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Introduction. The Dosimetry Applications Research (DOSAR)
group at Oak Ridge National Laboratory has established a national
and international program for dosimetry testing and
intercomparison. Under this program there have been twenty-two
nuclear accident dosimeter intercomparisons and thirteen personnel
dosimeter intercomparisons conducted with a frequency of about one
each a year. The primary tool used in these studies as well as in
a wide variety of biological experiments, personnel training
programs, and other nuclear and radiation related work has been the
Health Physics Research Reactor. Currently the availability of
the reactor is uncertain, and it is desirable to have alternate
reliable radiation sources to continue an increasing workload.

An important part of the research done at DOSAR involves
calibrating several different types of equipment with known sources
traceable to the National Bureau of Standards (NBS). These
calibrations, although done with sufficient accuracy using
available sources, were conducted in a casual manner and often
resulted in undesirable exposures to the researchers and posed a
general inconvenience to the smooth operation of the facility.
Although extensive laboratory space and storage was available at
the facility, there were no facilities for a permanent irradiation
setup that could house all the neutron, gamma, and beta sources
necessary. A permanent facility, the Radiation Calibration
Laboratory (RADCAL), was envisioned and plans were formulated that
would meet the general needs of the DOSAR group.

The RADCAL facility (Figure 1) consists of three irradiation
rooms, a control room, and various storage and utility rooms.
These rooms will house various neutron sources, a beta irradiation
facility and x-ray source, and a gamma irradiation facility. Each
irradiation will be controlled from the control room by a personal
computer system. All positioning and placement of equipment will
be done manually. When all installation and testing is complete,
the facility will allow research level testing of dosimeters, rate
meters, and other radiation equipment. The intention is to then
start review procedures to obtain approval from NBS to operate as
a NBS secondary calibration facility. It is the ultimate goal of »
the DOSAR group to perform National Voluntary Laboratory 3
Accreditation Program (NVLAP) and Department of Energy Laboratory £
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Accreditation Program (DOELAP) testing of dosimeter systems on a
limited scale. The group also intends to make RADCAL available to
outside users for research, testing, and training as a user
facility.

Figure 1 RADCAL Floor Plan

The Neutron Facility. The neutron room is the largest room
which measures 9.1x9.1x5.5 m. It will house two Cf-252 sources
stored in a 1.2-m diameter by 1.2-m deep well in the center of the
room. One source will be used as a bare source of fast neutrons
and the second will be housed inside a D2O filled 30-cm diameter,
cadmium covered, stainless steel sphere to provide irradiations
with moderated neutrons. The source to be used bare contains about
800 micrograms of californium which emits approximately 1.8 x 10
neutrons/s for a dose of 1.2 mSv/min at 50-cm. The source to be
used with the moderator is about 3.0 times larger and, when
moderated and used with the cadmium cover, results in a dose
equivalent rate of 0.9 mSv/min at 50-cm. An 8.5 Ci PuBe source
is also available at RADCAL. The dose equivalent rate from this
source is about 0.02 mSv/min at 50-cm.



X-ray/Beta Facility. The x-ray machine and beta source will
share an approximately 6.1 x 7.0 x 4.3 m room. The x-ray source
will be a Pantak Model HF320. With the appropriate filters, it
will be capable of reproducing all of the new NBS beam codes. The
beam will be monitored during exposure by a PTW transmission
chamber to ensure constant beam current and reproducible exposures.
Calibration at low energies will be done by an extrapolation
chamber and at higher energies by ionization chambers. The phantom
and calibration detector will be mounted on a movable table such
that the beam exposure can be shifted from calibration chamber to
phantom without changing the setup or interrupting the x-ray tube
operation. A heavy safety shutter will be used to allow personnel
to change dosimeters or change the setup in the room with the x-
ray tube in full operation, thus significantly reducing delays due
to warumps and improving stability.
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The beta source is a Sr- Y source manufactured by Isotope

Products Lab and has been thoroughly characterized by NBS. ' It
will be mounted in one corner of the room with clearances large
enough to reduce scattering effects to negligible levels. This
source is mounted in an irradiator that rotates the source at 60
rpm during exposures. Three 3 0 x 3 0 x 5 cm phantoms can be mounted
on a stand at a distance of 35-cm. Six dosimeter positions have
been characterized. The delivered absorbed dose rates vary from
1.2 to 1.5 mGy/min at a total depth of 7 mg/cm in mylar. A PTW
extrapolation chamber will be mounted between two of the phantoms
to monitor the delivered dose during test irradiations.

Gamma Facility. There will be two gamma irradiation sources
housed in a 5.8 x 7.0 x 4.3 m room. The first is a Shepard
panoramic irradiator with a 1.2 Ci Cs-137 source. It is mounted
on a movable platform which can be positioned in the room center.
The delivered dose rate at a distance of 50-cm is about 0.25
mGy/min. The second source is an Amersham 10 Ci Cs-137 beam
irradiator permanently positioned in a room corner with the beam
directed along the diagonal across the room. The delivered dose
at 50-cm is about 2.5 mGy/min.

Operations and Safety. To protect against personnel exposure,
each source is housed in a remotely operated irradiator. A
personal computer in the control room can operate all the sources,
check closed doors, shield placement, and safety interlocks. At
the beginning of each irradiation, the desired source and dose will
be entered into the computer. It will then calculate the exposure
time and distance as well as list a checklist of necessary setup
procedures. After the setup is completed and all required shields
are in place, the computer activates the source and times the
exposure. A permanent record is made on disk and a report of
irradiation is automatically printed.



The required procedures will be well documented in the RADCAL
protocol manual. All personnel operating the sources will be
required to review the protocol and undergo a brief training
period. During exposures all personnel in the building will be
required to be in the control room. Since the building houses no
other facilities, this should not be an inconvenience. Personnel
in the control room are shielded from each source by at least 45-
cm of concrete in the walls, and a combination of concrete and
steel in the shield doors. The neutron room shield has an
additional 15-cm of polyethylene with 5% boron as a further safety
factor.

Conclusions. The RADCAL facility at ORNL was designed to
facilitate calibration of instruments and dosimeters in support of
work related to the Health Physics Research Reactor. Its role has
expanded to include standard dosimeter testing, basic dosimeter
research, radiobiology research, and personnel training. The
facility is currently operational with two gamma sources, two
neutron sources (polyethylene moderated Cf-252 and a PuBe source),
and a Sr-Y beta source. A 320 kV x-ray machine is on order and is
due for delivery before the end of the year. Also, two heavy water
spheres are under construction to provide a standardized source of
moderated fission neutrons. An official dedication ceremony is
scheduled early in the second quarter of 1989 and it is hoped all
sources will be fully operational at that time. This facility
provides a major new tool for research in dosimetry at ORNL and is
available as a user facility to qualified participants.

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 Stales 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.


