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Abstract
The American Nuclear Society (ANS) is a standards-writing

organization-member of the American National Standards Institute (ANSI). The
ANS Standards Committee has a subcommittee denoted ANS-6, Shielding,
whose charge is to establish standards in connection with radiation shields, to
provide shielding information to other standards writing groups, and to prepare
recommended sets of shielding data and test problems. This paper is a progress
report of this subcommittee.

By Standards, we mean voluntary Standards - sometimes called industry Standards -
promulgated through the American National Standards Institute (ANSI) consensus procedure
whereby all interested parties have ar opportunity to comment on and contribute to the content in a
manner avoiding any conflict of interest.

The purpose of a Standard is to set forth acceptable practices, procedures, dimensions, material
properties, specifications, etc., which have been agreed upon by representatives of a broad segment
of the subject activity.

The management organization of Nuclear Standards has accepted a definition propounded by
an international standards organization as, first,

"Standardization: The process of formulating and applying rules for an orderly approach to a
specific activity for the benefit and with the cooperation of all concerned and in particular for the
promotion of optimum overall economy taking due account of functional conditions and safety
requirements.

It is based on the consolidated resuits of science, technique, and experience.
It determines not only the basis for the present but also for future development and it should

keep pace with progress." and a Standard is "The result of a particular standardization effort
approved by a recognized authority."

Our interest here, however, is primarily in American National Standards, of which about 5,000
exist. Perhaps the best known to the lay public are a few PH2 Standards defining the speed of
photographic film and CI-1971 which, when given legal stature through adoption by a municipality,
is the weli-known electrical code.

The organization responsible for promulgating voluntary standards is ANSI. The Institute, a
nonprofit corporation, is a federation of leading trade, technical and professional organizations,
government agencies, and consumer groups. ANSI's principle functions are to coordinate standards
development, minimize duplication and overlap, and provide a neutral forum to consider and
identify standards needs.

The Institute does not develop standards. It makes use of the combined technical talent and
expertise of its member bodies: technical, professional, and trade organizations together with the
companies and industrial firms that comprise the Institute. A standards writing organization, such as
a technical society, having developed a standard and seeking approval by ANSI, prepares a list of
the organizations, companies, and other groups with substantial concern and competence in the
scope of the standard and then conducts a canvass of them on approval of the proposed standard.



The final results are reported to the ANSI Board ot Standards Review for determinat jn that a
consensus exists and declaration of the proposed standard as a voluntary American National
Standard.

The standards-writing organization of interest here is the American Nuclear Society (ANS).
Among its several administrative committees is one on Standards composed of nearly 30
Subcommittees (see list below). Parenthetically, as presently constituted, the Committee consists of
all individuals assigned to Standards tasks within the Society, some 800, and is, obviously, not a
working or workable group. There is, therefore, an eleven-member Steering Committee. The ANS
Standards Subcommittees are grouped along lines of common interest and assignments under
supervision of a Steering Committee member. The Subcommittees, in turn, have established ad hoc
Working Groups for preparation of individual Standards.

ANS-I Performance of Critical Experiments
ANS-2 Site Evaluation
ANS-3 Reactor Operations
ANS-4 Reactor Dynamics and Control
ANS-S Energy and Fission-Product Release
ANS-6 Shielding
ANS-8 Fissionable Materials Outside Reactors
ANS-9 Nuclear Terminology and Units
ANS-10 Mathematics and Computation
ANS-l 1 Radioactive Materials Handling Facility and Specialized Equipment
ANS-13 Fuel Assemblies Criteria
ANS-14 Operation of Pulse Nuclear Reactors
ANS-15 Operation of Research Reactors
ANS-I6 Isotopes and Radiation
ANS-18 Environmental Impact Evaluation
ANS-19 Physics of Reactor Design
ANS-20 Systems Engineering
ANS-21 PVVR Design Crite-a
ANS-22 BWR Design Criteria
ANS-23 GCR Design Criteria
ANS-24 LMFBR Design Criteria
ANS-30 Nuclear Power Plant Systems
ANS-31 Engineered Safety Features
ANS-32 Reactor Plant Process Systems
ANS-33 Containment
ANS-34 Radioactive Waste Systems
ANS-35 Fuel Handling and Storage

The subcommittee on shielding standards, ANS-6, now composed of seven working groups, was
established in 1964 with the sponsorship of what is now the Shielding and Dosimetry Division of the



Society.fl] The standards development of the subcommittee is carried on within working groups
composed of members from reactor vendors, architect-engineers, national laboratories, the Atomic
Energy Commission, and universities. The goals and accomplishments of the working groups are
briefly described below.

