48 blocks which was accomplished by the substitution of the retired graphite
reflector blocks with the new beryllium ones.

In the first stage of the power start-up and the trial operation the work of reactor has been based on the
12 fuel rods core configuration. After that the reactor core was extended until the aimed configuration has been
achieved which enabled to produce the radioisotopes and perform the neutron beams investigation at the
horizontal channels' outlets.

The overall reactor power resulted from the fuel channels' thermal power of which the most thermal
loaded channel was operated with a power which did not exceed 16 MW.

Reactivity excess of the core during the irradiation process had to be contained within the limits of p
min providing the continuity of the reactor operation duration of 100, 120 or
260-hrs, and p max. being imposed by the operational constraints of Safety Report.

The conclusions following from the presented work, will allow to optimise the fuel management
during the further reactor operation.

2. DESCRIPTION OF REACTOR MARIA.

A vertical cross section across the reactor pool is shown in Fig.l. The reactor core, fuel and loop
channels, headers, and connections between the headers and fuel channels are all submerged in the pool under
a layer of water ensuring sufficient radiation shielding above the core.
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1 2 3 4 The characteristic design feature of
the core is a conical arrangement of fuel
channels. The fuel channels are situated in
beryllium matrix made of blocks of 11 cm
height and enclosed by a lateral reflector made
of graphite blocks in aluminium cans. Some of
the blocks contain horizontal holes for..........
extraction of neutron beams fom the reflector
to the horizontal beam tubes penetrating the
reactor lateral shield. A view of the reactor
core and reflector from above is shown in......... ... ......... Fig.2.
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Fig. 1. Vertical cross-section of the MAMA reactor PCO4 W
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Fig. 3 Reactor MARIA core layout
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Fig. 2Horizontal cross-section of the MARIA
reactor
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3. REACTIVITY VARIATIONS DURING THE REACTOR CORE LAY-OUT DEVELOPMENT.
The subject of this analysis is relevant to the typical reactor operation cycles (No. 1 2 3 and 4 in the

consecutive stages of the core extension during power start-up and the trial operation. A reactivity margin
enabling the accomplishment of the assumed reactor operational cycles must cover reactivity losses caused by
the poisoning effects and the fuel bum-up.

The data concerning the fuel channel position inside the reactor core, specific fuel burn-up and
thermal power are contained in Table .

Table I
[MW/0/1

Cycle No I Cy 2 Cycle No 3 Cycle 4
5 6 7 8 5 6 7 1 8 5 6 7 1 8 5 6 7 8 9

i 0,69 0,65 0,64 0,56 0,81 0,89 0,74 0,59 1,08 0,66
0,18 0 6,87 3 0 27,7 15,6 4,0 39,2

i 0,98 1,11 0,88 0,50 0,98 1,27 1,04 0,64 1,17 1,54 1,11 0,71 0,90 1,37 0,97 0,51d
0,50 0,55 0,39 0 9,15 1,04 8,52 4,76 25,3 15,8 25,6 28,1 24,5 15,3 26,2 37,1

h [_ ,2 J 1,32 1,01 1,35 1,53 1,31 1,4 1,45 1,5 1,15 1,40 1,21 0,39
F 0-,9 9 -F 0, 96 0,68 1 11,1 11,6 9,43 18,6 24,8 17,7 1 18,4 14,0 24,3 2,8

9 0,7 0,74 0,51 1,33 I'll 1 0,59 1,33 1,50 1,16 0,59 1 1,18 1,17 0,54
F 05 8 0,56 0,40 8,96 6,78 1 0,22 21,8 20,5 26,2 26,0 22, 25,5 14,8 32,6

-788 0,71 0,92 1,13 0,84 0,76
1 0,81 0,02 29,3 20,0 29,5 25.9 -86

3.1. BASIC CHARACTERISTICS OF THE CONSECUTIVE CONFIGURATION OF REACTOR
CORE.

Thefirst operational configuration of reactor core comprised 12 practically new fel elements. In the
considered first cycle (No 1) the reactor has been operated for 4 days with an overall power of 12 NTW, and the
power of the most loaded fuel channel was 132 MW.

This core had a large built-in reactivity which in the initial state was pi = 8 $. Reactivity loss caused

by the reactor poisoning achieved its steady state after 40 hrs from the start-up time. In this time the poisoning

effects and the fuel bum-up caused the negative reactivity effect Ap = 59 $. Reactor was shut down after 97 hrs

of operation when the reactivity excess was p = 19 $. Due to that the fuel bum-up coefficient was equal to

0,007 $/MWd.

