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Epithermal Neutron Beam Using A Fission Converter

Prepared by Professor Otto K. Harling, Project Director
July 27, 1995

Introduction

Recently the pace of R&D in neutron capture therapy (NCT) for
cancer has been accelerating [Ref. 1]. Clinical trials have been initiated at
the MIT Reactor (MITR-II) and at the Brookhaven Medical Reactor. An
European collaborative effort is poised to begin trials in the near future, and
Japanese researchers are continuing their clinical trials using several reactors
[Refs. 2,3,4,5]. The advantages of using epithermal rather than thermal
neutron beams for deep seated tumors have been clearly demonstrated
[Refs. 6,7].

An improved epithermal beam at the MITR-II would be very useful in
the current near term clinical trials and is essential for future Phase III
clinical trials and for routine application of NCT should this treatment
become an accepted approach to cancer therapy. An improved epithermal
neutron beam for NCT has been designed at the MIT Nuclear Reactor
Laboratory. This beam uses a fission converter as a source of neutrons. The
converter, can be composed of any suitable fissionable fuel. We have based
most of our studies upon the use of standard MITR-II fuel elements, both
fresh fuel and fuel which has been discharged from the MITR-II. In the
following sections an overview of the preliminary design for this facility is
presented and safety features are outlined. This overview of the current
design is provided to the NRC as an item of information. It is hoped that by
doing this the formal and detailed request for the necessary approvals, which
we expect to prepare in the future, will require a shorter review because the
request will have addressed all NRC concerns. We would therefore
appreciate any comments and/or guidance that NRC can provide on our
preliminary design.

Overview of Design

The fission converter based epithermal neutron treatment facility is
shown schematically in Fig. 1. This figure is taken from Ref. 8, which
provides the neutronic design of the facility. A copy of Ref. 8 is attached.
The neutron source for the converter-based beam is created by the MITR-1I




fuel, which is located in a water-filled tank . The fueled tank is located near
the core side of the reactor’s thermal column, where the unperturbed thermal
neutron flux is 1-2x EXP 12. Monte Carlo calculations show that a
converter, using 12 MITR-II fuel elements will generate 90-210 kW at a
reactor power of S MW. The power depends on whether spent or fresh fuel
is used and whether the water cooling is achieved with light or heavy water.

The converter operates with a k-effective which is much less than one.
Typically this important parameter is in the range of 0.4-0.6 with D,O/H,0
coolant for the configurations of interest. The fission neutrons from the
converter are moderated and filtered to a beam of the desired energy with a
low background of undesired thermal and fast neutrons and of gamma rays.
After collimation the epithermal beam is incident upon the target, which
might typically be a human head/brain for the treatment of virulent drain
tumors. We have carried out extensive neutronic calculations using the
MCNP Monte 7 arlo program. These calculations show that our converter-
based beam will have a high intensity of desired neutrons in the 1 eV-10keV
range and negligible components of fast neutrons and gammas in the
treatment beam.

The converter fuel elements are located in a double-walled aluminum
tank which will have a leak detector in the air space between the tank walls.
Level and temperature measurements are also provided for the cooling water
in the tank. Figure 2 provides a schematic of the fuel tank and cooling
system. The cooling circuit for the converter uses a separate heat exchanger
to transfer heat to the secondary system of the reactor. A circulating pump is
used to force the coolant, either light or heavy water, through the heat
exchanger. The fuel in the fuel tank has its heat removed to the water by
natural convection. This assures that a coolant pump failure will not cause
rapid changes in fuel temperature since the entire heat capacity of the
~ 246 gallon fuel tank is available as a thermal buffer. The normal operaiing
temperature of the fuel clad is 70 C, i.e. well below the onset of nucleate
boiling on the surfaces of the fuel plates. The time dependence of the fuel
temperature in the event of cooling pump failure has been calculated and is
shown in Fig. 3. A considerable time, 2100 minutes, is available after pump
or cooling pipe failure before any actions are needed to prevent potential fuel
damage. Lowering the cadmium curtain in front of the converter reduces the
converter power by two orders of magnitude, requires only ~10 sec, and is
independent of the continued operation of the reactor. Reactor shutdown
provides the ultimate backup to reducing converter power if the cadmium
shutter failed to operate.



The converter fuel is loaded and unloaded in a manner which is very
similar to the way these functions are handled for the MITR-II. A fuel
transfer cask is positioned above the fuel tank and irradiated fuel is
transferred through the water into or out of the shielded transfer cask. The
fuel in the fuel tank is positioned in a grid. A linear array of up to 12 fuel
elements can be loaded.

Patient safety is assured by observing carefully developed written
procedures and hardware systems to help assure precise dose control. These
procedures will be comparable to those which have been developed for use
with the existing medical beam at MITR-II. The hardware systems used for
patient dose control will include a fast-acting shutter placed directly in front
of the patient position and a cadmium shutter directly in front of the
converter fuel. The possibility of rapid reactor shutdown provides the
ultimate backup for turning off the treatment beam. Beam monitors and
readout systems currently used at the MITR-II medical irradiation facility
will be adapted for use at the fission converter based epithermal treatment
beam and will help assure that the patients receive the prescribed dose.

Reactor and medical staff will be protected against unnecessary
radiation exposure by the shield walls of the medical irradiation room. Only
the patient will be in this room when the beam is allowed into the room.
This is exactly the same approach which is used with the current medical
beam and is similar to that which is used at conventional radiotherapy
facilities.

Summary of Saiety Features

Water cooled fuel in a double walled tank

Convection cooling of fuel

Long time periods before temperature can reach boiling if the heat
removal system for the fuel tank fails

MITR-II fuel elements capable of much higher power densities will be
used

The k-effective will be much less than 1, typically less than 0.6

Fuel will be handled similarly to fuel at MITR-II

The treatment beam is controlled by two shutters and is backed up by
the reactor shutdown options

Radiation dose will be monitored by a currently used and proven
system

Radiations will take place in a shielded room
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[SOMETRIC VIEW OF FISSION CONVERTER
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Figure 2
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