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1. Introduectio

The use of Lurneble poison pins to prolong the 1ife of the initial fuel
charge is a possible Teature in the design of a M:.ITT Gas—~Cooled Reactor
for the British Nuclear Pover Progremne, The criticel enrichment for unpoiscned
fresh fucl is about 2,57, whilst thet for feed fuel to an equilibrium core is
in the rezion of 57, A low cnrichment first cherse would need rapid
replacement with & coansequent economic pennlty, The extra control nceded if a
higher initial enrichment is usel, is conveniently provided by using a poison
which turns away so as to compenczate for loss of reactivity with fuel burn-up.
It ean be shown that small cylindrical absorbing pins, which are virtuelly
'vlack' to thermal reutrons, have the desired burm~un characteristicse This
is illustrated in Firure 1, which shows the veoriation of k., with time for a
typical Mk.TIT core, with and without poison pins.

The most 1lilzely poison to be used is padoliniim, since it rresents the
least problems vnder irvadiation. The most important isotopes are Gd-155 end
Gd-157 with 2200 m/sec cross=-sections of 61,000 and 254,000 herns raspentivel s,
It is enviseged thet smell diameter poison nins made of gadolinium
oxide diluted with aluvminium oxide will be placed in vertical holes drilled in
the grapl.ite block, This paper describes a2 method of calculating the
reactivity ané burn-up history of the core which allows for a full interaction
betreen fuel and poison, and caters for the special problems of poison turn-up,

2o Method of (olculation

The method of crleulation chosen is the nulti-cell option of the WINSD coile
(1,2) combined with a nodified burn-u» routline designed to handle the burnable
poison. The multi-cell model doscribes a core or reactor in terms of a number
of different cell tynes, each bheing weirhtcd in proportion to its frequency of
occurrence jin the systems The cells are effcotively combined for a single
collision probability {ransport solution by specifying the matrix of probabilities
that a neutron leavine cach cell type will enter a cell of the same or any other
type. Two cell-types dre used at present for the burnabie poison caleulations,
these being a fuel elenent and a poison pin, each swrromnded Ly a graphite
.annulus, This wethod has the advantage thot it allows for interactim between
fuel and poison, whilst avoiding & lengthy transport calculztion in a

complicated geometry,

To allow for differential burn up aleng the poisor pin radius, the pin is
divided into five snunular regious, The special probleas of peison burn-u»
are disenssed in Section 3, Most calculstions have been carried out with 10
energy frouns, seven of which lie in the WIMS 'thermal' energy range, below
h &7 (977 of the padoliniwnm cbsorptions occur in ibhis range). These numbers
have been shown to be adequate by the comparative coleoulations described in
Secetion 3. The nunber of wrouns could nossibly be reduced, The VILNS cross-
section library only coutains dnta for {the {0 hish cross-section gadolinium
isotopeze The other Gd  isotones, all of which absorb thermal neutrons, only
become simificent when Gd15H5 and 157 have bornt avay, The resctivity worth
of this residue has been estimated to he abont *) of the worth of ihe fresh
nDing,



It is necessary to justify the method described on two counts, first that
the poison is burnt up corrcctly and seccndly that the correct reactivity
worth is predicted by the multi-cell model. This is done in the following
two sections.

3e Poison Pin Burn Up

Owing to its very high thermal cross-section, the poisen in a poison pin
is heavily shielded and effectively burns up from the outside. Whilst the
flux distribution within the pin changes vith burn-up, the total absorption
rate decrcases slovly and approximately linearly with time. This is a very
differcnt state of affairs from a fuel rerion, where it can be assumed that
the flvux remains approximately constant and burn-up is exponential. The WIMS
burn-up scheme had therefore to be modificd to handle burmable poiscn regionse
The main modification was to ellow the flux distribution in the poison to be
recalculated within the burn-up routine, A glance at Figure 2, which outlines
the cycle of operations which muke up a standard WILS burn-up calculation,
shows why this is necessary. In the standard calcvlation the spatial flux
distribution can only be adjusted at the transport solution stage, so that each
additional adjustment would demand an extra time-consuming and costly loop
through the main cycle. In the modified routine an effective incident flux at
the poison surface is calculated and this is assumed to remain constant betwzen
transport calculations,- apart from spectrum modificationse The poiccn regicn
fluxes ave tha recalculated from this incident flux at intervsls during burn-up.
A collision probability method is used with collision probabilities based on
the current poison nuaber donsities,

The modified burn-up routine was tested by comparison with results from
the code DECYGAD (3) in a version developed at Berkeley Nuclear Laboratories (L)
This code can treat the simple problem of a rod burnt up under a constant
incident flux. 1In the BNL calculations 99 thermal energy groups and 60 radial
mesh points were used, In DECYGAD the flux at each radial mesh point is
calculated from the mean optical path length to the pin surface. Results
obtained for this simple problem with the modified WIMS burn-up routine,
using equivalent data, showed good egreement with the results from the more
detailed model, Assuming that the reactivily worth of a pin is proportional
to the absorption rate in the pin, the WIMNS-DECYGAD reactivity Aiscrepancr
was less than 5% of the initial worth of the pin (ebout 20 Niles) throughout
the pin life. Vzriations in the number of croups and rczions showed that five
spatial recgions in the pin and seven thermal energy croups were quite adequate,

Lo The Multi=Cell Calculation

When using the multi-cell method, the user faces the problem of determinings
the cell-to-cell transf'er probabilities, For a uniform flux distribution round
the boundary of each cell these probabilities can be estimated simply in terms
of the cell surface areas. The best approximation to this situation is obtained
by associating with each cell an amount of rraphiie proportional to the absorptions
in that cells There is then on everage zero net current at the cell surface.
Thus for a design in whiech ahout 107 of 211 neutrens are abscrbed in the poison
during its lifetime, the peison cell incerporates 107 of the graphite. This
somevhat crude recire has been tested by comparing the results with those frenm
a collision probability snlution for a more exact geometrsr usine the WIMSD
'PTIY optione The resuli= ave shown in Toble 1 ond refer to a start of life
situation,



6. Summary

A method of calcuwlating the reactivity and bumm-up history of a Mk.,TII GCR
system containing burnable poisons has been described, The method allowrs for
poison-fucl interaction. Using the method it has been shorm that burn-up of the
poison under a constant incident flux can give errors of the order of 1-2 niles,
A calculation using the mcthod described will take about 507 longer than a
straightforward fucl burn-up calculation in the same rnumber of groupse. The
multi-cell approach has a potential for handling greater geometrical

complexitye.

It is intended to compere the method against experiment as soon as suitable
experimental results become availables
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Ficure 1. DEPENDENCE OF Koo ON FUEL IRRADIATION WITH ANDP WITHOUT PoiSoN -
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v
E (2) Resonance integral evaluation and spectrum calculation
in library group structure giving few-group datae

v
(b) Transport calculation in few-groups and full spatial
detail, giving eigenvelue and spatial disadventage feactorse.

v
Y (o) Spe;xtr\m and elgenvelue calculation in few groups using
spatially averaged data.

v
(d) Burn-up calculation in each burnable material
using flux from (c) expanded using spatial

disadvantage factors from (b).

Typically 1000 MWD/Te cycle

Typically 10,000 MWD/Te cycle
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Firure 2. Cycle of Operations in a Standard WIMS Burn-Up Calculsation
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FIGURE 3 PoisoN BURN-UP FOR DIFFERENT INCIDENT FLUXES ..
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