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Abstract

Solid burnable poisons are needed in present PWR designs

for the reduction of the boron acid concentration in order

to prevent positive coefficients of reactivity. The special

operational conditions of a ship reactor lead to another

reason for the application of this kind of poison, namely

to use them for compensation of almost all burmip

reactivity. This strengthens the necessity of a very

accurate dimensioning because an appropriate binding of

reactivity has to be kept over the whole cycle time.

Therefore, several burnup experiments have been run in the

15 MW material test reactor FRG-II. The following devices

have been irradiated: poison pins within and without PWE

fuel pin lattice segments and fuel pins containing pellets

with a poison core- Measurements of reactivity, fluence,

fission product concentrations and radial profiles of

poison concentration have been performed. Methods applied

were ̂ -scanning and neutron pulse, radiography and trans-

mission techniques.

Evaluation of the experiments was done by one- und two-

dimensional S-̂ -transxiort burnup calculations. In parallel

a collision probability transport burnup code for current

PWR design work is being developed, the main feature of

which is economy in manpower and computer time.
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1. Introduction

A brief review of the GKSS research program on solid

burnable poisons in light water reactors shall be given

representing scope and status. The specific progress of

work attained during the time of IAEA research contract

1519/CF (1.8.1974 - 51-. 7.1975) is described by the two

technical reports quoted separately on top of the reference

list.

2. The scope

The original purpose of the program only refered to a pro-

blem of the commercial ship reactor. During the time when

the first core of NS OTTO HAHN was in operation the economi™

cal optimum in lifetime of a fuel batch turned out to be

in the same order of magnitude as that of a landbased PWR

D,2]. Under the special conditions of a small reactor

this corresponds to a burnup reactivity equivalent of

about- 20 % &$ . It is impossible to control completely

thin larre amount of excess reactivity by the control rod

system which primarily has to absorb the reactivity

difference between the states cold, clean and hot, full

power, and Xenon equilibrium («*10 "oAj) fulfilling at the same

time the stuck rod condition.

For reasons of safety the usual PWR technique of poisoning

the moderator by boron acid cannot be utilized, because a

poison which could be washed out of the primary system by

seawater penetrated after a heavy accident had to be

backed up by a more stable one. Practically, this situation

leads to the consequence of controlling at least 15 %ù% by

solid burnable poisons. This is twice as much as the amount

of reactivity to be bound by solid poisons during the

running-in period of a landbased PWR in order to assure a



negative temperature coefficient. Another design condition

complicating the problem is to keep the poison in efficiency

until the end of burmip cycle, i.e. to hold flat the koo-curve

all over the life of a fuel batch. In case there is boron acid

at disposal a much weaker condition is valid: the solid poison

only has to be disappeared before end of cycle. So the incen-

tive can be seen to prepare mathematical tools able to cope

with this situation and to verify them by experiments.

Meanwhile there can be seen a more general interest in these

problems, since it is deemed desirable to reduce the average

content of boron in. a PWR as much as possible in favour of

a lower production of tritium.

5. Experimental program and status

The poisons taken into consideration were Boron, Cadmium,

and Gadolinium. Especially the latter ones were expected to

be advantageous in the achievment of a small variation of

criticality under burnup.Due tothe strong preponderance of

surface burnup they are well suited for the confirmation of

theoretical models. The advantages of boron were seen in the

good availability and in the ability of forming various mate-

rial mixtures.

The following configurations have been provided for the irra_

diation experiments.

Irradiation 1:

2 steel-cladded pins containing a Cadmium-Magnesium alloy

containing 70.4 and 33.3 weight °/o of Cadmium, respectively.

Irradiation 2:

1 steel-cladded pin containing B^C grains of 90 - 100 jum

diameter dispersed in a matrix of Binal, boron content

4.6 weight %.



Irradiation 3:

Two PWR fuel pin lattices 5 x 3 . The center pin is replaced

by a poison pin. Both fuel pin lattices are identical con-

sisting of steel-cladded UO2 pellets of 3-23 weight %.of

U 235. One poison pin is of the same composition as that of

irradiation 2, the other one resembles the lighter loaded pin

of irradiation 1.