ANS-6.1: Shielding Cross Section Standards

Because of the changing state of knowledge of neutron cross sections, no standard is possible
with anything near the time constant of the usual standard such as, for example, the classical ASTM
code for unfired pressure vessels. At present it is better to think of recommended cross-section sets
as reference sets rather than standards. Within ANS-6. "Shielding Cross Sections" has a broad
interpretation, which includes neutron interaction cross sections for all common reactions,
photon-production cross sections, photon interaction cross sections, and secondary angular and
energy distributions for all these interactions. Since the Evaluated Nuclear Data File (ENDF)
represents current reference data, no action in this area seems to be required. The group did
recommend in 1970 that the Lawrence Livermore Laboratory evaluated photon interaction cross
section set be accepted as reference data and be distributed with the ENDF neutron data.

Current projects include standard flux-to-dose rate conversion factors and reference coupled
p»-.'.ron-gamma-ray multigroup cross sections for the elements normally found in concrete.

ANS-6.2: Benchmark Problems

The primary objective of the benchmark problems effort is to compile in convenient form a
limited number of well-documented problems in radiation transport which will be useful in testing
comprtational methods used in shielding.

the compilation and publication of solutions to benchmark problems are expected to
accomplish several things: (1) attention will be focused on typical problems where careful work
should produce solutions which are representative of the state-of-the-art in solving radiation
transport problems, (2) specifications of standard configurations and data will make comparisons of
different computational methods and theory-experiment comparisons more meaningful, (3)
discrepancies between calculation and experiment may suggest refinements in the numerical
approximations or nuclear data, or may suggest new experiments to resolve ihe disagreement, (4)
reliable solutions by several methods will be made available to help judge the precision and
efficiency of different computer codes, and to suggest if new codes ought to be developed, (5) newly
acquired codes and codes converted to new machines may be verified by duplication of the
benchmark problem solution, and (6) mistakes in existing or new codes, or their options, can
probably be detected by independent calculations of the benchmark problems.

Four problem solutions were published in 1969 in loose-leaf form in Ref. [2] by the Radiation
Shielding Information Center. Revisions and a new problem were issued as a revision in 1970. Tvvo
new problems were recently issued as Suppl. 2 of Ref. [2] and are available from RSIC upon
request. They are Neutron and Secondary Gamma Ray Fluence Transmitted Through a Slab of
Borated Polyethylene by C. E. Burgart and A Benchmark Experiment and Calculation for Neutron
Transport in Thick Sodium by R. E. Maerker et al. The work slowed for a period but now
additional problems are being developed including several for typical reactor configurations.



ANS-6.3: Shield Performance Evaluation

The initial goal of this group was attained in 1972 with the publication of Ref. [3]. Shortly after
publication, tfhe U. S. Atomic Energy Commission issued a Regulatory Guide [4] based on this
standard for research and training reactors. The current goal of the committee is to completely revise
Ref. [3] to make it more applicable to current practices in the nuclear power industry.

ANS-6.4: Shield Materials

Initial efforts involving materials per se, e.g., lead as a shielding material, have failed. The
current work, has produced ihe draft of a standard, ANSI N403, on the Analysis and Design of
Concrete Radiation Shielding for Nuclear Plants. The draft underwent balloting by ANS-6 in
September off 1974. The standard is much more general, in many respects, than required for
designing concrete shields only. That is, the approach to radiation analysis and the methods
recommended can be applied to many shielding analysis problems.

ANS-6.5: Shielding Nomenclature

The effort of this group is directed to the preparation of a list of shielding terms and definitions
and maintaining liaison with the Nuclear Terminology1 and Units Subcommittee (ANS-9). The latter
subcommittee is assisting the Nuclear Terminology, Units, Symbols, Identification, and Signals
Committee of the American National Standards Institute in the preparation of definitions for the
ANSI Glossary of Terms in Nuclear Science and Technology. It is planned to have the special
shielding terras and definitions prepared by the ANS-6.5 working group published separately since
the list is sufficiently long and specialized to not be included in the glossary covering all of nuclear
science. A draft glossary is presently being reviewed.

ANS-6.6: Calculation and Measurement cf Direct and Scattered Radiation from Nuclear Power
Plants

Organized in late 1973, the group has adopted the following scope:
"This standard will define calculational requirements and measurement techniques for estimates

of exposures near nuclear power plants due to direct and scattered radiation from contained sources
on site. On siie locations outside plant buildings and locations in the off-site unrestricted area will be
considered. AJ11 sources that contribute significantly to exposure levels will be identified and methods
for calculating the source strength of each will be given. This standard specifically excludes radiation
from gaseous and liquid effluents. The standard will review the considerations necessary to compute
exposures, including component self-shielding, shielding afforded by walls and structures, and
scattered radiation. Finally, the requirements for measurements and data interpretation of
measurements will be given. This standard will include normal operation and shutdown conditions
but will not address accidental or normal operational transient conditions." Nitrogen-16 gamma rays
are a prime consideration.



ANS-6.7: Radiation Zoning for Design of Nuclear Power Plants

This group was organized in early 1974 to standardize radiation level zoning in power plants.
The tentative goals were (1) definitions of radiation zone designations, (2) maximum and/or average
dose rates in each zone, (3) methods for determination of access time to each zone, (4) precautions,
posting, survey requirements, access control, and alarms, and (5) responsibility of issuing entry
permits for admission to areas of limited access.

