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PROJECTED STANDARD ON NEUTRON SKYSHINE

R. H- Westfall and D. S. Williams

Skyshine is generally understood to mean air-scattered radiation. Here

its usage Is broadened to include radiation scattered by the air, ground or

incidental structures between source and detector locations. For nuclear

power operations, previous emphasis has been placed upon gamma radiation.

Standards have been developed to specify source terns, shielding design

2
procedures, and the calculation and measurement of direct and scattered

gamma radiation.

The current interest in neutron skyshine arises from the application
h

of dry fuel handling and storage techniques at reactor sites, at the

proposed monitored retrievable storage facility and at other facilities

being considered as part of the civilian radioactive waste management program.

Under wet storage conditions, the neutron sources inherent in spent fuel do

not ordinarily pose a site-related radiation level problem. Under dry

conditions, there is a much higher potential for concern, particularly in

the context of long-term integrated doses.

A quantitative indication of the importance of neutron skyshine can

be drawn from the measurements of Kazi et al. Neutron kerma due to

the low-power operation of a bare, metal-fueled reactor were obtained at

distances out to 1.6 kilometers. The measured value at 1600 • was approx-
-2k

imately 3 x 10 Rad per source neutron. However, a staple calcula-

tion of a point source in dry air conservatively predicts an uncollided

value of 7 x 10~25 Rad per source neutron. Thus, at least 80% of

the neutrons detected at 1.6 kilometers have been scattered.



The chairman of Standards Subcommittee ANS-6, Radiation Protection and

Shielding, has requested that a work group be formed to characterize the

neutron skyshine problem and, if necessary, prepare a draft Standard. The

work group is comprised of representatives of storage cask vendors, architect

engineering firms, nuclear utilities, the academic community and staff members

of national laboratories and government agencies. The purpose of this

presentation summary is to describe the activities of the work group and the

scope and contents of the projected Standard, ANS-6.6.2, "Calculation and

Measurement of Direct and Scattered Neutron Radiation from Nuclear Power

Operations."

The specific source under consideration by the work group is an array

of dry fuel storage casks located at a reactor site. However, it is

recognized that the scope of the standard should be broad enough to encompass

other neutron sources Also, it should consider the several analytical

methodologies applied in demonstrating compliance with the pertinent radia-

tion level criteria contained in 10CFR50:operating reactors, 10CFR72:

independent facilities and 40CFR190:total nuclear fuel cycle exposure.

The contents of the proposed Standard will include sections on terns

and definitions, source characterization, calculational requirements, Measure-

ment techniques and dose assessment guidelines.

The source characterization will address the issues of source dependence

on the spent fuel exposure and cooling time as well as its degradation by the

shielding materials in the cask walls. The multiplicity of sources corres-

ponding to an array of casks is an aspect of the problem requiring a demon-

stration of effective analytical treatment.

The calculational requirements are being addressed by several phases

of activity. For all phases, the material compositions for air, ground and



concrete are the same as those applied in the Standard on gamma radiation.

Initially, single point and line sources will be treated in one-dimensional

spherical and cylindrical geometries. Transport through dry and saturated

air will be calculated out to distances corresponding to off-site locations.
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With the application of ANSI Standard dose factors, these analyses will

provide conservative, bounding estimates of off-site dose rates.

The second phase will be based on multidimensional analyses of geometries

containing multiple sources and concrete facility and ground features. Coa-

parison of uncollided and total dose components will yield an indication vf

the significance of the skyshine effect.

The third phase of the analyses will be based upon the calculation of

experimental configurations to provide an overall validation of the analytical

methodology. Hopefully, pertinent experimental data will be available for

this effort.

Two series of experimental programs are being considered. One would

involve the direct measurement of dose levels associated with the dry fuel

storage facility at the Surry Plant. The other program would involve a «ore

generic set of experiments simulating radiation from a storage facility.

Appropriate instrumentation and measurement techniques will be described.

In conclusion, the interest in neutron skyshine coupled with the

necessity to develop and utilize alternative spent fuel storage options

has led to the need to develop a draft Standard. The Standard will

define appropriate methodology for properly characterizing the neutron

dose due to skyshine. This dose characterization is necessary, for

example, in demonstrating compliance with pertinent regulatory criteria.
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