7he second configuration of reactor core consisted of 15 fuel channels featured with low burn-up

(< 12%) because in the meantime the reactor was operated with a variable power of -15 Nff within 430 hs.

In the example being considered cycle (No 2 the reactor was operated with an overall power of about

19 MW, and the power of the most loader fuel channel was 153 MW.

In the initial state reactivity excess of the core was p = 54 $. The reactivity drop caused by the

phenomenon of reactor poisoning reached the study state after 32 hours of the reactor operation and the

combined effect together with fuel bum-up was 38 .

The final reactivity margin was p = 147 when the reactor has been shut down after 82 hours of its

operation.
Bearing in mind aforementioned data one can determine the fuel bum-up coefficient which was equal

to 0,005 $/MWd.

The third reactor core configuration contained 17 fel channels with a fuel bum-up of about 20% In

the mean time the reactor was being operated with a power of ca.23MW in 100, 120 and 264-

hours cycles,,Aithin about 925 hrs.

In the considered working cycle (No 3 the reactor has been operated with power of about 24 MW and

the power of the most loaded fuel channel was 154 MW. In the initial state reactivity margin was 57 $. After

30 hrs of reactors operation the reactivity margin due to the fuel poisoning approached the saturation state and

the total reactivity loss (due to fuel poisoning and burn-up) was equal to Ap = 38 $. In the further period of

reactor operation for about 70 firs reactivity loss was equal to about $. From the above data one could
concludes that the burn-up coefficient was 0,0 1 4 $/MWd.

The fourth reactor core configuration was set up with 18 fuel channels and an average fuel bum-up

level was similar to that one previously considered. In the mean time reactor has been operated for about

2500 hs with a power of 20+23 ff. In the approaching time for the actual configuration, 18 spent fuel
channels with an average bum-up of about 42% have been gradually unloaded from the reactor core
and they were substituted by the new ones.

hi the considered cycle (No 4 reactor was being operated at a power of about 23 MW and the
power of the most loaded fuel channel was equal to 14 MW. Initial reactivity margin was 54 and the
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reactivity loss approached a steady state due to fuel poisoning after ca. 30 hours and was equal to Ap = 37 $-
The fin-ther reactivity drop was caused by the fuel bum-up within the next consecutive 75 hours and was equal

to 09 .

3.Z COMPARATIVE ANALYSIS OF REACTIVITY VARIA TIONS DURING THE CORE EXPANSION.
In the first working stage the reactor core has been characterised by a large reactivity margin which

followed from the state of fuel being practically fresh. This core was also featured by the largest reactivity
efficiencies of the control rods. For this configuration within the first operation hours the reactor poisoning was
mainly created by the production of Xe 13 5 which quantity approached the saturation state after 40 hours, and
the magnitude of the poisoning was equal to about 5,5 $.

The further reactor operation resulted in the overall reactor poisoning in which a bigger share was
constituted by the built-up of Sm 149. Due to that the reactivity loss for the considered cycle No 4 within the
first several dozen hours of reactor operation was substantially smaller than for cycle No 1 3,5 in comparison
with 5,5 $ wich is illustrated in Fig.4.

The core expansion was accompanied by the time iminished from 40 to 30 hours in which the
poisoning phenomenon reached the steady state.

In the first trial operation period the reactivity loss was significantly lower, after the reactor saturation
poisoning was achieved (Fig. 4.

This effect has been caused by burning-up of the poisons' (He-3) being accumulated in beryllium
blocks which were used in the reactor before its modernisation, i.e. up to 1985.

The lowest reactivity losses connected with reactor operation have been noticed for 15-fuel channels'
configuration. In that system the reactor core constituted relatively compact lay-out.
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Fig. 4 The reactivity variations during reactor operation.

4. SUMMARY.
A beryllium matrix expansion by means of applying the new beryllium blocks instead of the graphite

reflector improved the reactivity balance of the reactor core.
During the core expansion one has to endeavour to achieve the compact lay-out of the fuel channels

for which the reactivity losses are getting to be lower.
The basic constraint for optimisation of fuel management in the MAPUA reactor core is connected with

providing the opportune conditions for isotopes' irradiation in vertical channels and for neutrons physics
investigation at the outlets of horizontal channels.

For the bigger core configurations it is possible to achieve large specific fuel bum-up by applying the
principle that the fresh fuel channels are installed in central area of the core, whereas the fuel channels with a
higher bum-up on the core boundary.
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