Related Standards Work

Most nuclear standards are listed in Ref. [5,6]. Two other organizations writing standards of
direct interest to shielding specialists are:

1. American Society for Testing and Materials
ASTM, publisher of the world-renowned Book of ASTM Standards, is the world's largest

source of voluntary consensus standards for materials, products, systems and services. Since 1898,
the Society - mainly through the intensive activities of standards committees - has conducted vast
numbers of investigations and researches leading to a better knowledge of the properties of materials
and the development of more than 4400 widely used standards - specifications and methods of
festing for materials.

Beginning with the 1974 edition of the Annual Book of ASTM Standard;, the Society plans to
provide a separate part or volume on ASTM's nuclear related standards. Part 45 of the 1974 Annual
Book of ASTM Standards [7] contains all ASTM standards dealing with nuclear materials and
materials related to nuclear reactors. There are 104 standards in the book of which 159 are new,
revised or changed in status since 1973. Sixty-six have also been approved by ANSI and a number of
others by other organizations. The standards in Part 45 cover: concrete products for nuclear
applications; graphite products for nuclear applications; metal products for nuclear applications
(hafnium, nickel and nickel alloys, steel, tantalum, titanium and titanium alloys, zirconium and
zirconium alloys); nuclear grade materials; radiation effects in organic materials; radioactivity,
inorganic materials in v/ater; analysis, dosimetry and radiation effects in metals; and temperature
measurement.

The ASTM Headquarters staff of 150 is located at 1916 Race Street, Philadelphia, Pa. 19103;
William T. Cavanaugh, Managi.ig Director.

2 U. S. Atomic Energy Commission

Under the Atomic Energy Act, the Commission has the responsibility for establishing licensing
procedures and regulatory functions for the control of materials and facilities essential to the atomic
energy industry. These functions are carried out by a Director of Regulations who reports directly to
me Commission. The Director is responsible for the Directorate of Regulatory Operations. The two
basic reasons for the regulatory duties of the AEC are to protect the public health and safety, and to
promote the common defense and security. Regulations of the AEC are included as parts of Title 10
of the Code of Federal Regulations, and are published in the Federal Register. Regulatory Guides
are issued to describe and make available to the public methods acceptable to the AEC Regulatory
staff of implementing specific parts of the Commissions's regulations, to delineate techniques used
by the staff in evaluating specific problems or postulated accidents, or to provide guidance to
applicants. Regulatory Guides are not substitutes for regulations and compliance with them is not
required. Methods and solutions different from those set out in the guides will be acceptable if they



provide a basis for the findings requisite to the issuance or continuance of a permit of license by the
Commission.

Published guides will be revised periodically, as appropriate, to accommodate comments and to
reflect new information or experience.

Copies of published guides may be obtained by request indicating the divisions desired to the
U. S. Atomic Energy Commission, Washington, D. C. 20545, Attention: Director of Regulatory
Standards. Comments and suggestions for improvements in these guides are encouraged and should
be sent to the Secretary of the Commission, U. S. Atomic Energy Commission, Washington,
D. C. 20545, Attention: Chief, Public Proceedings Staff.

Theguidesare issued in the following ten broad divisions:

1. Power Reactors
2. Research and Test Reactors
3. Fuels and Materials Facilities
4. Environmental aad Siting
5. Material and Plant Protection
6. Products
7. Transportation
8. Occupational Health
9. Antitrust Review

10. General'
The USAEC Division of Reactor Research and Development (RRD) is responsible for the safe

development of reactor technology in the U. S. Toward that end, they are concerned with the
development of standards covering design, analytical methods, materials, equipment, systems,
fabrication, construction, quality assurance, inspection, testing, operation, and maintenance for
government-owned civilian water reactors. Toward this end. standards are being prepared- reviewed.
reproduced, distributed and revised in order to incorporate latest developments, information,
techniques, and experience. This work is being performed under contract to Oak Ridge National
Laboratory (ORNL) with the assistance of other AEC offices and contractors as a continuing
activity in the program. The standards program will serve as a base on which to build current and
future reactor programs with greater quality assurance and the attendant improvement, in reactor
reliability and safety. A thorough investigation of records, experience, knowledge, expertise, and
evaluation from all available qualified sources is required for the successful attainment of the goals
for the standards program. Initial efforts have been directed toward converting available standards
into a form that may be used for engineering current (RRD) experimental activities and
demonstration reactors and provide usable technical guides for the AEC Directorate of Engineering
Standards, Directorate of Licensing, and the Advisory Committee of Reactor Safeguards. ORNL is
responsible for overall management of the RDT Standards Program under direction from RRD.
Standards are being prepared by ongoing development projects and by ORNL in its specific areas of
expertise for which each writer is qualified. Such standards, designated as RDT standards, are also
listed in Ref. [5].
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