
REACTOR PHYSICS CALCULATIONS FOR THE CONTROL
OF THE ADVANCED NEUTRON SOURCE REACTOR*

CONF-880911—8
Felix C. Difilippo*

Mohamed Abu-Shehadch* DE88 012942
Rafael B. Perez*

•Oak Ridge National Laboratory, Oak Ridge, Tennessee.
*Oak Ridge National Laboratory and the Department of Nuclear Engineering, The

University of Tennessee, Knoxville, Tennessee.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

Paper to be published in the Proceedings of the International Reactor Physics
Conference, American Nuclear Society, September 18-21, 1988, Jackson Hole, Wyoming.

* Research sponsored by the Office of Basic Energy Sciences, U.S. Department of Energy
under contract number DE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc.

DISTRIBUTION fff THIS IrflftlMtlVT |g URLIMITE*



REACTOR PHYSICS CALCULATIONS FOR THE CONTROL
OF THE ADVANCED NEUTRON SOURCE REACTOR*

Felix C. Difilippo*
Mohamed Abu-Shehadeh*

Rafael B. Perez*

"Oak Ridge National Laboratory, Oak Ridge, Tennessee
fcOak Ridge National Laboratory and the Department of Nuclear Engineering

The University of Tennessee, Knoxville, Tennessee

ABSTRACT

Efficient production of extremely high fluxes requires compact cores with
consequent high power densities and initial excess reactivities. Strong space
dependent neutron spectras and limited access to the small core are other
characteristics that make the design of the control system of these type of facilities
an interesting problem. We present calculations of a) the worths of 10B to reduce
the initial excess reactivity, b) the worth of Hf and B control rods, and c) the
neutron lifetimes, for the case of candidate designs for the Advanced Neutron
Source reactor.

INTRODUCTION

One of the main objectives of the Advanced Neutron Source (ANS) Project1 is the
design of a scattering facility capable of producing thermal neutron fluxes between 5 and
10 times 1019/m2 sec; the facility will use a reactor as a source of neutrons. In order to
keep the thermal power to be dissipated below a reasonable limit (~300 Mw thermal), it is
necessary3 to combine a low absorbing reflector with a very undennoderated core. Hence,
the dimensions of the core have to be small in comparison with the slowing-down length of
the neutrons inside the core. Another design requirement is a core life of at least 14 days
which, in view of the high core burnup and fluxes, demands an initial cold and unpoisoned
core multiplication constant of about 1.2. It is required, then, to design the control of a
reactor that has the following unique characteristics: large reactivity balance, large I35Xe
and 149Sm concentrations, strong coupling between two neutron fields with very different
characteristics, i.e., predominance of fast neutrons in the core and thermal neutrons in the
reflector, and a core of small dimensions.
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DESCRIPTION OF THE REACTOR TO BE CONTROLLED

We have calculated control-related parameters of one of the earlier candidate
concepts for the ANS reactor. The design consisted of a 35 liter core of cylindrical shap<-
with a 128.6 mm diameter internal cavity. A 25 mm thick target region exists between
the two annuli that compose the coro. The core is within an aluminum pressure tulx> that
separates the coolant and the reflector. The core is cooled with D2O. A separate D-.0
region (150 cm thick) serves as moderator and reflector.

The fuel element would be composed of aluminum plates that contain a mixture of
a uranium silicide fuel and aluminum. The calculations shown here correspond to two
specific design cases that differ mainly in the total fissile loadings which are 24 Kg and
29.5 Kg of 235U (93% enriched U). To maintain the power peaking factor within reasonable
limits, the two dimensional (r, z) fuel distributions were determined according to Rcf. 3.
Both cases correspond to core lives of 14 days at power levels of 284 and 360 Mw fission
(202 Mev/fission) that would produce, respectively, peak thermal fluxes in the reflector of
8.15 x 1019 and 10.3 x 10 l9/m2 sec at the end of life. The four energy groups and diffusion
theory neutronic model which includes control rod movements and explicit calculation
of depletion and buildup chains is based on the BOLD-VENTURE system.4 Twenty-six
energy group transport calculations were used to generate four group space dependent
neutron cross sections and to check the accuracy of the diffusion calculations.

USE OF 10B TO REDUCE THE INITIAL EXCESS REACTIVITY

Table 1 shows the cold and unpoisoned core excess reactivity of both designs necessary
in order to obtain the core lives and fluxes specified in the previous section. The table also
shows the changes of the multiplication constant, AJb, because of the buildup of 135Xe.
There is some dependence of the Afc with the position of the control rods. The large
initial excess reactivity involved in these designs cannot be compensated only with control
rods by reasons of space and practical limitations for the worth of each control rod. It is
necessary then to control part of the excess reactivity with removable or burnable poison.
Figure 1 shows the reduction of the multiplication constant by adding uniformly IOB to
the core as burnable poison (we show in the same graph values for both designs).