Irradiation 4:

Two steel-cladded pins of Gadolinia in Al^O^, Gadolinia con-

tent 25.I weight °/o. One of them is provided for neutron trans-

mission measurements of the same manner as performed in case

of the poison pins of irradiation 3» A description will be

given below.

Irradiation 5:

Two PWR fuel pins with pellets containing a B^C core, the

poison concentration has to be fixed yet.

Gadolinia admixed to UOp pellets had not been taken into con-

sideration till now, because of the low rates of admixture

realized in former times. The rates necessary to achieve

poison efficiencies corresponding to 10 - 16 MWd/kg of fuel

burnup are about 5 - 8 weight % of Gadolinia. Since newest

admixtures up to 6 % are in discussion. This could be a

viewpoint also to incorporate this kind of poisoning into

the program.

The irradiations were performed by means of the Forschungs-

reaktor Geesthacht, FRG-2, a 15 MW-Swimming pool reactor with

MTR fuel assemblies. The PWR fuel segments of irradiation 3

were installed in a hollow element of the outer dimensions of

a MTR fuel assembly which was inserted into a reflector posi-

tion of the reactor. À detailed description of these assem-

blies, of the design parameters, and of the measuring equip-

ment is given in [Vj. 1lhe irradiation insert of all the other



experiments can be inserted in a MTR control element. Due

to the smaller perturbations of the neutron flux density

caused by this kind of device it can be located in positions

in the interior of the FRG-2. A detailed description is

rtiven in 4

The aforementioned papers [3, 4] also give a detailed des-

cription of the measuring techniques. The poison burnup was

controlled by measurements of reactivity and fluence the

latter being performed by "jp-spectrometry of Co-Al-wires ("5j«

The burnup of the fuel in irradiation 3 also has been meas-

ured by means of the Jf- spectrometer during the experiment,

these measurements shall be supported by a radiochemical

analysis. Radial profiles of the poison burnup have been

measured by transmission of monochromatic neutrons from an

FDR-1 beam tube through thin discs of poison material taken

from different axial positions of the poison rod p j * ^*

should be noted that these measurements must be performed

several times during the whole depletion process. Every time

the whole experimental device has to be removed from the

reactor, disassembled in a hot cell, and re-assembled after-

wards .

The present status of the experimental program is this:

irradiations 1 - 3 are evaluated except the radiochemical

analysis of the fuel material of the last one. Irradiation 4

is in operation since October 1975 and will probably be ter-

minated within the current year.

4. Theoretical program and status

It was obvious that the recalculation of the measured poison

pin burnup demanded for sophisticated transport and burnup

theory. For the transport calculations the possibility to

specify a very fine mesh of the space variables was consi-

dered as the main property. With respect to consumption of

fast memory a one-dimensional cylinder-Sn solution has been



selected. Additionally, the possibility was desirable either

to reproduce the axial variation of the neutron flux density,

and the geometry of a two-dimensional lattice of rectangular

cells, the latter in order to evaluate the bundle experiments

(cf. Al). So the raultigroup burnup transport code NEUTRA has

been developed D^J* ^ e transport modules which allow for

P-i-anisotropy are based on those of the DTF family. The

burnup section takes into account the chain structure of the

fission product buildup;58 burnable nuclides are fixed in

the code. The evaluation of the irradiations 1 - 3 showed

the usefulness of the code, details aro given in |%J and in

A 1. The code is considered to be in a final state.

For the daily design work on PWR cores which contain long-

time burnable poisons a code more economic in computer memory

and processor time proved to be necessary. Moreover, the

structure of the code was to be simple in order to facilitate

the production of various sets of material data used for the

diversity of design problems.

One dimensional integral transport theory based on isotropic

collision probabilities in cylindrical geometry suited best

to optimize this complex problem.. The code was furnished

with a library flexible enough to cope with all stationary

operational states of a present design PWR. Facilities for

an easy updating of this library have been provided. A de-

scription of this code GELS is given by A 2; it includes

also the results of some reference calculations.

The essentials of this code seem to be fixed, current work

is on further accomodation and on referencing by recalcula-

tion of measurements. Beyond that a GELS/NEUTRA comparison

is planned by means of the evaluations mentioned above.
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