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ENGINEERING HOT-CELI WINDOWS FOR

RADIATION PROTECTION

K. R. Ferguson and J. C. Courtney

Hot-cell windows are an integral part of remote handling systems
that have proven to be advantageous for a variety of applications for
more than 25 years. Direct viewing through these shielding windows
provides high visual acuity, depth perception, and the flexibility needed
for multiple operator participation at work stations. Windows should be
considered as a safety-related system that is engineered to contain
radioactive material and attenuate penetrating radiations.1 To provide
these personnel protection functions throughout the life of the facility,
window materials must be selected to minimize the damaging effects of
radiation. Also, other engineering considerations such as interfaces
between the window assembly and hot-cell wall need to be integrated into
the design.

One of the first steps is to determine the types and amounts of
radioactive materials that are planned to be present inside the cell.
Ideally, the basic cell wall material, often concrete, and the window
should provide about the same attenuation for the radiations of interest.
It is desirable to consider possible future uses of the hot cell,
particularly if its mission is research and development oriented. Hence,
greater attenuation than might be required for initial objectives can
yield valuable flexibility in the long run.

High-level hot cells used primarily for the postirradiation exam-
ination of nuclear fuels and other materials from fission reactors must
provide shielding mainly for gamma rays emitted by fission and activation
products. The shield thickness required is highly dependent on the
energy and intensity of these photons. In the case of high-burnup
reactor fuel during about the first 60 days following reactor shutdown,
the high-energy gamma radiation from the 14OBa-14OLa isobaric pair is the
most penetrating. For longer decay times, the radiation from 144Ce-144Pr
governs the design up to several years. For cooling times over five to
ten years, the gammas from 1 3 7 8a (the daughter of *37Cs) set the shield
thickness. In the case of activation products, although cobalt is only a
small constituent in stainless steel, °°Co usually is the most important
activation product. Therefore, detailed characterization of the gamma-ray
spectra is a vital part of hot cell shield and window design.1 Basic
information on the gamma shielding parameters for a variety of glasses
is available.2

Evaluation of the neutron-radiation source term should always be
performed, even though it is not the principal penetrating radiation.
The primary window material, high-density glass, is not particularly
effective in shielding neutrons, and it can be a significant source of
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secondary gamma rays. If intense neutron sources (e.g., 2 5 2Cf) can be
reasonably expected to be handled, consideration must be given to adding
materials of low atomic weight, such as oil, to the window. It is
important to reduce the average energy of the neutron spectrum as close
as possible to the inside cell wall so that ihe secondary photons can be
absorbed in the remaining material.

High-burnup nuclear fuels do not emit sufficient numbers of neutrons
from spontaneous fission and (or,n) reactions on light elements to require
special window designs.3'4 However, when precautions must be taken to
guard against a nuclear criticality accident, the neutron attenuation of
the windows and the walls should be evaluated. Neutron-transport calcu-
lations that provide dose equivalent information for secondary gamma
radiation are appropriate methods of shield analysis. An ANISN transport
program was used to calculate the dose equivalents on the cold side of
1.3-m-thick slabs of barytes concrete (3.5 g/cm3) and glass (3.3 g/cm3)
from an accidental criticality of 10 1 9 fissions.5'6 The results given in
Table I indicate that the dose equivalent through the glass is only an
order of magnitude higher than through the concrete. Hence in this case,
the windows and walls adequately mitigate the doses from the hypothetical
accident.

The interface between the window assembly and the wall is a potential
streaming path. Streaming is especially troublesome when significant
neutron sources are present. Typical design solutions include providing
offsets or filling the interface with a low-strength removable grout with
a density similar to that of the wall.7 The use of grout for installation
is a convenient way to eliminate the requirement for close clearances and
to accomodate the radiation shielding needed for elastomeric seals.8'9

These seals are used to contain an inert atmosphere or oil in the window
assembly. However, for either installation technique, a carefully
planned shielding-integrity test must be performed before the facility is
activated.

The optimum window design should provide adequate personnel protection
under both normal and accident conditions. It also should have a useful
service life of at least 20 years. Consideration must be given to
radiation effects such as loss of light transmission and induced internal
voltage gradients that can lead to fracture of the glass by dielectric
breakdown9'10 The window also should be maintainable without major
disruption of the facility operations.8'11
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TABLE I

Dose Equivalents from a Criticality Accident
Through 1.3-m-Thick Shields of Concrete or Glass

Barytes Concrete Glass
Radiation (3.5 g/cm3) (3.3 g/cm3) Ratio

Primary Gamma 114 282 2.5

Neutrons 160 1900 11.9

Secondary Gammas 12 500 41.7

Total Dose Equivalents (mRem) 286 2682 9.4

The source is located 0.7 m from the inside cell wall and 2 m from the
detector. The accident produces 3.2 x 10s watt-seconds (1019 fissions).



-4-

REFERENCES

1. K. R. Ferguson, W. B. Doe, and R. C. Goertz, "Remote Handling of
Radioactive Materials," in Reactor Handbook, Second Ed. Volume IV
Engineering, 463, S. McLain and J. H. Martens, Ed. Interscience
Publishers, New York (1964).

2. W. Jahn, "Silicate and Lead Glasses," in Engineering Compendium on
Radiation Shielding Volume II Shielding Materials, 55, R. G. Jaeger
Editor in Chief, Springer Verlag, New York (1975).

3. L. G. Faust and L. W. Brackenbush, "High-Exposure Plutonium Fuels
from Light-Water Reactors," Proc. 22nd Conf. Remote Syst. Technol.,
59 (1974).

4. P. A. Ombrellaro and D. L. Johnson, "Calculation of Neutron Source
Strength in Fast Flux Test Facility Fuel as a Function of
Irradiation," Nucl. Technol. 54, 180 (1981).

5. W. W.. Engle, Jr., "ANISN, A 1-D Discrete Ordinates Transport Code
with Anisotropic Scattering," ORNL K-1693 (1973).

6. D. E. Bartine, et al., "DLC-31: 37 Neutron, 21 Gamma Ray Coupled,
P3, Multigroup Library in ANISN Format," ORNL/RSIC DLC-31 (1975).

7. K. R. Ferguson, D. E. Czernik, and L. M. Safranski, "Gastight Seal
and Installation Technique for a Kilocurie Gamma Shielding Window,"
Proc. 9th Conf. on Hot Laboratories and Equipment, 383 (1961).

8. N. J. Swanson, J. R. White, and J. P. Bacca, "Startup Configuration
of the Hot Fuel Examination Facility/North (HFEF/N)," Proc. 23rd
Conf. on Remote Syst. Technol., 109 (1975).

9. N. J. Swanson and T. W. Eckels, "Monitoring for Light-Transmission
Changes in HFEF/N Shielding Windows," Proc. 23rd Conf. on Remote
Syst. Technol., 441 (1975).

10. F. C. Hardtke and K. R. Ferguson, "The Fracture By Electrical
Discharge of Gamma-Irradiated Shielded Window Glass," Proc. 11th
Conf. on Hot Laboratories and Equipment, 369 (1963).

11. M. F. Huebner, et al., "Hot Fuel Examination Facility/South Argon
Cell Decontamination and Refurbishment," Proc. 29th Conf. on
Remote Syst. Technol. Volume 2, 58 (1981).