The initial amount of IOB as burnable poison has to be chosen to minimize the effect
of the residual amount of l 0B at ti-ie end of life on the core life and the effect of the extra
neutron absorption in the 10B on the rendement e (peak thermal flux per neutron per
second produced by fission). Table 2 summarizes the trade off between these conflicting
parameters.

Tables 1 and 2 show that a considerable amount of reactivity still remains to be
controlled by the action of the control rods if we use l 0B as burnable poison; of course.
Figure 1 shows that more 10B would be very efficient to reduce Jfc, but this would be at
the expense of reducing the core life. Another possibility is to reduce the initial excess
reactivity by using removable l 0B diluted in the coolant that flows through a pipe that



TABLE I
Initial it and Effects of 135Xe Buildup

Cold and Unpoisoned Core

24 Kg 235U Design

29.5 Kg 235U Design

AJt Because of 135Xe Buildup

24 Kg 235U Design at 284 Mw fission
a) Core with 36 g of I 0B, no control rods
b) Core with 6 g of I 0B, Hf control rod inserted

k = 1.1833
Jt = 1.2398

A* = -3.05%
Afc = -3 .81%
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Figure 1. Change of the multiplication constant by adding uniformly I0B to the core (as
burnable poison).



TABLE II
EFFECTS OF 10B AS BURNABLE POISON

Designs

Afc
Reduction of core life

Reduction of e at
beginning of life

24 Kg 235U

-4.64% (6 g 10B)

0.58 days

1.1%

29.5 Kg M5U

-7.02% (10 g I0B)

0.70 days

1.4%

contains the core. In this case, the poison is located in the core and in the axial reflector
and because it is removable, it has the advantage of not affecting the core life.

Figure 2 shows the effect on the multiplication constant of the diluted and removable
IOB. From the figure, we conclude that ~300 ppm of 10B are enough for a substantial
reduction of the initial excess reactivity. Under these circumstances, the worth of the rods
used as regulating rods can be arbitrarily small.
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Figure 2. Change of the multiplictiion constant by the effect of diluted 10B in the coolant
(1 ppm = 1 atom of 10B per 10* molecules of D2O).



CALCULATED WORTH OF CONTROL RODS

Two kinds of control rods were calculated; one to be located in the central cavity
of the core and to be used as shim rods, and the other to be located at the interface
between the core and the radial reflector and to be used as safety rods. Because of the
idealized geometry used (cylindrical two-dimensional, r, z) the "ring of rods" are, in the
calculations, cylindrical shells; also, we supposed that in order to maintain a balanced
power distribution, the control rods are moved symmetrically with respect to the midplane
of the core. The methodology to calculate the control rods (one thermal group, space
dependent cross sections, and diffusion theory) was checked for the case of a further
idealization of the geometry (cylindrical, one-dimensional r). Under these conditions,
the reference values were computed with the transport code XSDRNPM using a 26 energy
group (11 below 0.65 ev) cross section set. Satisfactory agreement for the worth of the
control rods was obtained between transport and diffusion calculations (relative worth
differences within a few percent) under similar but idealized conditions.

Figure 3 shows the worth of different rings of control rods. Rings 1 or 2 are located
in the central cavity at r = 5 cm. Ring 1 is composed of a mixture of natural boron and
aluminum and it is 3 mm thick and ring 2 is composed of Hf 5 mm thick. Ring 3 is located
at the periphery of the core at the interface between the pressure vessel and the reflector
and it is composed of a mixture of natural boron and aluminum and it is 3 mm thick.
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Figure 3. Worth of different rings of control rods.



Tables 1 and 2 and Figures 1 and 3 show that it might be possible to control the reactor
using, for example, ring 2 as regulating rods, 10B as burnable poison, and ring 3 as safety
rods.

NEUTRON LIFETIME CALCULATIONS

Neutron lifetimes (/), important parameters to design the control system, were
computed for the design with 24 Kg of 235U by computing the amount of 1/v absorption
to be removed or added to reach a multiplication constant equal to 1 4- /?e/; a value
of fief = 0.007, computed by using perturbation theory, was used. The results of the
calculations of / are shown in Figure 4 as functions of k.
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Figure 4. Neutron lifetime (/) as a function of the multiplication constant (Jt).
different curves correspond to different ways of obtaining the same k.
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The curves show the differences in / when we change k in different ways; curve 1 is for
the case when k changes because of different 10B burnable poison concentrations, curve 2
corresponds to the case of a fixed amount of 10B (6 g), but with control rod movement
(ring 2) and curve 3 corresponds to a sequence where k changes because of different 135Xe
concentrations at different power levels. The relation between / and k is therefore not
unique although Figure 4 shows consistency within 10%.

CONCLUSIONS

The results shown in this paper demonstrate the feasibility of a control system within
the specifications set forth by the ANS project. Candidate designs might be controlled
either with a combination of burnable poison and high worth control rods or with a
combination of removable poison diluted in the coolant and low worth control rods. Also,
kinetics parameters were calculated that in conjunction with reduced order neutronic and
thermohydraulic models, will make possible the design of the control system and the
definition of the operating criteria.
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